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I. INTRODUCTION

A recurring problem in vulnerability analysis is the requirement to predict the damage

10 structural panels produced by the detonation of high explosive charges in close proxim-

ity to the arget 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, 8, 1).* 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 1o 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 1o 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 subjecied 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 diﬂ'erlencc computer programs were reviewed and it was decided that the
PETROS 4 code™ provided the best point of departure for meeting these requirements.

* See Nomenclature, p. 41, for definition of symbols.

1 S. D. Pirotin, L. Morino, E. A. Witmer, and J. W. Leech, "Finite-Difference Analysis for
. Predicting Large Elastic-Plastic Transient Deformations of Variable-Thickness Kirchhoff, Soft
Bonded Thin, and Transverse-Shear Deformable Thicker Shells,"” US Army Ballistic Research

Laboratory Contract Report No. 315, September 1976. AD B013924L

2 5 D Pirotin, B. A. Berg, and E. A. Witmer, "PETROS 4: New Developments and Program
Manual for the Finite-Difference Calculation of Large Elastic-Plastic, and/or Viscoelastic
Transient Deformations of Multilayer Variable-Thickness (1) Thin Hard-Bonded,
(2) Moderately-Thick Hard-Bondel, or (3) Thin Soft-Bonded Shells," US Army
Ballistic Research Laboratory Contract Report No. 316, September 1976.
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This report is concerned with documentation of the modifications 1o this code which were
required to achieve the desired analysis capability.

25 1I. DEFICIENCIES OBSERVED IN THE ORIGINAL PETROS 4 PROGRAM

The user of the PETROS 4 code has first 1o 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 1o the moderately-thick hard-bonded® transverse shear deformable 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 ISTRES, as follows:
3

) ISTRES Plasticity Theory

- .

Etd 0 Mechanical sublayer model?43 , 3-D stress

I'..’

"

o 1 Prandil-Reuss model, 3-D stress

"ot

. 3j .

3 2 Mechanical sublayer model, 7°=0  (j=1,2,3)
:_;: This option was recommended for the Kirchhoff shell.

: 3 Mechanical sublayer model, 1'33 -0
k (This stress component is oriented along the normal to
. the shell reference surface.)

::“\

%)

Y
A

e

.'_:4
o i\: Y

:‘;'. The PETROS 4 code can treat shells composed of layers of different materials (although the

immediate interest is in applications involving only a single layer).

-:-_ 3 H. F. Bohnenblust, and P. Duwez, "Some Properties of a Mechanical Model of Plasticity,”
‘_2 Journal of Applied Mechanics, Vol. 15, No. 3, Sepember 1948, pp. 222-225. !
a4
¢}

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

S
>

M 5 J. F. Besseling, "A Theory of Plastic Flow for Anisotropic Hardening in Plastic Deformation of

W an Initially Isotropic Material," Report 5410, National Aeronautical Research Institute,

] Amsterdam, The Netherlands, 1953.
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- Another input quality which must be selected is INORML, which controls the manner

w in which the variable D? is calculated. D? is the component of the vector D in the direc-

-}‘,-Z tion of the normal to the reference surface and D represent the three additional degrees- 3
i of-freedom of the SHEAR model besides those of the Kirchhoff model at each mesh
point. The options for INORML are:

)
E INORML D Calculation
e . 0 The cartesian components of D are calculated

- using three equations of motion
po

N —

"? ! 1 D? is set 1o zero after D is calculated
iR |

= 2 The incremental change in D3 is calculated
. from the incremental strain Ay$

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

/

Xy

-
‘,.

i A. Stress Calculation Inconsistencies

Y

L In order to treat the problem of a blast-loaded structural plate it would appear appropri-
o ate to use the SHEAR version of the PETROS 4 code with the options ISTRES = 0,

AN INORML = O since these are the most general (least restrictive) choices available. This

s combination of options has been employed to treat the following physical example:

2§ A square plate of rolled homogeneous steel armor, 0.1905m (7.50 in) by 0.1905m
. (7.50 in) by 9.53mm (0.375 in) thickness. Young’s modulus: 2.068GPa (30x10° psi)

f‘ 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-

3 dinates (connected by linear segments):

Byt

~ Coordinate No. Stress Strain

i;", 1 . 1.048 GPa (152000 psi) 0.005067

Lo 2 1.145 GPa (166000 psi) 0.0135

-0 3 1.248 GPa (181000 psi)  0.0530

L. 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.
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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 siresses is a point 9.53mm (0.375 in) from
the plate midpoint along & 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 T,) by the end of this short run and it may be
readily verified that the elastoplastic stress components satisfy the von Mises yield function
and the associated flow rule. On the other hand the prescribed blast overpressure at thic
- 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). Consequently, one would expect that the mean value of the through-
thickness stress component 73 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.

y_ .

A W —
XN, g

«e

-

-

-

N 2, 8

a & 2 A A
1]

4

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
stresses T; and 7, appear 1o be reaching a maximum at stress levels which armor plate
may sustain. However, this Kirchhoff solution has the drawbacks that (1) a two-
dimensional constitutive relation is employed (‘1'33 = 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.

NN

) a_"a_.’l' 1,4, 5

YO
& I} 4 4 L

s

.
L)
.

Now consider solutions of the same probiem derived using the SHEAR model with
> ISTRES = 3 where the three-dimensional constitutive rclation is utilized subject to the
- constraint 1'335 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 -yf. For
INORML = 1 the calculated stresses are plotted in Figure 4. These results, while
different from the preceding, are also plausible. In this case transverse shear deformation
N is permitted but the "breathing" deformation mode is inhibited by the non- physical con-
straint 7335' 0. Finally, the solution for INORML = 2 is presented in Figure 5. It had
- been expected that this option combination would provide the "best” predictions since both
s 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
"3 this option.

It is apparent that each option combination leads to a different solution for the stresses.
The solutions shown in Figs. 1 and S 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 resulits of Figures 3 and 4 are significant; in sequel these differences will be
explained and a more satisfactory formulation derived.

G )

L

11

<.
-
v
o
<

» Ll




SACKINCE

4 "
o
—
a. -
o)
(VN
W
o)
I
I
(W)
=4
hV4 -
‘I : = UZ‘L
‘ A o
\ -1 = w
‘ NI =
\ L0 1 F
t — @O
! o
\ NS ]
oE i S
x 0
5 2 .
- <t
—
- N
L 1
OO
N
(151) SININOJWOD SS3YILS
-

Figure 2. Transient Stress Components for Indicated Options

12

‘.‘_..-.-..-__.(. ,...,.,._4_-_ et e et et e _-' R '\ .'

A....A.\-..n“...-._dn.g_..s_‘__l_‘._.._.£>-..2_.J..t.‘._..£ _‘:.I'ml'{"n‘.c SRIP IPIR .fm _‘.c..r PrIRTI ."_'!..l'.d.} Dy FATIE NN



- (°d9) SININOIWOD $S3¥LS
o N 8 9 ® 9 ¥ 9~ o~
'~ - - - o o o o o
-Z: o
rrr 1717 1T §/ 17 17T 717 171771571 1] o~
- o
".. - o~ ~N —
o (N P o8
s y b 4®
4 ’
, L
o /
® Q -
= -
o <
N b -
2 ' @ 1 ~
1 — ‘ — v
i f " __3:
; / 3 o
-1 = w
N ' o~ P <Dt 2
! _—~0 7 -
= =2
- «©
. o
<. ] =
i e
. 02 =
3 o)
. nZ -
- - <
‘2.
57 7
"l 1
™
T &LllélllllLllllllll [T I [
o o o) 4 3 g o S
.. i o~ — — ' [}
(1s1) SLNINOJWOD $S3I¥LS
»>
’,
.3:
..- Figure 3. Transient Stress Components for Indicated Options
n: 13
"
\'
~
59
"-j . e
e e ."‘\. -~ ."J‘"_.'\

SO S8 A .S




SHEAR OPTION

=]

=2
=3

n
12
IGAUSS

ISTRES=3
INORML =1

('$1) SLININOJWOD S$S3LS

14

T e Te T Tt T ‘.._'.-_‘.‘ R . . ".-' - ®
R IR et A N AP s S TR

12

10
TIME (us)

Figure 4. Transient Stress Components for Indicated Options




NIy

.
.I'L

e

iy

Pl e ' o

IV"

A a el

O

F

LY

»
-

}-
L S

.’
I D

AN

P A AR
L N R A

i

D A
.". LA T T
@t tatatatetL Y,

A

R

A

L)

»r

\
1

a 8 a

RV e e AR R N AN I Ty T

(0d9) SININOIWOD $S331S

NO_”OQ.N Nvo_wo_w

- - 0O O O ©o OQO?TT
] ]

TP 1T riTrTirrrvrn

Figqure 5.

SHEAR OPTION

'.-.' —
[79)
2
N g
11}
—NO _
N —
n
™o
n3
W aor
x3 n
—
nZ _

oF
:1
o

5
-10
-150

-2

('s%) SLNINOJIWOD SSINIS

20 3.0 40 50 6.0 7.0 8.0
TIME (ps)

1.0

0

Transient Stress Components for Indicated Options

15

a e

SabediiR Sl sl

T e Xl e TR Bl KD Bl e e £ SOl eclndioiln LBt



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

2% ' STRAIN AT 11:2,12:=3, IGAUSS =1
) INORML = 0

3 ' SHEAR OPTION

0 10 20 30
. TIME STEPS

. NP

4

Figure 6. Growth of Through - Thickness Strain

A
ARRRAY

2.

16

R 4

l. ".




B. Unstable Growth of D?

As previously noted, the three independent components of the vector D represent the
additional degrees-of-freedom possessed by the SHEAR option of the PETROS 4 code.
With the INORML = 0 option the Cartesian 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 D>, 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
73, 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=0 . Also,
non-zero values of corrector stress TC (3,3) (as well as TR (3,3) and T™ (3,3)) were
being used in the calculation of A and (‘rjI )n+l , causing an additional error in the elasto-
plastic stress evaluation. The fact that later in the cycle T was set equal to zero did noth-
ing 10 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 Through-Thickness Normal! Stresses

For most shell structures subjecied to surface loadings the magnitude of the through-
thickness normal stress T3 is negligible in compagison to induced flexural and membrane.
stresses appearing as the components 7, and T, . 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 & 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 73=0 . Unfortunately, as shown in Figure
1, solutions obtained using this option predict unreasonably large tensile values of 1'33
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 1II.
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2 E. Omission of Surface Traction Effects

;'-',’.-i‘, In the theoretical formulation report' for the PETROS 4 code the effect of surface trac-

I~ tions was embodied in the equations of motion by terms designated Ef,). Later in the

‘ same report it was argued that the terms Ed) and EY) could be neglected for thin shells.

e However in Appendix D of Reference 1, where the equatiorls of motion for the SHEAR

s (moderately thick shell) equations are presented, the term E("z) is retained (as it should

E::: be). It was discovered that this term was not included in the finite difference equations of

N motion in subroutine EQUIL2 of the PETROS 4 code which are used 1o calculate the com- ’

ponents of D.

F. Reconstitution of Mixed Tensor Stresses

In the cyclic time marching solution procedure employed by the PETROS 4 code the
values of the unsymmetric mixed tensor stress components T,f in each sublayer at the pre-
vious time step are needed in the calculation of elasioplastic 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 7 are saved rather than the mixed tensor
components. Thus at the previous time step the calculations TU-G“‘T: are performed
and, when stress calculations are resumed at the next cycle, the values of 7,{ are reconsti-
tuted by use of ‘ri - Gki‘ru . However, in the interim a new set of metric tensors has
been calculated so that the reconstituied values of T; 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 10 cause serious departures from the correct solution.

G. Plastic Work

The PETROS 4 code calculates the total plastic work perfarmed 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 process of elimi-
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.
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lll. PRESCRIBED VARIATION OF THROUGH-THICKNESS NORMAL STRESS

The issues raised in Section D of Chapter Il concerning the effects of through-thickness
normal stresses will now be examined in more dz1ail.

A. Siress Wave Considerations

In order 10 assess the significance of the 1'33 stress component on elastoplastic calcula-
tions 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 sheil
will occur for lower blast pressures. The analysis which follows is for only slightly more
than two wave passes through a plate anditis knownthat plasticity is not induced in the
plate (due 1o 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 p, 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 1o 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 vari-
ation of through-thickness normal stress represents a reasonably satisfactory approximate
basis for defining this component of the stress tensor in subsequent calculations; certainly

this 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
3
T (5“.—'2‘-.1) - —G’J(f",%.t) p (e",%.x) L =l (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

T30 = Gyf€%, 30 T (6%, 20t
= Gyyten, 20 7 B0 )

- _633(60;121',0 st(f",—;l’[) p(fa‘lz‘_‘l)

For the desired linear variation of 1’33 between the surface boundary conditions,
3 ,a - a ﬂ 3¢ za E_ a £ _l_ "
Tj(f ’Cg'[) —033(E [ 2 'l) GJ (f . 2 il) P(f [} 2 v‘) ( 2+-—h—) (3)

where {, are the locations of the discrete Gauss points.

In the PETROS 4 code the nine incremental stress components are determined from
nine strain increments Ay] and the known values of the stress components (‘rjl ), at the
time t,, prior to the incremental change. When the stress component T; is prescribed as
shown in equation (3) its value is known at both t, and t4, so that

ATy = [T;]rﬁ-l - [733]n 4)

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

]
These are the physical boundary conditions. The displacement model embodied in the
PET ROS 4 code does not provide for satisfaction of these conditions.

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

' The summation convention is employed: terms having a repeated index, once as a subscript
and once as a superscript, are to be summed aver the range qf that index.

22




.Yy
LS

e ¥, ~
oo
A

€A

XA
-, A A4, 0 A
Y

-

w

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

The generalized Hooke's law can be rearranged to obtain the following expressions for
the trial stress increments:

T 4 E v 3
AT, - T:vz-(Ayl'-hoA'y}) + IT'-A‘D‘,

T
ATS =

(vA'y +AyD+ —Ar, (5)
)

T, E e
AT = - A)vj for i=j
The trial stresses at time t,,, are

T. i T.
T o1 = (7,-),,-!- AT} (6)

To determine whether plasticity occurs during the interval t,4; — t,, = At the values of the
trial stresses are substituted in the plastic potential function

2
T T L [T) ,
Brtr = TJT‘J—F o - 3¢ (N

n+l

which may be recognized as the von Mises yield function. {_f the resulting' value of
T
Sns1 <O the stress change is elastic and the trial stresses (7 ™! become the actual

stresses [‘r ] mbpe FOT ¢,,+, > 0 plasticity occurs and the toal strain increments are com-
posed of

dyi=Ayi+ Ay} (8)
i.e., elastic and plasnc parts. The plastic strain increments are obtained from the flow rule
bof= S5 = fr], - 22 ]M ©

where AA is a scalar multiplier. Even in the presence of plasticity the stress increments are
related to the elastic strain increments by Hooke's law:

A'r . A'yj + [l A'y - ]8J (10)
Then, substituting
e . P,
Ay} = Ay} — Ay} an
and the plastic strain increments from equation (9), one obtains
i T C,
AT, = AT, = \|Tj], (12)

23




T .
where M',-' is given by equations (5),

C' i 1 J1=2»[_m 3
A - ] — —— ) i
Tiln [Tlln 1—] 3 [Tm ]n + "[73],, 5 13)
T c
and A = 2B ince a7 is prescribed it is arbitrary whether AT; or (A7), is defined

I+
as long as equation (12) is satisfied. However, it is preferable 10 set

T
A'r; - A‘r; ,(AT;),,-O so that when the test for plasticity (equation (7)) is applied,

T
(T}),,_H is already known. The stresses at the end of the time interval are

C T C‘

] ]
LE] Pl LK 7

—A (14)

()= (), + a7 = (2], + Ar) -
Tj)ot1 Tiln 7; Tijo T AT, n+1

n n

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 ¢,4y =0 is imposed in order to determine the parameter A for each sublayer
experiencing plasticity. When the stresses given by equation (14) are subjected 1o this
condition a quadratic equation of the form .

AM=2BA+C=0 1s)

results, where

cllel .le< 2
A= TjnTi —37'“11
Ti Cj 1 Tm Cr
B=\Ti|ur1(Ti)o = FUTm ol e (16)
2
T ] |T. T
i 1] _m 2
C=botr = (Tt (Ti ot = 3T bon ~ 3%
From equation (15),
2 Y
B B C ,
NP

i
Once a real, positive value of A has been obtained the stresses (7j)y4) can be calculated
by use of equation (14). Huf’ﬁngton6 has presented a procedure for dealing with complex

6 N, J. Huffington, 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 evaluation only. This pro-
cedure was already incorporated in the PETROS 4 code. However, it has been found that
under cerwain circumsiances even when a real root A is obtained without subdividing At,
inaccurate or oscillatory stresses may result. Trhis difficulty is associated with an exces-

sively large excursion of the trial stress vector \ 7 / outside the yield surface in stress space.
A 1echnique for coping with this problem devised by Huffington (see Appendix B of
Reference 7) has recently been introduced into the PETROS 4 code. It enuils calculating
an integer L which defines the number of subdivisions of the time step At, where

T
L—INT[YLDFAC Ve, + 0,2 )/a,2—1]]+1 (18)

YLDFAC is a parameter which varies the accuracy of the stress evaluation; it ranges from
0 (no subdivision of At) to oo (differential subintervals). Normally YLDFAC = 1 is used.

The foregoing formulation, entailing the prescribed linear variation of 1'; through the.
thickness, has been incorporated in the PETROS 4 code as option ISTRES = 4,

C. Through-Thickness Strain Calculation

The strain increment component A-yj’ may be determined by use of

(14+v)
3E-

Ay] = -]]E[A‘r; —[ar) + A'r,’]] + bl -7 -3 (19)
once A has been evaluated. If plasticity is occurring at a Gauss point the value of Ay3 will
generally be different for each sublayer. A weighted average Ay} for the Gauss point can
be obtained through multiplying the sublayer Ayj strains by the same weighting factors
employed with the mecihanieal sublayer model and summing. Alternatively, afier the total
elastoplastic stresses 7; at 8 Gauss point have been determined the value of Ay$ for the
Gauss point can be calculated by imposing the condition of plastic incompressibility:

Ay_-? -——— Ay ) (20)

Generally, a different value of Ayj will result for each Gauss point rather than the con-
stant value of Ay} through the thickness which the PETROS 4 displacement function
admits. In the next chapter a compromise resolution of this discrepancy will be presented.

7 J. M. Santiago, H. L. Wisniewski, and N. J. Huffington, Jr., "A User’s Manual for the
REPSIL Code,”" US Army Ballistic Research Laboratory Report No. 1744, October 1974.
AD A003176.
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oy IV. MODIFICATION OF THE D’ DEGREE-QF-FREEDOM
i:‘.z The problem of unswable growth of the variable D?(€7,1) when the INORML = 0
NS option is employed was discussed in Chapter 1. This variable corresponds to just one of
u the six degrees-of-freedom which appear in the PETROS 4 displacement function, which
T has the following forms:

a(ga,g,0) = T (£2,1) + [IN(£2,1) — 1i(£2,0)] + ¢D(£2,0) (21a)
e = V3A, + WN + [(N — fi) + {(D*A, + D'N) (21b)
n = YK + (NKi, + (YK — (7, + (R) (21c)
R
5';; The first form is a vectorial one, showing the independent variables upon which these vec-

o, tors depend. Equation (21b) designates the components of the vector quantities in the
direcu'oEs of the basis vectors A, lying in the deformed reference surface and the normal
vector N perpendicular 1o this surface. The third form represents the rectangular cartesian
component version of the same displacement function. Note that

D(£2,1) = D°A,, + D*N = YK (22)

When the sirain-displacement relations are uppiicd 1o 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 contradiction 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 displacemem function 0 permit modeling the variation of 733 with { would
be desirable. However, this would entail an exiensive reformulation for the PETROS 4
code with the addition of other degrees-of-freedom and increased sworage 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(£2,1) so that the value of Ay33 obuined by differentiating the dis-
placement function will agree with some mean value of the Ayf strain increments at the

£ location which are obuined using the constitutive relations (i.e., equations (19) or
(20)).
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A. Modifications 1o Cartesian Components

Consider that the quantities Y(2” are known at a time t, and that the EQUIL2 subrou-
tine of PETROS 4 has produced the next set of incremenial changes AY'2), These incre-
mental changes also satisfy an equation similar to equation (22):

AD = ADA, + AD’N = aY!i§, (23)
After modifications to certain incremental quantities th: following equation will apply:
_m_ — m — m -
AD = AD® A, + AD? N = a Y2, (24)
R
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where the terms with_overscript m are modified. Note that the erms involving A, are
unmodified, also that N depends only on Y{!% and is unaffected by changes in D. Taking
the inner product of both sides of equations (23) and (24) with the unit vector P one:
obuains:

AY Wi AD®A_ - 74 AD’N (25)
m _ m
AY D= ADA_ - P+ AD’N/ (26)
Letting
m
n(¢£2,1) = AD? — AD? (27)

and subtracting equation (25) from equation (26) gives
AYD) = Ay 4 N Q8)
The modified values of the cartesian components of D at the next time step are
(\(‘";’f),,+l - (Y + Ay
= (YD) + AY2)i + 9N/ (70)
- (YD), + qN

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

B. Suain Equivalence Criterion

The derivation of an expression for determining % requires examination of the non-
linear incremental strain-displacement relations employed by PETRQOS 4. The incremental
. L3 3 . - . .
through-thickness strain Ayj is related to the covariant incremental strains by

Ay; = Ay3G™ (30)
In turn, the covariant strain increment Avyj, is related to the cartesian components of the:
basis vector G and its incremental change by

Avyy; =J3{a3] —0.5 AJjA ane

[ ]
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),
=N 4 Y2
Al = AN/ + AYD

(32)
(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 YV so that

modifications to D have no effect on N/ or AN,

When AY(’_’_j_is)_modiﬁed as indicated by equation (28) the components of the basis vec-

tor increment AG; are affected as follows:

m
AJ] = AN + AY(Di 4 N
= AJ{ + 9N}

Similarly,
m
3 =3+ 9N
The effect on Ays; is, by use of equations (31), (34), and (35),

m mMm m m

Ayyy =1 A1} —0.5 A3 AY}
= (J§ + yN’) (AJ] + yN)) — 0.5(A3] + 7N))?
= Ayy3 + J{Nin + 0.59?

Solving this quadratic expression for i,

2 m |*
[JJNJ] —2{Ayy — Avy

n=—J{N +

From equation (30) it follows that

- Ayg - A'y_“(i13 - A'ynGn
73 G»?

m
and a similar form for Ay;3 . Substituting these into equation (37):
1
L] m m - m
Ayl — AynGP — Ay5G¥  Ayf — AyyG" — Ay;GP
G2 - m ’
GJJ

n=—HN! + [(Jyw J-2
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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

m m m m m
GH =G¥, 4y, G + 873 GB = 4y, G + 4y, G¥
On this basis equation {39) reduces 10

3_1% §
. L Ayi— A
n==aN+ |1y -2 “Tsyi (40)

m
which will provide the proper 7 to produce the desired value of ij’ .

C. Implementation of the Modification 10 D?

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'?i and (Y'2%)_,, are determined, the calculations proceed through subrou-
tines GEOMET, STRAIN, and ZETA during which the unmodified geometric quantities
N, AN, 3, A), Gy, GX, Ayjy and Ay{ ° are computed. In subroutine ZETA there is a
call for subroutine STRESS where the elastoplastic stress calculations are made, afier
which there would normally be a return 1o subroutine ZETA for calculation of force and
moment resultants at t4,. However, to implement the desired modification to D? the fol-
lowing changes have been incorporated into PETROS 4.

