
CD 
«0 

s 

CONTRACT REPORT NO. 272 

NUMERICAL ANALYSIS OF LAMINATED, 

ORTHOTROPIC COMPOSITE STRUCTURES 

Prepared by 

University of Illinois 
Aeronautical and Astronautical 

Engineering Department 
Urbana, Illinois 

K -\ 

CV 

November 1975 

Applied for public relem; distribution wllalUd. 

USA BALLISTIC RESEARCH LABORATORIES 
ABERDEEN PROVING GROUND, MARYLAND 

http://www.abbottaerospace.com/technical-library


Destroy this report when it is no longer needed. 
Do not return it to the originator. 

Secondary distribution of this report by originating 
cr sponsoring activity is prohibited. 

Additional copies of this report may be obtained 
from the National Technical Information Service, 
U.S. Department of Commerce, Springfield, Virginia 
22151. 

The findings in this report are not to be construed as 
an official Department of the Army position, unless 
so designated by other authorized documents. 

http://www.abbottaerospace.com/technical-library


... 

THIS DOCUMENT IS BEST 
QUALITY AVAILABLE. THE COPY 

FURNISHED TO DTIC CONTAINED 

A SIGNIFICANT NUMBER OF 

PAGES WHICH DO NOT 

REPRODUCE LEGIBLYo 

http://www.abbottaerospace.com/technical-library


""**&:. 

UNCLASSIFIED 
•KCUmr' Ci ASStFICATtON OP THIS PAOE f»fc«o Dim Mntor—J 

REPORT DOCUMENTATION PAGE 

( (o) Numeri 
V^y.       Corny 

I. REPORT NüMTTK  

Contract Report Number 272 

2. OOVT ACCESSION NO. 

(S 

Numerical Analysis of Laminated, Orthotropic 
Composite Structures« [    ~~  " 

•r*mmmmm. 

AJR./2ak 

. PERFORMING ORGANIZATION NAME AND ADDRESS 
Aeronautical and Astronautical Engr. Dept. 
University of Illinois 
b>bana, Illinois 

II.   CONTROLLING OFFICE NAME AND ADDRESS 

USA Ballistic Research Laboratories 
Aberdeen Proving Ground, Maryland  21005 

U.   MONITORING AGENCY NAME A AOORESSf" cHH*ranl (ran Controlling Olllco) 

US Army Materiel Command 
5001 Eisenhower Avenue 
Alexandria,. VA 22333 

READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

1.   RECIP, CATALOG NUMBER 

S.   PERFORMING 

NONE 
S.   CONTRACT OR GRANT NUMBER«» 

DAAD05-73-C-Ö197  7  
10.   PROGRAM ELEMENT. PROJECT, TASK 

AREA • WORK UNIT NUMBERS 

62603A, 1M562603A286, 002AJ 

Vwfc   lli   ifilBULRU' FEULr—' \      i 

IS.   SECURI 

IBLHO> PWtr—* \      I I A    ' 

AIL      jjjhi 
URITY CLASS, (ol !/)/• tofSK)  "J      7 

Unclassified 
IS«.    DECLASSIFIC/TION/DOWNGRAOING 

SCHEDULE 

IS.    DISTRIBUTION STATEMENT (ol thtt Ropotl) 

Approved for public release; distribution unlimited 
(fflttftl) 

~Dfi-l-fY\-^603^-^  1    (Bjätr-Z'/Ü 
, A*.   OISTRIBUIIUW SIAIEMBlIt jm* »■ ■iilml ■illllll III HHim J«, (» iHrWlMII »—I |W»port) 

IS.   SUPPLEMENTARY NOTES 

IS.   KEY WORDS (Conltnuo on nw» «id* 1' nKH«r and idontlty by block number) 

Anisotropie, Orthotropic, Analysis, Finite Element, Three Dimensional 
Deformations 

' JO    ABSTRACT (Cmmttmuo mm row »loo II M»u«r mnm immnttty by »»•<» «.•*«) 

This report presents the two main lines of investigation which were carried out 
during the past contract year. One investigation was intended to check-out 
previously developed finite-element computer programs on a large degree-of- 
freedom composite material model. This was done by applying the analysis to a 
recoilless rifle configuration. The finite-element grid and the numerical 
results for this problem are presented and discussed. The second line of 
investigation was concerned with Heveloping fracture models for composite 
materials. Two different uodels were developed. One model dealt with inr<»ria- 

00 IJANTS MW  cotnon OF i Mov Mis OBSOLETE 

/IG rot 
UNCLASSIFIED 7 ' ECURITY CLASSIFICATION OF THIS PAGE (Wnmn Dim Enf«r«o?..    V—«* 

http://www.abbottaerospace.com/technical-library


,(-,,«* ^«tfÄVS*** 

UMPT.ARgTFTFn 
fCCUWTV CLARIFICATION OP THIS PAOtfWIW» BMm fctw< 

'minar failure and the other predicts the matrix failure within an individual 
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experimental results dealing with a nonlinear response of certain cylindrical 
models loaded to failure by internal pressure. These results, obtained from 
experiments performed at the Ballistic Research Laboratories, show that pro- 
nounced nonlinear structural response occurs at a fraction of failure load 
which suggests that an appreciable degradation of material occurs at relatively 
low stress levels. It is shown that this phenomenon can be explained by a model 
that assumes that the shear modulus in the plane of the fibers is reduced by 
matrix material failure parallel to the fibers.... 
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I    INTRODUCTION 

During the first part of this investigation two finite-element model« 
were developed!»2 for the purpose of analysis of laminar, orthotropic struc- 
tures in the form of bodies of revolution.    The models allow for orthotropic 
axes to be arbitrarily oriented with respect to the cylindrical coordinates. 
Because of this, the models allow for three components of displacements in- 
cluding the two components in the meridian plane and the circumferential com- 
ponent.    A3 a result, the models can be used to analyze unbalanced laminar 
configurations and  interlaminar stresses can be predicted.    The two models 
which have been developed differ in the basic finite-element shape which 
was used.    The shape is defined by the cross-section of the elements in the 
meridian plane. 

In the first model , a nine degree-of-freedom, straight sided, tri- 
angular element was used.    In this element, the three components of dis- 
placement are defined at each corner of the triangle and a linear displace- 
ment variation is assumed inside the element.    In the second model2, a 
higher order, isoparametric element was used with quadratic displacment 
variations for two of the meridian displacements and a linear variation 
for the circumferential component.    These elements are triangular with 
curved sides and mid-side nodes in addition to the corner nodes.    Each 
of these elements possesses fifteen degrees-of-freedom. 

A number of numerical examples were analyzed with both of these 
models to check-out the methods and the associated computer programs.    One 
of these examples was analyzed by both models and was intended to compare 
the relative accuracy of each method.    It was found that, for ?n equivalent 
number of   total degrees-of-freedom, the results given by both methods were 
very close2.    Although the total number of degrees-of-freedom in both models 
was the same, fewer of the isoparametric elements had to be used.    The con- 
clusion from this study was that each of these models was equally accurate 
and either one could be used for any given problem. 

1 2 The various examples which were analyzed '    during check-out contained 
relatively few degrees of freedom.    However, both computer programs were 
designed to handle much larger problems and consequently it was desired 
to check-out this capability.    Since both of these programs are similar 
in their solution of the global matrix equations, it was decided to apply 
only one of tJ«o»se programs to a large problem.    For this, the model with 
the straight sided elements1 was chosen since it permitted a large number 
of element: to be used for a given total number of degrees-of-freedom. 
This fact was advantageous in the problem to be analyzed since it permitted 
more flexibility in modelling the orthotropic plies of the structure.    The 
problem analyzed corresponds to a recoilless rifle configuration made up 
from a large number of orthotropic. fiberglass plies.    The analysis of 

A. R. Zak, "Second Quarterly Report,*' U.S. Army Contract No. DAAD05-73-C- 
0197. 

2A. R.  Zak, "Final Report," U. S. Army Contract No. DAAD05-73-C-0197, 
January, 1974. 
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this structure and the numerical results will be discussed in the first 
part of this report. 

The second line of investigation was concerned with the failure analysis 
of laminated structures. Two possible modes of failure were postulated and 
numerical methods necessary to examine them were developed. These methods 
are related to the linear finite-element method discussed previously.  The 
first mode of failure to be examined consists of interlaminar cracking. 
In this model an ultimate shear stress is assigned to the region between 
the composite plies and the plies are allowed to slip relative to each 
other when this stress is exceeded. In the second model the failure is 
assumed to occur inside the matrix of an individual ply. This failure 
is gradual since the matrix strerses are not uniform and, consequently, 
higher stressed regions would fail first. The consequence of such failure 
is a reduction in the effective transverse material properties of the 
total composite ply. 

Each of these failure modes was considered a possible explanation 
of certain experimental results,which were obtained at the Ballistic 
Research Laboratories3. In these experiments a strong nonlinear response 
was obsexved when certain laminated cylindrical specimens were loaded 
up to the failure level. The cylinders were loaded by time dependant 
internal pressure and produced a nonlinear strain-pressure history. 
Both the longitudinal and the circumferential strains were measured 
and the response was found to be nonlinear even at loads only a fraction 
of the ultimate value. This suggests that a measurable degradation of 
the memorial properties occurs, and the objective was to determine if 
either one of the failure models could explain this behavior. This 
study is described in the second part of the report. 

1 

II    LINEAR STRESS ANALYSIS OF RECOILLESS RIFLE 

Finite-Element Model 

The cross-section of the recoilless rifle is shown in three parts 
in Figures 1 to 3.    It can be seen that the rifle is composed of two 
sections of fiber-i*einforced composite material joined together fcy an 
adhesive layer.    The composite material is arranged in helical and hoop 
plies.    The helical plies are arranged in pairs with equal and opposite 
wrap angle.    There are two distance scales used in the radial direction 
in Figures l to 3.    One scale is used for the internal surface and another 
scale,  3.58 times larger, is used for distances inside the cross-section. 
Consequently,  the model  looks 3.58 tiaes as thick as the real structure. 
However, in tne finite-element stress analysis, the correct dimensions 
are used. 

J. N. Majerus, W. F. Donovan and R. W. Greene, "Hot Gas Test Fixture 
with Minimized End Restraints for Rapidly Pressuring Anisotropie Tube Type 
Structures," Ballistic Research Laboratores, Memorandum Report No.  2459, 
March 1975.     (AD #B003671L) 
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Ill the finite-«leiaont model, the structure is divided into 1368 
elements and the element boundaries are chosen so as to correspond to 
the boundaries of the composite material plies.   A set of elements was 
also chosen to correspond to the adhesive layer.   The finite-element 
grid can first be illustrated in the I-J coordinates which is shown in 
Figures 4 to 6.    In this coordinate system, each element is represented 
by a square.   This representation of the finite-element grid is useful 
in establishing the information for the generation of the actual finite- 
element model as well as other necessary input data.    In Figures 4 to 
6, the solid lines illustrate the material block cards and the dotted 
lines are the elements inside each block.   Altogether there were 123 
material blocks used.   One of these blocks was used to define the ad- 
hesive layer and the remaining blocks contained composite, orthotropic 
material.   The computer program1 allows for the orthotropic axes to 
differ from block to block.    In each block the axes of orthotropy 
in the meridan plane is constant and the helical orientation of the 
axes can either be constant or vary by a factor of plus or minus1. 
I)i Figures 4 to 6, the I-J coordinates are shown for selected nodes in 
order to illustrate the size of the grid.    The actual finite-element gr?.d 
generated in the program and used in the stress analysis is shown in 
Figure 7.    This grid was generated in the computer and as in the case 
of Figures 1 to 3, two different plotting scales were used in the radial 
direction in order to illustrate cross-sectional detail. 

The elastic orthotropic properties for the composite material which 
were used in the analysis are given in Table I below: 

Table I 

Elastic Orthotzopic Material Properties for the Composite Material 

E„     -   58.6 GPa 

E       ■    13.79 6Pa 
s 

E       ■    13.79 GPa 

v«.    ■    «25» 6..    ■    4.82 GPa ns its 
V .    «    .25, G.    «    4.82 GPa nt nt 
vst   *    ,4S» 6st   *    1*379 6P* 

The nomenclature in Table I corresponds to the definitions given in 
Reference 1.   The direction n is chosen along the fibers, s is nerpendicular 
to the fibers and in the plane of the laminar, and t is the remaining ortho- 
tropic axis in the transverse direction.   The mechanical properties for the 
adhesive layer were assumed to be Isotropie and the Young's modulus and 
Poisson's ratio used was E   *   3.44 GPa and v   *   0.35. 

a 
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The load applied to the structure was assumed to be composed of an 
internal pressure acting on the inside surface of the structure.    In the 
chamber section the pressure was assumed to be uniform and equal to 
6.895 x 107 Pa.    In the barrel section, where the radius is constant, 
the pressure was continued at the same constant value.    In the nozzle 
throat the pressure was assumed to make a step jump and a uniform pres- 
sure of 1.385 x 10' Pa was used on the diverging section of the nozzle. 
This value was chosen as to balance the total load acting on the struc- 
ture.    The pressure load just described is illustrated in Figure 8.    It 
may be noted that although the pressure distribution at the nozzle and 
barrel sections is somewhat arbitrary, this will net be a critical factor 
since the largest stresses are produced in the chamber section and these 
are mainly a function of the chamber pressure.    If the chamber pressure 
should not be equal to 6.895 x 10? Pa as used in this analysis, the 
corresponding stresses can be obtained from this analysis by linear 
scaling. 