Once the elastoplastic stress increments and stresses (T} )4, have been determined in
subroutine STRESS, equation (19) is used to calculate the strain increment Ay3 for each
sublayer. The Gauss point values of Ay33 are then determined using the mechanical sub-
layer coefficients. Afier returning to subroutine ZETA a Gaussian mean value of ij"

m
through the thickness is computed which is then introduced into equation (40) as A-,,’,
thus completing the information necessary to evaluate . The program then branches

back to a point near the end of subroutine EQUIL2 (see dotted path on Figure 9) where
m . m .
AY'?% and (Y(2) ., are calculated using equations (28) and (29). The program then

proceeds forward, calculating modified values of J(’;. AJ{, Gk' G-". ij‘. and Ay{. Clearly,

m
the foregoing procedure could be continued iteratively to cause the difference A733 - Ayf

W hile Ay, is independent of { the use of equation (30) introduces a very slight variation of
ij’ with {. To avoid ambiguity a through-thickness Gaussian average value of ij" is
calculated for use in equation (40). A similarly averaged value of G* is also calculated Jor
this purpose.
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to be less than or equal 1o some small quantity. However, experience has shown that a
single recycling back to EQUIL2 for the cited modification is sufficient to control the
growih of D? and provide the desired compromise value of y§. This single recycling step
per time step has been incorporated in PETROS 4 as option INORML = 3.

V. ADDITIONAL MISCELLANEQOUS 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 II. These terms werelimroduced in a general manner by equation (2.71b) of
the theoretical formulation report.” The specific relations needed 10 compute values of
these quantities are:*

- /2
BEY) = Ef) = —[J6 Gk p]:/;z (42)

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 o incorporate the values of EY) and Ef) , 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 ‘!'u 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 tensar must be saved for use at the next time
step. However, the calculations in the STRESS subroutine. which provide values of 7' do
not satisfy this requirement exactly. This was true even before the introduction of the.
ISTRES = 4 option, for which the problem is aggravated since the prescribed value of T
genenally differs from that which would be calculated using the symmetric Ay, strain
increment tensor. After the elastoplastic stresses Ty have been determined and the rela-

tion 7° = G& 7',{ employed the resulting stresses 7 are generally not equal 1o 1“G for ixtj .

L ]
I am indebted to my colleague, Dr. J. M. Santiago, Jr., for providing the forrmulation of these:
expressions.
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In the origina! version of PETROS 4 this problem was dealt with by gglccting 'ru. 'ru.
and T~ as the correct off-diagonal terms and equating 7, 7~ , and 7 10 these quanti-
ties, respectively. It was felt that this procedure could bias the problem solution so the
program was modified to calculate all nine components 7" and then average the respective
symmetrically off-diagonal components; i.e.,

U | I | ]
T =7 = (' + )2 for isj (43)

This modification was found 10 have a slight but not entirely negligible effect upon lengthy
solutions.

C. Siorage of Mixed Tensor Suesses

The problems associated with the reconstitution of the 7: sublayer stresses each time
step as is done in the original version of PETROS 4 were discussed in Section F of
Chapter II. A revised version of this code has been developed in which the 7, stresses
are saved for use at the next time step rather than the stresses. This version requires
a 14% increase in computer memory but features a 14% reduction in running time for a
represeniative 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 7, 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 Qutput

The format for listing input data on cards for the o;igina] 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 & 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, 1 = 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,JOUT(K) (K=1,KF) Format (1615 )

KF = number of print gptions available (currently = 14) and IOUT(K) is the cyclic l'r%
quency at which the K™ print option is 10 be printed. To avoid the printing of the K"
option, set IOUT(K) to an integer greater than the final time siep = 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 (1Sy,1S;) the coordinates of
which are eniered on card 27b in format (2I5). At each Gauss point the following
geometric data are listed:

)} = GBASE(J,K), AJ} = DGBASE(J,K), Gy = G(1,K),G = GTYPE,
G* = GG(J,K), Ayy = DGAM(J K), and Ay} = DGAMMX(J,K).

This is followed by a row of printing which gives the pressures
p(£2,1,) = P(11,12), p(€%,1,41) = PPL(I1,12) and the value of G* on the loaded surface.
Next, the code lists fo_} each sublayer associated with the Gauss point the arrays of

(t)), = TNUK) and 7} ,4; = TRUK). The value of C = CZ is then printed as well
as oy’ =SIGMSQ. If C<O0 the stress increment in the sublayer is eclastic and
(7,{),,,., = TR(J,K). For C > 0 the stress change is elastoplastic and the following infor-
mation is prim.éd: A=AZB=BZ, and the discrimimci:m B2 — AC = DISCR. This is

followed by 7§ ,=TC(J,K), A =HLAMDA and 7} o4y =TM(UK). Regardless
of whether the stress state is elastic or plastic the code then prints
*(REVISED)DGAMMX(3,3) = ." This is the sublayer strain increment Ay§ consistent
with the constitutive relations which is determined by use of equation (19). The
corresponding value of A-y} obiained 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 Ay§ = AGAM33 s 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 27¢c the value of NUM (= number of points at which mixed tensar siresses are 1o be
printed (and plotted)) in format (I5) and on card 27d the values of coordinate pairs
lPSl(l).ll’Sz(!) in format (215) for I = 1,NUM.
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Figure 12. Sample Printout of Gauss Point Stresses
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Print option K=14 provides the matrix of integer values L discussed in Section B of
Chapter 11l (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 detcr-
mined by the value assigned to IOUT(14).

E. Additions to Plotted Quriput

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 (IP,,IP,) ,
the coordinates of which are entered on card 27a in format (2I5).

The following plotted output has been added:

1. The cartesian components of D , i.e., Y2 are plotted vs time at the same mesh
location already selected for Y% |

2. Mixed tensor stress components 1',{ 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.

V1. CONCLUDING REMARKS

The modifications to the PETROS 4 code discussed in the foregoing text have resulied
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 -y} 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 1o 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 II
persists and is not alleviated by the addition of surface traction terms and use of recycling.
In rewrospect, 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 normul
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 Y2 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 Ay33 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 1o 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 1o the complexity of such results,it ispreferredto pre -
sent these as a separate document.
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NOMENCLATURE
FORTRAN NAME TEXT SYMBOL DESCRIPTION
A, Deformed reference surface base vectors

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

reference surface
ABSCIS Location of IGAUSSih of the N Gaussian stations
(IGAUSS,NGAUSL) in a particular layer; interval is -1 10 +1.
AOC(J,11,12) Y Acceleration components
ALPHA Coefficient of linear thermal expansion

m

AGAM33 ij’ Gaussian average of SGAM33
ANUM Status of material (in FMAT)
AVEG33 G3? Gaussian average G2
AVIS (ILAYER) Viscoelastic coefficient of ILAYER
AZ A CoefTicicnt in quadratic equation
B(LA,LB) Covariant components of deformed reference

surface curvature tensor
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,I1,12)
CAPQ2(LA,I1,12) Generalized force resultant tensor
CAPQ3(LA,I1,12)
CAP2Q1(LA,I1,12)
CAP2Q2(LA,I11,12) Generalized force in EQUIL2
CAP2Q3(LA,11,12)
COEFK(ISB) Weighting factors of the mechanical

sublayer model
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FORTRAN NAME  TEXT SYMBOL DESCRIPTION
CONST Strain-rate sensitivity parameter
\i::: CS(J,LA) Sce ZETA 158-163
o CX(1,)) See ZETA 358-375
)
'-E Ccz C,;,ﬁ.l Coefficient in quadratic equation
'\“ Cl Viscous damping parameter
X D(&%,0) Non-Kirchhoff displacement field
:.-\ De,D3 Tangential and normal components of
:::f;: D in basis G;
~ D(J1,11,12) AYWH Incremental change in Y(1%
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
DD(I,LA) LY
a&”
- DD2(J,LA) Sy
L a¢°
: DEL See ZETA 146,156
DELBAR . See ZETA 409
'f DELNOR See EQUIL2 174
.: DELSNI1 See EQUIL2 176,180
e DELSN2 See EQUIL2 177,181
DELSN3 See EQUIL2 178,182
DELTA(LJY) 8 Kronecker delia

42
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= FORTRAN NAME
o DELTAP
L
L DGAM(,J)
y DGAMAT
B
s DGAMA3
. DGAMMA
- DGAMMX(IJ)
-~ DGAM33
i DGBASE(L,J)
' DGTEMP
o DGM33
% DGOG
. DISCR
o
N, DJR
o DN(J)
S DTAU33
20 DTEMP
AE DTM(,J)
-~ DUM
o DX1
o DX2

--------------

ft’

‘1..L PP S

TEXT SYMBOL

At

AN}

43

.........

DESCRIPTION

Previous time increment

Time increment

Covariant components of strain increment
See STRESS 263

Average Ay$

See STRESS %4, 95, 96

Mixed components of the incremental
strain tensor

Mixed component of incremental
strain tensor at GGauss point

Cartesian components of base vector
increment

See STRESS 93

Gaussian average Ay3

See ZETA 408

Discriminant of quadratic equation

Saved value of D from previous time step

Incremental change in component of surface normal

See STRESS 123
Temperature incrememnt

Incremental change in stress

~ Intermediate variable

Increment in ¢! coordinate

Increment in ¢2 coordinate
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FORTRAN NAME

DZ(1)

DZA1(11,12)

DZA2(11,12)

DZB1(11,12)

DZB2(11,12)

D2(J,11,12)
D33S

EE

EEP

EL

EPSL1(I1,12)
EPSL2(11,12)

EPSU1(11,12)
EPSU2(11,12)

ES
ETERM1
ETERM2
E1(J,11,12)
E2(J,11,12)
FACTOR

FMASI11(11,12)
FMAS22(11,12)
FMAS23(11,12)

)
Edy

DESCRIPTION

Incremental change in Y(2%

See ZETA 297

Young’s modulus

See STRESS 102

Number of subdivisions of time step

Normal strain components on lower surface
Normal strain components on upper surface

Young’s modulus

See STRESS 195

See STRESS 196

Surface force term for EQUIL
Surface force term for EQUIL2

Coefficient of strain-rate sensitivity

Generalized masses
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RTRAN NAME = TEXT SYMBOL

FMAT
FORCES(J)
FORCEZ(J)

G
G(L,]) Gy
GAMMAL(11,12)
GAMMAU(I1,12)
GBASE(L,J) I
GBIN JN
GG(1,)) G
GTYPE G
HLAMDA A
HM(LA,J)
HM1(LA,I1,12)
HM2(LA,I1,12)
HN(LA,J)
HNU v
HNUP
HNUPP
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DESCRIPTION

Material status array

Component of externally-applied force
per unit area in j-direction

Convenient grouping of force components

Covariant basis vector component of deformed
shell in direction of normal

Covariant components of the metric
tensor of the deformed surface

Shear strain component on lower surface
Shear strain component on upper surface

Cartesian components of the base vector
G,; in j-direction

See ZETA 225

Contravariant components of the metric tensor
of the deformed surface

Metric determinant
Plasticity parameter

Contravariant components of the relative
moment-resultant tensor

Storage of components of HM
Contravariant components of the relative
stress-resultant tensor

Poisson’s ratio

See STRESS 104,105

See STRESS 103,106
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FORTRAN NAME = TEXT SYMBOL

HTERM

1
ICOUNT

1C1
1C2

IFRACT
IGAUSS

IGMAX(1,J)

IGMIN(1L,J)

1GO

m

1J
ILAYER
INORML

IOUT(K)
TPLAST(11,12)

IPS1(I)
1PS2(1)

IRY1,IRY2,
IRY3,IRY4

ISB
ISTRES

............. -

N e ‘u %
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IGAUSS

INORML

ISTRES

..........
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DESCRIPTION

See STRESS 241

Cartesian unit vector in k-direction
Component index

Output control counter

Mesh indices selected by user at which
specific output is desired

Failure model selector
Gauss point index

Gauss point index where maximum value of stress
component occurs

Gauss point index where minimum value of
stress component occurs

Selector for calculation or output of
max/min stresses

Qutput control index
Number of components
Layer index

Control number for options regarding
Y modification

Printout indicator
Plasticity indicator

Coordinates of locations at which output of
Gauss point mixed tensor stresses is desired

Indices corresponding to the limits of the
complete finite difference grid

Sublayer index

Plasticity model control
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FORTRAN NAME

ISTREZ
ISUBL
IS1(1)
1S2(1)
TTIM(1,J)
ITIME
ITIMEF
ITIMEP
TTIMM(LJ)
v

1Z

1ZZ

n

1M
1IMAX(LJ)

IIMIN(LT)

11P

12

2M
2MAX(L,J)

I2MIN(LT)
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TEXT SYMBOL

1

12

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

DESCRIPTION

Plasticity model control

Sublayer index

Coordinates of locations at which output of
geometric and stress variables is desired
(10UT(12))

Time cycle of maximum value of stress component
Current cycle number

Final cycle number

ITIME-1

Time cycle of minimum value of stress component
Component index

Gauss layer counter

Upper/lower surface selector

Mesh point index

11-1

11 location where maximum wvalue of
stress component occurs

11 location where minimum value of
slress component occurs

11+1
Mesh point index
12-1

12 location where maximum value of stress
component occurs

12 location where minimum value of stress
component occurs
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FORTRAN NAME  TEXT SYMBOL

12P
J
D1

JD2
JD3

K
K1,K2,K3,K4

KF

L L
LA,LB

LC

LEN

LI112

LL
LMAT(11,12,12)
LS

Lz

MAX

MAUXIL

MIN

4g

DA s W A AR A e s it

DESCRIPTION

AR A AR A

1241
Component index

Number of stress memory locations in ¢!
-direction

Number of stress memory locations in &2 -direction
Number of stress memory locations in { -direction
Component index

Bulk modulus = E/(3(1-2 »))

Component index

Boundary condition control indices on the four
boundary lines

Number of print options available
Number of subdivisions of time increment
Component indices

Counter for time increment subdivision
See STRESS 73

Input to LMAT

Index of mesh points for IOUT(13)
Plasticity activity arrays

Component index

See STRESS 444

Integer controlling output heading
Controls max/min stress output

Integer controlling output heading
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FORTRAN NAME  TEXT SYMBOL
MPHYS

MTEMPE

Z|

=1

NGAUSL

NGAUSS(ILAYER)

NLAYER

NMESH]1

NMESH2

NSBL

NSUBL(ILAYER)

NUM

P(11,12) p
Po

PAR

PARSQ

PARSQZ

PGAMS33 v3

PPL(11,12)

PRSQDI1

PRSQD2

PRSQD3

PRSQZZ
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DESCRIPTION

PHYSIC control variable

Index for temperature effects

Deformed reference surface normal
Undeformed reference surface normal
Number of Gauss stations in layer

Number of Gauss stations in layer = ILAYER
Number of layers

Number of meshes in ¢! -direction

Number of meshes in ¢ -direction

Number of sublayers

Number of sublayers in i-th layer

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

Pressure

Peak value of pressure
See ZETA 304

Sce ZETA 305

See ZETA 376

See ZETA 413

Pressure at next time step
See ZETA 319

See ZETA 320

See ZETA 321

See ZETA 343
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FORTRAN NAME

QCz
QIRCH

QM
QPRINT(20)
QQQ2,QQQ3,QQQ4

QQ1,QQ2

Q11

QSHEAR

QSTRES

o]
[«

SGAM33
SIGMA(ISB)

oy
SIGN
SN(J,11,12) N
SQRG
STRESL(J,11,12)
STRESP(LA,I1,12)
STRESQ(LA,11,12)
SUMG

SURFGG

TAU(LJ) T

TEXT SYMBOL

DESCRIPTION

Logical variable for time step subdivision
Logical variable for Kirchhoff shell theory
Logical variable for max/min stress calculation
Printout indicator

Logical variables used in STRESS for defining
coefficients of constitutive functions

Logical variables used in EQUIL to avoid
calculations at boundary points

Logical variable for maximum or minimum stress
selection

Logical variable for SHEAR option

Logical variable for stress erasure

Undeformed shell reference surface position vector
See ZETA 398

Uniaxial yield stress of the ISBth sublayer

Static uniaxial yield stress of the material

+1.

Components of the surface normal
VG

Generalized forces calculated in ZETA

See ZETA 396

G33 at shell surface

Contravariant stress components at Gauss points
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FORTRAN NAME ~ TEXT SYMBOL

C
TAUC T

TAUR(Q,J) T

TAUM (Tr)oa
TAUMAX(1,J)

TAUMIN(,J)

TAUP(LZ,1,3)

TAUSPH

TAUSPL(LL,IGAUSS)

TAUSUM

TAUT T

TAU11(11,12,1Z)
TAU12(11,12,12)
TAU13(11,12,12)
TAU21(11,12,12)
TAU22(11,12,12)
TAU23(11,12,12)
TAU31(11,12,12)
TAU32(11,12,12)
TAU33(11,1,12)

TC(1,J) T}
THIC
THICKN h
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DESCRIPTION

Trace of the corrector stress tensor
Mixed tensor stress components at Gauss points

Trace of the new mixed stress tensor
Maximum value of the stress component
Minimum value of the stress component
Storage of TAUF stresses

Hydrostatic stress

Storage of TAUSPH

See ZETA 400

Trace of the trial stress tensor

Storage of mixed tensor sublayer stresses

Mixed tensor corrector stress components
See ZETA 201 |
Shell thickness

See ZETA 200

See ZETA 151

Time of maximum value of stress component




%‘ FORTRAN NAME  TEXT SYMBOL DESCRIPTION

P.‘-‘..

2% TIME L, Time

- TIMM Time of minimum value of stress component
& i

" T™(L]) (T New mixed tensor sublayer stresses

- TN(1,J) (7 ;)n Previous mixed tensor sublayer stresses
NN T

::-:} TR(L,)) (T)ert1 Trial mixed tensor sublayer stresses

Y ';:.1

R T33 See STRESS 121

:fa T33PL See STRESS 122

NS

\E‘ ) Displacement field vector

-

0, Displacement vector of points on the
reference surface
Ve, W Components of 4, 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
1)j
YY(J,LA) oY
T3
YYU(J,LA) y(1aj
2)j
YY2(J,LA) aY¢
0¢° .
Y2(J,11,12) Y2 Rectangular cartesian components of D
Y2DOT2(J,11,12) Acceleration of Y(2)
Y3ACEL(J) Rectangular cartesian components of N

PO R R Ry TR LR
OMNTEINT GAS
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FORTRAN NAME  TEXT SYMBOL DESCRIPTION

Z [ Distance from reference surface

{5 Distance of Gauss point from reference surface
ZA(11,12) { location of interface of upper and middle layer

. ZB(11,12) { location at interface of lower and middie layer

ZCEN See ZETA 152
ZCENTR Value of { at the center of a given layer
y o4 Displacement field parameter
ZZCEN See ZETA 155

Y33 Covariant strain component in

through-thickness direction

'3 Curvilinear coordinates of particles on
the reference surface

X'T; Mixed tensor trial stress increment
b, Yield function

0O, Quantity evaluated at t,
Op1 Quantity evaluated at t,,

(™ Madified quantity

INT[ ] Integer part of [ ]
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Listing of Significantly Affected Subroutines
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APPENDIX A

Listing of Significantly Affected Subroutines

SUBROUTINE AUXIL (INOEXX)

IMPLICIT LOGICAL (Q)

COMMON /CARTE/ YTEST,YNEw.YSAVE
COMMON /CARTEL/ Y(3¢20020)¢0(3020620)4Y2(7020020)+02(3¢20+20)
LEVEL 24Y4DeY2.02

COMMON /CTIME/ AUX(20) ¢ TIMEDELTATTIMEFITIMEITIMEFTAUX(20),
® T0UT(20) «QPRINT(20)

COMMON /CTIMEL/ IPLAST(20¢20)eP(20420) 4PPL (20420}

LEVEL 2+IPLAST P PPL

AUXTL
AUXTIL
AUFIL
AUXTL
AUXTL
AUXTL
AUXTL
AUKIL
AUXTIL
AuxlIL
aUXIL
AUXTL
AuUXIL
AURTL

COMMON /INDEX/ NREAD«NWRITE JNPUNCHeNMESH] NMESH2sNT ¢N?2 oeNZ oN1MoN2M AUXTL
® NIMMNZMM  11¢[2¢1Z0I11ZEROIP7EROIRYL «IRY24IRYI(IPYAISTRI«ISTR20AUXIL

® ISTRICISTRGeICIoIC2eI010IN2eIP1eIP20IS1¢1S2eK14K2eK30KooXKRUNS
® K2STOP KYTEST«IDIRSIITESTIPTESTWKINITL

COMMON /QLOGIC/ QAUX(20) «NZETAOSTRES+OPLAST ¢QSENS14QEQUIL
® OGDIAGN<QINGEOIQINVEL «QLOAD«GMATPRATHIKL ¢+ QTEMPE +QSPTEM,QAUXI 1
® QAUXT2+.QSPLOACQIMPUL +OSHARPORESOQIRCHQSHEAR

COMMON /FRAC/ TAUF (343) ¢ TAUSPH(NUM,IPST (10)4+IPS2(10)

1I=INDEXX
1F(INDEX” .GE. &) Ilsa
IF(INDEXX LEQ. 11) 1125
GOTO(1001¢100241003+1006410081 411

IF(I1.E0.1C1.AND.12.EQ.IC2) CALL PRINT(1)
RETURN

CALL PRINT(2)

FORMAT (215.3E15.6)

TII=ITIME/IOUT(Q) *INUT(9)1=1TIME
TF(IIT.NE.O.ANDJ «NOT . APRINT(9)) GO TO 409
WRITE (NWRITE.401) [TIME

40) FORMAT (///7/9X«"CIRCUMFERFNTIAL POSTTIONS AT I[TIMEan,IG// I

BPU AKX NYLI NG 1IXeNY2U, 13X MYIM)

JF{.NOT ., QIRCH) wRITE(NWRITE.4011)

FORMAT (Men oK oW Y2(1)Mel0KeMY2(2)1,]0XeHY2(3)")

DO 402 I1sISTR1.ISTR)

WRITE(NWRITE +403) I14I1C2¢Y{1ellaICP)eY(Pel1+s1C2)eY(IellelC2)
1F (QIRCH) GO TO 40?2

WRITE(NWRITE «1603) Y2(1el1¢1C2)9Y2(20I161C2)4Y2(3e1141C2)
FORMAT (Men (§AX43EL1S.6)

CONTINUE

WRITE(NWRITEAL1]) [TIME

FORMAT (/777122 MCA0GN POSITIONS AT [TIMEavw.IS//" 11 2%,
PRASHYINGIINHYRN ] IN YY)

IF1.NOT,QIRCH) wRITE(NWRITF 14011}

N0 12 1231STR2.[STRe

WRTTE(NWRPITE,40]) IC1eI2¢Y(1eIC1al2)aY(24ICIol2)0Y(30lClel2)
1F (QIRCH) GO TO 12

WRITE(NWRITE«1403) Y2(1eIC1el2)oY2(2e¢ICT1e12)4Y2{341C1.12)
CONT INUE

CONTINUE

AUXTIL
AUXTIL
AUXTL
AUXTL
AUXIL
AUXIL
AUXIL
AUKIL
AUXTL
AUXTL
AUXTL
AUXIL
auxIL
AuxXIL
AURTIL
AUXTL
AUXTIL
AUXIL
AUXIL
auxIL
auxiL
AUXTL
AUXTL
AUXTL

lauxIy

AuxIL
AURTL
AUXTIL
AUXTL
AUXTL
sUXTL
AUXTL
AUXTL
AUXIL
AUXIL
ayxIL
AUXTL
AUXTL
AUYTL
auxtL
auxIL
AUXIL
AUXTL
AuxXIL
AUXTL