Numerical Results 

Because of the large number of degrees~of-freedom involved in this 
analysis, a great deal of stress and strain data was generated by the 
solution.    At each nodal point the solution generates three components 
of displacement and for each element two sets of stresses and strains 
are calculated.    One set is in the cylindrical coordinates and the other 
is along the axes of orthotropy.    Consequently, it is practical to present 
here only a small amount of this data.    In choosing the data for presenta- 
tion, it was observed that the largest stresses occur in the hoop direc- 
tion and that they are in the chamber region of the structure.    Figures 9 
to 11 show the radial hoop stress distribution at three different axial 
stations defined approximately by z = 139.7 mm, 223.5 mm and 322.5 mm 
respectively.    Also shown in these diagrams are the stresses in the 
direction of the glass fibers.    The hoop stresses are given by the dotted 
curves and the stresses in the fiber direction are given by the solid 
curves.    In the case of the hoop plies, the two curves obviously coincide 
and only the solid curve is seen.    Figures 12 to 14 show similar results 
for the shear stresses in the plane of the ort^otropic plies at the same 
values of z.    It can be observed from these figures that there are large 
variations of the stresses through the thickness and this variation is 
most pronounced when going from a helical to a hoop ply.    As expected, 
the largest fiber stresses occur in the hoop plies as can be seen from 
Figures 9 and 10.    In Figure 9 two hoop plies exist through the thickness 
and these produce '.he two peaks shown.    In Figure 10 we also encounter 
two hoop layers leading to two peaks, *md furthermore, there is a pro- 
nounced dip in the curves as the adhesive layer is crossed.    The results 
in Figure 11 show stresses through helical plies only, but there is still 
a large variation due to change in helical angle through the thickness. 
The largest transverse shear stresses occur in the helical plies and 
these stresses are also discontinuous from one ply to another. 

i^her interesting results are the stresses in the adhesive layer. 
In Figure IS a plot is given showing the variation of the maximum shear 
stress, the hoop stress, and the longitudinal stress as a function of 

10 
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the corrdinate 2.    The failure of the adhesive layer would be governed 
by the maximum shear stress which can be seen from Figure 15 to be 
about 6.2 x 10? Pa.    Further results are shown in Figure 16 where an 
axial distribution is shown of the maximum fiber stress and the maxi- 
mum transverse shear stress through the thickness of the cross-section. 
It can be seen that a large variation of these stresses exists in both 
the nozzle and the chamber sections. 

In conclusion, it is interesting to note the maximum fiber stress 
and its  location.    The maximum fiber s'.ress occurred in element number 
927 and its magnitude was  168.7 x 107 Fa.    This element is ..n the hoop 
ply region and its approximate position is identified in Figure 3.    The 
average coordinates for this element are r = 58.6 mm and z = 202.8 mm. 

Ill    NONLINEAR MATERIAL RESPONSE 

Experimental Results 

Figures 17 and 18 show one set of typical results of an experimental 
investigation conducted at the Ballistic Research Laboratories-5.    In 
this study a set of cylindrical fiber reinforced models was subjected to 
time dependent inte.-nal pressure loads which eventually led to total 
structural failure.    The specimens were made from S glass  fibers with 
six plies as shown in Figure 19.    The four internal plies were con- 
structed with a 54 degree helix angle and the two outside plies with 
an 83 degree angle.    These angles were alternated in each successive 
ply in order to produce a balanced structure.    The length of each 
cylinder was 388.62 mm,  the inside diameter was 67.56 mm and the pi/ 
thicknesses are given in Figure 19. 

The cylinders were loaded by burning about 0.09 kg of propellent 
which produced a time dependent pressure-time curve.    The ends of 
each cylinder were sealed by plugs as shown in Figure 20.    These plugs 
did not apply an appreciable axial load to the cylinder, and as the 
cylinder expanded some amount of gas was released between the cylinder 
and the plugs.    A detailed description of the experimental apparatus 
can be found in Reference 3. 

The results shown in Figures  17 and 18 contain the st 
ments obtainable f.*om strain gages situated on the extern 
of the cylinder.    The strains are given as a function of 
pressure.    The strain gages were mounted to measure both 
ferential and longitudinal strains as a function of time, 
these strains were correlated with the recorded pressures 
strains were measured at three different points in the cy 
of these being at 12.7 mm from the cylinder ends and Che 
center.    All thiee readings are shown in Figures   17 and i 
can be seen that there is a measurable experimental diffe 
the readings.    Some of this difference may be attributed 

rain measure- 
al surface 
the internal 
the circum- 
and then 

.    These 
linder,  two 
third at the 
8,  and it 
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However, only a small amount could be explain, -I by this, since 
as the subsequent numerical calculations showed, the end effects 
die down quite rapidly. 

The results for both the longitudinal, Figure 17, and the circum- 
ferential strains, Figure 18, show a pronounced nonlinear response. 
Furthermore, the nonlinear effects are more pronounced in the longi- 
tudinal strainr-. This can be illustrated by considering the slope of 
the response curve- for both directions. Because of the variation be- 
tween the different parts of the cylinder, it is necessary to speak 
of some average response. This is indicated by the solid lines drawn 
in Figures 17  and 18, which are approximately the average values of 
the three strain gage readings. T-, order to illustrate the relative 
nonlinearity in the two directions, the slopes of these curves were 
normalised relative to their initial slope at low pressure loadings, 
and the results of this are illustrated in Figure ?\.    The relative 
amount of nonlinearity can be measured by the deviation of this nor- 
malized slope from the value of 1.0, and it can be seen that this 
effect is most pronounced in the longitudinal direction. 

Linear Stxess Analysis 

As the first step in the nonlinear investigation, a linear stress 
analysis was performed on the model corresponding to the experimental 
configuration shown in Figure 19. This was done by using the previously 
described finite-element program. Because of a symmetry about the cen- 
ter line only one half of the cross-section had to be modelled by the 
finite-elements. This was done by using 20 nodes over half of the 
cylinder and 25 nodes in the thickness direction. Each ply was rep- 
resented by four elements through the thickness. The size of the 
elements in the longitudinal direction was varied by using smaller 
elements near the ends of the cylinder. This was done by using two 
elements 3.17 mm in length followed by two elements 6.34 mm in length. 
The remaining sixteen elements wore dividod equally. This grid per- 
mitted a good resolution of the end stresses and Figure 22 shows ths 
axial variation of the maximum shear stress o . It can be seen that 
these stresses are limited to only a very small Jistanc© of the ends 
of the cylinder. The results of this analyses show that the stress 
conditions are essentially constant over the length of the cylinder. 
This is expected since the thickness of the cylinder relative to the 
radius is very small as seen in Figure 19. 

Initially there was no guarantee that the orthotropic arterial pro- 
perties used in the finite-element analysis would correspond exactly 
te the experimental model. Consequently, initially a reasonable set 
of values was chosen and the calculated response was compared to the 
measured response at low pressure levels. The resuUs of this initial 
calculation showed insignificant variation of stresses and strains 
through the thickness of each ply as illustrated in Figure 23 where the 
fiber on  is plotted over the thickness of the cylinder. Therefore, in 

12 
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the subsequent calculations each ply was represented by one el^aent in 
the thickness direction. This permitted a small grid size and, con- 
sequently, such faster execution time. After the initial linear cal- 
culation the material properties were adjusted as to agree with the 
experimental data, and these values are given in Table II below: 

Table II 

Elastic Orthotropic Material Properties for the Test Cylinder 

E n 38.2 GPa 

Es     ' 9.37 GPa 

Et     - ».37 GPa 

v      ■ ns 0.25. Gns m 3.3 GPa 

V                  8 
nt 0.25. Gnt m 3.3 GPa 

v       ■ St 0.45. Gst at .896 GPa 

The properties in Table II have the same meaning as in Table I. 

In the linear calculation, the actual value of the pressure is not 
iaportant since the load and the stresses are linearly scaled. Table III 
below contains some of the results obtained by using a pressure of 
6.895 x 106 Pc uniformly distributed over the length of the cylinder. 
The results given are the stresses in the local orthotropic coordinates 
for each material ply. The plies are numbered starting on the inside 
of the cylindrical «urface. Only four stresses are shown since the 
remaining two stresses were found to be negligible. 

Table III 

Calculated Linear Stresses in the Test Cylinder (* 1Q6 Pa) 

Ply Number    % °s     °t ons 

1 100.8 4.9 -6.6 -25.47 
2 99.7 5.0 -6.0 2S.3 
3 99.0 4.9 -5.5 -25.2 
4 97.9 5.0 -4.9 25.2 
5 191.7 -13.5 -3.5 - 6.3 
6 189.6 -12.7 -1.0 6.3 
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It can be seen from Table III that, as expected, the largest stresses 
are the normal stresses 0r, along the fibers. The highest fiber stresses 
occur in the two outside plies which have the helical angle of 83 degrees, 
The next largest stressJS are the shear stresses ons and they are more 
predominant in the fouv inside plies« The remaining two stresses; o 
and at, are appreciably smaller. These results suggest that the maximum 
stress existing in the matrix material are shear stresses resulting from 

°ns' 

Methods of Analysis 

A. Interlaminar Slip 

One possible failure mode in a laminated, composite structure is 
the separation of individual plies when interlaminar shear stress exceeds 
a critical value. If this phenomena would occur in any given strucutre, 
it would lead to a nonlinear response. In order to analyze this response 
it would be necessary to use an iterative, numerical approach. The ebjee 
tive was to develop such a method of analysis by using previously developed1 

finite-element computer program as the basis. The results of this study 
are presented in this section. 

The approach which has been developed can be illustrated by considering 
the four adjacent elements to a node which lies on the int?r£ac* b*tw«*n 
material layers as shown in Figure 24a. The first step in the analysis 
is to check if a prescribed interlaminar shear stress is exceeded at 
this point in the material. Since the stresses are calculated in the 
elements, rather than the nodes, the failure at the node shown in 
Figure 24a is defined in terms of the resultant shear stresses in the 
four adjacent elements. The resultant shear stresses are calculated 
in each laminar parallel to the interlaminar plane. The average of 
this resultant stress over the adjacent elements is then compared 
against a prescribed failure criterion. 

Referring to Figure 24a the elements above the interlaminar plane 
are called the upper elements and below they are the lower elements. 
If the shear stress exceeds the failure criterion at a particular node 
then there will be a relative motion of the upper and lower elements 
as illustrated in Figure 24b  This motion will be characterized by 
the physical condition that the net forces on the upper and lower elements 
at the given node which has failed will be zero parallel to the inter- 
laminar plane. The slip displacements are characterized by two components 
for the upper and two for the lower elements. These components can be 
transformed into the cylindrical coordinates by the relations 

C6U} - [T] MU) 

(6L) m {A
L

} (i) 
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where {5} is the displacement vector in cylindrical coordinates due 
to nodal slip, [T] is the transformation matrix, and {A} the two 
slip components. The superscripts U and L refer to the upper and 
lower elements. Before the slip has occurred the nodal displacements 
for each element are known and therefore these known displacements 
are added to the displacements due to the slip as given by Equations (1). 
Consequently, the net force components on the upper and lower elements 
can be expressed in the following form 

{FU} = {fU} * [Y]{AU} 

{FL}    {fL} ♦ [Z]{AL] (2) 

where F represents total force and f is the force due to known displace- 
ments. The matrices [Y] and [Z] are known and are related to the stiff- 
ness matrices. The forces in Equations (2) are originally in cylindrical 
coordinates and by suitable transformation it is possible to obtain the 
two force components in the interlaminar plane. These components can 
be expressed in the form 

{PU} - {AU} ♦ [BU]{AU> 

{PL} =  (AL} ♦ [BL]{AL} (3) 

The condition for failure at a given node is now specified by the 
requirement of zero inplane forces 

,U, 
{Pu} = 0 

0 {PL} (4) 

Equations (3) and (4) represent a set of four algebraic equations in 
the unknown slip components {&U} and {AL}. 

In tue present method the above analysis is systematically applied 
to each node. First,each node at which interlaminar failure on occur 
is identified and checked for failure.  If failure criterion is exceeded 
then slip components are calculated as indicated above. 