OB NP N W~




(o aurIL

ITI=ITIME/ZIOUT(10)*IOUT(IN)=]TINME AUXTIL

. IF(TII NE.0 AND. NOT,BPRINTII0)) GO TO &2 AUXTL

c AUKIL

WRITE (NWRTITE1466) [TIMETIMESICToIC2eY(10IC1aIC21eY(2:1C1eIC2) 4 AUXTL

® Y(3¢IClelC?) auUxXIL

6h6 FORMAT (" TTIME=®,[S," TIME=",E13,6/" POSITION OF DESIRED POINTAUXIL

® (T1ar 12411224} 1§ Y1) =8eE13,6e% Y(2) 24,123,560 AUXTIL

o Y(3) a¥.F11,6) AUXIL

IF (QIRCH) GO TO a29 auxIL

_ WRITE(NWRITE.1666) YZ(141C1eIC2)oY2(2¢IC1¢1C2)aY2(3eIC1vIC2) AUXTL

Touhh FORMAT (48X MY2(1)uM,E]13,6e" Y2(2)SM4E13,0+" Y2(3)aM E13.6) aurxiIL

4?9 CONTINUE ayrIL

€ AUXTL

RFTURN AUXTL

< AUNTL

c. . AUXTIL

1003 TF(I1.EQ.IC1.AND.I2,EN,IC2) CALL PRINT(3) AUXTL

. RE TURN ) auXIL

1006 TF(IY.EQ.ISY JANDe I7.EQ.I1S2) CALL PRINT(INDEXX) AUXTL

RETURN AUXTIL

c MIXED TENSOR STRESSES CMECK AurlL

1006 ITI=ITIME/ZIOUT(13)@I0UT(13)elTIMF auxtTL

IFITTITI,NE.O (ANDs .NOY, QPRINT(1311GOTO 1020 AUKTL

DO 1010 L=]eNUM AUXTL

- TF(T1.EQ.IPSI(L) +AND. 17.EQ.IPS2(L}}GOTH 1015 aAuRIL

1010 CONTINUYE aurtL

. _ 6OTn 1020 AURIL

1016 CALL PRINT (INDEXX) AUXTL

1020 RETURN aunlIL

END aUFIL
-~
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SURROUTINE EQUIL EQUIL 1}
[ EQUIL 2
¢ EQUIL 3
c EVALUATE THE DISPLACEMENT INCREMENTS AND FROM THEM FVALUATE TWE  EQUIL o
c NEW POSITIONS fFOUIL 5§
¢ EQUIL &
IMPLICIT LOGICAL (Q) - EQUIL 7
c EQUIL 9
COMMON /CARTE/ YTEST.YNEW.YSAVE EQUIL 9
COMMON /CARTEL/ Y (36200200 9D(3020020)¢Y2(%3420+20)¢02(3420,20) EOUIL 10
LEVEL 2.Y.04Y2,02 EQUIL 11
[ EQUIL t2
. COMMON /CTIME, AUK(20) « TIME OELTAT JTIMEF ITIMESITIMEFTAUR(20) EQUTL 13
® 10UT(20).QPRINT (20) EQUIL 1e
COMMON /CTIMEL/ IPLAST(20,20)4P(20420) ¢PPL(20¢20) EQUIL 15
LEVEL 241PLAST P (PPL EOUIL 1%
c gEoUtL 17
COMMON/CTIMER/TTIMECITIMER ¢DELTAP JDEL X« OHR o LNM o HEE EGUIL 18
® JTKEEP HTHIK,QF INIS.QF IND+TSTART . YSTART . YDOTF EQUTL 19
® JESBSTIV(AIJNSTIVIa) EQUIL 20
¢ EQUIL 21
COMMON /DAMP/ MDAMP NAMPF OFACT s TOAMP s TOTKP+C1 EQUIL 22
EOUIL 23
COMMON /FORCB/ FORCEZ(3) EQUIL 24
¢ EQUIL 25
COMMON /INDEX/ NREADNWRITE sNPUNCHINMESH] (NMESH2 N1 «N2oNZoN1MyNIMeEQUIL 26
® NIMMoN2MMo 14124120 112EROCTI22ZEROLIRYT o IRY2(IRYIo [RYA¢ISTRI(ISTR24EQUIL 27
® ISTR3LISTRASICLIeIC2e101¢ID2¢IP1eIP2¢IS1¢152eK]¢K2oKIeKbeKRUNG EQUIL 28
® K2STOPoKYTESTIOIRIITESTIPTESTKINITL FOUIL 29
¢ ERUIL 10
COMMON /PUSH/ FORCES(3) ¢VELOC(3) «RATIO«RATIOMsDX1+DX2:TEMPDTFMP, EQUIL 31
® FSPACETSPACE FINCNOJFSTOPTSTOP« THCOEF EQUIL 32
COMMON /BUSHL/ SORAT(20420) ¢SORAZ(20¢20) ¢FMAS11120420) EQUIL 13
® FMAS22(20+20) ¢ FMAS23(20020) «FMAS3II(20420) EQUIL 3&
LEVEL 2+SORAT.SQRAZ.FMASL1+FMAS22.FMAS23,FMASI) FOUIL 3%
c EQUIL 136
COMMON /QBCOND/ 01¢22,03¢0440%54064Q7¢084Q9+¢Q10+Q1140124Q134014:Q15EQUIL 137
® JOFREF1,0FRFE2.0FREEIQFREE4«GFCORN,0Q14QQ2 +QEQUIL 38
® TRAC1.GTRAC2,0TRACI,ATRACS EQUIL 39
¢ EQUIL &0
COMMON /SURNOM/ SNPR (1) EQUIL &1
COMMON /SURNOL/ SN{3+20¢20) FQUIL 2
LEVEL 24SN FOUIL 43
[ EQUIL o6&
COMMON /S2/ STRESE (3) EQUIL 5
COMMON /S2L7 STRESL(3420¢20) ¢STRESO(2420420) +STRESP(2+26420) EQUIL a6
LEVEL 2+.STRESL.STRESQ.STRESP FQUIL &7
o EQUIL +8
COMMON /TNCOMP/ WML (2¢20420) ¢WM2(2¢20020) ¢CAPQ] (24204200 ¢ EGUIL 49
® CAPQ2(24204201¢CAPQI(2+20420)+CAP2G1(2420420) ¢ FAUIL S0
® CAP2Q2(2:20+20) ¢CAP203(2420.20) FOUIL 51
LEVEL 2.MM]1,MM2,CAPO]L.CAPQ2+CAPQ3.CAP201.CAP202+CAP2G] EQUIL 52
c EQUIL 53
COMMON /VELS/ YIACEL(3)+Y3DOT(3) ¢YIACPO(443) EQUIL 5e
COMMON /VELSL/ VELO(3¢20420)+4CC(3¢20420) EOUIL SS
LEVEL 2.VELO.ACC EOUIL 56
c EQUIL ST
COMMON /SURFOR/ E1(3420+20)¢€2(3¢204207 EQUIL SA
LEVEL 2+E1¢E2 EQUIL %9
c FOUIL %0
¢ EQUIL &1
TEPMTROELTAT/OFLTAP FOUIL 62
c EQUIL 63
Q01211.EQ.IPY].0R.11.EQ.IRY] EQUIL %6
0Q23[2,F0.IRY2,0R, 12.£0. 1AV EQUIL 5
¢ EQUIL 46
[1P=l141 EQUIL &7
liNall=] EQUIL %A
[2P=124} EOUIL 49
A 12ue12-1 EQUIL 70
¢ . EQUIL 71
LI1=ISIGN(]1¢N1=2®T]) EQUIL T2
J‘ L28TSIGN(]1sN2=20[2) EQUIL T3
}‘ ¢ EOUIL Te |
< TEPME], /FuASTIT(T1s12) EGUIL 75
N TEQM20EL TAT®OELTAT FQUIL 76
: N 00 298 u=1.4) EQUIL 77
6, ¢ EQUIL T
-'.:
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c
[
c
c

o0

D00

DISPLACEMENTS FOR VISCOUS OAMPING EQUIL 79
DURSDIJe11.12) EQUIL %0
EQUIL 91
NEXT STATEMENTS AVOID IMPERFECTIONS DUE TO ROUNO~OFF ERRORS EQUIL 92
EQUIL 83
IF(K1.EQ.7T.AND,J.EQ.1) GO TO 298 EQUIL B4
IF(K2.€0.7.AND.J.EQ.2) GO TO 798 EQUIL 85
1FIX1.EQ.5.AND.11,EQ.2.AND,J.EQ.1) GO TO 298 EQUIL 86
IFIK2,EQ.5.AND 12.EQ,2,AND.J.EQ.2) GO TO 29A EQUIL 87
IF (K3, EQeSeAND.11.EQ.NIM,AND.J.EQ.1) GO TO 298 EQUIL 98
IF (K&, EQ.5.AND.I2.EQ.N2M . AND.J.EQ.2) GO TO 208 EQUIL 89
IF(K1.EQ.6.AND.J.EG.1) GO TO 298 EQuiL 90
IF(K2.€Q.6.AND.J.EQ.2) GO TO 298 EQUTL 91
EQUIL 92
DERtV=0. EQUIL 93
EQUIL 3
0X=0X1 EQUIL 9§
OXFACT®.5/DX EQUIL 96
. EQUIL 97
1F{0G1) GO YO 111 FQUIL 98
FQutiL 99
. GO TO (102+1064¢106)¢ y ) €oUIL100
102 DERIVSOERIV.DXFACT®(CAPO1(1¢411Ps12)1eCAPQL(111Me12)) FaQuiL101
_ 60 TO 119 ] ] EQUIL10?
106 DERTVEOERIVeOXFACT®(CAPG2(1e11Ps12)=CARPQ2(1os[1Me]2)) EQUIL10)
G0 70 119 FOUIL10s
106 DERIVaDERIVeDXFACTS(CAPGI(1411P¢12)=CAPQ(1+I1M,12)) FOUIL10S
G0 TO 119 EQUIL106
EQUIL10T
. . FauliLl04
111 DUMeDXFACTS( ] FOUIL199
. 6N T (11”74114e116)4 J . EQuILll0
112 DERIVEDERIVeDUM® (=3, 8CAPQY (14110120 ¢4,9CAPAT(1ol14L1+12)=CAPOL(]+]1EQUILTII
® 1ep8L1,412)) EoUIL11?
60 10 119 i €auIL1l13
114 DERIVEDEAIVeDUM® (=3, 9CAPA2(1+11012)¢4,0CAPQ2(1411+L)1412)=CAPQ2(1+1ENVILLILS
 le2eL1,12)) EQUILILS
. GO TO 119 . . EQUIL1S
116 DFRIVEDERIVeDUM® (=3, 0CAPGRI (1411012104, 8CAPA3(1¢11°L1+12)«CAPRI(1eIEOUILILTY
L. % lepe1,12)) EQuIL1lg
119 CONTINUE EQUIL119
EQUIL120
EQulIL121
EQUIL12?
DX=DX2 FQUIL123
DXFACT=,5/0X EQUIL12e¢
. EQUILL2S
IF(QQ2) 6O TO 131 EQUIL126
EQuiL12?
GO TO (1274124412614 J EQUIL1?8
122 DERIVEOERTVeDXFACT®(CAPQL (2+11¢12P)1=CAPQL (2411412M)) EOUILL?9
60 TO 139 ) EOUIL130
174 DERIVEOERIVSDXFACT® (CAPQ2(2.11+12P)=CAPO2(2¢T112M)) EQUIL1IIN
60 TO 139 EQUIL132
176 DERIVSDERIVeDXFACT®(CAPQ3(2.11012P)«CARPOI(2+11412M}) EQUIL133
@0 TO 139 EQUIL13e
FQUIL13S
EoUIL136
111 DUMsDXFACTSL2 €qulL13?
. 60 TO (132¢1344136) ¢4 . . EQuIL138
132 DERIVEDERIVeDUM® (=3, 8CAPQL (24110121 ¢4,2CAPAL(2411+12¢L2)=CAPQL(2+1EQUILLIY
® 14126200 2)) EGUIL140
GO TO 139 B EQUIL1S
136 DERIVEOERTIVeDUM® (=3, 0CAP02(2.11012)+4,9CAPG2(2¢11¢12¢L2)=CAPQ2(2+1EQUILLA2
® 1e12620.2)) EOUIL163
G0 TO 139 : FQUTL1es
116 OFRIVEDERIVeDUM® (=3, 0CAPQI(2¢11012) 96, 0CAPG3(2¢110124L2)=CAPQ3(2¢IEOUTLLAS
® 1,12+2002)) FQUIL1eS
119 CONTINUE FQUIL1eT
FQUILISR
FOUTL149
NFERIVEDERIVeFORCEZ (U . _ FAUIL1ISO
ACC(Jol1e12)2(DERIVSEI(UeTle12))0TFRN EQUILLISY
DUJsT1e12120(Jel1s12)0TEAMTLACCIUs Lo ]2) OTERMD EQUIL1S?
Y JeT1eT2)2Y(Jellel2V00(Jel1412) . EQUIL1S)Y
VISCOUS DAMPING C1 FQUIL13e
IFLT0AMP ,EQ, N.01GOTO 298 €QUIL1SS
D(UeTlel?2120(Uellel21=(D(Jel1e12)¢0UR) OCY EQUIL1SS
208 CONTINUE €QuliL1sT?
RETURN €QulL1Ss
FND EQUIL1S9
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SURROUTINE EQUIL2

EVALUATE MIDSURFACE GEOMETRIC QUANTITIES(BASE VECTORS. SURFACF
NORMAL« METRIC TENSORs CURVATURE TENSOR. ETC,)

IMPLICIT LOGICAL(Q)

COMMON /CARTE/ YTEST.YNEW.YSAVE
COMMON /CARTEL/ Y(3¢720020)¢D(3020020)eY2(3920¢20)902(3¢20420)
LEVEL 2.YsDeY2.02

COMMON /CTIME/ AUK(20) o TIMECOELTAT TIMEF o ITIMEITIMEFSJAUR(20)
® T0UT(20) «QRPRINT(20)

COMMON /CTIMEL/ IPLAST(20420)¢P{20420)¢PPL (20420}

LEVEL 2+IPLAST P PPL

COMMON/CTIMER/ITIMECITIMERGDELTAPJDELX ¢ NHR ¢ UNKH ¢ HEF
® (JTKEEP MTHIKQF INISJQFINPTSTART YSTART.YOOTF
& JESBSTIV(4)oNSTIV(4)

T T

EQUIL2
EQUIL?2
EQuIL2
EQUIL2
EQUIL2
EQUIL2
EQUIL2
EQuUIL2
EQuItL2
€QuiIL210
FQuUIt211
EQUIL212
EQuUIL2l3
EQUIL21s
EQuUIL21S
foulL216
EQuIL217?
EQUIL?19
EQUIL219
fQuUlIL220
€QuUIL221

OB NIPAC DY~

COMMON /DPTERM/ MDISPL {4} +MDTISDR (6¢3) ¢PERTD(443) sDISPL (443)+0DISPIEQUIL?2?

COMMON /0PTERL/ PRSCRRA(3+20420)
LEVEL 2+PRSCRR

EQUIL22Y
EQUIL224
FoulIL22S

COMMON /INDEX/ NREADNWRITF «NPUNCHoNMESH] «NMESH2 N1 oN2eNZoNIMeNIMEQUIL 228
® NIMM N2ZMMo Il o[2¢1Z¢I1ZEROVIPTEROGIRYIoIRYZ¢IRYI¢IRYLISTRICISTR2,EQUIL22T

® ISTR3ILISTRAICLIeIC2+sID1eID?eTIPYeIP24IS14IS2eK1eK2eKIeKEoKRING EQUIL228
® KZSTOPKYTESTeIDIRIITEST+IPTESTIKINITL EQUIL229
EQUIL230

COMMON /O0PTION/ MAUXIL +MINGEOMINVEL «MLOADIMMATPR ¢MSPLOA EouiL2d

® MSPTEMsMTEMPE ¢ MTHIKL MIMPUL+ISTRES INORML ¢ ISTREZ EQUIL2Y?
EQUIL233

COMMON /POLEGM/SNPOLF (4643) e VELPOL (443) oNUMS(4) +NPL +LOCPOL (4) +QPOLEFQUIL236

® JDYPOLE(603) s YPOLE (443)¢N2POLE(4¢3) ¢ Y2POLE (403) ¢« JPOLE(4) EQUIL23S
® (QPOLET EQUIL213s
EOUIL237

COMMON /PUSH/ FNRCES () s VELOC(I) yRATIORATIOMIOX100X2.TEMPOTEMP, EQUIL238

& FSPACE.TSPACE+FINCNNFSTOPTSTOP . THCOEF EQUTIL279
COMMON /PUSHL/ SQRAT (20020) ¢ SORAZ(20020) «FMAS11(20020) ¢ €EQuIL2e0

® FMAS27(P0020)¢FMAS2I(20420) «FMASIZ(20.2N) EQUIL2e1
LEVEL 2.S5QRAT,SQRAZFMAST]L «FMAS22,FMASP3FMASI] EQUILPa2

EQUIL263

COMMON /QRACOND/ 0G1402+03+Q6¢05+06¢07¢QR+Q00+Q10+011+012+Q13¢Q16.Q1SEQUIL24S

* JQOFPEE1.QFREE2.QFREEIIQFREEL.QFCOPNL0Q1.4QG? +QEQUIL26S
® TRAC1.QTRAC2.,QTRAC3I.QTRACS FQUIL246
EQUIL247

COMMNON /SURNNM/ SNPR () EQUIL248

COMMON /SURNOL/ SN(3.20.20) EQUIL2e9

LEVEL 2.SN EQUIL2S0

EQUIL2S1

COMMON /S2/ STRESE () EQUILA2S?

COMMON /S2L /7 STRESL(3420+20) +STRESQ(2¢20420)+STRESP(2¢20020) EQUIL2S3

LEVEL 2+STRESLSTRESQ.STRESP EQUIL?S4

EQUIL 2SS

COMMGON /TENCOM/ YY(36¢2)eYYY(30202)0A(3¢3148(303)44A(1:D)eBR(IeD) s FQUIL2SS

® AM(3¢3)eDA(IeI)oDR(T03)e6(I07)eGR(IeI)eNN(I) eONI(3e2)4DDN(3e242)0 FAUIL2ST
® NGAM(Ie3) «DBAMMK (30V) oMN(Te 1) oM (2) e TAUIIeI) « TAUSRL (3¢ ) EQUIL2S58
® «0D2(3421eD0N2(34P¢2)9YY2(302)o¥YYY2(342¢2)1eYYU(302)4DRM(343} FQUIL2S9
EAUIL240

FOUIL2s1

COMMON /TNCOMP/ HM]L (2420020) o WM2(P420020)¢CAPNYL (2020420) 0 EQUIL?62
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s ® CAPQR(2¢20020)4CAPNT(2¢70420)9sCAPPQL(2620420) EQUIL26Y
® CAP2Q2(2+¢20420) +CAP2Q3(2420420) EQUIL2%6
" . LEVEL 2+MM14NM2,CAPR| CAPR2+CAPOYCAP2Q]1.CAP202.CAP203 EQUTIL2865
o\, ¢ EQUIL24%
.:‘ COMMON /VELS/ Y3ACEL (3)¢Y3DNT(3)«YIACPO(643) EQUIL287
Nt COMMON /VELSL/ VELO(1¢20¢20) «ACC{3¢70,20) EQUIL258
LEVEL 2.VELO.ACC EQUIL269
[ FQuiL2T0
COMMON /ZACCEL/ SNDOT2(3+,20¢20),¥200T2(3.20.20) EQUIL2T
LEVEL 2.SNDOT2,Y200T72 EourL2T? .
[ EQUIL2T73
COMMON /DELC/ ICOUNT FoulL2Ts
COMMON /DEL/ DELBAR(20.20) EoQulL27S
LEVEL 2+.0ELAAR EQUIL2TS
COMMON /SURFOR/ E1(3420420)¢E2(3020420) fQuiIL2T?
LEVEL 2.E1+E2 €QuiioTs
TERMTaDELTAT/DELTAP EQUIL279
Q01=11,EQ.IRY]1 ORIl ,EQ.IRY] EQUIL290
an?=12.60,.IRY2.0R.12,.FQ. [RYe EQUIL 291
11Psl1el EQUIL?82
12P=l12+ EQuiIL2an
IiMal]lw] EQUIL28s
12M=[2~1 gouIL28S
LIsISIGN(1«N1=2eT]) gEQuUIL288
L28ISIGN(1eN22012) EQuUIL28sY
TERW28DELTATSOEL TAY EQUIL2A8
IF(ICOUNT ,EQ., 0)6OTNH 400 EQUIL 299
CALL NACEL EQUIL290
DO 798 Js1.3 EQUIL?9]
c EQUIL?92
c NO Y2 STRAIN ON G9 SLIDING=CLAMPED EDGE IN MOISDR(KeJ)s] DIRECTIONEQUIL29]
IF(Q01 LAND.T) . EQ.IRY] ,ANO K] . FQ ., 9.AND MDISDR(1+J)+EQ.1) GO TO 390 EQUIL29s
IF(QQ1,AND.T1 . EG.IRYYI AND.XI.EQ.F.AND. MOTISDR(IeJ)+EBL1) GO TO 390 EQUIL29S
IF(QQ2 AND.I2.7) . IRYD [ AND . X2 FQ, 9. AND MOTISDR (244} +EQ.1) GO TO 190 FAUIL296
IFIQQ2 ANDo12.50.IRYM AND K4 EQ,9.AND MDISOR(4+J) 4EQel) GO TO 390 EQUILZ2QT
[ EQUIL298
c TO AVOID ROUNDOFF [MPFRFECTIONS EQUIL299
IF (XK1,EQ,T7.AND.JU.EQ.1) /O TO 390 EQUIL100
1F IN2,EQ.7.AND.J.EQ,2) GN TO 39D EQUIL1OY
IFIK1.EQ.8S.AND,I1.FQ,2.AND,Jy.EQ,1) GO TO 2390 EQUIL192
IFIXK2,.6Q.5.AND.12.EQ,2,4ND,J.FQ,2} GO TO 390 EQUILINY
IF(KI.EQ.SANDI1.EQ.NIM,AND.JLERLY GO TO 390 EQUILIOe
IF (K6, EQ. S AND.I2.EQ.N2M.AND U EG2) GO TO 1390 EQUILLNS i
1F (K} ,EQ.6.AND.J.EN,1) GO TO 390 EQUIL1ING
IF (K2,EQ.AAND,JU.EW,?) GO TO 390 EQuiLiOY
c EQUIL108
NFERIVeD, EQUIL1O09
c EQUILILN
Ox=0X1 EQuIL1 1
OXFACTa, . S/0X EQuILl1l1?
o EQUIL1LY
1F(0Q1) GO TO 130 EQUILile
¢ EQUILIYS
GO TO (120012401260 ¢ 4 EQUIL11S
120 DERIVSNERIVeOXFACTO (CAP2N1(1¢11P¢12)=CAPP01(1e]1Mel2)) EQuUIL1?
G0 TO 140 EQUILI1ILA
1726 NERTVEDFRIVEDAFACT®ICAP2O2(1411P412)=CAPPR2 (1 e11Me]I2)) EQUILILD
G0 TO 140 EQUIL] 20
176 DERIVSDEAIVeDXFACT®(CAP203(1411P[2)=CAPAGI(111Me]2)) FaytL1 21
GO TO 140 EQUILY 22
[ FRAUTLL2Y .
c EQUIL1?e
110 NUMsDXFACT®L] EQUIL12S
GO TO (132413413600 J . FQUILL 2y
132 NFRIVEOERIVeDUMS (=), 00aPPN 1 (1el1e12)*a,2CaP2QL(1elleL1e]2)=CaAPPRIIEQUILI27
* 1ellede .12 LI MBEL] «
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. 60O TN 140 FQUTLY?S
176 OFRIVEDERIVeDUM® (=3,#CAP2Q2(1¢11012)04,2CAP2Q2(1e[1eL1121-CAP2Q2(EQUIL130
® telle2eL1,412)) EQUILIN

GO TO 1le0 EQUIL13?

136 NDERIVEDERIVIDUMS (=3,9CAP2Q3(1+11012)¢4.2CAP203 (19 1L 1+]12)=CAP?2QI(EQUILLII
. % 1elle2e 1,120 EQUIL1 s
140 CONTINUE EQUIL1IS
: EQuUIL136

EQUIL137

EQUIL1IS

Dx=DXx2 EQUILL139
DXFACT=,.S5/0X EQUIL1s0
EQUIL1ISY

IF1QQ2) 60 TO 151 EGUIL1e?
EQUIL1e3

. GO TO (le2e16841661¢ J EQUIL]es
1642 DERIVEOERIVeDXFACT® (CAP2AL (2¢11412P)1=CAR2Q1(2+11e12M)) EQUILLeS
60 TO 160 EQUIL1aG

1446 NDERIVSDERIVeNXFACT® (CAP2Q2(2+11¢12P)=CAP202(2+11012M)) EQUIL1a?
. G0 TO 1é0 EQUIL14R
146 NERIVADERIVeDXFACT® (CAP2QI(2¢T1+12P)=CAP2QI(2[10[2M)) EQUIL149
GO TO 160 EQUIL1S?
EQUILI1S!