One calculation at each node is, however, not sufficient.  It can 
be easily seen that if failure occurs at two or more adjacent nodes the 

calculation of zero forces is not independent at each node. For example, 
if the condition of ;ero forces is satisfied at the first node, then 
when the similar conditions are specified at the adjacent node,the forces 
at the original node will be changed since they share some of the adjacent 
elements. Consequently, this calculation for each node is performed more 
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than once in an iterative fashion. In order to perform these calcula- 
tions, the finite-element computer program from Reference 1 was used 
and modified by adding subroutines SET and ITERAT. A partial flow 
chart showing the relative positions of these two subroutines is given 
in Figure 25. For convenience this flow chart shovs only some of the 
main subroutines which are pertinent to our discussion. The subroutine 
SET sets some of the data necessary to define the direction and the 
areas of possible interlaminar cracking. The iteration for satisfying 
zero interlaminar forces are performed in the subroutine ITERAT and 
this calculation is repeated a number of times in the loop DO 900 
IS a 1, NSLIP. The parameter NSLIP is an inputed variable. As will 
be illustrated in a numerical example, this iteration does converge 
rather quickly. At each iteration additioual slip components are 
calculated and added to the original displacements. In order to achieve 
a smooth convergence it was found desirable to modify the calculation 
slightly by only adding half of the slip displacements to the original 
displacements in each calculation cycle. The reason for this modifica- 
tion is that adjacent nodes share some of the elements and therefore 
these elements have their nodel displacements modified twice during 
each calculation cycle. Once the zero forces are obtained at each 
node, the overall equilibrium of the structure is disturbed and the 
total equilibrium has to be recomputed. This is done in the loop 
DO 900 INP ■ 1, MEQL, where again NEQL is an inputed variable. It 
can be seen that for each calculation of equilibrium the node check 
for failure and calculation of slip components is performed NSLIP 
times. 

In the modified computer program the input cards are similar to 
those used in the original linear version1 except three additional 
input cards were added. All the input parameters are described in 
Appendix A. The three additional cards are "Crack Iteration Card", 
"Crack Direction Card" and "Failure Block Definition Card." The 
listing of the modified computer program is given in Appendix B. 

In order to check out the convergence of this method a simple 
numerical example was chosen. The example consists of a hollow cir- 
cular cylinder as shown in Figure 26a. One end of the cylinder is 
clamped and the other is subject to a shear load of 6.895 x 107 Pa 
over part of the boundary. The cylinder is composed of four ortho^ 
tropic layers oriented in the axial direction. The finite-element 
grid used in the analysis is shown in Figure 26b. In the radial 
direction the elements are chosen to correspond to the orthotropic 
layers. In the computer program it is possible to specify shear fail- 
ure at any arbitrary interlaainar region and in this example the fail- 
ure was specified to be possible in the center interlaminar plane. 
More specifically, failure was allowed at nodal points 8, 13, and 
IB shown in Figure 26b. 

I'he actu&I failure, and resultant nodal slip will depend on the 
'Magnitude of the failure stress. At first the failure stress was 
chosen at a low value of 5.5 x 1# Pa. This caused failure at the 
nodal points 13 and IS where the original resultant interlaminar shear 
stresses Here 6.2 x 10^ Pa and 2.1 x 107 Pa respectively. This means 

16 

-• .*», ,^-frfei »<}■»«* '-WJ 

http://www.abbottaerospace.com/technical-library


r <wv« 
fmm mm wmmmm 

that at the nodal point 18 the ratio of the resultant stress to the failure 
stress was nearly 4. First the convergence of the nodel equilibrium iteration 
was examined. This iteration is governed by parameter IS. The measure of how 
fast this iteration converges are the nodal forces in the plane of failure. 
In this example it is possible to examine the axial force at node 18 on the 
upper elements of Figure 23a as a function of IS. This force is given in 
Table IV as a function of IS together with the initial value. 

Table IV 

Convergence of the Nodal Equilibrium Iteration 

Iteration 
Number IS 

0 

Nodal Force 
(Newton 's) 

3.86  x  10 
n    no   ,.    in^ 
\J r JL A. u     A      IV" 

0.0004 x 103 

It can be seen from iahie IV that this iteration step is rapidly convergent. 

Consider now the convergence of the iteration on the total equilibrium 
öf the structure. This iteration is governed by the parameter INP. Again 
it is possible to measure this convergence by the nodal axial force at the 
node 18. In order to obtain a better feeling for this convergence, the 
example was also repeated for failure stress of 17.2 x 10^ Pa. Consequently, 
at the node 18 the resultant stress exceeds the failure stress by a factor 
of approximately 1.25. Table V shows the value of nodal force for both 
values of the failure stress as a function of the iteration parameter INP. 

Table V 

Iteration 
Number IINF 

1 
2 
3 
4 

Noda I Force TJewton'sJ 

Fai 1m 
5,5 

3.8? 

■e 

X 

Stress 
iub Pa 

X 10"1 

1.61 X 103 

.   38 V 1Q3 

.347 X 10** 

Failure Streps 
x iu ra i /. .»/ 

3.87 
1.06 
0.3Q  x 1Q3 

0.0084 x 103 

x 10- 
x 10- 

! I- 

In  can be seen from Table V that when the failure stress is closer to 
the actual stress, then the convergence is faster as expected. However, 
even when the failure stress has been exceeded by a factor of 4, as 
in the case of S.S x 10 Ps failure level the convergence to 10 per- 
cent of the original force is achieved in four cycles. 

i? 
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B.    Matrix Material Failure 

The results presented in Figure 22 show that the interlaminar stresses 
in the cylindrical model used in the experimental investigation are very 
small compared to the other stresses and are confined to a small region 
near the ends of the cylinder.    Consequently, it is not possible that the 
experimentally observed nonlinear effects could be explained in this case 
by   the interlaminar failure model described in the previous sections. 
This suggests that another failure mode is occurring inside the 
orthotropic plies.    Since the nonlinear effects were observed at fiber 
stresses equal to a fraction of the ultimate values, this suggests that 
fiber failure can be ruled out as the cause and matrix material failure 
must be considered . 

In order to develop a failure model for the matrix, it is recognized 
that the transverse shear stress is transferred between the fibers and 
the matrix, and this stress will depend on the position inside the com- 
posite material.    This can be illustrated by considering a scnematic 
representation of a composite material as shown in Figure 27.     In this 
diagram, a rectangular cube of the material is shown subjected to 
shear stress ans and the fibers are assumed to be randomly packed. 
In certain region of the material, labelled A, the fibers may be 
close together and in other region, labelled B, the fibers will be 
relatively far apart.    If the fiber material is assumed to be much 
more rigid than the matrix, as is the case for the glass reinforced 
materials, it can be shown that the shear stress in region A will 
be appreciably larger than in the region B.    For idealized materials 
with regular fiber arrangement, this variation has been calculated 
analytic:'1 ly4»5 and numerically^»7 by other investigators, but in the 
case of real materials with random packing this is not possible. 
Therefore, we proceed with an empirical relationship which states that 
the local matrix shear stress (ons)m is proportional to the overall 
shear strain in the composite material y     and it can be expressed 
in the form 

*■ ns^m K Y ns (5) 

J. A. Kies, "Maximum Strains in the Resin of Fiberglass Composites," 
NRL Report S752, March 1962. 

J. C. SchulU, "Maximum Stresses and Strains in the Resin of a Filament- 
Wound Structure," Presented at the 18th Annual Meeting of the Reinforced 
Plastics Conference, SPI, February 1963. 

D. F. Adams and D. R. uoner, "Transverse Normal Loading of a Unidirec- 
tional Composite, ' J. Composite Materials, Vol. 1, No. 2, 1967, p. 1S2. 

7 
D. R. Adams and S. N. Tsai, "The Influence of Random Filament Packing 

on the Transverse Stiffness of Unidirectional Composites," J. Composite 
Materials, Vol. 5, July 1969, p, 368. 

18 

http://www.abbottaerospace.com/technical-library


where K is a proportionality parameter and varies throughout the composite 
material. Some idea of how K can vary can be obtained from the previous 
studies on idealized materials, and it has been found to be dependent 
on the fibers and the matrix.4»5»o«7 
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Consider now the problem of matrix failure. Since the various regions of 
the matrix are subjected to different levels of shear stress, the failure 
of the material will proceed gradually through the material with the regions 
most highly stressed failing first. Consequently, for a given shear strain 
Yns a certain amount of matrix will fail which in turn will lead to the 
reduction of the shear modulus'G__. We can express this by the relation ns 

G_ ns Gnso P C\s> 
(6) 

where G^ is the original value of the modulus, and the function P(Yns) 
contains the modulus reduction factor which depends on the applied shear 
strain Yns» the elastic properties of the components, and the fiber geom- 
etry. Once the geometry of the composite material and the ultimate stress 
are determined we can regard Equation (6) as a function of yns only. In 
view of the fact that the random fiber configuration in real materials 
prevents deterministic solution, we must regard Equation (6) as an 
empirical relation to be established experimentally. The objective 
here is to do this using the experimental results described in the 
previous section. 

As the first step in determining the relation expressed by Equation 
(6), it is assumed that the shear failure will only occur in the four 
inner plies where the maximum shear stress occurs as seen in Table III. 
In the next step a specific value of the function P(Yns) in Equation (6) 
is chosen. The first choice can be denoted by P. and therefore the 
shear modulus is given by 

"ns Gnso Pl 
(7) 

At this point it is not known what internal pressure level p will produce 
the particular amount of failure corresponding to P.. Consequently, 
the pressure is chosen in the form 

CP, (8) 

where p   is a convenient known level of pressure, which in our case we 
used 6.B95 x 10* Pa and c is an unknown factor.   Stress analysis is now 
performed using the pressure p0.   From this analysis we can use either 
the results for the circumferential or the longitudinal strains to com- 
pare to the results obtained by initial calculation for the undamaged 
material using Gntn modulus.    In this analysis the longitudinal strains !gGss 

1. Fo were compared. For this comparison a ratio £,/eso is calculated where zo 
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e2 and eZo are the strains corresponding to the moduli G^ and G^o 
respectively. Using the solid line in Figure 17 it is possible to 
calculate the experimental value for the ratio ez/e2o ^ 

a function 
of the pressure. At this stage the calculated and the experimental 
values are compared and this determines the actual pressure which 
corresponds to the chosen value of Pj and also, from Equation (8), 
the constant c is determined. Knowing this constant, the shear strain 
corresponding to Pj is known. By repeating this process for different 
values of the function P(Yns) given by P2, P3 etc., a continuous 
relation can be established defining this function. In the present 
calculations four values of P(Yns) wei'e u^d which varied from 1/2 
up to 1/32. This last value was found to correspond to the experi- 
mental data near the failure region, and it was reasonable not to 
reduce the modulus any further. Figure 27 shows variation of the 
function P(Yn3J with the shear strain. Using function P(Yns) tne 

circumferential strain was calculated and compared to the experi- 
mental results in Figure 18. It can be seen that a good agreement 
is obtained with the experimental data. The calculated longitudinal 
response will agree with the solid curve in Figure 17 since this 
data was used to define P(Yns). 

In the calculations which lead to the results shown in Figure 28, 
the shear failure was allowed only in the four inner plies. The 
failure could also occur, to a much smaller extent, in the two outer 
plies with the helix angle of 83 degrees. Consequently, the results 
in Figure 28 can be considered as a first approximation. In order 
to establish the effect of the failure in the outer plies, the func- 
tion P(Yns) from Figure 28 was used for both plies and stress analysis 
calculations were repeated allowing both inner and outer plies to 
fail. The results were only slightly different from those in which 
only the inner plies failed. 

Once the model, which predicts the nonlinear response of this par- 
ticular cylindrical configuration,has been established, it is possible 
to use it to examine the effect on the stress levels. One inter- 
esting result is the difference in the normal stresses in the fiber 
direction in the linear and the nonlinear analyses. For example, 
it is interesving to compare these stresses in the outer plies which 
carry the highest stresses. Using a pressure value of 27.58 x 10^ 
Pa, which is close to the failure load, the ratio of the fiber stresses 
from the nonlinear to the linear analysis was found to be approximately 
1.1. This means that the actual fiber stresses are about 10 percent 
higher than those predicted by the linear analysis. By the sane token 
it may be mentioned that the fiber stresses in the inner plies are 
reduced by the nonlinear effects. These results are illustrated in 
Table VI where the fiber stresses are shown for the undamaged and 
the damaged situation for the sJ.x plies. Two different sets of dam- 
aged data are presented and these correspond to allowing matrix 
damage in the inner pitas only, and then allowing both inner and outer 
plies to fail. 
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Table IV 

Comparison of Fiber Stress on (* 106 Pa) for 
Undamagect and Damaged Matrix Situations 

Undamaged Inner Plies Inner § Outer 

Ply Number Stress Damaged Only Plies Damaged 

1 100.6 97.3 97.2 

2 99.7 95.8 95.6 

3 99.0 94.9 94.9 

4 97.9 93.4 93.3 

5 191.7 216.3 216.9 

6 189.6 214.0 214.7 

It can be seen from Table IV that the damage in the outer plies produces 
little additional changes in the stresses. 

IV    CONCLUSIONS 

From the analysis of the recoilless rifle configuration we can 
conclude that the finite-element computer prngrams1»^ which have been 
developed are capable of detailed stress analysis of rather complex 
structures.    Since the analysis allows for the modelling of each ply 
as a separate material,the interlaminar stresses, as well as individual 
ply stresses,are generated by these programs.    These programs should 
be a valuable tool in future engineering analyses of composite material 
structures. 