FoulL1S?

161 OUMaDXFACT®(L? FOUIL1S3
GO TO (15241544156} ¢y R EQUIL1ISS

152 DFRIVENERIVeDUM® (@3, #CAP2Q1(2¢]10¢12)1+6.9CAP201(20¢11+124L2)=CAP?2Q] (EQUIL1SS
® 2el1e12e020.2)) EQUIL1S6

GO TO 160 FQUIL1STY

154 OERIVSDEQIVeDUM® (=3,8CAP202(2¢11¢12)¢4.%CAP202(2+11¢124L2)=CAPPQ2(FQUIL1SE
® 2¢11el2e20L2)) EQUIL1SS

60 T0 160 EQUIL1%0

156 NERIVEDERIVeDUM® (=3, #CAP2Q3(2¢11412)¢4.2CAP2Q3(2+11¢12¢L2)=CAPPQI(FEQUILIAL
® 2+:11417+208.2)) EQUIL162
140 CONTINUE EQUIL163
- EQUIL166
¥Y200T2(JeTlel2)2(DERTIVEE2(JeIloI2)«STRESL(JeI1le121=FMAS2I(TI1¢I7) EAUIL16S

e oYIACEL (J))/FMAS22(11+12) FQUIL166

X EQUILLSTY
D2(Je110121302(Uel1012)9TERUTTEAN20Y200T21(J0114+12) FQUIL1IANA
YP(Jal11412)8Y2(Jel1e12)002(Jellel2) EQUIL169

300 CONTINUE EQUIL1To
298 CONTINUE FourLi™
TAKE OUT NORMAL COMPONENT WHMEN [T [S DESIRED TO B8€ ZERO EQUIL1T?

IF (INORM_ ,NE.1) GO TO 300 EQUILLTY
DELNOR=SN(1¢I1+12)902(1011412)¢SN(24T1012)%02(2011012) EQUIL1Ts

® +SN{3e11412)902(3611.12) EQUIL1TS
DELSN1=DELNOPeSN(1+11412) EQUILLTS
DELSN2sDELNOR®SN(2411012) EQuILLT?
DELSNIsOELNORP®SN(3ell+12) EQUIL]1TR
6OTO &10 FQUIL]1TS

400 NDELSN12=DELBAR(I1+I219SN(1.11412) FQUILIAN
DELSN23«DELRAR(I1+I2V8SN(2:11012) EQUILIA)
OFLSNIs<DELAAR(I1+12)08SN(3e11.12) £QaUIL1I9?

410 D2(1e11612)m02(1e2112)=0FLSNI FQUIL1R]
02(2+114121202(2411¢1P)1=0ELSN2 EQUIL1Se
D2(3+]11412)1202(311412)=DELSNI EQUIL18S
Y200T2(1411412)2Y200T2(101112)=TERM2ODELSNI FQUIL]AS
Y200T2(2¢11612)8Y200T2(2411412)«TERMISDEL SN2 EQuiIL187
Y200T2(3¢11412)12Y2N0T2(3411412)=TERMRS0ELSN] FQUIL]A™Y
Y2(1el1e12)2Y2(1e11412)=NELSNI EQUIL189
Y2(2:11412)8Y2(2411412)=DELSN? FQUIL19O
Y2(3e11412)2Y2(3011412)=DFLSNI EaLIL1IN

100 CONTINUE FAUILL1R?
RFTURN FAUIL19)

(L 1] FQUIL 19
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SUBROUTINE PRINT (INDEXX)
IMPLICIT LOGICAL(Q)

COMMON /ALLENE/ TOTAL TOTKINGTOTELA«TOTPLAZTOTWEKTOTTEM, INFRGY
+TOTVIS TOTF1+TOTE2.ECHECK
DTH(343) ¢+ SQRGeSORALSIGMSQeAZRZeC2

COMMON /CARTE/ YTEST YNEW.YSAVE
COMMON /CARTEL/ Y(3¢20¢20140(3¢20020)e¢Y2(3¢20+20)1402(3420420)
LEVEL 2.Y.04Y2,02

COMMON /CTIME/ AUX(20) ¢ TIMECDELTATTIMEF ITIMEITIMFF IAUX(20),
® [OUT(20).GPRINT (20

COMMON /CTIMEL/ IPLAST(20420)+P(2020) «PPL (20420}

LEVEL 2.1PLAST P .PDL

OD NN W —

COMMON /INDEX/ NREAD NWRITE (NPUNCH NMESH] JNMESH?2 «NToNP ¢NZoNIMeNIMBRINT 17
© NIMM NIMM ] ,12¢1Ze]12FQ0¢12ZERD+TRY]sIRY2¢IRYISIRYL(ISTR](ISTR2+£RINT 18

® ISTRIISTRAICIeIC2¢101+102+IP1vIP2:1S10152eK14%24K3eK0KRUNY
® K2STOPNYTEST IDIRyI1TESTeI2TEST K INITL

COMMON /PHYSCN/ EE HNUJALPHACONSTIEXPONSFACTORWRATE 4RO,
® MLAMOACCOEFF (S) oSIGMA(S) «TM(3e3)eTC(Ie310ELTAIID)

COMMON/POLEGM/SNPOLE (443) «VELPOL (443) oNUMSG (6) +NPLILOCPOL (0) 4QPOLE PRINT 2%

¢DYPOLE(643) s YPOLE (443)«02POLE(443) 9 Y2POLE(4¢3) «JPOLE (&)
+QPOLETY

COMMON /QBCOND/GleQ72eN3eN4+05:Q6:07e0R09¢0100Q11+012¢0134Q140Q15 PRINT 29

® JOFREELOFREE2QFREFEI.QFPEEAQFCORNGGN14QQ2
® TRAC!.0TRAC2.0TRACI.NTRACK

COMMON /QLOGIC/ QAUX(P0) RNZETAIOSTRFS+0PLASTQSENSTJOEGUIL
® QDIAGNIQINGEO+QINVEL QLNADAMATPR(ATHIKL JQTEMPE QSPTEMLQAUKIL,
® QAUNTI2.0SPLOAQIMPUL .QSHARP +QPESOQIRCH.OSHEAR

COMMON /SURNOM/ SNPA (1)
COMMON /SUBNOL/ SN(3.204+20)
LEVEL 2.SN

COMMON /S2/ STRESE (3)
COMMON /S2L/ STRESL(V1420420) «STRESGI2¢20020) o STRESP (2420420)
LEVEL 2.STRESL.STRESN,STAESP

COMMON /TENCOM/ YY (3421 0YYY(Ne202)0A(303)eR1303)144(763)eRRI303)
® AN(3eI)1e0A(3e3)eDR(T93) ¢G0T 0GG(3¢)eNDN(I) ¢0D(362)eDON(302021) 0

® DGAM(Ve3) eNGAMMR (Te 1) o HN(T6) oHAI2) e TAU(343) « TAUSAL (343)
N02(3¢2140002(3¢2¢2)sYY2(N02)0YYY2(30242)0YYUI3e2)+DBMI343)

COMMON /THKNS/ Z¢7Z+7CENTRITHICKNGARSCISIAeb) ¢WEIGHT (606)
® NGAUSS () ¢ IGAUSSINLAYER, TLAYERWNSURL (&), 1SUBL

COMMON /TNCOMP/ HM1(2.20420) oHM2(2¢20¢20)¢CARPQAL1 (24204200
® CAPQ2(2¢20¢20) ¢CAPRY(24204201+CAPPAL (2420020}

® CAP2Q2(2420420) «CAP2NI(2420420)

LEVEL 24mMM1 HM2,CAPO1.CAPN2,CAPN3«CAP20N].CAP2Q2,CAPPRY
COMMNON /STPOUT/ ISARLLCNISCReTA(IeIIoTN(Ie )

COMMON /GPRINT/ GTYPE.GRASE (1.7) (OGRASE (T4

COMMON /THAEF/ AGAMIY

64




COMMON /FRAC/ TAUF (34314 TAUSPH(NUMIPS] (10)«IPS2(10) PRINT 63

c PRINT 66

COMMON /MATRIX/ YLDFACANUM PRINT 45

- COMMON /MATRIL/ LMAT(20¢20016) FUAT(60¢20420) PRINT 66

c . LEVEL 2.LMAT.FMAT PRINT 67
(' c PRINT 48
: IF (ITIME ,EQ, =1) RETURN PRINT &9
T1SINDFXX PRINT 70

IF(INDEXX .GE, 4)]1=ma PRINT 71

GOT0(1000+200043000+4000)11 PRINT T2

c PRINT T3

c PRINT T4

[+ POSITION AND TIME PRINT 78

c. PRINT 78

. 1000 [IIeITIME/ZTIOUT(L)®INUT(1)=]ITIME PRINT 77
IF(IIT.NEL,0.AND,NOT . QPRINT(1)) GO TO 701 PRINT 78

& N WRITE(NWRITEL1001)[1e124ITIME PRINT 79
x 1NN FORMAT(MIT1an,[6,% 12a%, 18,0 [TIMES™,[5/) PRINT 80
N 701 CONTINUE BRINT 31
" - c PRINT 82
e c FIRST AND SECOND Y"S DERIVATIVES PRINT 83
YR c FIAST AND SECOND DY"S DERIVATIVES PRINT 86
L ITIsITIME/IOUT(2)SI0UT(2)=TTTME PRINT 85
i IFITIT.NE.0.AND. . NOT,QPRINT(2)) GO TO 702 PRINT A4
WRITE(NWRITE,100) PRINT 87

-

100 FORMAT(//9X"FIRST PARTIAL DERIVATIVE OF Y®,20X.“SECOND PARTIAL DEPRINT 88
SRTIVATIVE OF Y9//12Xe"YY(Jel1Me8XenYY(Je2)Me1OKo"YYY Jslel)"eS5Ke  PARINT 89
QUYYY (Jele2)MeSXe"YYY (Je2e?)M/) PRINT 90

WRITE (NWRITES102) YY(1ol) oYY {102 ¢YYY{1alal)o¥¥YY(1ele2) e YYY(1424,2)PRINT O}
WRTTE (NWAITE«102) YY(2e1) oYY (242) oYYV (Pelald oYYV (241420 ¢YYY(20242) PRINT 92

_ WRITE(NWRITES102) YY(3e1)a¥YT342) eYYY(Aalal)o¥Y¥Y(3414214YYY(34242)PRINT 93

102 FORMAT(TX42E15.6¢12X+3E15,6) PRINT 94

. WAITE (NWRITE(103) PRINT 9§

103 FORMAT(//6X4"FIRST PARTIAL DERIVATIVE OF DELTA Y"414X,"SECOND PARTPRINT 96
CTAL NEPIVATIVE OF NELTA YU//12Xe"DN(Je1)%e8X DD (Je2) e 19X "0DD (JsPRINT 97
®1011%e5Xe"NOD(Jale2)"eSXe"DON(Je2:2)"/) PRINT 88

WRTTE (NWRITE«102) OD(1e1)40D(1¢2)eNNB(1e741)+00D(10a142)4000(10242)PRINT 99
WRITE (NWATITE.102) DD(2¢1)¢DD(242) ¢DND(P¢141)+0D0(2¢1¢2)40DD(247421PRINT] 00
WRITE(NWRTTE 102} D0(341)400(302)4NON(3e141) D00 (I¢142)40DD(30242)POINTION

IF (QIRCH) GO TO 5101 PRINTL02

. WRITE(NWRITE.S100) PRINT103
K100 FORMAT(//9X"FIRST OARTIAL DERIVATIVE OF Y2%,s 19X +"SECOND PARTIAL OPRINTIO06
SERIVATIVE OF Y21e//12%eMYYP(Ue 1) "eTXonYY2(Je2)We 18X ¢ "YYY2(Usls 1) ®yPOINTLOS

P

e, 0, o B, 44

et
e

b

Bt
N RRR!
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3
ERR AR
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.
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® AXeMYYYZ2(Jele2)M0bXe"YYY2(Ue2e2)My/) PRINTING

WRITE(NWRITE«102) YY2(1e1)e¥YYP(1e2)eYYY2(1elel)aYYY2(16le2VaYYY2(IPRINTIOTY

® 42e2) PRINTI08

WRITE(NWRITE102) YY2(2e1) eYYP(2¢2)0YYY2(20101)eYYY2(DPe]42)4YYYD2(2PQINT]00

® 242) . i PRINTIIO

WRITE (NWRITE«102) YY2(301)eYY2(3e2)eYYY2(30lel}a¥YYY2(0le2)aYYY2(IPRINTIIY

B ® 42?2} PRINTI2
=, WRITE(NWRITE.S103) PRINTILI

5103 FORMAT(//SX«"FIRST PARTIAL OERIVATIVE OF DELTA Y2",16X+"SECOND PARPRINTI1é
OTIAL DERIVATIVE OF NELTA Y2"//12Xe"002(Jel)™eTXe"0D2(Js2)"s18X,4D0DPRINTLIS

oy $02(Jelal) M eaXeMDD0?(Uele2)HeaXo"NDD2(Js2e2)H/) PRINTI16
<L VRITE(NWRITES102) DN2(1¢1) eDN2(1¢2)+0002(141e1)+0D02(14142)40DD2 (1PRINTILT
N ¢ e2e2) . PRINT1I18
N WRITE(NWRITE.102) DN?(241)e0DP(2¢2)4DDD2 (20141140002 (24142140002 (2PRINTI1S
WY ® 0242) BRINTI20
o WAITE(NWRITF.102) DDP(3¢1)sDD2(342)¢D0D2(301¢1)¢D0D2 (010210002 (IPOINTI 2N
‘iﬁ\ e 42.:2) PRINT122
= %101 CONTINUE POLNTY2Y
oy 7Th2 CONTINUE PAINTL?s
. c PRINT]2S
.. c FIRST AND SECOND METRIC TENSORS eRINT] 2%
-, c FIRST AND SECOND METRIC TENSORS" [NCRFMENTS PRINT]27
e c PRINTI?a
4 ITI=ITIME/IOUT (31 @I0UT (I ITIME PRINT129
) " IFI{TIT.NE.0.AND, NOT,APRINT(31) GO TO 703 PRINTI30
o WRITE (NWRITE.106) PRINTYI N
@ 106 FORMAT(//1aX HFIRST METRIC TENSOR™,29X."SECONO METRIC TENSNR™/)  PRINT1I?
"!! i WRITE (NWRTITE.907) Al1e1) sA(1¢2)¢B(101)4B1142) eRINT1 I3
RN 907 FORMAT(2XeMA(1e11 8" 4aF13.66¢"  A(1e2)1 X" E13eheAN (1010 m"eElIab0 PRINTIIG
S v B(1421294E13,6) PRINT1IS
BN WRITE (NWRTITE.G0B) A(Pel)sAl2¢2) ¢R(P20e1)eB(242) PRINT]IS
BN Q08 FORMAT (2Xo"A(2¢1)3%E13ehe"  A(2¢2181 E13.60hKe"A(Po1 18" E1che  PRINTIIT
o o (PP EN,E13.6) PAINT] I8
N VAITE (NWAITE,109) PRINT1IO
- 109 FORMAT(//9X"FIRST METRIC TENSOR INCREMENTM.19K¢"SECOND METRIC TENPRINTI4O
¥ e80R INCREMENT"/) ) ) PRINTIAY
o WRITE (NWRTITE.909) DA(1+1)¢DACIo2)eNBI1e1)eDB(142) PRINTIG?
\ - NG FORMAT (" DA(1+1189 ET13,80%  OA(142)13%,E13,60" DAI1e118"EL3.64PRINTISD
-
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o DRL1.2)84.E13,6) PRINTIGS
. WRITE(NWRITE.Q10} DA(2:1)¢0A(242)008(24114DR(2.2) PRINTLSS
910 FORMAT(M DA(2¢118E13,6.0 DAI2+218%,E13,60" DB(2:1)1814E13,64PRINTIGS
on DR(2:2)8%E13,6) PRINTIAT
703 CONTINUE PRINT148
[ PRINTI &S
[ STRESS RESULTANT PRINTISO
c PRINTISI
I1IsITIME/IQUTIS)®IOUT(S)=TTIME PRINT]S?
IF(ITT.NE.0.AND, «NOT ,QPRINT(S)) GO TO 70% BRINTIS]
. WRITE(NWAITE.L118) PRINT1S54
118 FORMAT(//% CONTRAVARIANT COMPONENTS OF THE RELATIVE STRESS-RESULTAPRINTISS
SNT TENSOR"/) PRINT1S6
. WRITE(NWRITE.917) MN(l1ellaMN(142)aHNL]1 D) PAINTIST
Q17 FORMAT(1Xe"MN(1e11 3" E13,60t HN(1e21a0iE13,64% HN(1eI)an,E13.8) PRINTISA
. WRITE(NWRITE,.918) MN(201) oHN(2¢2) ¢eWN(243) PRINT1SS -
Q18 FORMAT({IXeWHNI(201) SV E13 . A" HN(2e2)3MeE]13,60" MN(2¢3)m#.E13,6) PRINTIS0
708 CONTINUE PRINTISIL
RETURN PRINT16>
[ PRINT143
. c PRINT164
Y [ RESULTANTS PRINTIAS
' c PRINTIAS
2000 1F (ITIME.EQ.0) PETURN PRINTI6T
I11=ITIME/IOUT(6)®TOUT(6) =TT TME PRINT16A
IF{TIT.NELO.AND, JNOT .GPRINT(A) ] GO YO 706 PRINTIEO
ITIMEPRITIME=] PRINT1T0O
TIMERP=ITIMEPOOELTAT PRINTIT
c PRINTIT?
(o WRITE TIME AND ITIME AT PRECFEDING STEP PRINTITY
< ’ PRINTITS
WRITE (NWRITE.2) TIMEP,.ITINED PAINTITS
WRTITE(NWRITE.920) PRINTIT?S
Q20 FORMAT(//36X«"TENSOR NEFINED IN ",29X +"CONTRAVARTANT COMPOATINTITT
SONENTS OF TME“/31X." THE PETROS & REPORTH,IAXR«HRELATIVE MOMENT RPRINT1T7S
SESULTANT TENSORM//3X."11 129,32X oA (LAeJo 1 o121 a5KeMH(LALBIIPRINTITS
e 1211/ _ PAINTIARN
NO 128 Il=m].N1 ORINTIRY
NO 128 23] N2 . . PRINT1AQ2
WRITE(NWAITE.921) I1¢72+CAPQL (14110121 4CAPG2(LsTLa121+CAPQ3(Ls 1y PRINTIAY
® 121 eMMY(1el1al2)0mMM] (2,11412) PAINT]1 84
921 FORMAT (P18,n CAPQ(1e1)8"4E13,6e" CAPQU142)2M,E13,b¢ PR INT19S
" CAPQI1¢3)SNIEL13 A0 HMILIEWEII Aol HMIZ2mH,EL3,.6) PRINT]8S
WRITE(NWRITE.922) CAPQL(2411+12)¢CAPR2(2411412)+CaPOI(20I10T2) PRINTI87
® MM (1al1alP)eHM2¢24T1412Y PRINTING
922 FORMAT (13X "CAPQ(2+1)8M,E1 3,6 CAPA(242)2,E13e64" CAPQ(243)s" PRINTIAG
P,E13,het  HMI1EWE] T 6" WMRIENIEL1D,6) PRINTI90
IF (QIRCH) GO TO 12A . PRINTIO!
WRTITE (NWARITEA21) [1.12.CAPPA1(1eT141214CAP2AP(1011412)4CAP2GI(14IPRINT]O?
@ 14I2)eSTRESP(1¢11412)STRESPI241112) PRINTI9]
821 FOAMAT (215,17 CAP2Q(1+1)3MeE13,60% CAPPQ(12)2"E13,he" CAP2Q(143)PRINT]IG
O E1I,6e% PLLIIBNFIY 60" P(2)%%eE1D.6) PRINTIOS
WRITE (NWRITE.822)CAP?01(2,11¢12)¢CAP202(2411412)+CAP203(211012)0 PRINTIV6
® STRESQ(1¢11412)eSTRESQ(2411412) oRINTIOY
NP2 FORMAT 12X "CAP2Q (211189 ,E13.6¢" CAP2Q(2¢2)34E1346. PRINT198
N CAPR0(2:3)18M,E13,6¢M Q(1)34E13.6+¢" Q(2)3"4E1I.6) PRINTIRO
WRITE (NWRITELR23) [1012+STRESL (1+11012) ¢STRESL12+11¢12)«STRESLI3s PRINT200
* 11412 ) PRINT201
AP FORMAT(218 " STRESL (1)1 m"4E13,6¢" STRESL(2) =P E13.64" STRESL (J1PATAT20?
. em",E13,6) PRINT203
178 CONTINUE . PRINT206
706 CONTINUE PRINT20S
[ PRINT206
c NOQMAL . PRINTZ20T
c PRINTZ20A .-
[T1aITIME/ZTOUT(TISIOUT(T)=TTME PRINT209
IF(IIT.NELOLAND.oNOT, QPRINT (7)) GO TO 707 PRINT210
{TIMEPRITIME-] PRINT21]
TIMEPITIMERONELTAT PRINT?212
[« PatNT21d -
c WRITE TIME AND [TIME AT PRECFEDING STERP PRINT214
c PQINT21S
WRITE(NWRITE,?) TIMEP,ITIVER PRINT214
WwRITE(NWRITE,1002) paINT21Y
1002 FORMAT(//1TX"COMPONFNTS OF THE SURFACE NORMALM//3X,"I11 12% PRINT218
SHXMEN(LINLORGHSN(21M 10X "EN(II /) eQiNT219
nO 1007 Ti=]1,N1 BRINT220
DO 1007 12m).N2 paINT221
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_ WRITE(NWRITE.1003) [1612¢ SN(1ollel2)oSN(2eI1e12)eSN(IeIlel2) PRINT?22
1N03 FORMAT (218.3€15.6) PRINT22)
1007 CONTINUE PRINT224
IF(,NOT.QR) 6O TO TOT PRINT22S

DO 1010 Izl eNPL PRINT226

_ . k=LocPOL(I) PRINT227
1010 WRITE(NWRITE.1020) Ko SNPOLE(Ks1) e SNPOLE (Ke2) s SNPOLE (K3} PRINT228
1n20 FORMAT (" POLE ONM/" SIDEM (2" 2943E15.6) PRINT229
TAT CONTINUE PRINT2I0

c PRINT231
c POSTTIONS AND INCREMFNTS PRINT232
c PRINT23)
I1IsITIME/ZIOUTI(BIOIOUT(B)=TTIME PPINT23s

- IF(TITNEL.OLAND,NOT ,QPRINT(A))} GO TO 70R PRINT213S
WRITE (NWRITE.2) TIMELITIME PRINT236

2 FORMAT (W19 QX UTIMERN,E]13,64RX" [TIMESH,[5/) PRINT237
WRTITE (NWRITE.D) PRINT238

3 FORMAT (/48Xs*CARTESTIAN COORDINATES?//30X«*POSITION? 437X+ 'CHANGE INPRINT239

. ® POSITION'//3X411 T2 ARetYL o 13Xe'Y20.13Xe?YI*1AX D1 13X, 'DPAINT24D
820 413XetD30412Xe'P 10X IPLASTO,) PRINTZ61
WRITF(NWRITE «a) {(f1elPeY(1ellal2)eY(20T1¢12)0Y(3e]1¢12)00(2el1412)PRINT242>

® D(2e11012)0DU(3al1al?2)eP(I1el2)oIPLAST(I1912) PRINT2413

¢ [2IRY2.IRYS) «I1EIRY],IPY]I) PRINT246

& FORMAT (215¢3€15.64" 1,4E15.643X.1%) PRINT24S

IF (QIRCH) GO TO 1004 PRINT246
WRITE(NWRITE.1083) PRINT247

1053 FORMAT(////52Xe"Y2 COORDINATES "//730Xe"POSITION® 437X "CHANGE IN PRINT24A
SPOSITIONY// 33X 1] T2U 46X a"Y2(1)"e10Ke"YP2(2)Me10Xe™Y2(3)"+15Xs PRINT249