Two different models for describing failure of composite materials 
have been developed.    One of these models analyzes interlaminar failure 
and a computer program has been developed for this model.    The computer 
program uses a finite-element method and an iteration scheme for deter- 
mining where and when failure occurs.    Every time failure occurs at 
any point in the structure, the total equilibrium of the structure is 
reevaluated.    The second failure model is based on matrix failure in- 
side individual plies by transverse shear stresses.    In this model 
the effect of failure is to reduce the transverse shear modulus of 
the ply.    Using this model, the stress calculation can be performed 
by linear finite-element model by varying the material properties. 
The results of this model are compared with nonlinear experimental 
data for cylindrical six ply models.    It is found that this model 
does predict the correct longitudinal and circumferential response. 

ACKNOWLEDGMENT 

This work was sponsored by the U.S. Army Ballistic Research 
Laboratories, Aberdeen Proving Ground, *©, unJer Contract No. DAAD05- 
7S-C-0197, as part of the Short-Range Man-Portable Antitank Weapons 
Technology (SMAWT) Program. 

21 

^H »'.»»« 

http://www.abbottaerospace.com/technical-library


hoop plies 

c 5 
•H 

0) 
o 

0> 

II 
*1 

helical plies 

■a 
«8 
(A 

Note: Thickness magnification of 3.S8 
was used in this drawing 

N 
u 

98.5 i;«.9 

Axial Location s im 

Figure 1. Nos*le section of the recoiiless rifle. 

22 

. "to*"" 

http://www.abbottaerospace.com/technical-library


helicel plies 

I 

J 

•3 

5 
M 

»4 

Not«: Thickness magnification of 
l.'jBwas used in this drawing 

P .9 m.6 
■■* *" 

ISl.t 2SI.S 

Axial Location i m 

Figur« 2. C«nt«r section of til« recoilless rifle. 

21 

m 

^-pfsff-t "mm- 

http://www.abbottaerospace.com/technical-library


,-■ "■»■■- ■£ t'/iiW^-^tiiVttiniinr-f ■■- ■■ --•-...„, .«.IM — 

PiPiBilllPWBIPIpwWipilWWPB^^^ 

helical pjies 

hoop plies 

Point of maximum fiber stress as computed 
from the linear stress analysis . 

o 
•H 
f 
I« u o 
J 

•i-l 

11 

Wote:    Thickness aagnification of 
J. 58 was used in this drawing 

9 
u 

2S8.3 302. 339.1 

1   — 

460.2 

Axial Location z am 

Figure 3.    Forward section of the recoilless rifle. 

24 

*-*Soiei*fM*i£»5Bö*«»j&fesi&ä, 

http://www.abbottaerospace.com/technical-library


^ßm ^MMW 

in 
CM 

-1 
i 1 1        1       1 

•-H 

■ - i _ 4-_ . -• + -•■  +_ + _*._. 

_ + 

•- + 
i 

-      -f -+-«•-■ 

..... - +   4. ^4. _4_ . 

_L   ■■- + -+-t-- 

• 

1 
-   - t -•*■ ~ + - • 

 +- 

- - +« + -> + -• 
— + -.«. _4>_ . 

1 
 _, | 

1 
1 

.   -t  
» 

—4— 
1 

— + -••• 
1 

 + - i     t     ■    i 
+ - + --»•-+-■ 
i     i     •     1 

i     1    i     i 
+ - + - f- - ♦ - - 
i    l     i     i 

1 
■•-+-• •- 

1 
—+ -    - 

1 

1     I     l     1     1 

1   1   1   1   1 
 4._-t--. + - + -(--- 
It'll 

1 
— + 

1 
■■— + 

  
1       1       1        1       1 

— *-+—--  f- •-+-■ 
1        1        1        1       1 

1       1       1       •       1 

c o 
•H 
♦J 
O 
0> 
M 

'S 

4J 

M 
O 

<n 
4) 

C 
•H 
*0 u 
8 

4> 

e 
•H 

be 

o 
4 
(3 

•H 
U. 

ä 

4 

fM 

25 

http://www.abbottaerospace.com/technical-library


^■"^^'■iV^^^■"!.^t»W*J^IP'^*W■BW"^',^ 

I 

■f ■ 

I 

+■■ 
I 

+  • 

I 
4 - 

I 

- 4 
I 

- 4 ■ 
I 

t - + . 

- * 

l/S 

- + _ 
t 

|   ♦ — 
I 

- »■- 

I 

I 
4- 
I 

4- 
I 

I 
4 
I 
+ ■ 
I 
4 
I 

4- ■ 

i 

I 
4 

f 
4-- 
! 

-4— 

I 
4- 
I 

• 4- ■ 

! 
4 • 
i 

4- ■ 
i 

4 . 
I 

I 

4- 
I 

I 

4- 

> ! + - -f 

+ ■ 

+ 
f\T- 

I 
+• 
I 

I 
+ 
I 

-4- 

I 
4 
I 
4 ■ 

I     I 

+ - 4 

!        ! 
4- X. 

I      • 
4- +-■ 

I 
4 ■ 
! 
+-• 
I 

• 4 
I 
i. . 

I 
* • 
I 
4 • 

I 
4 - 4 ■ 
I I 

A - X. 
I I 

4-4 

I < 
4 - 4 ■ 
t t 
4-4 

I I 
4- - 4 

! I 
I   i I 

4 
! 
t" 

I        • 
4 - 4 . 
I        I 
4-   4 
I I 
4 .. 4» • 
I        I 
4-4- 
• I 
4-4 
I        I 
4 - 4 . 
I        I 
I- 4- 
• I 
«        > 
• I 
4-+,. 
I       I 
»   "■»'■ 

!       I 
.4-4- 

I        I 

t 

4- 
I 
I. 
I 
4 ■ 
I 

4- • 
I 

-4- 

+ 4- •■ 

- + _.. 

-  4 4~- 

4- ■• 

4- 

..-4 -  f- *- 

_ ... 4 

. + —i. 

4-4 

4  - 4- 4 - 

I 
4 
I 

f 
I 

4- 
I 

■4- 

4- 
I 

■ + • 
I 
4 • 
l 

4 
i 
4 
I 

I 
4  • 

! 
4 . 

I 
-t- 

! 
4 - 

1        ! 
4-4- 
I ! 

-4— 
I 
4- 

I 
■+- 

I 
-4- 

I 
4- 
I 

+ _ 
t 

I 
4- 
I 

I 
f - 
I 
4 - 
I 

4 - 
! 
4 - 
I 

I 

4 

I 
4- 
I 
4 
I 

+ ■ 
t 

4 
! 

-i— 

I 
4 
I 

4 - 4 -.   - 

«■-4 

. + - 4 

I 
- 4- 

I 
- 4 

I 
- 4 - 

I 
-f 

1 
- 4 

I 
-4-. 

) 
- 4- 

I 
.- 4- 

I 
- 4 ■ 

I 

I 
- 4 

t 
-4 

I 
_ J. . 

I 
- 4 • 

I 

( 
4- 
I 
4 . 

I 
4 

4- 
I 
4 - 
I 
4 • 
I 

4 
I 
4- 
t 

I       l       I 
4-4-4-. 
I        I        I 
♦  - *■ -4- 

4 • 
I 

t 
4 - 

I 

I 

- + • 
I 
4 
I 
4- 
I 

■ 4- 
I 

-¥■ 
I 

■4- 
I 

■ + - 
t 

• 4- 
I 

4- 
I 

<N 

I 
• 4- 

I 
•4- 

I 
0.. 
I 

•4- 
I 
4 
I 

I 
4-4- 

l 

■ - 4- ■ 
I 

■f - +- 
I 

 4. 
I 
t- 
I 

.,_. + .. 
I 

-i- 4- 
I 

f 
• 

4-4- 
i 

- 4 - 
I 

.    -  +. 
t 

-4- 
( 
4 
I 

4-4 
•       l 

o 

u 
<u 
<n 
u 
o 
*-> c 
o 

X. 

u 
o 

<4< 

CO 
V 

4-> a 
c 
•rf 
T> 
u 
o 
o 
u 

4-1 

u 
as 

c 
« 
e 
0 

« 
I 

SU 

u 
3 
en- 

26 

 u^^MI rjmmmmm 

http://www.abbottaerospace.com/technical-library


j * w     t--^ <,t   * ~        J -- «   „  r ,-'■<*"■ 

«M 

I 
-4 

I 
-4 

I 
-♦ 

I 
-f 

I 
-f 

I 
-t 

I 

, ,    .  ,i   n|   ii   11        I,        |  ■ 

I        I        I        •        I        I        I 
.J..;.*.-4.-4-4-4-4-4- 
1      t      I      I      |      I      I      I 
|- «f-1 -4-*-*-4-4 - 

I     i      »      I      »      l      I 
-♦-♦- 4»- 4-4 - ►•• ^.- 

l      I      t     I      I      I      I 
U.f- 4.-4.-4..>.4-4- 

I     i     •     i     I     I     ' 
-t-t-t-4- ♦ -♦-•*• - 

*     I     I     i     I     l     • 
-■f.. .*.+..+..4-4-4- 

I      •      I      I      I      I      > 
.4.4-4-4-4-4-*.- 

I     I     I     I     I     i     I 
- «.-4.. 4.4.-4.-4.-4- 

(       «       •       I       t       I       I 
-4.- 4.- 4-4.-4-4-4- 

I      I      I      I      I      I      I 
-4-4-4-4-4-4-4- 

I      I      1      I      •      •      t 
I--4-4- 4-4-4-4-4- 
'      I      I      I      I      I      1      I 

♦ •-♦"4-4- 
I      •      l      I 
♦ -4--*---»- — 
♦ ill 

4. -4.- *. - *.. 4.. 4- 
l      I     •      •      l      I 

1 
.-4  

t 
-4- 

1 

+ -4.-4 

it:] 

er. 
en 

-4- + -4. 
i    1    1 

-4.-4.-4.. 
1    1    1 

.4.. 
1 

4-4.4-4-4-4-4-4- 
l     I     I     I      r     1     I 

-4-4-4-4-4-4 -4-4- 
I      •      I      I      I      I      I 

4. 4-4-4-4-4. •*.-.*.- 
I      I      I      I      l      I      I 
4 . 4.-4. 4.. 4. . 4.-4. 
I    I   .1    »    I    I    I 

-f •   4.-*-4-4-4-4-+- 
I        I        I       I        I        I        I 

+-4-4-4-*-4-t-4-4 
I    I    I    I    I 

—■   I   t   I   I 
I   I   I   I   I 

4-4- 
I 

t~+- 4-4 
I 

-4- + 
I 

-4- 4~-| 
i 

-4  
I 

-4-4-. 
I 

-4.-4-4 
I 

-4- 
I 

-4-4 - 
I 

-4-4- 
I 

-♦-*- 

2 ) e 
«Mt 

1  0 
*■» 1 ■— 

*» c 0 
■—1 0 

Ifl 
-3 
•V* —# 
u £ 
ss 3 

*J 2; ■* 
0 3 

£ 
O 0 -^ «* 

<-' 
& t. <-» 0 *. •*. c •— IA 

1— » 
** 
a • s 

*S ■ •m 
"0 

0) u 
i. 3 
3 0 ae 0    < 

IN.      ^ 

1 

27 

n    j rgOBIM %jJfä&/t&l*-*+ät £ -± >?^ .Jaf.a^riA^J^ 

http://www.abbottaerospace.com/technical-library


■■*?'%'??'.'-'&^*z*-"g'.~" 

o r* 
144 

°1 %l 
•H  «5 

33 
<M   «I 

ST, e • 

I 3 

si 

o 
25 

w» 

•H 

o u « u 

£ 

u 

« 
I e 

e 
•H 
U. 

I* 

28 

t v. afctw^i'V*--mfr'«*- ̂ BjaÜBM^aittifeg 

http://www.abbottaerospace.com/technical-library


- 

, 

I 
M 

g 
«4 
*» 
« 

S 

3 

g 
9 

u 
4t 

s 
« 

s «SflSMTO t«TW 

29 

..... 

http://www.abbottaerospace.com/technical-library


s I 

■ »"JSP^ ^i^rW>ww--! ^r-y^%,fl.mW: 

***. 

r 

30 . 

a. 

O 

M 
« 

V» 

20 

10 

Helical 

Plies " 

Hoop 

Plies 

K 

Hoop 

Plies 

Helical 

* Plies 

\ 
\ 

Stress in fiber direction 
Hoop stress 

S3 SS 

Radial Distance HM 

S7 59 

Figure 9,    Radial distribution of fiber and hoop stress 
at axial location i ■ 139.7 MI. 

It 
30 

.4 

http://www.abbottaerospace.com/technical-library


■•'^f^^g^^f- L^-.Wv.-vp^r,:,-.,:.;. v     .   K^™rtw'°'ttr*V^i&&* '««M^Wai^j 

50 

40 

a. 

o 
30    - 

VI 
V) 
V 
U 
4J 
t/1 

Helical 
Plies 

20 \ — "V 

10 

Adhesive^ 
Layer 

Hoop 

Plies 
telical 

Plies 

— i 

Hoop 

Plies 

Stress in fiber direction 
Hoop stress 

Helical 
#_ ■+■ 
Plies 

54 S« 58 60 62 

Radial Distance ma 

Figure 10. Radial distribution of fiber and hoop stresses 
at axial location z - 223.5 on. 

31 

te&ttHdftw ■iii«aii-i"iitiiiiYmiüf : ~~=*^*«- **^--» -**'■'■*'■** -- -' ■■■*-*■»■- - ifc-a..^■:.**-■   ■■'■-■■-im ini I, ihirilBliilWWiltl 

http://www.abbottaerospace.com/technical-library


' r ^ * * \ 1« &^Sfiw!™gße 

o 

w 
m 
2 

90  - 

80 

70 

60 

SO 

40 

Helix 
Angle 46' 

Helix 
Angle 56* 

_  Stress in fiber direction 

— Hoop stress 

JL JL X 
50 S2 54 

Radial Distance a« 

Figure 11.    Radial distribution of fiber and hoop stresses 
at axial location t ■ 322.5 an 

52 

ti^m^^^^mät^ 

http://www.abbottaerospace.com/technical-library


wwiwapBnwiWriTTniiTmwi^ m* 

o 

c u 

S3 SS 57 59 

Radial Distance m 

Figur« 12. Radial distribution of the Magnitude of the shear 
stress On, at axial location x ■ 139.7 n». 

33 

-Ugg-^gggL^-^g 

http://www.abbottaerospace.com/technical-library


-.■"■-' *,--«- c~ * ,.", ^ ■ 

a. 

© 

to 
«« 
4) 
U 
U 

Radial Distance 

Figure 13. Radial distribution of the magnitude of the shear 
stress 9ns at axial taeaticn z ■ 223.5 HB. 

34 

^ .fMäfa^mgmsM^J^t^'^k^^ 

http://www.abbottaerospace.com/technical-library


r —- ,%- 'v    < >:; 
-,.._. ^-J «, ..'--- -I 

15 

a. 

H 
10 

so 52 

Radial Distinct n 

54 

Figur« 14. Radial distribution of th« magnitude of the 
ahtar strata a  at axial location z • 322.5 

55 

»■ iffl*"« £S »^l^»lWWP<yiBII 

http://www.abbottaerospace.com/technical-library


0. 

o 

•N 

(A 
(ft 
2 

'3 

60 

-60 

40 

20 

«9 
a. 

E *» 
CO 

f 

-20 - 

- 80 

% -60 

40 2 

14 

ä 
-20; 

- 0 

Axial Stress 

  Hoop Stress 

    MaxiauB Shear Stress 

.40 

20 

JPjL 
160 200 240 280 

Axial Location z sat 

Figure IS.   Axial distribution of axial stress, hoop stress, 
and ■axis— shear stress in the adhesive layer. 

56 

^bjgäjjMBiyjp ^^^im%^d^t^^fSkfi^^k»'t*«i^^*^ - •"■»  " saun 

http://www.abbottaerospace.com/technical-library


^m»m»Ei«'g^pjpji^^'Mi^^ ""      n1"-' ,-,•^W^VSlMT.^s-.^^^■ 

o e u» 

\i - 

I 
\\ 
(i - 
\v 
V. 

NX 
NX 

NX 
Xv 

X    "v « 
^j       ^ 

^^^^^^^^mm ™" 

f — — *£■ 
"* ■*••             ^^***~.^ *"              ^^*^**»^ 

—••"* -*>                        ~—>w 

f ^'   "* ^"^-> 
V 
\ r ■" 

X \ 
V \ 

V. Xv 
"V. 

"" ^/^^ 
""^■Sfc.       ^*SSi^ «* 

*^^        ^^^""«1 *^fc  ^^**«*-- 

^r*"^"""*'—-^ ^"X^ 
>.% 
\   \ 

\i 
* 

■*"    1 **•          1 
(            / 

>>      / V / c o I 
•H V    1 ■ 
♦'     »1 J     1 

t>     « ( —->— — —• "—jr' 
h     M 

* ■"         ^**^ •H     *J> 
"O     Ml — — —' * "* ~S^ 
v  3 
X)   « ^^    <«A                                               "■■■—. 

•H   JS **■  ^"*»                               ""**'%*. 
<W     M ^.            X * 
e  v 

^V                      ^v 

•H     *t 

'    ^-"^ 
M    > 

£ 9 ''>"^ V   u •^       ^«^ m H •     v^ 

1! 1  / 

11 A 
11 

i i               1     //       1 

o 

c 

o 

O 
o 

o 

c o 

«a 
u 
o 

in 
in 
v 
IM 

W 
4) 
x: 
tn 

■O 
C <« 

in 
V) 

V 
XI 

a 
E 

O 
US 

3 : 
o 

3 
•H 
u 

•H 
■o 

IM 

o m 

»d f01 * tfW»S *»<»Ti 

37 

http://www.abbottaerospace.com/technical-library


e*W5Ä*f 

M      4> «t 
M M 

^i       Ö( OB 

•H    c e 
O       4» -J 

O i'J <| 

vO 

rj i -      ff 
• 10 1 

i-t in 

s :?t 

cu 1 
1 

g 3 
4) ■j 

o ** +» *ä 
• e a i 

—t 8 •M 1 u ** * 
l m 

m § '.J 
e •* ? 

1 u ""I 
«0 u ** 9 1 
© 10 <M I 

-4 ei s 
« '4 
e 
•H a 1 
1 Tl 1 

fi 
[fi 

\Q M 3 "5 

o s 3 
I 

1 
1 

c 1 s 
■H 1 
«9 

N 

r-1 

© 

c 

«d 90I T »Jnssaad 

38 

:jmmgmiM^M^älimitB^tliMum^ -umäiümmn uniiniii 

http://www.abbottaerospace.com/technical-library


• , - 

ISS 
ill 
0D< 

00 • 
M 

• 

0» 
in 

♦ o> 
■ IU 

f<* IX 

•-< 
at 

c 
4) 

G 
4) 

O C 
u •H 

O « • p. <*4 
O 

c c 
o 

at •rt 

V) 
O 
c 
s 

p-4 «w 
• 01 cs 

—I ** 
g 3 
u 
*» •o 

<*4 i> 

M • 

1 u 
»4 

u 

N 
3 
M 
«J 
« i 

t-4 c 
•H 
at 
u ** 
«ft 

■«* 
at 

00 «•« • *» 
o § 

I» 

1 
»4 

60 

I 
u. 

a * 

H ft  * ««IffMd 

39 

-v^ 

http://www.abbottaerospace.com/technical-library


0.76 mm  0.86 mm 

-K-H 
R-33.8 mm *» 

4 plies 
helix 
angle 
t  54° 

388.8 mm 

2 plies 
he', ix 
anjle 
±  83* 

Figure 19. Arrangement of orthotropic plies in the test cylinder. 
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Figure 2aa. Nodal Point On Interlaminar Plane 
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Figure 2S, Simplified Computer Flow Chart 
Showing The Arrangement of 
The Iterative Schemes 
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In The Numerical Example 
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Figure Finite-Element Grid Used In 
The Numerical Calculations. 
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3 
APPENDIX A 

INPUT CARDS FOR INTERLAMINAR FAILURE 

 FMTTS-ELMNT PROGRAM  

TITLE CARD 

Format (20A4) 
Columns 1-80 TITLE (Title for particular case) 

CONTROL CARD 

Format (615, 
Columns 1-5 

6-10 

11-15 
16-20 
21-25 
26-30 

31- 
36- 

41- 
46- 

35 
40 

51-55 

56-60 

F5.0, 515) 
NNLA (Number of nonlinear approximations; NNLA-1 
for this version of the program) 
NUMTC (Number of temperature cards; if -2, a constant 
temperature is specified) 
NUMMAT (Number of different materials; 6 maximum) 
NUMPC (Number of boundary pressure cards; 200 maximum) 
NUMSC (Number of boundary shear cards; 200 maximum) 
NUMST (Number of boundary shear cards in tangential 
direction; 200 maximum) 
TREF (Reference temperature) 
INERT (This parameter decides if inertia loads will 
be present, INERT-0 means zero values of axial accelera- 
tion, and angular acceleration and velocity for each 
load increment) 
NLINC (Number of load increments with time, NLINC>1) 
INCI (If INCI»0, then inertia loads for each time" 
increment will be the same as for first increment) 
INCF (If INCF-0, then surface loads for each time 
increment will be the same as for first increment) 
IPLOT (Plot parameter, IPLOT - 1 if plot required) 

MESH GENERATION CONTROL CARD 

Format (515) 
Columns   1-5 MAXI 

6-10 MAXJ 
11-15 NSEG 
16-20 NBC 
21-25 NMTL 

LINE SEGMENT CARDS 

(Maximum value of I in mesh; 25 maximum) 
(Maximum value of J in mesh; 100 maximum) 
(Number of line segment cards) 
(Number of boundary condition cards) 
(Number of material block cards) 

The order of line segment cards is immaterial except when plots are 
requested; in this case, the line segment cards must define the perimeter 
of the solid continuously. The order of line segment cards defining internal 
straight lines is always irrelevant. 

Format (3(213, 2F8.3), IS) 
Columns 1-3 I coordinate of 1st point 

4-6 J coordinate of 1st point 
7-14 R coordinate of 1st point 
15-22 Z coordinate of 1st point 
23-25 I coordinate of 2nd point 

SI 
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•aMMNf 

Columns (continued) 

26-28 J coordinate of 2nd point 
29-36 R coordinate of 2nd point 
37-44 Z coordinate of 2nd point 
45-47 I coordinate of 3rd point 
48-50 J coordinate of 3rd point 
51-58 R coordinate of 3rd point 
59-66 Z coordinate of 3rd point 
67-71 Line segment type parameter 

If the number in column 71 is 

0 Point (input only 1st point) 
1 straight line (input only 1st ar>d 2nd points) 
2 straight line as an internal diagonal (input only 1st 

and 2nd points) 
3 circular arc specified by 1st and 3rd points at the 

ends of the arc and 2nd point at the mid-poi. t of 
the arc. 

4 circular arc specified by 1st and 2nd points at 
the ends of the arc with the coordinates of the 
center of the arc given as the 3rd point (delete 
I and J for 3rd point). 

5 straight line as a boundary diagonal for which I 
of 1st point is minimum for its row and/or I of 
2nd point is minimum for its row (input only 1st 
and 2nd points). 

6 straight line as a boundary diagonal for which I 
of 1st point and/or 2nd point is maximum for its 
row (input only 1st and 2nd points). 

NOTE: In specit'yiig a circular arc, the points are ordered such that 
a counterclockwise direction about the center is obtained upon 
moving along the boundary. 

BOUNDARY CONDITION CARDS 

Each card assigns a particular boundary condition to a block of 
elements bounded by II, 12, Jl, J2. For a line II . 12 or Jl » J2. 
For a point II = 12 and Jl = J2. 

Format (415, 110, >l-10.0) 

Columns 1-5 Minimum I 
6-10 Maximum I 

11-15 Minimum J 
16-20 Maximum J 
21-30 Boundary condition code 
31-40 Radial boundary condition, XK 
41-50 Axial boundary condition, XZ 
51-60 Tangential boundary condition XI 
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If the number in Columns 21-30 is 
0 XR is the specified R-load and 

XZ is the specified Z-load and 
XT is the specified T-load 
XR is the specified R-displaeement and 

1 XZ is the specified Z-load and 
XT is the specified T-load 
XR is the specified R-load and 

2 XZ is the specified Z-displacement and 
XT is the specified T-load 
XR is the specified R-displacement and 

3 XZ is the specified Z-displacement  and 
XT is the specified T-load 
XR is the specified R-load and 

4 XZ is the specified Z-load and 
XT is the specified T-displactment 
XR is the specified R-displacement and 

5 XZ is the specif Ud Z-load and 
XT is the spec, fiid T-displacement 
XR is the s,.,„"" *d R-load and 

6 XZ is the specit,-*i Z-displacement and 
XT is the specified T-displacement 
XR is the specified R-displaceraent and 

7 XZ is the specified Z-displacement and 
XT is the specified T-displacement 

NOTE:    All loads are considered to be total forces acting on jn<- radian segment. 

MATERIAL BLOCK ASSIGNMENT CARD 

Each card assigns a material definition number to a block of elements 
defined by the I, J coordinates. 

Format (SIS, 2F10.Q, 215) 

Columns 1-5 Material definition number (1 through 6) 
6-10 Minimum I 

11-15 Maximum I 
16-20 Minimum J 
21-2S Maximum J 
26-35 Material principal property inclination angle BETA 

in R-Z plane 
36-45   Material principal property inclination angle APLHA 

in N-T plane 
46-50   IANG (If IANG > 0, then ALPHA is same for total material 

block.    If IANG • 1, the ALPHA varies in sign in the I 
direction from element to element every HANG elements. 
This will allow for equal but opposite helical angles.) 

Sl-SS   NANG (Nuaber of elements in the I direction with the 
same ALPHA) 

PLOT TITLE CARD* 

Format (20A4) 

Columns 1-80   Title (Title printed under each plot) 
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""**. 

PLOT GENERATION INFORMATION CARD* 

Format (2F10.0) 

Columns 1-10 RMAX (Maximum r coordinate of mesh) 
11-20 ZMAX (Maximum z coordinate of mesh) 

*N0TE: Use only if IPLOT « 1 (plot required) 

TEMPERATURE FIELD INFORMATION CARDS 

If NUMTC in columns 6-10 of the CONTROL CARD is greater than 1, the 
temperature field is given on cards. One card must be supplied for each 
point for which a temperature is specified. 