SN (1IN 10X MDD (2) e 10X e*N2(T) IPLAST eony) PRINT2S0
WRITE(NWRITEGS) ((T1a12eY2(1e11012)eY2(2¢11012)eY2(3e11012)1402(1411PRINT2S]
® o120 DP12¢11412)0D2( 30110121 0IPLAST(T1412)4[22]IRY2,1RY4),I1= PRINT?5>
e 1AY1.1IPY3) PRINTZ26Y
. S FORMAT(215¢3E15.6¢" Te3E165.643X015) PRINT2Sé
1004 CONTINUF PRINT28S
IF(NPL,EQ.O0) GO TO 9729 PQINT2G6
DO 927 [a1.NPL PRINT25T
¥3LOCPOL () PRINT254
WRITE(NWRITE«+92R)KeYPNLE(Kol) e YPOLE (Ke2) s YPOLE(K+3) oNDYPOLE(Kol)e PRINT259
® DYPOLE ({%42)+0OYPOLE (Ke3) PRINT250
978 FOAMAT (“OPOLE ON SIDE".12+%" WAS POSITTON AND INCREMENTS =0/ PRINTZ61
® J10Xe3IELS, 64" "e3E15.A) PRINT2?262
IF {(QIRCH)} GO TO 927 PRINT26]
WRITE(NWRITE.192B)IKsY2POLFE (Ke1) s Y2POLE(Ke2) e Y2POLE (Ke3) ¢N2POLE (Ko IPRINT264
R ® )} s02POLE(KG2) +02PNLE (KT PRINT26S
1928 FORMAT (" POLE ON SIDEM™4124%¢ Y2 POSTTION ANO INCREMENTS any/ PRINT266
® 10XedE1IS,6en "43E15.6) PRINT267
927 CONTINUE . PRINT268
926 MRITE(NWRITE.930) PRINT269
930 FORMAT(/22X."® [PLAST GREATER THAN ZERO INDICATES PLASTICITY AT THPRINT2TO
*1S TIME STEP"™) PRINT271
708 CONTINUE ORINT2T2
4 PRINT2TY
c WRITE LMATRIX X PRINT274
I1I=aITIME/ZIOUT(16)2I0UT(16)=ITIME PRINT2TS
IF(IIT.NE.O0 .AND. +NOT.QPRINT(14)1G0TO 730 PRINTZ2TS
WRITE(NWRITE«711) TIMEITIME paINT2T?Y
1Z=0 PRINT2TS
NO 710 ILAYER=]«NLAYER PRINT279
NGAUSLENGAUSS (TLAYER) PRINT240
DO 710 I1GAUSS=]«NGAUSL PRINT28]
NSBL=NSURL (TLAYER) PRINT?82
00 710 ISBm1.NSBL PRINT28Y
1221701} PAINT20s
WRITE(NWRITES715) ILAYERILAYER, IGAUSS«ISBs(12:[28IRY2o]RYS) PRINT28S
D0 710 Il=IRY1.IRY) PRINT286
. WRITE(NWRITE.720) I1¢(LMATII1«[2012)e120lRY2.1RYS) PRINT287
710 CONTINUE PRINTZ288
T11 FOPMAT (10 (AXe!'TIMEZIE]13.0eBXet [TIMERS IS/ PRINT24S
®AX 1SUADIVISIONS OF TIME [NCREMENT [N STRESS'/) PRINT2G0
. 715 FORMAT(//20ReLMAT(11,12%¢124%) LAYER®4[2+! GAUSS PT,'e]2¢ PRINT20]
es SUBLAYER',[2//" 11 I2st.4013/) PAINT?Q?
720 FORMAT(+ ¢ ,1445X¢001Y) PRINT299
¢ WRITE FuaAT PRINT?Q
730 TIISITIME/ZIQUTIISICIONTIIS)=ITIME PRINT29S
IF(IITLNE.O .AND. JNOT,GPRINTLIS)IAOTO TAOD PRAINT29%
WRITE(NWRITF740) TIME,ITIME PRINT28T
00 738 ILAYERa]l NLAYER PRINTZO8
NGAUSLENGAUSS (TLAYER) FRINT299
DO 7385 1GAUSSsleNGAUSH PRINTI0O0
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R WRITE(NWRITE ,745) ILAYER.[GAUSSe(12,12%ISTR2+ISTR4) PRINTION

O 00 735 [1sISTR1.ISTAY PAINTIN

O WAITE (NWRITES7S0) [1e(FMAT(IGAUSSe11412)4128I5TR24]STR4) PRINTI07

- 79% CONTINUE PRINTION

xe 740 FORMAT (910 8X¢ ' TIMESY €13, A08Ks? [TIMES? 15/) PRINT30S

- T4S FORMAT(//20X ¢ 1 FMAT(T14124%012¢%) GAUSS PT, 1412, PRINTIO0N

a0 11 12%¢44013) POINT307

TRO FORMAT(!  1,T4¢6Xea043) PRINTI04

760 CONTINUE PAINTIOG

RETURN eRINTIO

c PRINTIIL

¢ STRESSES PRINTII2

¢ PRINTILI

3000 IF (ITIME.EQ.0) RETUAN PRINT314

T11wITIME/IOUT () ®TOUT (41 =1TTME PRINTILS -
IF(TIT.NELOLAND . NOT,APRINT(4}) GO TD 23003 PRINT3LS

IF(ILAYER.EQ.1.AND.IGAUSS.EQ.1 «AND. ISUBL.EQ.1) WRITE (NWRITE.932)POINTILT
972 FORWAT ("], ]4aX+"CONTRAVARTANT COMPONENTS NF THE STRESS TENSOR"// "PRINTIIA

® _AYER GAUSS STATION SUBLAYEP TAUSBL (1) TAUSRL (142} TPRINTIIO

SAUSAL T« PRINTIZ2N

~ WRITE(NWRITE.1933) ILAYER, 1GAUSS«ISURL PRINTI2)

1933 FORMAT(2X12,8X412411%Xe12) PRINTI?2

WRITE (NWRTTE, 1936} ((TAUSRLI(Ted)leusle3d)eI=led) pPaINT32Y

1936 FORMAT (34X¢3F15.6) PRINTI2s

NSBLENSUBL (ILAYER) PRINTI?S

IF(ISURL .EQ.NSBL) WRITE(NWRITE.300>) ILAYER.IGAUSS. PRINTIZS

® ((TAU(Ted)eUsloe3)elzled) eaINT32Y

002 FORMAT (/% CONTRAVARIANT COMP, OF THF STRESS TENSOR. TAU(I4J)o FOR PRINT328

CLAYER®, T2+, GAUSS STAT,"e12+" ="/ (R5X.3E15.4)) PR INTI29

3003 RETURN PRINTIRD

4 PaINTII

40n0 IF(ITIME .EQ, 0IRETURN PRINTII?

IF{INDEXX ,EQ. 11)60TN 8300 PRINTII

ITISITIMEZIOUT(12)*T0UT(12)=~1TIME PRINTII4

IF{TIT.NE.O AND.s JNOT.QPRINT(12))GNTO 4010 PRINTIIG

I1s(INDEXXw]) - PRINTIIG

GOTO(4100.5000¢60004700048000e8100sR200) 11 PRINT3I?

c PAINTIIN

ai1n0 WRITE (NWRITE.4D01) 1SR PRINTIIG

4Nl FORMAY (' SURPOUTINE STRESS'/* 1SB3t¢[3e¢/) PRINTIG

MRITE(NWRITE ,4002) ((TNIJelteT2leDeumieN) PRINTIAL

40N2 FORMATI! TN({141)1%94E22,15" TN(1e2)80,E22,15¢7 TN(143)20,E27,15/ PRINT3e2

. 1 OTN(2¢11304E22,15" TN(R2a21m1,€22,1540 TNIZ2431204E272.157 PAINTIA3

. Y OTN(3el)39eE22,15¢% TN{3e21®1,E22,.154" TN(343)m1,4E22,15) PRINTIAG

4010 RETURN PRINT36S

c PRINTIGS

SN0 WPITE(NWRITE(5005) ((TR(Jsl)elmled}euzled) eRINTIG?

5005 FORMAT(? TR(1.1)894E22.15¢" TRI1s2129,E22,15¢¢ TRI14IV21,E27,157 PRINT3AR

. tOTR{2:1)B04EP2,15¢7 TR(242)1%1,E27,15,4 TR(243)E1,E27,18/ PRINTIES

4 Y TRI3e1I N E22.180" TRI¢2)S80,E22,15,¢ TR(IeN=1,E22,16) PRINTIS0

WRITE(NWRITE +5006) T1SQ.L+1.CeCZ+SIGHSH PRINTIS]

S006 FORMAT (¢ ene ISBE,134 L0136t LCatef3e? CZnteEP22.1%," SIOMSE=PRINTIS2

o1,E22.15%) PRINTISY

RETURN ORIWTIS

[ PRINTISS

ANNG WRITE(NWRITE,6005)AZRZ,.01SCR PRINTISS

AONG NORMAT (¢ AZx9,E22.15¢0 BZ2?eFP2.164" NISCAR®E22,15) PRINTIS?

WRITE(NWRITE«£#006) ((TC(Jol)elxle3)eJslel) PRINVTISY

K006 FORMAT (! TC(1¢1)3?¢E22,150" TC(102)3%4E22,15¢? TC(143)20,E22.15/ PRINTISI

. 1 TCH2¢1I R GE22,154" TC(242) =0 E22,1Se? TC(2:3)m14E22.157 PRINTIAD

hd Y UTCU3e1) YW E2P, 1500 TCUDe2)ImE22,154% TC(3e)x0E2P,15) POTNTIA]

RETURN PRINTI42

c PRINTIGY

7000 WRITEINWRITFE,7001) mLAMDA PRINTIG4

TONL FOPMAT (¢ Wi AMDAR? E22,.16) PATNTILS .

WRTTE (INWRITF.7006) (({TM(JsI)elale3}ed=led) PO INT364

7006 FORMAT (! TM(1 1) R 4EP2, 186" TM(]¢2129E27,15¢? TM(1e3)31,4E27.15/ PRINTINT

hd Y OTMI2. 11804 E22, 16500 TM(2¢2)30.E22,15+1 TM(243127,£22,18/7/ PRINTING

b4 OTM(I 1) R ED2P 150! TM(342)120,E22,150 TM(Ie)B14E27,15) PRINTIGG
RETURN BeINTITH -

(o PaINTIT)

ANNN WRITE (NWRITE(ACGOL) 1TIMETIME,]IGAUSSeIlel2 POINT?D

ANDL FOBMAT (¢ [TIMEZ'qlaet TIMERtELS,A+? TGLUSSE sTae? Tl3's]60 1200 4POINTITY

sral POINTIT

WRITFI(NWRITF,A002) CERAN S RAY

AAN2 FOPMAT(® SURROUTINE ZFETAC) R PuiNnTITH

MRITE(NWRITE ¢R003) ((ARBASE(Jel)elm1e3) edaled) PRINTIT?T?

ANNY FORMAT (' GBASF (141)21,EP2?.15¢! GRASF(1¢2)2304E22.15¢1 GRASE(1431304PRINTITR
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o000
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*E22.15/ PRINTITS
®r GBASE(2:1)3¢,E22,1%e! GRASF (2421 u04F272,15¢" GRASE(243)2¢.622,.15/PQINTIR0
et GBASE(3¢]1)m0,E22.16+" RAASE(3021m9,E22,15+" GBASE(3e3)8¢,£22.15)PAINT IR

WRITE(NWRITE8006) ((DGRASE(Jol)elmle3)eunled) PRINT3AR2

ANOA FNRMAT (¢ DGRASE(1el)m¢4sF22,15+" DGRASE (1,218 4E22.1%5+7 DGAASE(13)POINTIEY
em0 22,15/ PRINTIAL

®¢ DGRASE (2411 1,E27,1%¢* OGBASE (24218 ,E22,15¢¢ OGRASE (243121 ¢EP2,PAINT3IAS
*15/ PRINTIAG

®¢ DGRASE (341)31,€22.15¢* OGRASE (342189 ,E22,15¢% DGRASF (3431 =1 4F22.PAINTIAT
*15) BAINTIAS
WRITE(NWRITE .AN05) ((GlJel)oInled)auzlael) PQINT3AQQ

A00S FORMAT(* Gl1a1)2tE2P, 1540 G(1e2) 314822150 Gl1oI)me4ER2.15/ PRINT3O0
. Y G211 eE27,1S¢t GIP42)m04E272.1854" G(2e3)mtE22.15/ PRINTISL

. ? BU3e11mIE272,184 G021 8¢E27,1%¢¢ 5(Je3)x?,£22,15) PRINT392
WRITF(NWRITE,3006) GTYPE PRINT39]

3006 FORMAT (¢ GTYPE=1,.£22,.15) PRINTI
WRITE(NWRITELB8007) ((56(Jel)elmleauzled) PRINTISS

ANNT FORMAT (Y GG (141131 eEPP.15¢" SG{1eP1204,EP2, 150 GG(1eI1mI,E22.15/ PRINTIAG
. Y GG(201)30 e EP2.150 GG(242)18%4E22.154" GG(24V) 3 4E22.1R/ PRINTII?

1 ' GB(Ie11 80 E22,1%¢t GG(Ie2)2'4EP2,15¢! GGIIe)m1,E2P.15) PRINTIVY
WRITE (NWRITE 80081 ((NGAM(Jel)olmfe3leumtiel) PRINTIOS

RONA FORMAT (! DGAM(141)894E22,1%¢* DGAM(1¢2139,E22,15¢' DGAM(]143)29F22PRINT400
., 15/ . PRINTAN]

®1 DBAM(2:1)m,ER22,15,7 DGAM{?42)29,F22,18," DGAM(2+3)8?E22,15/ PRINTLNH?

Ot DEAM (I 1) m?.E22,154" DGAM(I42)39,E22.15+" DGAM(34313%4E27,.15) PRINT403
WRITE (NWRITE.R009) ((NGAMMX (Jel)elx1e3)eJnled) PRINTLOS

RAONG FORMAT (' DGAMMX (lel)3?eE22,15¢" DGAMMX (] ,2)814E22.15+? DGAMMX(1,3)}PRINT4OS
ontE272.15/ ) PRINTLO6

®1 DGAMMX (241139:E27,15e! DGAMMX (262) 20 ,E22,15¢" NGAMMX (243131 4E22.PRINTGOT
o185/ PRINTGNR

®0 DGAMMX (301 )189sE22,15¢" NGAMMX({Ve2) 30 E27.150¢! DOAMMX(343)2*esF22,PRTNT409
*15) PRINTGLO
RFTURN PRINTGY
PRIVTal?2

R100 WRITE(NWRITE,ALI0L) DGAMMX(3eV) PRINT&13
A1N) FNRMAT(* (REVISED) DGAMMX{3¢3)8¢,E22,15) PRINTSLG
RETURN PRINTSLS
PRINTG14

R200 VRITE(NWRITE.A201) AGAMI] PRINT&LT
A2N01 FORMAT (' AGAMIIx'EP2,15) ePaINTLlg
RETURN PRINTALY
PRINTAL2N

MIXED TENSOR STRESSFES oRf1vTe2]

PRINTA2?2

AIN0 WRITE(NWRITE.R320) TIMELITIMECILl 4124 1GAUSSeTAUSPH PRINTe23
WRTTE (NWRITE,8325) ((TAUF(Xed)eJs1e3)eKx143) PRINT424

AF TURN . PO INTL?S

2R INTa 26

AI20 FORMAT (¢ TIMEZ!sE1S5.6¢3Xe? ITIME 30,1541 (1237413 [239,13, PAINTL27
®1 GAUSS PT, 20,1340 TAUSPH 21Fl0,.1) PQINT42A
RAP6 FORMAT (G4X ,*MIXED TENSOR STRESSES'/ PR INTG 29

239X e? TAUF (1o)Xt eF10,1¢? TAUF(1e2)ut4F10,10% TAUF(1e3)m04F10e1/ PRINTGIO
030! TAUF (241120 4F 1N, 10! TAUF(2:2)804F1N, 10" TAUF 1243181 F10417 PRINTET]
230X ¢! TAUF (A1) 20 eF 10,10 TAUF(3a2)2'4F10410e" TAUF (41 m¢4Fl0.11 PRINTE3?
END PRINT6 I
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SUBROUTINE maxPIN(TAULICT) “AXMIN L
IMPLICLT LCGICaL 4 wAXMIN 2
C wavw(N 3
COMMON /7 INDEX/ NREAD s imB [ TE APUNCH O NMESHL G AMESF2aNLa N2 s AL oML M R MaRMIN &
. A4 N\".~2'F-ll.12.II.XIZERG'IZIERO.IRVL-IRVZ'Xﬂv].lﬁVh‘lSTRI‘ISliz'FA!FIN )
o [1STRIGISTRAGIC L. iC20 011020 PLalP2siShalt20K1sK2eR3onbakALNY MAXMIN &
® KISTOPMYTESTivine LTESTI27ESTaINEITL maxmiN 7
C wAXM[N 4
COMMON 7 TRNS/ (ol o lCENTRSTRICANLABSLISIO b smbiunTinet ), MAxXMlN 3
® NGAUSSEN I l0AL S enLAYER L ILAYERINSLBLESD 1 5UBL “ARMINLD
[ mAx*iNLL
COMMCN /7 TI®E; 8uh(cChsTI™MECELTAT G TIMEF (ITIMEJITIMEF,[AGA(LUD waxmiN]2
® (CLT(22)e<P@NTLL S} mAXMINL]
COMMON JCTINL/ TPLASTI2CecCr+2(2Us¢0)sPPLIZ2D42C) YAKMINLY
LEVEL 2+01PLAST P27 L »AFINLS -
C "AXRINLG
SIMENSION TAUE3a ) TAUYAXL T3 )TAUMINGI 31, il axtde3d ol INE3s3)y ¥axMiNLY
O 12PAXUIes ol PINEI a3l g IGPANT 3D o LG Intded) ol TIMEI3 1 TIME33] “AxMinld
O LiTImmE3 Y T immL}43) “AXM ML .
% “AXMINZ) \
DATA GN/.FALSE ./ +MAX/® AR/ FIN/" ®IN®/ WaxMINZ21
[ wAXMINZ S :
2370194350, 16U TLILEE |
N MAXM NG
S [FICMICATC (0 “axmINgD !
CO 1C =141 MaxMINZE '
CO 10 Jels3 MaxmINg7 !
TAURAX {44} %0.C MAXM[NZY 1
TAURINLL,J)=0.C “ax®INZ9 !
[1MaX(l4s)20 MAXY N3O
1INt J=C MaxelNdl
[2=aXtiv4)=C MAXMIN3S
[2#INCLod) =0 “ex™INAY
[GMINCL s d)n waxm N3
[LmAx{]sJd)=C “AaxUInNgS
10 CONTINGE “asm N6
GMs, TRLE. “axw N7
C “AaYMINYs
20 03 0 =13 Mpxe N
M 30 Jeled Ma XM [tiby
ALLaTaLll d) CT. Taumax(l..) weYM NG ]
IFCLNQTe SLLIGGTU 25 A NGl
TALMAX (el )=TALI]vJ) “Ax™|NG]
Timaxtle2=102 LES SN LY
[2max(l.31=12 vAYMINGY
[TIM{]4J)n]TImE MAX [ Nak
TIM(L.J)=TIvE “ayse?
[GMAX(L+J)=ICALSS “AxM[Ned
25 SLLsTAL(L,J) JiTe TAUMINTLS YD) MR LR RT A
TFC.NOT. QCLLIGSTE 30 war= NG
TAUMINLT L) =TALIL, ) dax® NG
[1miIN(lad)=li “axm NS/
[2=IN(La3) 212 “AYRENG
ITIMm{{ 4 J)nlTiNE wAXT NS
Tlur(],4)=T1%E varw[NGS
IGMIN(T+J)=1GCALSS MaxmiNAs
Ju COMTINUE “aev NG 7
RETLRN “AX*[NGn
[ L L I S
35 wr ITEENARITELLGC) HAX LYY INK
40 DU 5 1%143 wavw ey
[aTR SRS NEE S B ¥ Myt e
WRITE(NWRITESZLIO) TIMCI )0l TIMtIvudollMmax(lvddol2 antlvy) MAXMING ]
¢ JIGMAXTLaddaladaTAUMAKLET ) MAXTINKS
45 CONTINGLE “axw[NGS
< “AYMINAR
WRITE(NWR[TELLUQ) “IN mAXMINKT
CO 50 [=143 “AxXM[NAd
DO %C J=1,3 AXMINAD
WRITE(NRRITEZLLO) TI=MCl ol [TIMULdby[IMINGE Ol 2™INEDLvd) “iymINTD
¢ GICMINUT o)yl odyTAUNINGL J) “axviN?L v
S50 CONTINLE VLA R
REYURN “Ar® N7}
t “seMINTa
LOC FORMAT (/! CadaytMym P IXED TENSUR STRESSES'/) maaMmiNTS
110 FORMATL' TIME®® gE13.6s" [TIMER® 1S4 [latalle’ [2="412 HAYMINTA
‘: gAUSS PT.'olZs® TAUFE qilat e 'alloatro’sElacd) “AXMINT T
EN

wAYM TN P
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SURROUTINE SFORCE (CS.THICKNeYYesYY24I1e12.SURFGG) SFORCE 1
SURFACE FORCES (ONLY FOR SHEAR OPTION) SFOSCE 2
COMMON /CARTE/ YTEST,.YNEW,YSAVE SFQRCE 3
COMMON /CARTEL/ Y(3¢20¢20)¢D(3020¢20)0Y2(2420¢20)¢02(3¢20420) SFORCE
LEVEL 24Y4DeY2.D2 SFOACE S
SFOGCE #
COMMON /PUSH/ FORCES () sVELOC(I) +RATIORATIOM DXL sDX2+TEMRPNDTEMP, SFORCE 7
¢ FSPACETSPACE«FINCNDFSTORTSTOR THCOEF SFORCF 8
COMMON /PUSHL/ SQARAT(20420) ¢SQRAZ(20¢20) +FMAS]](20420) SFOSCE 9
® FMAS22(20¢20) ¢FMAS231204+20) +FMASIT(20,20) SFGRCE1LN
LEVEL 2+SQPAT SQRAZIFMAS]]FMAS22,FMAS23,FMAS]I] SFOSCEY
SFO2CE1?2
COMMON /SURNOM/ SNPR (1) SFC2CEL
COMMON /SURNOL/ SNI(3420+20) SFOSCELS
LEVEL 2.SN SFOOCE1LS
SFJ0CELS
COMMON /SURFOR/ £11(3420620)¢F2(3420+20) SFOACEL?
LEVEL 2.E1.E2 SFORCELS
SFORCE1Q
DIMENSTION DZ(3)eCS(3¢2)¢GBASE(303)¢6(303)eG6(Ie3)eYY(Ie2)0YY2(342)SFNECE20
® JSUME () SFORCE?1
SFOQCE??
00 3 J=1.2 SF0OQCE?3
Eltdellel2)20.0 SFORCE?24
E2(Jellel2)s0.0 SFORCE>S
CONTINUE SFORCE?4
SFORCE?27
0O S0 122=1.2 SFORCE?S
22=0 SFORCE?9
CALL ERASE (DZ.)) SFORCEIN
02(3)=1,0 SFOACEIN
GOTO (2%+30)4122 SFORCED?
223~ ,58THICKN SFCRCEIY
SIGN=1,0 SFNOCEe
CALL LOAOL SFCRCES
GOTO 3s SFO&CE3L
722 .50 THICKN SFCRCET
SIGNs=1,.0 SFORCE3NR
CaLL LOaD SFORCEDD
00 3% J=t.l R SFOECEAND
GRASE (1eJ)3YYiJel1)=ZZ8CS(Uel) SFOOCFet
GRASE (24U) 2YY (Je2) =278 S (Je2) SFORCEs2
GRASE(3¢J)aSN(Jellel2) SFORCF4
SFORCEss
GRASE (1eJ)=GAASE(1eJ)eDZ(1I®YD(JelT1el2)07Z0YY2(U0]) SFGRCESS
GRASE(20J1BGBASE (2¢J)eDZ2(2)10Y2(Jel1el2)072Z9YY2(e2) SFOSCEeS
GRASE (3.J)SGRASE(JaJ)eDZ(A)OY2(JeI1412) SFCRCEeT
CONTINUE . SFORCESsA
Glle]1)=GRASE(1+¢1)®GBASE(141)eGBASE(1+2)*GRASE(142) SFORCELI
® JGRASE(1+43)*GRASE(1.7) . SFO&CESN
Gl1¢2)3GRASE (101)®GRASE(241)2GBASE (102)®GRASE(242) SFO2CES]
® +GBASE (143)°GBASE(247) SFOOCES?
G(le3)2GRASE (1+1)®GRASE(I41)+GRASE(]1¢2)®GRASE (302} SFCECES)
® +GRASE(143)9%GRASE (34} SFO&CESe
G(?4112G(1e2) SFOCE3S
G(2+2)2GBASE {2+1)9GRASF (241)¢GBASE(2+2)*GRASE(242) SFNICERK
® +GRASE(243)¢6RASE(2.7) SFNRCEST
G(243)8GBASE (2¢1)*GAASE (341)+GBASE(P+2)*GRASE(342) SFO2ACESY
® +GRASE(2.))GRASE (141} SFNRCESS
G13e1)186(143) SFO%CESD
G(3e218G(2e3) SFD2CESRL
G363 BORASF (1411 ®GHASE(341) ¢GRASF (342} *RRASE (34 2) SFORCES2
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® +GBASE(343)*GBASE(343)

GaGTYRE
GTYPESG(1+¢11%(G(2¢2)108 (e =G(2:¢3)002)2G(142)%(G(1210G(2:¢3)~
® G(14219G (e 10G(1eV)I®(G(1es2)®B(2:3)mG(1¢3)9G(P¢2))
SQRGsSQRT (GTYPE)

GTYPES1./GTYPE
GO(1el)mM(G(2¢212G(303)=G{2¢3)282)0GTYPE
GG(1+4218(6(1431°G(2¢3)1=6({1+212G(3¢3))GTYPE
GGI2+112G6 (142}

6610318 (G(1¢2)%G(2¢3)1=G(1¢3)%G(242))*GTYPE
6G(3¢1)8GE (143} )
GG(2¢2)(6(1+119G(393)=G(1+3)282)0GTYRE
GGl2e3)8(G(102)0G(1¢3)«G{14118G(3¢2))*GTYPE
GG(3e2)8G6G(243)
B6(Ve31B(G(141)12G(2e21=G(]1:2)092)*GTYPE

IF (127 JEQ. 2) SURFGGaGG (343}

CALL ERASE (SUME.J)

DO 40 K=1.3

00 40 tal,?