Format (3F10.0) 

Columns 1-10 R coordinate 
11-20 Z coordinate 
21-30 Temperature 

If NUMTC in columns 6-10 of the CONTROL CARD is -2, a constant temperature 
field is specified; the value is given on a single card. 

Format (F10.0) 

Columns 1-10 Temperature 

MATERIAL PROPERTY INFORMATION CARDt 

The following group of cards must be specified for each material (maximum of 6), 

a. MATERIAL IDENTIFICATION CARD 

Format (215, 2F10.0) 

Columns    1-5     Material identification number 
6-10   Number of temperatures for which properties are given 

(12 maximum) 
11-20   Mass density of material (if required) 
21-30   Thermal expansion parameter (If 1, free thermal expansions 

on the material property cards; otherwise, coefficients 
of thermal expansion are on the material property cards.) 

b. MATERIAL PROPERTY CARDS 

Format (7F10.0) 

Columns    1-10 Temperature 
11-20 Modulus of 
21-30 Modulus of 
31-40 Modulus of elasticity, E 

11-20   Modulus of elasticity, L. 
21-30   Modulus of elasticity, f» 
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Columns (continued) 

Second Card 

41-50 Poisson's ratio, vNg 
51-60 Poisson's ratio, vNj 
61-70 Poisson's ratio, Vg-j. 

Format (6F10.0) 

Columns 1-10 
11-20 
21-30 
31-40 
41-50 
51-60 

CRACK ITERATION CARD 

Shear Modulus G^g 
Shear Modulus GST 

Shear Modulus G^ 
<VT or otn 
otgT or as 
OTT or aj 

Format   (2110,  F10.3) 

Columns    1-10 

11-20 

21-30 

NSLIP number of iteration steps at each node to satisfy 
local equilibrium and calculate slip components. 
NEQL number of times that the equilibrium of the total 
structure is to be recalculated. 
TFAIL the magnitude of the shear failure stress between 
plies 

CRACK DIRECTION CARD 

Format (2110) 

Columns 1-10 NCBI number of blocks of nodal points where slip can 
occur in I direction 

11-20 NCBJ number of blocks of nodal points where slip can 
occur in J direction 

FAILURE BLOCK DEFINITION CARDS 

Format (4110) 

This card is to be repeated a number of times equal to the sum of 
NCBI and NCBJ.    "these cards define blocks of nodes in the I, J coordinates 
where failure can occur either in the I or J directions. 

Columns 1-10 
11-20 
21-30 
31-40 

NIMIN minimum I in block 
NIMAX maximum I in block 
NJMIN minimum J in block 
NJMAX maximum J in block 

U- 
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if 

INERTIA LOAD CARD 

Format (3F10.0) 

Starting with this input card and including the boundary force cards, 
this data is to be inputted as a block for each load step,  that is NLINC 
times.    There are the following exceptions to this: 

a) If INERT = 0,  then thi*-»  card is to be omitted completely 
(no inertia load). 

b) 'f INCI  = 0,  then this card is not repeated but appears in 
first block only  (the inertia loads arc constant for each load 
step). 

c) If INCF = 0,  then the following boundary pressure and shear cards 
are to be given only for the first block and not repeated again 
(the pressure and shear loads are constant for each load increment) 

Columns    1-10    ACELZ   (axial acceleration) 
11-20    ANGVEL (angular velocity) 
21-30    ANGACC  (angular acceleration) 

BOUNDARY  PRESSURE CARDS 

One card is required for each boundary element which is subjected to a 
normal pressure,  that is  the number of these cards is NUMPC for each load 
increment. 

Format   (3I3,  F10.0) 

Columns    1-5      Nodal point M 
6-10    Nodal point A 

11-20    Normal pressure 

As shown in the figure below,  the boundary' element must be on the  left when 
progressing from M to M.    Surface normal tension  is  input as a negative 
pressure. 
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BOUNDARY SHEAR CARDS 

One card is required for each boundary element which is subjected to 
surface shear, that is, the number of these cards is NUMSC for each load 
increment. 

Format (215, F10.0) 

Columns 1-5  Nodal point M 
6-10 Nodal point N 
11-20 Surface shear, 

As shown in the figure below, the boundary element must be on the left when 
progressing from M to N. The positive sense of the shear is from M to N. 

BOUNDARY TRANSVERSE SHEAR CARDS 

One card is required for each boundary element whish is subject to 
transverse shear, that is the number of these cards is NUMSC for each load 
increment. 

Format(2IS, F10.0) 

Columns 1-5  ifodal point M 
6-10 Nodal point N 
11-20 Surface transverse shear 

M 
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APPENDIX B 

PROGRAM LISTING FOR INTERLAMINAR FAILURE ANALYSIS 
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JffittCEDItO PAGXffBLANK-Nöf fUMD) 
mmsmm 

LEVEL     21 HAIN DATE  »   75066 14/36/25 

C 
C 
c 
c* 

FINITE ELEMENT STRESS ANALYSIS CF AXISYMMETRIC, LAYERED 
HOfRhPIC, TEMPER/.TURE-DEPENOENT MATERIAL 
G STRAIGHT  SIDED  ELEMENTS 
************************** 

(A-H,0-Z) 

SOLIDS  WITH CRT 
PROPERTIES  USIN 
******** 

IMPLICIT   PEAL*8 
INTEGER   CODE 
C™MPN/eASIC/AC 

1MJMST 

CCMMCN/MATP/PO( 
CPMMr^/Apr;/FPR( 
1H(6,15)»CRZ(6I6 

CCMMCN/NPOATA/ 
T.N»NUM(10V?0)|T( 

Crf«M"N/ELDATA/ 
1IP(20),I$(20),J 
CCMMCN/SOLVE/ X 
CTMM^N'/TD/ !MIN 

INMTL.NBC 
CrwMfh/cCNVRG/I 
C"Myn^/p|_ANE/NP 
C-^M^M/FtSULT/B 
CrMMTM/ciT/NEQL 
CnMMr\/PATAl/RT 
CnMMTN/QATA?/IF 
DlME>'^Tr^ TITLE 
DI*EKSICN TDUC 

C*   ********* 

C ^EAD   AND   WPITF 
Q*     ********* 

50   ofAD«5,10UÜ,ENÜ 
I,!NEPT,NL!NC,IN 

W0!Tfc(iS,2000)T! 
UiLTNC 

WRITE (<S,4000)    I 
4000   F~.RMAT(3Xi!5J 

NSKIP*0 
N^^aO 

Q*   ********* 
C GENERATE   FINITE 
C ********** 

100  CALL   MESM 
IF   CTPDT.FO.n 

C*   ********* 
C BEAD   AMD   «CITE 
C*   ********* 

103 IF(NUHTC.EO.O) 
IF(MIMTC.GT.O) 
*F(NI'MTC.EO.-?) 

ELZ,ANGVEL,ANGACCiTPEF,VOLtNIIMNP,NUMEL»NUMPC,NlJMSCt 

6),E(12,16,M,EE(16),A0FTS(6) 
5},ZZZ(5),RP(4),ZZ(4),S(15,15),P(15),TT(61, 
),XI(10)fANGLE(4),SIG(18),EPM18),N 
R (200),CODE (,V,00), XP I200), Z( 200 ),XZ( 200), 
200),XT(200)' 
BETA(200),EPR(200),OR(20),SH(20),IX(200,5),IOi20), 
S(2 0),ALPHA(200),IT(200),JT(200),ST(20) 
(888),Y(8?fl),TEM(888),NUMTC,M8AND 
(20),IMAX(20),JMIN(10),JMAX(10),MAXI,MAXJ, 

DO'E 
P 
S(6,15 

,NSL 
N(200) 
AIL(?0 
(20) 
C12) 
* *   * 
C^NTP^ 
* *   * 
«92QIT 
CMNC 
TLE,NN 

CRACK 

),D(6,6),C(6,6),AR,B8(6,0),CMS(6,6) 
I»,TCRACK,ISLTP,INP,MSKIP 
,RST(200),RNN(200) 
0),TB(200,12),ICP(200),IAD(2CO,4) 

*********************** 

L   INFORMATION 
***************   .*   ******* 

ITL F ,NNl A, NUMTC, NUMMA'1', NUMPC , MUMSC , NUMST, TP fcF 
F,IPLOT,ICRACK 
LA,K,L|MTC,NUMMAT,NIJMPC,M'IM<;C,NUMST,TREF,INF5T, 

************************** 
ELEMENT MESW 
************************** 

CALL MPLOT 
************************** 

"EMPEOATIJBE   DATA 
************************** 
en TO «40 
°EA0(5,10 01)    (XI I ItVI I l*TEM« f ),I»I,NH*TC ) 

CALL  ,rEM2(NUMNP) 
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IFVEL      21 MAIN CATE  =   75066 14/36/2' 

TF(MUMTC.EQ,-2)   GO  TO  440 
MPR'IMT=0 
01  210   !=l,NL*,rC 
!F«MPFINT.ME.0)"r,3 TO   200 
WR!-E(6,2001) 
MppT^iT = Ciq 

?10   W»ITE(6,200?)   XtI),Y(!),tEM(I» 
MPB INT*(J 
01   ?30  r-liMVNC' 
»F(l*PPINT.NE.C»    O'?   TO   220 
W5 IT Ft 6,2003) 

wpfj'U'T.-.Mr.C » VT - ] 

: v..i   Tr*iP(f IM, z(\'), T(N')) 
wJITEOi,?f.!0A)   '»'(HINI , ?(N) |T(N) 
■•■■■>? n ~-o 
p-   4^,0   * =1 ,M/[L 
Tr (V--K [v-.r F .0)   T1   n   45 0 

Mr? I»"7~V> 
.S,"j   v.T- | r.| T - ^ '"* ~ I! r~\ 

rx(f:,i ) 

"-0 

4 'T11 

I » = ■ 

KK =] 
U = TX(N,4) 

=ix(^,3) 

T<   irvp-f-A'Y fA-E   F"R   ELEMENT   TEMPERATURES 

4e,p 

4 70 

i 
C *   * 

'-ro 

•"•!0 

TE«IM--IT|!i|*T|l.|)»'|,(f|tT;'Lll/4.0 
WI'E (6,200r»)   t.«(!X(M»?) t I«lf 5ltBETA(N)f ALPHA(N),TEM(N1 
i)T   4 70   K = l,MI"tL 

r FAD   A*:f-   l-.f- 'TF   »'ATCSIAL   POHPERTIES 

rr. ({.tiMMAT.cri.o)   r,n  Tr   f,QO 
0"   r, 1 0   MM ,MHPMAT 
■'tJOISHO'.)      ^7YfFf (Nf,PO(MTYPE),AOFTS(MrYt>En 
'">!'»(>. ?Ulrt)   WYPf ,NTtPO(MTYPEJ 
~ f A P. ( 5, 1 0 C «5 M (F (I ♦ .1. M T Y o E) ,. | *. 1,14) , I = I, h T ) 
IFUn 'S(""YPtJ .MF. I .)   yR!TF(6,20li){(F(ItJ»MTYPF)tJ»l»i3)tI«ltNT) 
iFj PFr-|n¥PF) .FH.l .)   4PITF<6,2012> ((F( I. J, MTYPE) ,J«l,13), 1 = 1,NT) 

m '.jo j=i,i* 
E( !,J,vrYPf |=f <NTt J,*TYDF) 
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G  LEVEL     21 MAIN DATE   =   75066 

C SET JNTERLAMINAR  SLIP  DATA 
C 

IFUCRACK.EQ.O)   00  TO   509 
CALL   SET 

5CC>     CONTINUE 
On  501  N'lfMJKEL 
DO  501  1=1,12 

501     T~(N,I)=0.0 
C************************************************************************ 
Q ***************************************************************** ******* 
£*************+********************** 
C DETFFMIME   BANOUDTH,   !NITIALUE   ELASTIC-PLASTIC   RA^IO, 
C AMD  CONVERT   BETA  FROM  DEGREES   T")  PAOIANS 
C*   *********************************** 

J = 0 
D"   710   N»1,NUMEL 
n«   710   1=1,4 
DO  710 I =1,4 
KK=IABS(*X(H,!)-TX(N,L)) 
IF(KK.GE.J)   J=KK 

710   CQNMNHE 
"3ANO=3*J+3 
DO   7?0   N=l,rU"FL 
Et>R(N)»l. 
ALPHA IN)=ALPHA(N)/57.2957« 

720   BETA(N)=BETA«N)/S7.2q57R 
DH   POO  ML=1,NLINC 
WRITE<6,2030)   NL 
ACEL7»0.0 
ANGVEL«0.0 
AM<;ACC*O.O 
IFUNFPT .FO. CJ GO TO 511 
1F(NL .MF, 1 .AND. INCI .EO. 0) GO TO 511 

PFAD(
C
,1030) ACOLZ, ANGVEL, AN'~,ACC 

511 CONTI^E 
WRITE(6,2031) ACELZ, ANGVEL, ANGACC 

£**********************************#* 
C     «EAD AND WRITE PRESSURE AND SHEAR BOUNOARY CONDITIONS 
Q*    *********************************** 