SUME (K)SSUME (K)+GG(341)*GRASE (1eK)

CONTINUE

00 45 us}.3

IFISN(Jel1412) EQG. 0,01G070 45
PRESS®=(FORCES (J)/SNI(Jellel21)
TEMPSSORGESUME (J) *PRESS
El(JeT1+1212E1(Jsl1412)eSIGNOTEMP
E2(Je110T12)2E2(Jel1 121 ¢SIGNO®T2OTEMP
CONTINUE

CONTINUE

RETURN

END
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SFORCEARD
SFORCES&S
SFORCESS
SFORCESA
SFCRCEST
SFORCESA
SFOPCESY
SFORCETN
SFOICET]
SFORCET?
SFORCET3
SFCOCETe
SFORCETS
SFORCETS
SFCRCE?T
SFOQCETS
SFORCETS
SFORCERO
SFORCES]
SFOQCER2
SFOSCEAR]
SFOGCE%S
SFOACENRS
SFOACEAs
SFORCEQ?Y
SFORCEAa
SFORCER9
SFORCESD
SFDRCES
SFORCES?
SFOQOCE9)




SUBROUTINE STRESS (JD1+J02+JC3+TAULLsTAULZ.TAULI, STRESS 1

® TAU21,TAU22+TAU23,TAUIL,TAUI2,TAU3D) STRESS 2

c STRESS 3

(o EVALUATE STRESS INCREMENTS AND STRESSES STRESS «

c STRESS S

IMPLICIT LOGICAL(C) STRESS &

C STRESS 7

COMMON/ ALLENE /TOTAL+TOTKINSTCTELAVOTPLASTOTWEXTOTTER, [NERGY  STRESS &

® . TOTVISHTOTELSTOTE2 +ECHECK STPESS 9

* JDTM{343)4SARGoSGRASIGCASQ4AZeBZ4CY STRESSLO

c STRESS11

COMMON /CTIME/ AUXUE20) s TIMEDELTATLTIMEF ITINELITIMEF, IAUX(20)s  STPESSEZ

¢ LOUTL20)CPRINTI20) STRESSL)Y

COMMON /CTIMEL/ IPLAST(20+2C)¢P(20+20)+PPLL20420) STRESSL4

- LEVEL 24IPLAST,P4pPPL STRESS1S
C STRESSLG

CORPON/CTIMER/ [TIMEC, ITIMER JCELTAP JDEL X ¢ OHR sUNP 4 HEE STRESSL?

® TKEEPyMTIMIKGCFINIS,OF INPoTSTART,YSTART ,YOUTF STRESS1A

® LES+BSTIVI&)NSTIV(4) STRESS19

. C STRESS20

COMMON /INDEX/ NREAQNWRITE«APUNCHINMESH]L JNMESF2oNL o N2 sNZoNLP I N2PSTRESS2L
® NIMASNZFMy[L1el29[2+IL2ERQI2ZERDIRYLyIRYZ4IRYIZIRYGyISTRLWISTR24STRESS22

¢ [STRIGISTRAICLIC24ICLoIC20 1P o lP20lS1olS2eKLoN24KIgK&yKRUNY STRESS23

® KISTOP+KYTEST+IDIRVILTESTSZI2TESTKINITL STRESS24

A C STRESS2S
N COMPON /CPTION/ MAUXIL+MINGEO M INVEL +MLOAD+“PATPR #SPLCA, STRESS26
J\ﬂ‘ ® MSPTEPPTEPPE+MTHIKLPIMPUL+ISTRES+INCRPL,ISTREZ STRESS27?
J:: CORMON /OPTFRA/ [FRACT GFRACT . STRESS28
o COMPON /PALT/ NCCNT o NRITESNTRAINGMRITEINDELPETADLETAC2 yNSTRN STRE <529
N ® JFACTOMMQ4FACTONING FKIN STRE.,30
L C STRESSIL
-~ COMPON /PHYSCN/ EE yHNUSALPHALZCCNSTGEXPGNGFACTORGRATE +RIC STRESSI2
o ¢ HLAMDALCOEFF{S)+SIGPA(S)+TPF(3:3)4TCL343)+0ELTAL(3,3) STRESS3I
C STRESS34

s CCMMON /PUSH/ FORCES(I)+VELCC(I)yRATIOWRATIOM(CXL4OX2+TEMPCTEMPy STRESSIS
e ® FSPACE+TSPACE+FINCNDFSTOP+TSTCP,THCOEF STRESS 6
‘\f“ COmMMON /PUSKL/ SCRAT(2G420)+SQRAI(2042029FMASLLI(20420) STRESS37
P J ¢ FMAS22(20420)+FPAS23(2042C)+sFMAS33(20+20) STRESS3B
5}' LEVEL 24SCRAT,SCRAZFMASLLFMAS22,FMAS2),FMASY) STRESSII
W C STPESS540
. COMMON /CLOGCIC/ CAUX(2C)+GlETAZCSTRESVCPLAST o WSENSLWCECLIL, STRESSA!L
e ® QDIAGN GINGED+CINVEL +CLOAC yCMATPRGWOTHIKL I OQTEMPEJQSPTEP CAUKXIL, STRESSA2
4 ® CAUX]I2.CSPLOAGCIMPUL »CSHARPICPESO9CIRCHoCSHEAR STRESS4]
STRESS 4

COMMON /TENCOM/ YY(342)eYYYUD4242)0At303090(303)0AA(3,3)4BB(303)y STRESS«S
¢ BME3y3)+0A0T03)4CBIIeI1eGlIe3)0GGE393)eCNEIDCEI342)+CCCEI0202)0 STRESS4A

® DGAMEI¢I ) 4DGAMPXII 03 ) oPN{I 4o mQi2)eTAUL34))oTAUSBLI3 4T} STRESS&?

® 1DD2¢392)400D2¢30202) 9 YY2034210¥YY2(30242)07YLI3+2)008P (343} STRESS«d

c STRESS49

COMPON /THKNS/ ZyZZoZCENTRoTHICKNGABSCISIGsb) smEIGHT(Bsb} 3TRESSSO

¢ NGAUSS(4) o IGALSS NLAYERGILAYERNSUBL (%) ISUBL STRESSSI

) COMMON /CNE/ DGCAMI3 STRESSS?

’ COMMON /GG/ SURFGC STPESSS)
QO c STRESSS@
S COMMON /DELC/ ICCUNT STRESSSS
) C STFESSSG
SR COPMEN /STROUT/ [SBaLsLCsDISCR,TR{Ie3IeTNI(3I3) STRESSS?
" < STAESSSS
o COMMON /FRAC/ TAUF(3+31aTAUSPHNUMLIPSL(10)+1P52(10) STPESS$59
- ¢ STRESSHO
e COMMAN /STRPLG/ TAUP(6C+3el)s TAUSPLILGeb) STRESSHL
N COMMON /mATRIX/ YLDFAC,ANUP STRESSAZ
e COMMCN /MATRIL/ LMATU20+20+16)oFMAT(64204201) STRESSA)
oy LEVEL 24LMAT FrRAT STRESS64
AN c STRESSAS
e - < STRESS66
oS OLPENSION TAULL( I0LeJ02+4D3) 4 TAUL24 JDLsdC2+J03)+TAULICJCLedC244DI)STRESSET
.7 ® o TAU2104DL 4024303 1+TAU220 010402+ 403)+TAU23CICL+40244C3) STRESS68
e ® STAUIL(I0LedD2+403) ¢ TAUI2(ICLeJ024403)+TAUIICICLd02+4D3) STRESS69
+o c STRESS70
c STRESSTL

IF (QSTRES) GO TO 20 STRESS 72

LEN®JD1¢J02¢403 STRESS 73

CALL ERASE(TAULLWLEN) STRESS 74

CALL ERASE(TAULZWLEN) STRESS 79

CALL ERASE(TAULIWLEN) STRESS76

CALL ERASE(TAU21LEN} STRESS?7?

CALL ERASE(TAUZ2.LEN] STRESSTS

CALL ERASE(TAU2IWLEN) STRESS?79

CALL ERASE(TAUILLLEN) STRESSBO

73




CalL ERASELTAUIZHLEN) STRESSAL

CALL ERASE(TAUIILLEN) STRESS82
CSTRES=,.TRUE . STRESSA3
C STRESS B
20 CONTINUE STRESSABS
QQQ2=,FALSE. STRESS8S
QQQY=,FALSE, STRESSH?
QQG4w FALSE., STRES5S88
IF (ISTREZ.EQ.2) CGOC2=.TRUE. STRESSE9
IF (ISTREZ.EQ.2.CR.ISTREZ.EQ.3}) QQQYs, TRUE, STRESSA0
IFUISTREZ LEC. 4)1QQQ4=,TRUE. STRESSO)
C STRESS92
OGTEMPe=(Ll.*HMNU)®ALPHASCTEPP/HNUY STRESSII
COAMBA=CGAMMXL Lo )oCCAPMX1242)+0GCANMX ()43 )«DCTENPS], STRESS94
IF(QQQY .OR., QCC4) DGAPPA=CGANPX(Llyl)eLCAMMX(242)ouGTENP®], STRESS9S
IF(HNU +EQ, 045) CCAMMA=]_ o (DGTEMPIALPHASDOTEMP) STRESSIe -
[FIHNU EQ. 0.5) HNUPakALZ3. STRESSI7
C STRESSIS
ESeEE STRE $S99
1F (BSTIVUILAYER).NE.D.) CALL ESTIFF STRES 100
FACTOR=1, STRES101
EEPRES/(loekNU) STRES102
FNUPPel./3. STRES10)
IFIMNU oNE. 0.5) HNUP=NAU/E1.~2,0HNU)} STRESL104
[FICCQ) .OR. QCC4) HNUPsMNU/ (L ,=-HNU) STRESLICS
[FICOQ3 .0OR. UCC4) MNUPPw{1.~2.%HNU)/(Je®(lo=HNU)) STRESLO06
4 STRESLO7
[FCCONST.NE O} CALL SENSIT STRES108
4 STRESL09
CALL ERASE(TAUL9) STRESLLO
CGAmII=0,.0 STRESLILL
NSBL=NSUBL{ILAYER) STRES112
[ STRES1L1]
[ STRES1l4
CALL ERASE(DIM,9) STRESLLS
CALL ERASE (TAUF .9} STRES1LG
c THE FCLLOWING T33,T733PL CALCULATIGN IS CNLY VALID FOR INITIALLY STRES117 H
C CONSTANT THICKNESS PLATE STRES118
[ STRESL19
[F(.NOT. GQO&IGCTO 25 STRES120
TI3a—PUlLlol2V8SURFGGO( L, 02, 01/THICKN)/ 2, STRES121
TIIPLe=PPLU{Lle1218SURFLGO({Lov2.02/THICKNDS2, STRES122
DTAUII=G(I,3)®(TIIPL-T2) STRESL2)
25 CONTINLE STRES124
IFCICOUNRT LEC. CIGOTO 1C10 STRESL2S
IF(I1.EQ.IS1 AND,. T12,.€0,152)GCTD 1000 STRES 126
GCTO iclo STRES127
1000 [[1ITIME/ZIQUT(12)010UT(12)~-1ITIME STRES128
IFCTII oNEo O JAND. JNOT.GPRINT(12))GUTC 1910 STRES129
RRITE(641007) PCULAL214PPLELELLL2)sSURFGG STRES1I0
1007 FORMAT(® PUILel2)8°3E22415¢° PPLUELITIC)I="1E22.150 STRES131L
¢' SURFACE GGIlle3)e*,E22.15) STRES132
1010 CONTINLE STRESL3)
c DETERMINE STRESSES FOR EACK SUBLAYER STRES1134
00 250 ISBs1eNSBL STRES135
QCZ=.FALSE. STRESL3s
Lill2=0 STRES13?
Lol STRES138
EL=1. STRPESL39
SIGESQ=SIGMA(ISB)I®SIGNA(TISR)ISFACTORSFACTOR STRES140
11220} STRES 1L
[« STRES142
CALL ERASE (TN,9) STRESL&3
TNI{LleldeTAULLCILW124102) STPESL44
TNCGLe2)oTAUL2(T L1241 STRES145
TNE2o1)mTAU2T(L14120102) STRES 144
TN(242)oTAU2UILy 12012 STRES 147
IF(GCQ2)GCOTC 3C9n STRES 148
TNULe3)eTAULILIL12012) STRESL &9
TNU2e3)eTAU2IC(TL 12412 STRES150
TNE3sLDeTAUILLT 12412 STRES1S1 -
TNET42)oTAUIZ2UT1,12412) STRES1%2
IF(CCQ3)GOTO 3CSO STPES1S3
TNEII)eTAUIIC(LL,12412) STRES1Se
IFCITIMELGCYLL oARD, TN1D4Y).EQ,0,0)T330,0 STRESL®SS
IF(CCQOa)TN(Ie3)eTI] STRES LS
1050 CONTINUE STRES 197
o STRES199
C CALCULATE =~ TN{lyJ) AT EACH SLBLAYER AND SUPM STRESLISQ
74
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Ay
>
e
0
W c STRES160
i CTM(Ly1)=0TMILoL}=TNILy1)®CCEFFLISY) STRES161
I OTM(L,2)=CTMELe2)~TN(Ls2)*CCEFF(ISB) STRES 162
o CTME2,1)m0TMI2,1)=TNI2+1)OCCEFF(ISR) STRES163
e CTRIZ2,2)=0TMI2,2)=TN(2,299CCEFF([SB) STRES1b4
( IF tcoc2) GO TQ 5050 STRESL65
- OTM{Le3)=DTmELed)=TN(LsII9CCEFFIISH) STRES 166
=y DTM(2:3)20TM(243)=TN(2,3)0CCEFF(ISH) STRES167
g CTMEY,1)=0T®(341)-TN(I+LIOCCEFFIISH) STRES 164
o OTP(342)a0TM(3,21=TN(3,2)OCCEFFLISA) STRES169
- DT*(34310TR(3432~TN(34I)8CCEFF(1Sa) STRES170
-4 5050 CONTINUE STRESL?L
N ¢ STRESL?2
e ¢ TR(LAJLB) ARE THE MIXEC INITIAL STRESSES FOR ThIS PARTICLLAK SLBLASTRES1?I
- ¢ YER STRES174
c SUBCIVICED TIME STEP STARTS MERE, [F xEQUIRED STRESL7S
SAS 45 CONTINUE STRESL 76
o TR{1s1D)=TN(1,1) STRESL77
SOCEEN THEL142)8TNLLs2) STRES1?3
<. = TH(L.3)eTN(Ls3) STRES179
G TME2,109TNC2s 1) STRES190
. TM(2,2)8TN(242) STRES1AL
SSL] TM{2.3)0TN{243) STRES 182
> THCI 1)aTNE3SL) 5T325133
A TRE32)=TNLD2) STRES1AG
- TRE1,))=TNED3) STRES] 2%
- TAUMCTR (Lol ) oTP(2,200TP()s3) STES106
o~ LC=1 STIES1A7
s IFCICOUNT LEC. 1) CALL ALXIL(4) STPES188
- C STRES 189
3 c CALCULATE ™IXEC TxIAL ELASTIC STRESSES TR(LAsLSZ) STRES190
‘ c STRES191
= G CONTINUE STRES192
HLAYDA=C. STRES193
ol CALL ERASE(TR,9) STRES194
A ETEPML-EEP/EL STRESL9S
LA ETERMZ=HNUP®DGAMMACETERM] STRESL96
e TRULo1)=TH(LsL)oETERMISCGARPX(L L) +ETERM? STRES197
N TR(142)sTMCL2 ) sETERMLPDGANPX(1,42) STRES198
o TRU2410=TM(241)+ETERMLOCGAPPXIZ,1) STRES199
v TRU2,21=TH(242) *ETERMLOCCAMPX(2,2) sETERN2 STRE $200
o IF 160C2) GO TC 6250 STRES201
‘ TR{1¢3)aTMELoI)ETERMLISDGAMNXL],]) STRESZ202
i TRE2,3)=TRMI2,3)¢ETERMLOCCAPPFXI2,3) STRES203
. TRUEIL)eTH(IoL)¢ETERMLODGAPMX(I41) STRES204
R TR(I42)aTM(342)+ETEAIMLODCAPPX(3,2) STeES205
o, IF1QCQ31GATO 6C50 STRES206
-, TRUIG3)=TM(343)eETERMLOCCAMPX{ DI )oETERN2 STRES207
- IFU{.NOT, COCA4IGCTO 605C STRES208
o TRELoL)I*TRULsL)orNUP*DFBLII/EL STRES209
»/ TRE242)2TRU2421+PNUP*DTAUII/EL STRES210
\ TRU43)=TR(343)+LTAUII/EL STRES211
6050 CONTINLE STRES212
TAUTSTR(L41)eTRI2,2)0TR(I,4) STRES213
c STRES214
¢ YIELD PrI STRES21S
c STRES216
CI=TRULeLIOTRILo1I®2.%(TREL4210TRIZ,1)IeTRIL IISTR(ILL) STRES217
O oTR(ZyIIOTRI3421ITRI2+21OTR(242)¢TREISII®TRII D) STRES218
® —(TAUTE®2+2,05]CHSCH/ T, STRES219
IF(L .GT, LCIGLTC 55 STRES220
IFCICOUNT LEQ. LICALL ALXIL{S) STRE 3221
c STAES222
c TEST YIELD CCNDITIGN STRES223
C STRES224
- 55 [FUCZ.LT.0 +ANC. L.EQ.LCIGCTC 220 STRES225
If (Cl.LT.0.) €6 TQ 121 STRES226
1F(CCZIGETC KO STOES227
LeINTUYLCFAC®(SCRTI((L1.59C{¢SIGPSAI/SIGPSCI=1.0) )01 STRES228
EL=L STRES229
~ QCZe, TRLE. STIES2I0
IFIL 4GT. L)ICOTC 50 STRES 2L
6C CONTINUE STRESZIL
¢ STRES21)
C PLASTIC BErMAVIOR STRES234
d STRES2IS }
¢ STRES2%6 ‘
¢ “1XFD CGRRECTOF 3 DIMENSIONAL STRESSES TCLLAWLB) 3RF [NITIAL STRES237
C DEVIATORIC STRESS (FOR THIS INCREMENT OR SUB=INCJEFNT) ocASED TN STRES23B
C TRILASLS) STRES219
C STRES240 :
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HTERmeHNUPPOTALM STRES26L
CALL ERASE(TC+9) STags2e2
TCULlol)wTHUL L )=rTERM STRES24)
IF(CQ04) TCU1eidoTCULsL)=RALPOTNI3,]) STRES244
TCU1,2)eTRIL,2) STRES24S
TCl241)eTM(2,1) STEES 240
TCU242)wTM(2,2)~mTERM STRES247
[F(QQQa) TC(2,2)=TC(242)~ANLPOTN(,3) STRES248
IF (CQC2Y GO TG 7090 STRES249
TCile31aTPil,43) STRESZ2SD
TCl2+))e¥™(2,3) STREZ2651
TC13,1)aTMEI, L) STRES252
TCL3,2)=TAL3,2) STRES2S)
IF(00G3 .OR, QCC4)IGOTO 7050 STRES254
TC(3,3)=TM(3,3)-HTERM STRES2SS
7050 CONTINLE STRES256 -
TAUCSTCELsl1eTCU252)TC(3,3) STRES2S7
: o STRES258
SaTe IF (ISTRES «NE.1) GO TO 70 STRES259
R C  TANGENT aPPROACH STRES260
- TAUMI=TAUN/], STPES261 .
N HLAMDA=Q, STRES262
. DGARATDGANMA/3,~ALPHACSCTENP STRES263
: DO 65 LA=1l,+3 STRES264
. CO 65 LB=Ly) STRES265
- 65 HLAMDASHLAMDA+(TM(LASLB)-TAUMISDELTA(LAWLE)) STRES266
N ® S(DGAMPRLLE ,LA)-DGAMATOCELTA(LBWLA)) STRES267
- HLAMDASHLAMDACEEP®L.5/(SICPSQ®EL) STPES248
[ IF (HLAMOA) 15C,1504121 STRES269
‘e 70 CONTINUE STRES270
’#}ﬂ c COMPUTE ANC CHECK VALUES CF AZ+BZ AND CISCRIMINANT STRES27L
S c STRES272
OO AZaTCULlel)OTCULs1)02,8(TCIL42)0TCL201)eTCULs3IOTCUINL) STeES27)
Ry ® oTC(2+310TCI342010TCI202)0TC12021¢TCI3+43)0TCIIo3)=(TALCOOL)/3, STRE 3274
BZoTCULlol)OTRIL LICTC(L42)TREZoLISTCIIsIIOTR(IW1D STRES27S
: ¢ eTCLZo1IOFR(L42)0TCI2,210TRE2,200TCI24300TR{3,42) STRES276
. ¢ oTCU3+1)8TR(L,3)+TCII,210TR{2,31¢TCU3,I)OTRII I I~TAUCHTAULT/I, STRES277
Y- DISCR=BZ9BZ-aleC2 STRES273
AT IF(L .GTe LILI2H LILlI2wL STRES279
T IFCICOUNT LEQ. LICALL AUXIL{6) STRES280
. ¢ STRES281
C TEST Al STRES282
o IF AZ IS NEGATIVE = PRINT ERROR “ESSAGE STRES293
C IF a7 (5 ZEwQ - SuB-INCREMENT STRES284
C IF AZ {S PGSITIVE = CONTINGE STRES285
C STRES286
IF(AZ) 80415041C0 STRES287
4C wRITE(NMRITE,LIC) STRES29K
GC FORMAT(IM os4xoLeMAA NEGATIVE AT ) STRES2A9
GO0 T0 180 STRES290 |
o STRES291 i
C TEST DISCRIMINANT STPES292 !
¢ STRES293 !
' o IF DISCR [S NEGATIVE - SUB-INCREMENT STRES294 ‘
: c OTHERWISE CONTINUE STRES29Y
R 100 JFICISCR.LT.0.) GO TO 150 STRES296
) c STRES207
c TEST 32 STRES298
L STRES29Y
c IF B2 IS NEGATIVE OR JERQ -~ SUB~-INCREMENT 5TRES300
C CTHERWISE CONTINLE STRESIOL
o STRESIOL
[F(BZ.LELO0.)GOTC 150 ST2g$303
o COMPUTE mMLAMDA AND ELASTGPLASTIC STRESSES STRESI04
HLA®D2e 824SQRT(CISCR) STRESI0S
HLAMDA=CZ/HLAND? STRESI06
121 CONTINUE 5TRESINT
TMELGLIoTRULSL)=HLANDASTCLL VL) STRESING
TR(ie2)oTRIL2)=-FLAMDAOTCEL2) STRESIOY
TRE241)eTRE2,1)=HLAMNDASTIC(241) STRESILO
TMU242)oTRI242)=FLARDASTCI242) STOESILL
{F 1C0G2) GO TC 9050 S5TRES 112 -
TU1,3)sTREL,I)=MLamdaeiCli, D) STOESTL3
TR12,3)eTRI2,3)=HLANDASTCLZ )} 5TRE5)14
TME3,0)=TR(IL)=-FLAMDA®TC(y1) STRESILS
THM(Ie2)mTRE2,2)=FLAMDA®TCI32) STRESILG
[FLOCCIICLTO 4CS0 STRESIL?
TMEY,30aTREI,3)=HMLAMDACTC(I,]) STRESILE
[F(QQO4) TM(3,3)=TR(Is2) STRESILY
; 8050 CONTINLE STRES3I20
=
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.Y
R TAUMSTF(L1,1)eTR(2:210TP(3,3) STRESI21
N IFCICOUNT .EQ. LICALL AUXILLT) STRESI22
-~ C CHECK THE SUB~IMCREMENT NLFMBER STRESI23
RN 4 STRES32e
1F(LC.EC.LIGCTO 210 STRESI2S
LC=LCel STRESI26
Na, G0 Y0 S0 STRES3I27
a~ c STRE3328
- 4 FPAKE SUB-INCREMENTS SMALLER STRES 229
RN C STRESIIO
p - 150 LsL+l STRES3IIL
LS EL=L STRESII2
- C STRESIII
. - ¢ CHECK MAX[MUM NUMBER OF ALLOWABLE SUB=INCREMENTS STRESI34
c STRESIIS
- IF(L=100) 45,454160 STRES )6
. 160 WRITE(NWRITELL7C) STRESIIT
- 170 FORMAT(LH s4Xs3ENSTRESS CALCULATIUN UNSATISFACTORY AT ) STRES3I8
* 180 wRITE(NWRITEL190) ITIMEZILoi2+ILAYERGISBL4LC STRES3I9
- 190 FORMATULIM oOXeIHTIME STEPoICoSXe3H[ 12 249X e3MI2u41245X+6HLAYERR4[STRES34O
‘- $2,9HSUBLAYER® 4 [2+45X42HL a9 1295XeIHLCus () STRES34l
. WRITE(NKRITE +2C0) AZ+32+CZ+CISCR, STRES342
- ® ((TMUIVIV)edVvaly3dolVals3dal(TRIIV 4V, STRES 343
® JVelyd)alVnla3lg(tTCUIVaIY)gdVal,yd)glvnledl STRES 344
A 200 FORMAT(LOX ™A/ =" EL1S5.6910%,"87 2" t15.6410X4"CY “"ek15.6STRES 45
~ ®410Xs®DISCR =",E15.6 STRESles
- $/10X™MIXED INITIAL STRESSES™yL6X."» TM a®,3E15.6/56%X43E15.0/ STRESIe7
K~ 56X +IEL5.6/10X,"MIXED TRIAL ELASTIC STRESSES™.L0X,"= TR =%, STRESJ«8
S ®IE15.6/56XsIELS.6/56Xs IELS5. /10X *MIXEC CORRECTGR 3-CiMENSICNAL STSTOESIe9
B, SRESSES® TC ®"43EL5.6/56X+3EL5.6/56X,3E15.6) STRESIS50
> J CALL DIACNC(S) STRES3ISL
/ c STRESIS2
C HAYE REACHED PLASTIC SCLUTICN STRESIS3
v C STRESIS¢
0, 210 CONTINUE STRESISS
S TPLASTIILe12)=IPLASTIIL 12)01L STRES3Sh
:a 6o 10 222 STRESIST?
o 220 CONTINUE STRES3ISE
" c STRES 359
N C ELASTIC T™ EQLALS TRIAL TR PER SUBLAVER STRES 160
N c STRESI6L
THCLeL)=TREL 1) STRESI2
{ TH(142)=TR(142) STRESTE]
., THE2,1)=TRI241) STRES364
v TMI24212TR(2,2) STRES 165
' IF (00C2) GO TC 9050 STRES Y6k
T, TMiLs3)aTR(L143) STRES3NKT ]
<. TM{2,3)eTR(2,3) STRES364 :
- TA(IL1aTR(I,1) STPES 369 1
" TM(3.2)=TREI,2) STRESI7O 1
TH{343)aTR(3,3) STRESI7L
9050 CONTINUE STRESI?2
‘o o STRESITY
L 222 CONTINUE STRESI74
s COAMPX (T30 ((TM(393)=TANC o2l IorNUSCITM(Lel =TSN Lol IeqTPI202)=TANISTREST?S
= ¢ 232) ) /ES L. onNUIOL2,0TNI3e3)=TN(Lol)-TNI242)18nLACA/ L3 %ES) STRESITE )
ey IFCICOUNT LEC. 1)CALL aLxIL (9 STRELdN7 \
0 c STRESIT8 1
. C STORE MIXED TENSOR SLELAYER STRESSES STRESITY 1
IF(ICOUNT .€EQ. 0)GOTO 2500 STRESIBO
. ¢ STRESIEL
- TAULLUIL.12412)=TM(101) STRES3I82 )
‘o TAUL20115124121=TM(142) STRES18) .
‘o TAUZL(I1e02412)TMU241) STRES A&
-. TAU22(11412402)2TM(242) STRESIAS ]
-, 1F(00Q02)60TC 25C0 STRESIAG ]
.. TAU2I(ILel2,1Z2aTNELs3} STRESIA?
. TAU2ICIL 1241208 TRI243) STRESIAG }
- TAUIL(ILe12412)eTn(341) STRESIBY
o . TAUIZETL4I2.121aTR(342) STRESIA0
IF(QCQ2IGGTY 25C0 STRESIAL
-, - TAUII(TLo12402)0TR(343) LIRSLY:
oy 2500 CONTINUE $TeESIR) ]
R c STRES 194 1
;z. ¢ STRES 39S
. C CALLCULATE TOTAL MIXEC TENSOR STRESSED FROM SULILAYER STRESSED ST2E5398 .
¥ /. C YTRESINT .
o LPATITLo 020 120eL T2 STeF 5393 P
@ TAUF(1,+1)aTAUF {1411 eCOEFF(ISBIOTM{LML) STRESIANT 1
ot TAUF(1e2)=TAUF1L142)*CCEFFLISBIOTH(L,2) STRES400 3
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TAUF(2+1)sTAUF (241 )9COEFFLISBICTA(2,1) STRES4OL