IFJNL   .FE.   I   .AND.    INCF    .EO.   0)   GO   TO   700 
600   IF(NUMPC.EO.O)   GO   ^   630 

MPRINT»0 
0^  620  L»1,NL"PC 
IF(*PRINT.*>'F.O)   GO   TC  610 
W<JITE<6,2013) 
MopTNT*5R 

610   M0RINT«MPPINT-1 
READ<5,1006)      IPtL),JP(L),PRIL) 
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r.   i r \>c\ :l MAIN DATE   =   75066 14/36/2! 

t, 

c 
C 

(. 
c. 

n?0   W»ITE(6f 7014 1    T^tL )f JPILJtPiUU 
61>0   *> INU«>SCet"«Cj ' **   M   701 

MOO I f,;T = 0 
DH   650  i -l,NiJM^C 
!F(Mp«UNT.NE,0)   r=^   T0  *>*0 

^EAC(5f10061      IS(L),JS(L)tSH(L) 
«.SO   N°TTF(6,?0]4)    IS(L)i JSrUtSHtU 
701    tF(r.WST.K'.Q)   r,0   TH   700 

MPPTMT=o 
rn   fc40   L*1 »M.^T 
:r(MP-5^'T.riK.oi   r,n in 670 
WPTTf:(j,t ->ü?S > 
vor r\*-t,i 

(t,7(j    ^ r>r> jf.iT-upp iijT_| 

•»F -mi 5♦ I 006 >    I" ( L ), J T ( L ) , ST ( L ) 
t  VJ    ■■•l-<'-Ft6f?0l4)TT(i ),JT(L)f S~(L) 

7CG      f'lT'MIE 
ir< i cf ACf.i^C) r.n ^ 741 

0""   7?1   f.'s I, <t.j*'Fl 
/ 11      I X(N, *i)= T Aft«;« IX (M,^) ) 

F~>Q»«   ST!f-FNFSc   ^ATPIX 

CAU   STIFF 

c it Vt   F i-   OTSPl. ACEMFMT«; 

CALL   SOI.V 

f;.->"Jp||Tf-     --Tf FSr,E c 

CALL   5**F3« 

r I. T P    'Tf-M"'!'1 

IMICiAC'.^.m    'n   Tn   731 
0"*   7?^  1-1 »f'Ct T c 

I*=M ,r,T. u   cr  T -   7<>* 
01   7,>3   • = l,»i!.-r L 
H"1   7 ,»3   .!"','? 
-od, J) = TP(!, n 

7?>      C"1MTIN'lf 
i ALI    !TF?AT 
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? LEVEL     21 MAIN DATE  «   75066 14/36/25 

IFg.NE.NSUP?   G0JT0  729 .     _ 
DO 724  I«l,NUMEL 
DO  724 J«l,l2 

724       TB(I,J)»fD(ttJ)*(TB«I,JJ-TO(I,J))*2. 
729     CONTINUE 
731     CONTINUE 

900  CONTINUE 
910  GO TO  50 

1000 F0RMAT(20A4/6I5,F5.0,615) 
1001 F0RMAT(3F10.0) 
1004  FORMAT   (2I5,2FIO.O) 
1C05  F0RMATI7F10.0) 
1006   FORMAT   <2I5,F10.0) 
1030  F0RMAT(3F10.0) 
2000  FORMAT   (2H1   (?0A4/ 

1 33H0     NUMBER   r\f APPROXIMATIONS 14/ 
2 33H0     NUMBER   CF TEMPERATURE   CARDS 14/ 
3 33H0     NUMBEP   OF  MATERIALS 14/ 
4 33H0     NUMBER  CF PRESSURE  CARDS 14/ 
5 33H0     MUMBER   CF   SHEAR CARDS 14/ 
6 33H0     DUMBER  OF  TORSION  CAPOS 14/ 
7 33H0     REFERENCE  TEMPERATURE E12.4/ 
8 33H0     NUMBER  OF  TMERTIA  CARDS 14/ 
9 33HC     DUMBER   ^F  LOAD  INCREMENTS 14/1 

2C01   FORMAT   UH1,13X,1HR,14X,IHZ, 14X,IHT) 
200?  FORMAT   (3F15.3) 
2003 FORMAT   (35H1        N R Z T) 
2004 FORMAT   U5,2F10.4,F13.0) 
2C0«  FORMAT   (74M!      EL       !        J       K     L MATERIAL       AMfVLE 

RPHA TEMp|RATUPEJ 
2009 FORMAT   115,414,18,Fl1.1,2F13.3) 
2010 FORMAT   <1H1.«MATERIAL   IDENTIFICATION  NUMBER   ««,12/ 

UH   ,«NO.   OF   MATERIAL   TEMPERATURE  CARDS ««,12/ 
21H   .«MASS   DENSITY  »«,E15.7) 

2011 FORMAT   l!H   ,«TEMPERATURE   «SE15.7/ 
UH   , «MODULUS   TF   FLASTICITY-EN   »«,£15.7/ 
21H   ,«MODULUS   rF   ELASTICITY-ES   ■•»E15.7/ 
31H   ,«MODULUS   CF   ELASTICITY-ET  -«,E15.7/ 
41H   ,'POISSON  RATI"-MUNS   »«,E15.7/ 
51M   ,«P<MSSCN  PATTO-NUNT   -«,E15.7/ 
61H   , «PCI$$C>N  «ATIO-NLST   ««,£15.7/ 
TIM   ,«SHEAR   «CDULUS-ONS *«,E15.7/ 
«IM   , • SHEAR   MOni'LUS-OST   ««,E15.7/ 
SIH   ,«SHEAP   MCDULUS-GTN  ««,E15.7/ 
UH   »'COEFFICIENT OF  THERMAL   EXPANSION-AN   ««,E15.7/ 
21H  ,«COEFFICIENT OF   THERMAL  EXPANSION-AS  ««,EIS.7/ 
31M   ,«COEFFICIENT  OF   THE?«AL  EXPANSION-AT   ««,E15.7/> 

2012 FORMA>    UH   , «TFHPFRATURE   »«,E15.7/ 

BETA        AN"*,LF   A 

65 

- I   i MiitftiiiTi iitetfnr mäMtmämmumäi^^üMm ■*-^i~*^tmrtMMiitMmmi ummütt^ 

http://www.abbottaerospace.com/technical-library


I.rf ■ ■ — --"•-.- fj'^>' 

LEVEL     21 

UH 
2lH 
31H 
41H 
«UH 
61H 
71H 
«IH 
<UH 
UH 
21H 
31H ,- 

FIRM 
FHRM 
F-!PM 

J-,1PM 
HHCM 

f IC M 

I 140 
?i«o 

Q20   $Tnp 
END 

MAIN DATE «  75066 14/36/25 

•MODULUS 
rMfiDDCuS 
»MODULUS 
•PGISSON 
•PÜISSCN 

?C17 

?o?o 
/>0n 

OF «.ASTICITY-j* »»y6l5.7/ 
w-rL7rsrrcTr?=i5 -sets.r/  
OF   ELASTICITY-ET  »'^£15.7/ 
PÄft9-NaNr»r,TBrr/""  ~ 
RATIO-NUN?   »',615*7^ * 

• pcifSoN • ftÄTlf>-Nüsr «STTSTIT   
•SHFAP MODULUS-GNS *»tEl5.7/ 
•SHEAR M0C0rDS^ir«^,ETfr77"™' 
♦SHEAP MCDDLUS-6TN «•fE|$«7/- 
•FPEE T>EKi*ÄL  STRATN-FN ••.£15.7/  " 
•FREE THERMAL STRAIN-FS «SEi5.7/ 
»FPFE Ti-'EP>AL  STRAtN-FT ■IVE15,7/1 
AT   (30H1   PPESSüRE  BOUNOARY CONDITICNS/20H 

( 21 5, F1 C . 1) "    ~ "        " 
(27HI   Sl-EAP   BHUNOARY  CONDITIONS/ 17H I J     SHEAR 1 

THE  SYSTEM  CONVERGED  IN   I2,11H   ITERATIONS) 
THE SYSTEM DID NOT CONVERGE   IN  I2tliH ITERATIONS) 
THE AXISYMMETRIC OPTION  NAS  BEEN  SELECTED) 
TfPSION  BOUNDARY CONDITI0NS/17H I J     SHEAR) 

A'UHI.HfTAD  STEP*»tI4) 
ATilHO   , «AX!AL  ACCELERATION     -SE12.4/ 
♦ •A^r-ULAf  VELOCITY »SE12.4/ 
• •AVCULAP   ACCELERATION«»tE12.4) 

I J     PRESSURE) 
AT 
AT 
AT 
AT 

AT 

(2ftH 
(33H 
(43H0 

AT(3üHl 

CA~?^1 
0 

■>t\ 

FYMbn.          LXATION 
AMf.VFl                        « 
NUMCL                       2C 

/BASIC       / «AP 
SYMROL 
ANGACC 
NUMPC 

SUE              3C 
LOCATION 

10 
.30 

SYMBOL 
TREF 
NUMSC 

LOG AT 
V 
3« 

i 

0 

Cnnw<-K  «LICK 
SV«ß"t          IfCATIHN 
E                                30 

/MATP          /  MAP 
SYMBOL 
EE 

SIZE         24E0 
LOCATION 

2430 
SYMBOL 
AOFTS 

LOCAT 
248 

rAT,-K 
0 

C*1 

CO'Mf.M  aLOCK 
lYMRrt           LOCATION 
III                          2R 
▼T                          810 
«T^                        CAO 

/ARG            /  MAP 
SYMBOL 
RR 
H 
I?? 

SIZE            DC4 
LOCATION 

50 
840 
030 

SYMBOL 
11 
CRZ 

LOCAT 
7« 

81« 
DC« 

CATJ«^»' 
0 

Cr»*fN BLOCK 
SVHPn          LOCATION 
CPÖF                      640 

/NPOATA     /  MAP 
SYMBOL 
XR 
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SIZE         2BCÖ 
LOCATION 

«960 
SYMBOL 
I 

LOCAT 
FAi 
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ii liuiii^A» m*m4m, 

6 LEVEL 21 MAIN DATE « 75066 14/36/2! 

C* *********************************** 
 SÜBRÖLTIfcl ANGLE (*,Z,*C,ZC,ANgf         

IMPLICIT REAL»8{A-H,0-Z} _    _ 
C* * * *"*""* ♦"*"*"*  i~*TT~*li" * "* »"TUf **************** 
C FIND ANGLE OF  INCLINATION BETWEEN 0 ANO 2*PI 
C •"♦*'"* *TT» i'VT* *~*~*" * *~* * *"~**'"'**'* ************ 

PI«3.U15«J27 
DUtZ-ZCT 
D2-IR-RC) 
IF(DA8S<R~PCl.GT.l.E-8l   GO TO  100 
ANG-PI/2. 
IF|Dl.GT.i.E-8>   RETURN 
ANG«-ANG 
»ETUPN~ ■-..._. -- 

c* ************************** ********* 
C ALLOW CIRCLE  TC  CROSS  AXIS 
C* *********************************** 

100 ANG«0ATAN2CD1»D21 
RETURN 
END 

nCATICN 
AO 

SUBPROGRAMS CALLEO 
SVMBCL   LOCATION     SYMBOL   LOCATIuN     SYMBOL LOCA< 

SCALAR *AP 
"»CATION     SYMBOL   LOCATION SYMBOL LOCATION     SYMBOL 

BO       01 R8 I CO       ZC 
OR       RC EO ANG EB 

LOCA" 
{ 

XATICM 
ICC 
200 
242 

STATEMENT NUMBER MAP 
STATEMENT LOCATION     STATEMENT LOCAHON 

3      ICC 4      104 
B      20C 9      222 

STATEMENT LOCA* 
5      II 
10      2, 

IN  EFFECT*     NO!OtBCDtSCURCEtN<U!STtNODECKtLOAOtNAP 
!N  EFFECT*     NAME  ■  ANGLE       t   LINECNT  • 50 

ICS* SOURCE  STATEMENTS ■ 13»PROGRAM   SUE   ■ 
ICS*    NO DIAGNOSTICS GENERATED 

386 

» 
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G LEVEL  21 CIRCLE DATE « 75066 14/36/25 

C* 
c 
c* 

SUBROUTINE CIRCLE«ANGi,DELPHlt«STRT,ZSTRT«RC«ZCiU.M  _„_  
IMPLICIT ~REÄL*8CA-H,0-ZI 
INTEGER  CODE _  
CCMMON/tO/   IM!N(20), I MAX (20), JWN(IO) , JMAXUQ) »MAXIfMAXJt 

U'MTL.NBC ' ,-     ■' ;  :.'  
CC »MON/NPDAT A/" ~R (200 f, C9OE(20O >, XAI2ÖÖ )t Z( 200 ft XZ120011 

lNPNUMll0>20),T(200>tXT«2OQ) ___            __ 
DIMENSION ARa0,2Ö)rAZilÖ»20l 
EOUI VALENCE   <RUI«AP ).tt?UUiil  
********************************** 
FINO INTEFSECTION OF LINE ANO CIRCLE * NEW R AND Z 
******** *** *********************** 

ANG1«ANGI+DELPHI _ __   
PR=DS0PT({RSf^-RC)**2+tZSTRT-ZC»**2) 
AR(ItJ)-Pr*RP*DC0S(AN6ll 
4ZU,J)»ZC»-RP*0SIN(AN6ll 
PFTURN 
FNO 

0 
F4 

0 
\ AO 

«*r. 

f  I.) 