TAUF(242)oTAUF(2+21¢COEFF{1SBIOTNI2,2) STRES402
I£(GCQ2)GOTO 2501 STRES403
TAUF(Lls3)sTAUF(1+3)¢COEFF({SBIOTM(L,3} STRES4N4
TAUF(341)aTAUF(3+1)*COEFFLISBIOTH(I, 1) STRES405
TAUF(2+3)#TAUF(243)+COEFFLLISBIOTA(243) STRES406
TAUF(I42)aTAUF(342)+COEFFLISRIPTRED,2) STRESHO7?
1F(QQO2)GOTD 2501 STRES4O8
TAUF(3+3)#TAUF(343)«COEFFLISRIOTM(3,:3) STRES409
2501 CONTINUE STRES410
CGAMII=CCAMIICOEFF(ISBI®DGAMMX(]4]) STRES«1}
ISueL=(S8 STRES4L?
IF(ICOUNT LEQ. 1)CALL AUXIL(3) STPES4L)
C STRES« L4
25C CONTINUE STRES&LS
[« CONTRAVARIANTY TOTAL STRESSES STRES4Ls

TAUCLsL)oTAUF(1+s2)0CG(Lol) oTAUF(1+2)8GGE2 L) oTAUFILAIIOGCEE1) STRES4L? -
TAUCLv2)=TAUF{Ll,138GCI1 4200 TAUF(L12)8001242)¢TAUFLL320G01342) STRES4LA
TAUC2+1)eTAUF(241)0CGILs L) oTAUF(2+200GC1241)+TAUF(L243)0GCI3W1) STIESalY
R TAUC2+2)mTAUF(2+1)9GGELv2)oTAUF(252)9%GGI2+2)¢TAUF(243)8CCLI2) STRES427
R TAUIL42)=,50(TAULL,2)¢TAULZW1)) STRES2L
AN TAUC2+1)aTAU(L,2) STPES422
R IF({QCQ21GOTO 26C0 STRES42 3
e TAUCLs 31 =TAUF(LoL1)®GCE1+3)sTAUF(102)0CCH2,3)+TAUF(L4319GG(3,3) STRESG24
70 TAUC3s1)oTAUFI34L)®GCI1 ol eTAUF(3+2)%GCI24i)eTAUFL3310CCL300 STRES2Y
. TAUC2+3 ) TAUF(24LIOGGLLs3 0o TAUF(2+218GG 2431 ¢TAUF{24310GCLs011 STRESG2e
TAUCI+2)=TAUF(341)0GCE192)oTAUF(3+2)0G6G(2+2)+TAUF(34320CCL342) STRES427
‘ TAU(I 3 )aTAUF {3910 6GCILe3)oTAUF(34219GGI243)+TALF(I3)10GCE342) STRFSe2y
. TAULL 21, 5¢(TAUCL 3 )eTAULI VL)) STRES 429
TAUtIsl)mTAULLeD} STRES®30
TAU(2+3)=,508TAUL2,3)0TALL32)) STRES43L
TAULI+2)=TAUL243) STRES@32
2600 CONTINUE STRES413
IFLICOUNT LEQ, CICOTC 270 STRES«34
ANUMPS=LKF STRES4 35
[FOIPLAST(IL412) GT. €3 ANUM=LHP STRES436
TAUSPHS (TAUF (Lol)eTAUF (2421 ¢TAUF(3430172,.0 STPESad?
[F(wAUXTL «EQ. L1} C3LL =axMIN (TALFsL) STIES43Y
CaLL ALxIL (L1 STRES4 Y
00 260 LLsla.Nur STRES@&D
IFCEL .ME. IPSI(LLIDIGOTC 260 STRES @4l
IF(12 «NE, IPS2(LL)IGUTC 2¢0 ST2E S44?
TAUSPLILLIGCAUSS)=TAUSPH STRES«4)
LZ=T1GAUSSeNGAUSSUILAYERIO(LL~L)®[LAYER STRES &4
00 259 (=l.1 STRES&&S
00 255 J=l4) STRES4«s
TAUPILZs14d)=TAUF(4J} STRES4&?
25% CONTINLE . STRES«4d
260 CONTINUE STRES« @9
c STRES450
FRATUICAUSSelLlal232ANuN STRES&S!
270 CONTINUE STRES&52
C CALCULATE CHANCE [N TN PER GAUSS STATICUN AS TP = TN STRES453
c STRES45«
CTMCla10aCT (L, L) ¢TAUCLsL)®G{Lal)*TAU(CLe2)8GI241)eTAUCLLDI®GI3s1) STRESASS
OTMELe2)a0TMILe2) pTAULLaLI®GILa2)oTAUCLS2Z1®GI242)0TAUCL3IOC(3,2) STRAESASH
DTM(241)12DTM{2,1)0TAUC2+s1)®G 11D eTAUL2¢2)0GI241)eTAUI24D)2C(301) STPESGS?
DTME242)=DT™(2,2)eTAUL2+1)0C(1e2)¢TALI2+210GI242)0TAUI243)0G1342) STRESESS
IF (QQC2) GO TQ SO70 : STRES459
DTMELo3)m0TMiLo3)eTAUCLsL)OGELe3)#TAUILI2)®G(2431eTAUILGII®*CI34]) STRESEHO
CTME2,3)=0TN(243)eTAUC2,1)0G(1e3)eTAUI2+2)0CI24T1oTAU(243)2G(3e3) STROESAAL
DTMEY1)oDTP {3410 oTAULDLIOGILalleTAU(I2)®GI24L)0TAULDL3I®C(3o1) STRESAER?
DTME342)00T™(3,2)0TAUCIL)IOC L2 #TAUIT+2i0C(292)¢TAUL3,3)0C1342) STRESEH)
DT™(343)aDT 13,30 9TAUCTIo L) ®CILe3)eTAUCTe2)%G(243)¢TAUC3,3)0GC(3s3) STRESCOS
907G CONTINUE STRES46S
RETURN STRES 66

END STRES4n? R
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hd SUBROUTINE ZETA IETA 1 "
- C IETA 2 -
) c EVALUATE STRESSES THROUGH THE THICKNESS AND EVALUATE IETA 3 -
. c CONTRAVARIANT COMPONENTS OF THE RELATIVE MOMENT RESULTANT TENSOR ZETa 4 .
c AND OF THE RELATIVE STRESS RESULTANT TENSGR IETA 5 s
( C 2ETA -] .
IMPLICIT LOGICAL(Q) [ETA 7 1
N C ZETA 8 .
-, COMMON/ ALLENE /TOTALGTOTKINGTOTELASTOTPLALTOTHEXTOTTERGINERGY  [ETA 9 -
o * o TOTVIS,TQTEL.TOTEZ LECHECK IETA 10 %
S, ® JDYTM(3,3)eSORCsSCRASSIGNSGsALsBLsCY JETA 11 .
S c IETa 12 “w
. : COMMON /APTRAC/ KSPOTSoKT(@)oKDIRI@4I) MATYPE(4) MTTYPE(G) KSPCT,y ZETA 1) S
= - ® KSIDEWSTIFNG4s3)4TORIK(S) 2ETA le N
COMMON /APTRAL/ TALU3480)4TA2(3+800) HMMLL(80) HR22(80) ETA 15 ‘
- LEVEL 24TALTA24HmL1l4HP22 LETA 18 )
. C 1ETa 17 -
b COMMON /CARTE/ YTEST YNEwW.YSAVE IETa 18 ‘.
- N COMMON /CARTEL/ Y13420420)+063020+2000¥203¢2042014,0203420420) IETA 19 }
k < LEVEL 24Y4Cov24C2 IETA 20 e
.. C 1ETa 21 -
- COMMON /CTIME/ AUX(20)oTIME OELTAT,TIMEF,[TIMEITIYEF, [AUK(20), CETA 22 3
* [QUT(2C)QPRINT(20) ETA 23 ©
COMMON /CTIMEL/ 1PLAST(2042014P(20+20)4PPL(20420) IETA 24 =~
. LEVEL 2,1PLAST,P,PPL LETA 25
- LETA 26
-, COMMON/CTHRN/ I8(20420)¢2B620¢20)4DZAL120020)+C282020,200, 1ETA 27
A ® 02B1(2C+20)+,0282020,20)+8BAR(80) IETa 28
N LEVEL 2,ZA+ZB+CZAL+0DZA2+0lBLsD2ZB2,8BAR LETA 29
N ¢ (€78 30
o COMPON /INDEX/ NREAD NWRTTEJNPUNCHONSESHL JNMESFH2oNLoN2sNIoNLP NN ZETE 3L
L ® NLSMP N2MM Ty (2012 v LLZERQeI2ZERDVIRYLIRY24ikY 34 IRYLyISTRLVISTRZVZETY 32
® ISTRISISTRA4GICLoIC24ICL0IC20IPLeIP24ISLalS2eN1eK21XT oK KRUNG lETA 13
2 ® K2STOP JKYTEST ICIReILTESTSI2TEST \RINITL LETA  da
.j c IETA 35
v, COMPON /NEwL/ GCISP+MDISP o ISTL IST24ISTYalSTasGTRAC,“TRAC, JEYA b
2] O TAUMAX TAUMINQGAMMAX o CAMMINGELMAX GELMINSIIMAXSoI2%AXS s ICARAS, LETA 37
"3 ¢ TLAMAS TLoINS o IZMINS o IGAPISILAMI S [LMAXK, $2MAXX I/ MaXX[LPINKe [ETA 38
A O J2MINK G LM IR [ LPMAX I2P AN LZPMAX [LPMING I2P™INLJIZP“IN,IL1(2C), ZETA 39
A ® OVQACT.CTRACM,IPHY(20),#PHYS I€T4 40
- c JETA &l
COMMON /OPTTION/ MAUXIL P INGEC MINVEL ,MLOAD, #MATPR,RSPLCA, LEYA &2
{ ¢ MSPTEM FTEMPE JNTHIKL P IMPLL o ISTRES INCRML  ISTREY JETa  «)
s ¢ IETA 44
- COMMON /PHYSCN/ EE o HNU G ALPHASCONST o EXPCNGFACTORRATE G, IETA 45
i3 ® HLAMDALCOEFF{S)oSIGMACS) 4 TPU343),TCI3,3)40€ELTACD,]) IETA  4n
°- C ) IETA 47
. COMMON /PUSH/ FORCES(3)sVELCC(314RATIO,RATION,CXL14OX2+TEYP,CTEMP, JETA 44
% * FSPACELTSPACE FINCNOLFSTOPVTSTOP, THCLEF IETA 49
" COMPCN /PUSHL/ SCRAT(204¢20)+SORAZI20420)+FMASLL(20420) IETA 50
¢ FMASZ2(20420)+FMAS23(2C2C)FPAS13(20,20} 278 5]
LEVEL 2,SGRAT,SCRAZSFMASLLIFRMAS22FMAS2),F"AS)] IETA 52
N c 2ETA  S)
N COMMON /GLOGIC/ GAUX(2C)+QZETA+GSTRES+CPLASTVISENSL CECLILS I5Ta  Sa
.| ¢ QDIAGN,QINGEO.CINVEL «GLOBC +GMATPRVCTHIKL JATEPE JGSPTER . CAUXILy  ZETA S§
e, * QAUXT2+CSPLOAGCIMPUL +CSHARP JOPESDSOIRCH,cSHEAR lIETA 58
. ¢ lIETA 57
", COMMON 7SURNOM/ SNPRED) IETA S8
N CONMON /SULRAOL/ SN(3,20+201 IETA 59
» LEVEL 2,5M IETA 60
N C LETA  ml
> COm™ON /S2/ STRESEL3) JETa 62
- . COMPON /S2L7 STRESLU3420+201+STRESGI2420420)+51RESP(2420420) LETA 63
n LEVEL 2+STRESLSTRESCISTRESP ISTA  ba
. C IETa 65
'.' CORMON /JTENCOM/ YYU3423oYYY(34242)4A0343)0883+93)0AA(3430488(3s3)s JETA .Y
. ¢ BR(343)4DA(3+3)4CBE34I)4GCE393),GCE3e3)sONI3IeCOC34210CCCUI02020 ZETA B7
° ® DGAM(I43)oDCAMMXCI93) oMM I¢3)arCi2)eTAU(IIDaTALSBLEDT) I5Ta 68
'i ¢ oDD203+52)sD0D20 392921 sYY2(392)0YYY2034242)4YYU1I4200870343) IETL 69
) c lETa 70
< v CONMON /THKNS/Z 2422 +ZCENTRGTHICKNGABSCIS(b+h) omEIGHT (60481, IETA 71
= ¢ NGAUSS(4) 2 IGAUSSoNLAYER, JLAYER(NSUBLI4) s ISUBL LETA 72
.. c 1ETA 1)
; COMMON /TINCOMP/ HML1(2+20420) oHM212420020)+CAPGLI2+2042C)s LETA 74
By ® CAPO2(2+20+2014CAPQ3(2420420)4CAP2CL(24204+200, tETa 75
. ® CAP20212,204,2C)+(AP2Q112,2C420) LETA 76
. LEVEL 24HM1,HN2 ,CAPGL,CAPC2+CAPCI CAP2CL CAP2U2CAP20) ;g;: ;;
. c
[ ] COMPON /VARTHK/ YTHIK(442042014CENTRY1442C429) HATHRD)
LEVEL 2oVTHINKSCENTRY IETA 90
\
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o C IETA mi
e COMMON /VISL1/ IVISeAVIS(4) GVISI&)sDSTRLL,OSTRL1240STRLI4OSTREL IETE 92
Pty * DSTR22,0STR23+DSTRIL.DSTRI2,L0STRII IETA 8}
T COMMON /VISLL/Z VSTRLL(4420420)sVSTRI214420+203+VSTREIC4020452C), LETA 84
Y ® YSTR22U%12042C)4VSTR23(4420,20) ZETA 85

RN LEVEL 2+VSTRLLsVSTRL24¥STRLI,VSTR22,VSTR23 1€Ta 36
- I [ETA 87
u COMMON /STRINT/ EPSLL(20+20)4EPSL2020020)+1GANMAL (2042010, IETA 88
Yy ® EPSUL(20420)4EPSU2(20420)+CANNAULL204+20) IETA 99
PN LEVEL 2+EPSLLsEPSL2+GANMALLEPSULVEPSU2GARMAY IETA 90
RN COMMON /MALT/ NCONT oNRITE NTRAINGMRITECNCELP vETADLGETAC2 «NSTRN ZETA Al
&7 ® JFACTOM o MG4FACTDNONGFKIN LETA 92
. COMMON /CNE/ 0GCAM33 [ETA 93
RS COMMON /THREE/ AGAM3) IETA 94
LIRS COmMMON /TENP/ PGAM3D] [ETA 95

- C LETA 9B

COMMON /DELC/ ICOUNT IETA 97
COMMON /CEL/ DELBAR(20+2C) AT

LEVEL 2+CELBAR €74 99
COMMON /GG/SURFGG [ETA 100
COM®ON /GPRINT/ GTYPELGRASE(3.3)140UBASE(],]) iETA 101

c (ETA 102
COMPON /FRAC/ TAUF(343),TAUSPHANUMSIPSLIL0)+IPS2¢ 101 JETA 193

c IETA 106
DIMENSICN QZU334CS(3+2),CX0343)amme2,2) IETA 199

c ETA 100
PAR=0, JETa 107

C FOR ORTHMCGONAL CCORCINATES, TQO RECLCE ERRGR JETA 1Co
< 2ETA 109
IFIX1.NE.7,ANC.R2.NEL?) GO 10 10 JETA 110
DA(l.21=0, ZETA L1l
DA(2s1)m=C. ZETA 112
0B(1s21e0. JETA 113
0812+1)=0. ZFETa 114

10 CONTINUE JETA 115
CALL ERASE(MM.4) JETA L1m
STRESLULelLs12)=0, IETA 117
STRESL(2+11,121=0. lETA 118
STRESL(3sllsl2)=0, JETA 117
CAPCLtl4lLl,12020. JETA 120
CAPGL12+11,12)%C, 1FTA 21
CAPC2(1411,121=0. ETa 122
CAPC2i2411y1219C. 2874 123
CAPCII1.11,[2)20. (ETA 124
CAPC3(24i1,12)%0, 7ETA 128
CAP2CL(1411412)=0. IETA 126
CAP2QL12+11412)90, ZETA 127
CAP202( 141141210, IETA 128
CAP202(2+114121%0, IETA 129
CAP203 (111412120, LETA 130
CAP203(2+11412190, ZETa 131
STRESP(lellef2)mcC, 2€TA 132
STRESP(2411,12)m0, JETA 133
STRESQ(Leilyf2)e0. IETA 134
STRESQ(2,11412)=0, lETA 135
CZt1)=C, ZETA 116
0212)=0, 2ETA 137
0Z11)1=0, 1ETA 1138

1l=0. IETA 1139
DB(Y,3)=C. IETA 140
IPLAST(IL412)e0 IETA 141

o M[C-SURFACE OFFSET IETA 1«2
C FOR WIRCWHOFF CR SHMEAR SHELL CONSICER CEL=0 SINCE,., FA0M ThHixkLA, JETA 143
o THE POINT 2%0 [S THE HALF THICKMNESS OF ThHE SMELL ANO 1S NOT wkiGrEZETA 144
c VARIATION I[N THE QENSITY IETA 1e5
CEL=0.C IETE leb

IF (QIRCH LCR.CSHEAR) GO T0 2205 (FTA 14l
THIKI=C, 2ETA L&A

DO 2204 ILAYER »=1,} LETA 149

CALL THIKLACL} LETA 150

2206 THIKZ=THIKZOTHICKN 1ETA 151
ICEN®TH[KZI®.9 IETA 1%2
ILAYER®] IETA 153

CALL THixLA(1) IETA 154
TICEN®THICRN=LZB(TLs12) [ETA 156
OEL=ZCEN=LICEN ZETA 156

2209 CONTINUE O IETA 187
CSULaLIRMEL, LIOYYILoL)eBM(241)0YY L 2) IETA 1%8
CSC1a2)eBMUL,2)0YY(LoL)eBPI2,200YY (L 2) 1€TA 159
CSU24L)mBMELL)OYY(24L)98MI241)0YY(2,42) LETA 16D
CS024210BMUL210YY(2,L1+BM(24210YY 12,421 JETA (61
CSUTl1mARMIL LIOYY(IaL)eRMI2,100YY()02) 1ETA W2
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CSE3021=BMILe2)0YY(34i)eBNI2+2)%YY(3,42) IETA 163
CALL ERASE (HN,9) LFTA &4
MML(Ls11412)%0.0 IETA 1865
HM1(2+11+12)=0.0 IETA 186
HM2t1sl1ei2)20.0 ISTA 167
HM2(24014121%0.0 LETA 168
12=0 LETA 169
[FUICOUNT LEQ. L) CALL ENERGY(241.0) IETA 170
IF{INORPL.EC.2) DGAMA3=(Q, IETA 171
[FOINOR®L.EC.2) THICKZ=Q, €T 122
0GM33sC,.0 IETA 173
SUMG=0,0 LETA 174
THIC=0.0 LETA 176
. . SGAM33=0,0 JETA 176
3 ¢ CALCULATIONS FCR ALL LAYERS IETA 177
— 00 169 [LAYER=]L+NLAYER JEYA 178
s [STREZ=ISTRES IETA 179
R 1F (QIRCKF) GO 70 63 2€Ta 190
S . IF (NLAYER.EQ,1) GO TD ¢l IETA 181
B IFUILAYER=2) 6Ce61l962 JETA 182
Ry 60 2I=28111412) JETA 193
S CI11=CZB111Ls12) IETA 1Re
e 02(2)=C282111412) ZETA 135
D2(31=¢. JETA 138
GO0 YO &3 ITa 137
6l CONTINGE {ETA 133
,\_; IFU.NOT.QIRCHAND s e NOT e GSHEARGANCSISTRES<EQ42) [STREZ=3 IETA 189
‘\-;_ D2t(1)=0. ZETA 190
A N Dl1(2)=Q. ZETA 191
-;;; DI(3)=1, JETA 192
~ ’\ GO 10 &3 lETA 19)
o 62 1I=IA(114+12) IETA 194
v DZt1)=CZALCIL,12) ZETA 195
: DZ{2)=CZA2111+12) lETA 196
[FARITTN LETA 197
63 CONTINUE IETA 198
CALL THIKLA(L) ZETA 199
IF(INORPL,EQ.2) THICKZ=THICKZeTHICKN IETA 200
THIC=THICOTHICKN ZETA 201
NGAUSL=NGAUSS{ ILAYER) ZETA 202
o SURFACE TRAXON 1ETA 203
: CALL SFORCE (CSeTHICKNGYY YY24[14124SURFGG) ZETA 20«
{ o CALCULATIONS FCR EACH GAUSS POINT ZETA 205
Y CO 169 [GAUSS=1.NGAUSL IETA 206
o~ (d I AS MEASURED FROM MIJ-SULRFACE IETA 207
o 22 ,59THICKN®ABSCISITIGAUSS ¢NGAUSL) #2ZCENTR {ETA 208
Pl o I AS MEASURED FROM REFERENCE SURFACE ZETA 209
™ o . I=7+DEL LETA 210
mp e IF (ILAYER.EQ.2,CRe(NOT,CIRCH.AND.NLAYERLEQ.L)) 2= IETA 211
N IF (CSHEAR) 22s2 2ETA 212
.f IF (MTEPPE J.NE. 0) CALL TEMPER ZETA 213
g IF (MTEPPE .NE. O oOR. I1GAUSS .EQ. 1) CALL MATPRO JETA 214
IF(PTEMPE,NE.O «OR. IGAUSS.EC,.1) CALL ENERGY(b+l.0) IETA 215
GBTN=0,0 IETA 216
[ CALCULATIONS FOR ALL CCMPGNENTS JETA 217
00 9 J=l,3} Z€TA 218
GBASE(JsJ)eSN(Jollsl2) IETA 219
TFCLNOT.CSHEARANL o INORPLLECW2) GCBASE(D+J)=GBASE(I,J)eY2tusllail) ZETA 220
IF (CIRCH) GO TC 9891 1ETA 221
IF(.NOT.CSHEAR .AND . INORPLLEC,2) GO TO 9891 LETA 222
GBASE(4J)=GBASE(Ded) sC2{IIOY2(4sllei) IETA 223
9891 CONTINLE IETA 22«
GBIN=GBYNSGRASE(IeJ)OSALIsI1412) IETA 225
CBASE(LeJ)mYY(Jol)=29CSUdsl) 1ETA 226
GBASE(24J)oYY{Je2)=208C8(ds2) LETA 227
IF(CIRCH) GO TO 9 JETA 228
GBASE(1+sJ)=GBASE(LyJIoB2ULIOY20 ellol2)ellOeYY2(lal) LETA 229
GBASE(24J)GBASE(2+J)0C2U2)0Y20 0llol2)0ll0VYY20442) [ETA 230
5 CONTINUE ZETA 231
CALL ERASE(CGBASEY) IETA 232
OGBASE(341)=0ON(1) [ETA 233
CGBASE(2,2)2DN(2) JETA 234
DGBASE()s3)e0N(Y) JETA 235
[FIGIRCKr) GO TC €86 IETA 218
DGBASE(3s1)=0GBASE(IoL)e0l13)€D21 111012} LETA 237
CGAASE(342)s0GBASE(Ia2)eCI(31002( 20 1Lsl2} JETA 238
DGBASE(3+3120GBASELD43)e0203)¢02(3y1Ls12) LETA 239
886 CONTINLE IETA 280
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00 888 Lasl,2 {ETA 26!

D0 868 Kel,) JETA 282
. DO 887 LS=l42 JETA 243
. 887 DGBASELLAIK)SDGCBASELLA WK} @ (CELTAILSeLAI=ZPBN(LSoLA))IOODIKILS)~ JETA 264
® 2008BMILSLAISIYYIK,LSI~D0IK,LS5)) LETa 245
N IF (Ql&CKH)} GO 70 3dad IETa 264t
DGBASE(LA«X )sDGBASE(LAWKIOZZODC2UIK s a)eCItLAISD2(K L0122} JETA 247
888 CONTINLE 1ETa 248
GUlol)=GBASEIL+1)SGBASECLWL)IOGRASELL ¢)OGBASELL2) JETA 249
¢ oGBASE(1+3)OGRASE(L43) lETA 250
GUL42)=GBASELL W1 )OCRASE(2 WL *GRASELL () OGBASEL2$2) 1ETA 251
¢ *GBASE(143)9GRASE(243) 2ETA 252
Gile3)oGBASE (L 1 )1OGCBASE(TILI+GBASE(L+2)*GBASEL3H2) {ETA 253
¢ ¢GBASE(1+))1¢GBASE(II) ZETA 254
Ct24+112GLL,2) ZETA 255
GI2+92)GBASEL2+41)PGBASE(2,1)9GBASEL2,2)9CBASE(242) lETA 256 -
® *GBASE(2+3)9GAASE(243) LETA 257
Gl243)=GBASE(241)19GBASE(I 411 +GBASE(242)9GBASE(242) IETA 258
* oGBASE(24+))9GRASE(II) 2€TA 259
Gllel)eG(ls) LETA 260
Gl3+21Gi2,+3) IETA 261
i’g- G€343)=CBASE(I 1 I®CBASE( I L) ¢GBASE(D42)9CBASEL],2) lETA 262
s ® +GBASE(I31¢GBASEL 343 IEYA 263
I CALL ERASE(DGAP,9) lETA 264
Lo 4% LETA 2K5
- IF(QIRCH) [Jw2 IETA 266
001102 I=ls1y LETA 267
00 102 J=l,.12 ZETA 268
D8 102 K=l,? LETA 269
102 OGAM(I 4J)=CCAM(L 4J)os59(CBASELT «NI®0GBASELJaK)*GBASELI K ICUGRASEL (ETA 270
¢ [ oK)=CCBASE(I+K)®OGCBASE(JoK)) 1ETA 271
4 GeGTYPE JETA 272
CTYPERGILy2)®(G12423%013430=C12,30%82)¢G(L+2)¢1G0Ls3220(243)~ ZETA 273
¢ GULl42)0GE393))¢GILII0(GIL+2)0G(2422~CULs3010C1242)) JETA 274
SORGaSCRT(GTYPE) 574 275
GTYPE=1./GTYPE IETA 276
GGUIel)m(G(242)9G(343)1=G(243)092)¢GTYPE LETA 277
GGUL142)=(Gl143)0G1243)=G(L42)9GI343))¢CTYPE IETA 273
GGl241)%GGI1,42) ZETA 279
GGULaI)=(GULs2)0G243)=GlL,3)0G(2+2))¢GTYPE LETA 280
GG(Iy1)=GGIL,3) LETA 281
CGl2+2)=(GCllel)®GUI43)=G(L,3)0602)¢GTYPE lETA 282
GGU243)=(GUL142)9C(Le3)=ClLls1)0GU342))PGTYPE LETA 283
GGtI,42)1°GCL243) IETA 284
GGUIINm(GULaLI0GL2,21=GlLly2)e82)8GTYPE IETA 295
C 1ETA 288
C (ETA 287
OCAMMX (1oL )mCGAP (L, L) ®CG (1, 1000CAM(L+42)0GGI24L)*NGAMIL3)OCGE341) LETA 288
DGAMMY (1¢2)=DGAM(231)0GG(L1sl)e0CAMIZe2)®Go12,1)00CAM(2+300CGCU3s1) LETA 289
DGAMMX (1431 5CCAPII421®CCE1o1)o0GCAMLI 2)®GGI241)¢C0AT34300CGU3s1) ZETA 290
DCAPMX(2y1)=0GAM (L) 9GGI1e2)e0CAM(1+2)0GGI2,2)DCAMIL4339CGTD42) LETA 291
DCAMMX(2,2)=0CAM(241)0GGL2100GAMI24210GL12,2140Ca%(2+3106GH3.2) LETA 292
DCAMMX(243)m0GAPI3,31)%CGI1v2)00CAME342)1@GG12,2)40CAM(143)8CC342) ZETA 273
DCAMMX (3, 1)@NCAM(L+L)#GG{Lls3)eDCAMI142)8G012,3)¢CCAIL+3)0CGI343) LETA 274
DCAMMX LT 42)=0CAM(2+1)10CCtLe3)eDCAMI24208GGI2+3)¢DGAMI243)00GC (540 LETA 295
DGAMMX (I3} m0CAMI) o1 )0GGT Lo ) oCGAMI342)8GLI2,3)%0GAM(3+310CGI343) JETA 294
033S=0GArRX L}, 3) l1ETA 297
IF(ICOUNT .EC, L)CALL Aux([L(E) ZETA 294
C THIS IS A CALL TO SULBRGUTINE vISCUS JETA 299
IFCAVISUILAYER) WNE. 0o) CALL DIMTAL(DLC) JETA 300
C THIS IS A CaLL TO SUBRCUTINE STRESS ZETA 301
CALL OIM™TAUL24C) JETa )02
[FIMPHYSNE.O +AND. ICCUNT.EQ.LICALL PHYSIC(2) LFTA 103
PARSTHICKN® .SewEIGHT(IGCALUSSsNGAUSL) lETA 304
PARSC#PAR®SCRG 2ETA 105
HNCLoL)aHNGLyL ) *PARSI®(TAUCL4L)OCBASELLoL)*TAULL2)*GoaSE(241) 2ETA 306
¢ oTAU(L+3)6GRASEIIeLl D) ’ ZETa 307
MNCL o2 )aHN(L o2 ) ePARSCOITAUCLL)®CBASE(L42)*TAUIL2)8GAASE(242) JETA 3Ny
* sTAU(L+I)I®GCRASELDV2)) ZETA 309
FN(La3)amnil,))oPaSCO(TAUCL L I®GAASE(LsII*TAULL4219C3ASE(L24]) 25TA 110
¢ eTAUCL1,)1®GBASE(343)) ZETA 1L
MNE2 9l Y OMNT2 4 L) *PARSCOITAUTI2 LIOGHASE (L L) *TAULIZ2)*5BA5E (L1 {FTs 312 -
¢ 2TAU(2+3)0GRaSE(a1)) 2674 313
HN{2e2)oNI2 42 1 oPARSCOCTAUI2 110N uASElL 21 0TAULZ2)0GRASE(LN L) LETA 3la
- o +TAU(243)%GBASE(342)) JETA 215
HNE2+s 31 mPNI2,3 ) ¢PARSAO(TAUIZ4L)®GEASE L) oTAUL?42)0GHASELZ24D) JETA Y16
v «TAUL2+3)19CPASE(]3)) IETA 317
IF (GIRCH) GO TO 2165 JETA 314
PRSCOLePARSGOQ{LL) IETA 319
PRSCN2=PARSCONZ(2) [ETA 320
N 82
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PRSQDI=PARSCODZ(3)
STRESL(Lel1412)8STRESLULalLsI2)e
PRSQDL®
(TAUCL11®GBASE LG L) oTAULL+2)OGCBASEL2 L) eTAULL.IIOGBASE(Ial)de
PRSCO2e
(TAUG241)9GBASE L L)+TAUL2+2)19GBASE(2 1) *TAUC2,3)18GBASE(Ial))e
PRSQD3®
(TAUCIG1)OGBASELL LIvTAU(I12)9GBASEC2,13eTAUIIIIOCBASE(3 1))
STRESLU(2+11+12)STRESLUZ2o[2012)e
PRSQDL®
(TAUCL o L)OGBASECL 20 o TAUGL+2)0GASE(L202) oTAUIL 3)OCBASE(342) )
PRSCD2®
(TAUC2+110GBASE(L2)¢TAULL212)0GBASEIZ 21¢TAUI2+3)OCRASE(Ie2) )
PRSCDIe
(TAUCIZL)OGBASECL12) ¢TAULI42)9GBASE(L+21¢TAULY I )OGBASE(342))
STRESLU3s(Lei2)STRESLUTsilel2)e
PRSQD1®
(TAUCL 1) ®GBASE (L, 3)0TAULL+2)0GBASEI2+3)0TAUCL3I®GBASE(I )¢
PRSGD2®
(TAUG2,1)0CBASELL3)0TAUG2,2)9CBASEI2,3)0TAUI2,3)9GBASELDs3))e
. PRSGDIe
. (TAUCI1)OGBASENL 3D eTAUID2)I0GBASEL2,3)eTAU(3+3)IOGCBASE(,3))
N PRSOII=PARSCOIZ
CAPZOLU1el1+12)%CAP20L (o Lof2)*PRSCZZO(TAUIL,L)*CBASE(Lol)
® +TAU(14210GBASEC2,L)eTAU(Ls3)OGBASE(D L))
CAP201(2411+412)=CAP2GLI2411412)ePRSCILO(TAUI2.1)*CAASE(L L)
® eTAU(2+2)%GBASE(2,1)oTAUI2+3)9GBASE(I 1))
CaP2Q2U1 ol 41219CAP20211 11 o121 ¢PRSCIZOITAULLILISGBASE(L,2)
¢ ¢TAULL,2)®CBASE(242)oTAULL3)0GAASELD2))
CAP2S2020i101219CAP202024f1 o121 ¢PRSGZLPITAU(241)9GCOASE(L2)
¢ STAUG2+2)0GBASE(242)+TAULZ,316GBASE(32))
CAP203(1+11+12)9CAP203 (1 0lls12)9PRSCZZOUTAU(L,L)SCBASE(L,3)
® STAULL+219GBASE(2,3)+TAUL+3)9GBASEN343))
CAP20362411+12)CAPZ0342+11412)#PRSCZI®ITAUCZ+1)9GBASELsD)
® ¢TAUG2¢2)%GBASE(2,3)¢TAU(2+3)9CBASE(D,2))
2165 CONTINLE
IF (QSKEAR) GO TO 2657
CXU1y L)®GBASECLs L) OYYU(LaL)eGBASE(L42)OYYU(2,41)
* SGRASE(1+3)9YYL(3, 1)
CXUL,2)9GBASEL2v1)®YYU(LoL)sCBASELZ+2)0YYU(2,1)
® +GRASE(2,3)8YYULI, 1)
CXU193)=GBASE(241)8YYUIL,1)¢GBASE(Ia2)9YYUI2,11}
® +GBASE(T,3)eYYLI3,1)
CXU2+11mGBASEL L L)OYYULL92)*GBASE(L42)9YYUI(242)
¢ sGBASE(L,3)0YYL(3,2)
CX(2+2)GBASE(2+1)OYYU(L 421 +GBASE(29218YYU(2,2)
¢ SGRASE(2+3)8YYL13,42)
CXU2+3)0GBASELI g LIOYYU(L+2)0GBASE(DI42)0YYL(242)
® SGBASE(343)0YYU(3,42)
CXUYal)oCBASELL L )OSNILalLol2)0GBASE(L,2)OSNIZyI1012)
¢ sGBASE(L¢I)OSNITI1412)
CXUI421mGBASE(2 s LI®SNELollel2) ¢GBASE(242)*SN(20110i2)
® ¢GRASE(243)105M(3401412)
CXU343)oGHBASELI o 1I®SNILoTlal2)eGBASE(392)0SN(2411412)
* +GBASE(I4)19SNE3,01412)
PARSCZePARSC ]
WMLy L) aHP (Lol ) ¢PARSSZO(TALILal)®CKILal)oTAUCLs2)#CX(L42)
. ® +TAUCLIIOCXIL))
HM(L142)mHM(L142) ¢PARSOIO(TAUIL L) OCXI2s1)0TALILy2)8CX(242)
¢ STAULL.3)9CX(243))
HMME2yL)mbM(241)¢PARSAIO(TAUI2 L I*CXULsl)¢TAUI24210CX1L102)
* +TAU(Z43)%CX(Ly3))
MM(242)ahM(242) sPARSOZOCTALIZ 4 LI®CXI2,L)oTAUC2+21%CX(2+2)
® +TAU(2+3)0CX(243))
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STRESP(Lsl1s12)=STRESP(Lslle12)¢PARSCE(TAU(I(1IOCX(Ls1)
¢ STAU(I42)%CX1142)¢TAULIG3)IOCX(Ls3))
STRESP(2411412)=STRESP(2+11412)¢PARSQe{TAU(I1)IOCX(241)
¢ sTAU(IL2)9CX(2+2)9TAULI3)OCX(243))
STRESO(1411¢12)®STRESQ(LeI1412)¢PARSOZO(TAUILILI®CX (V1)
‘. ¢ sTAULL4210CX0342)1vTAULL43)*CX(343))
. STRESQU24I1e1Z)aSTRESQU24ihel2)ePARSQZO(TALC2, 1 )OCKD,y1)
‘ ¢ eTAUI242)0CX(342)+TAUI243)9CX(3013)1)
‘ 2059 CONTINLE
DGMII=CGPIIe03ISOPAR
SUMG=SUMGsGG(343)ePAR
IFCICOUNT LEQ. 1) CALL ENERGY(3,PAR)
SGAMII=SGAMIIeCGCANIIePAR
IF{INCR®L.NE.2) GO TO 169
TAUSUMSCTMEL 1) eDTM(242100T*(3,43)
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ZETA
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ZETA
lETA
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ZETA
lETA
LETA
lETA
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1ETA
1ETA
IETA
ZETA
lETA
IETA
IETA
lETA
ZETA
LETA
lETA
IETa
LETA
LETA
ZETA
IETA
JETA
lETA
JETA
IETA
IETa
lETA
2ETA
LETA
LETA
ZETA
lETA
LETA
IETA
2ETA
ZETA
lETA
2€ETa
JETA
IETA
lETA
LETA
IETA
LETA
IETA
IETA
1ETa
lETA
lETA
2ETA
ZETA
ZETA
LETA
ZETA
ZETA
LETA
ZETA
LETA
ZETA
LETA
LETA
ZETA
ZETA
IETA
LETA
2ETA
lETA
lETA
2ETA
[ETA
ZETA
LETA
IETA
lETA

321
322
323
324
325
326
327
328
329
330
131
332
3313
3134
315
336
337
338
339
3«0
&l
Je2
343
44
345
340
347
148
349
350
3151
3152
353
154
3155
356
157
358
159
360
36l
3162
363
Jbe
365
366
367
168
369
370
RS}
372
373
374
379
176
3?77
378
379
380
381
382
3183
3184
385
186
387
3188
389
390
3191
392
393
3194
39%
3196
197
398
399
«00




cCoOon

169

180

190

450

200

OGAMAI=0CARAd et (L1.~2.%HNU)/EEI®TAUSUN
® ~DGAMMX(Ls1)~CGAMMXI242)+3.0ALPHAPDTEP)OPAR
CONTINUE

O0GMI3=0GCMII/THIC

AVEGII=SUMG/THIC

AGAMII=SGAMII/THIC

[FCICOUNT (EQ. 1160TO 180
DGOGC=2.00(CCMII-AGANIZ)/AVEGI)
DELBAR(IL+[2)==GBTNeSQRT(CBTN®®2-0G0G)

CONTINUE

SURFACE STRAINS FOR PLOTTING

[FL{ICOUNT ,EQ. Q1GOTO 190

IFCILLEQ.ISL «ANC. [2.EC.IS2) PGAM3II=PGAM33*AGAMT]
IFUICOUNT LEC. 1) CALL suxittlod
EPSLACTILoI2)mEPSLLUIL212)00a5¢(CACLsL)eTHIC*DBIL,L))
EPSL2(01+212)=EPSL2ULL+12)20.52(0A(2421+THIC®*0B1242))
GARMAL LTIl 12)8CamMALLILle12)90.59(0AC142)¢THIC®CB(Ls2))
EPSUL(IL 121 =EPSULITLs12)905¢(0A(LsL)=THIC®DB(LVL)})
EPSURLIL 12)=EPSU2LLIL+12140.58(0A(2+2)-TH[(*DHB (2,21}
GAMMAUCTIL 12)2CArNAU(TILs[2)¢0.5%(DA(142)-THICHCB(L1+2))
CONTINLE

IF{INORPL.NE.2) GO TO 200

AVERAGING AT EACH POINT

DGAMAI=DGCAMBY/THICKZ

SETTING Y2 aND (2

{F{CIRCHIGCD TO 4«50
D2¢Lellol21=0201slLal2)+DGAMA3SSNILAILWI2)
D202+11412)%D2(2+081012)2TGCA™AIOSN(2]Ls12]}
D2¢3+11,121=02¢3+11+12)20GAMAIOSNITILN12)
Y2(lollol20eY2(1 4 1e12)4CCAPAZOSNILILsI2)
Y2(2+01412)=Y2029114121¢0CARA3ESN(2411012)
Y2{Jell012)mY2(3411+12)¢0CAMA3OSNITIL412)
HML(Ly I 142V LLl01)

HR1G2yllel2YeHmil,2)

HM2 Ul llal2renm(2,1)

HMZt2s 11120724 2)

ASSUMING CRTHUCCANAL COCRCINATES, TQO RECUCE ERRC?
TFEKLaMEL 7. AND K2 NEST?) RETULRN

HML1(2s11012)=0,

HM2(1el1l,12)=0.

RETURN
END
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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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