SYMBOL          LOCATION 
I MAX                        50 
N»TL                        F8 

SYMBOL 
JMIN 
NBC 

LOCATION 
AO 
FC 

SYMBOL 
JHAX 

LOCAT 
C 

C^MMrK   BLX« 
*YM80i          LOCATION 
AP                                0 
XZ                         15E0 

/NPPATA     / MAP 
SYMBOL 
CODE 
NPNUM 

SIZE         2BCQ 
LOCATION 

640 
LC20 

"SYMBOL 
XR 
T 

L0CA7 

IF* 

SiiBP^Cf.P.AMS CALLED 
SYMBOL         ICCATION              SYMBOL 
OC*S                       AO                  OSIN 

LOCATION 
A4 

SYMBOL LOCAT 

SCAU?  MAP 
SYv&n          inCATION 
OfcLPHI                    CO 
!C                             E8 

SYMBOL 
ftp 
I 

LOCATION 
C8 
FO 

SYMBOL 
RSTRT 
J 

L0CA1 

f 

"•CA'T^N 
STATEMENT   NUMBER  MAP 

STATED W*   LOCATION STATEMENT  LOCATION 
8 206 9 212 

STATEMENT LOCA" 
10 2! 

.M 
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6 LEVEL  21        INTE1..   _      DATE ■ 75066        14/36/2' 

SUBROUTINE INTER ___  
IMPLICIT REAL*8(A-M,0-Z) 
C0MM0N/ARCVJ*RR(51,ZZZ(5)tRR(4)tZZ(4),S(15,15»,P(15),TT<6)f 
lM(6fi5),CRZ(6t61fXI{10lfANGLE(4),SlG(18J,EPS(l3)fN 
CGMMON/PLANE/NPP 
DIMENSION XM(1),R(7J,Z(7I,XX(9J 
DATA   XX/3*21259391805448f3*.1323941527884,.225, 

I   .696140478028,.410426192314/ 
P(7)=(RR(l)+RP(2)+PR(3l)/3. 
Z(7)«<ZZ(U + ZZC2)+ZZ(3)l/3. 
DO   100   I«lf3 
J«I*3 
P(I)»XX(8)*«RU) + U.0-XX<8)^*Rm 
R(J)=XX(9)*PP(!)+(1.0-XX(9))*R(7) 
ZU)*XX<8)*ZZm + U.0-XX(8)l*Zm 

100   Z(J)=XX(<3)*ZZ(! )+(l.Ü-XX(9))*Z(7) 
DO 200 I«U7 

200 XMII|«XXCII*RCT I 
DO 300 1-1,10 

300 XIIIJ«0.0 
AREA«.5*(RP <1)*(ZZ( 2 )-ZZ( 3) »♦RR(2)*(ZZ(3)-ZZU)J*PP(3»*(ZZ( I) 

i -zzmn 
IF(NPP.NE.O) r,p TT 600 
00 400 !»1,7 
XUI)»XH1»*XM(IJ 
XI(2)»XI(2»*XMU)/R(I) 
XH3»«XI{3l*XV(n/(R(I)**2l 
XIU>»XTU»*XM(Xl*2|fl/R CXI 
XH5»»X!(5)*XM( IJ*7(I)/(P(I)**2) 
XH6)«X!(6)*Xwm*<ZU)**2)/<RU)**2l 
XI(7)«XI(7)*XM| i»*em 
XM8)«XI(8)*XM(I)*ZU) 
Xl(9)»XI(9)*X«MI)*t<UI»**2) 

«oo xi(io)»xnio)*x*m*Rm*zm 
DO 500 I»l,lO 

500 Xim«XIU)*ARFA 
RETUPN 

600 XI(1)*ARFA 
XI(7)«R<7)*AREA 
XH«»«Z(7J*AREA 
RETUPN 
END 

C1MMQN BLOCK /ARG     / MAP SIZE     0C4 
OCATIÖN SYMBOl    10CATITN      SYMBOL    LOCATION SYMHU ncA  j 

0 ZZZ           28       RR            50 11 
1 

798 TT           RIO        H            840 CRZ H  ! 
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C 
c 
c 

SUBROUTINE J.TEJJT __.. 

NODAL  SU P   IS f OÜNP_SY_ ITE*J1IJ0N 

IMPLICIT   REAL*« 
INTEGER   CCOE 
CT-M^N/ARG/PORf 

lH(6fL5)iC*Z(6*6 
crMMrK/sotvE/ei 
C1MMOM/8ASIC/AC 

INUMST 
CCM«CN/K'PCATA/ 

lNi»NU»MlOt?01,F! 
Cr«M"N/ElbÄTA>" 

1 1^(20),!$<20),J 

Cr/'H/C IT/NE^I. 
CVMnN/OA'AI /*T 

Ci"MnK7nAT42/IF 
Crw"CN/DATAVT 
^"•'PNSIOh T( 3,2 

I"fiL(3»fYV<3,?Jf 

'iTVfr'nrN «2(1? 

NUMSC, 

R(200),CODE(2001,XRI200),Z(200),XZ<200), 
200),XT(200) 
8E^A(20Ö),EPRr2ÖÖ)#P"R*(26r,SH(2O)»iX(2Öb,5),lP(20), 
S(20),ALPHA(200J,ITI200)fJT<200),$T<20) 
S(6,15),D(6,6),C(6,6>tAR,88(6,9),CNS(6,6) 

,NSLIP,ICRACK,ISLIP,IMP,NSKIP 
M20Ö),RST< 200),RNN( 200) 
AIL(2Q0),TB(200tl2),ICR<200),IAD<200,4) 
AIL,CF 
),S0(4tl5,l5),P0J*,15),AU(2,2),Al(2,2),BU(2),Bl(2), 
ZM(3,2),TNU(3),0M(4,i2),PN(2,12)tSU(2),SL(2) 
,3},S3(3,12),S4(3,3),S5(12,3),S6(12,12) 

STAR-»"  Lfnp  CN   *OOAl  PniNT$„  
nn  900  NP*1«MJf*NP 
!F<TCP(NB).EC.O)   GO   TO   900 
AV*0.0 
AMr,<«0.0 
T9FS»0,0 
I)?   7   1*1,4 
I)™1   6   K«l,l*5 
PO(I,K)»C.O 
Hi   6   L«l,15 
>r»ii.K,i)»o.a 
f -lActtjp.n 
TF(^.c-o.o)  r.r T? 7 
a»/»AV*i. 
ToF<.TPE«*OfQPT(PTK(N   )**?*RSTtN   1**2) 
CfM7*MJE 
IF(IFAItl>o).FC.l)   GC  *0   8 
*!?ES«OAHS<'»'PE?)/AV 
'FAU-CABS(TFAU) 
IF(T»ES.tT.*FAU)   GH   TO   900 
fFAIL(NP)«l 
CrNTIN"E 
0"«   10   1*1,4 
\=IAÜ(NP,!) 
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£  i 

r ' 10 

! 

11 

100 

231 

727 

233 

240 

241 

235 

21 ITERAT 

IF<N.EQ.O)   GC TC 10 
ÄRTJ5S ATJGTiHB~ETATm— 
CONTINUE 
ANGS-ANGS/AV 
DO   11   1-1,3 
DH  11  J«l,2 
T(I,J1«0.0 
T(1,1)«0STN(ANGT) 
T(2,i)»DC0S(ANGS» 
T(3,2)»1.0 
DO   14   1*1,4 
N-IADfNP,?) 
TFIN.EO.O)   GC  TC  14 
CALL  OUAD 
IX(N,51—IX(N,5) 
DO loo K«I,4 
II*3*K 
JJ«3*1X(N,K) 
P<!!-2>»B<JJ-2) 
P(I!-l)«B(JJ-l) 
Pdll     'B(JJ) 
DO   231   H«l»3 
DH  231   .1.1-1,3 
SAC TI, IJJ«S(I!*12,JJ*1Z» 
CALL   rYwINV(?4,3J 
DP   2 3?   TI-1,12 
0"   7M   J.l = 1 .3 
S2(TT, IJ) = Sl I!V.IJ»I2) 
0"»  ?31   IT«i,3 
0"  253   U-U12 
?-\(M,J))«S( 11*12,JJ) 
DO  240 L»l,12 
00   240  J»l,3 
S5(L,J)>0.0D0 
DO  240 K«l,3 
S5(L,J)   *  S5(L,J»   ♦ S2(L,K)   *  S4(K,J 
DO  241 L«l,12 
00  241  J»l,12 
S6(L,J)«O.OD0 
00  241 K«i,3 
S6IL.JI   «  SML,J>  ♦ $5<L,KI   * S3«K,J 
DO  235  !I»1,12 
D^  235 JJ-1.12 
SI II ,JJI-S!I ItJJI-S6II1?JJ! 

DATE » 75066        14/36/2 

DO 13 !I«1,12 
POII,!n«PUI>*TB(N,!I> 
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G  LEVEL     21 ITERAT DATE  »   75C66 U/36/2 

OH   13  JJ=1»12 
i3     sön»üfjji«s<iTfjj"»"" 

NS*ICP(NPJ 
14       CONTINUE 

1F1NS.E0.21   61   T1  24 
DO   23  K=!,3 
FN!«1»K)=:0.0 
FM(2*K)*0.d 
DO   21   1*1.2 
NN*3*(I-1)+K 
D"   20   M=?,12 

2 0        FM(lvK)«FM(l«k)«SOUtNNtH)*POUtM| 
On   21   J*l,2 
YM«K,J)=0.0 
m ?i i. = i,3 
►'0"3*c-n«-i 

21        Y*MK,.n«Y»M* ,J)+S01I ,NN,NQ)*T(l,J) 
m   23   ! = 3,4 

o:   2?  w=l»l? 
?■> FM|?,K)--r"( ?, K| +SO(T ,NH|M)*PQU»M| 

m   2"*  J ^ IT 2 

fH   2 3   L = U3 
1Q=?*U-1HL 

2 3        Z«(K,J)=ZM(K,J)*S(J(I,NNtNO)*T(L|J) 

?4 no 28 K=I,3 
FM(I,»1=0.0 
F«(2,K)=0.0 
;,3   ?ft   1=1 ,4,3 
MN«3*( I-H*f 
01   2^  *=l   \? 

?S        FM(l»KJ=F--H .K)*SO(T,NNtM)*PQ«I|M| 
nn 26  1=1,2 
Y"(«,J1*0.0 
"i"   26   L^l,3 
wr»3*(!-l)fL 

2* Yu(*,J)*Yf (K.JMSOP fNM,NQJ»T|Lf ji 
on  ?P   !*2,3 

On   ?7   *=1,12 
2?        P,M?»K|=F«(?,KJ »SOU ,NN|*»)*PQCIfH| 

0^   2P   J=l,2 
£*<•<,J) = 0.0 
m   28  LM,3 
N0*3*n-1)*L 

2«        £V|lc,JJ»i:vnr. J) tSq(!tNN,NG)*Ttl, J) 

12 
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2«)       CONTINUE 
~süu,n«vM(3,2i T  
*UHt2>«-YH(l,2)»TU,H-YM|2t2)*TI2tH 
AÜ<2,0«-YMi3,ir   ~ 
AU(2,2)« Y«{i,l!«TUtl)+YMI2,ll*TI2,n 
BÜf2Ti-FM(i,3r 
BUIl)«-FMIlti)*TU,l)-FHtlf2l*TC2,ll 
O'ETilUTTTn*ÄO(2Y2T- 'AÜT27T)nftTJTI72» 
00 Jl >*l»2_ 
surii»ö.ö 
00 3i J-1.2 

31 SUin»SÜ(II+ilU(ItJ)*BU<J»/DET 
AL(1,U*ZM3|2) 
ÄLUt21«-ZHUf2)*ta,n-2H(2f~2»*Tl2,n 
AL(2,1> — Z*M3»l) 
AH2.2J»  Zm,l>*t<l,mZ*(2,l)*T(2,l) 
BLC2J«-FH«2t3> 
8L(D—FM(2ill«fU,ii-FMI2,2i*T(2,i» 
0ET«AL«ltl»*ALJ2t21-AH2.1l*AL<li2l 
00  32"P-it2 
SL(I)«0.0 
00  32  J»l*2 

32 SL(Il-SLtll*AL(!,J)*BHJl/OET 
DO   35   1-1,3 
TNUCn-0.0 
TNLdl-Ö.Ö 
00 35   J»li2 
▼NUtIl-TNUII>*TIIvJt*SUf J» 
TNLf!l>TNLIll«Tltfil«SLCJI 

35      CONTINUE 
IF(ICft(NP).EQ.2)  fiO  TO 45 
DO «3 l«if4 
00 41  J«l,l2 

41       OM|I,J}«C.O 
00 43 J«l»3 
NJ«3*II-il*J 
TFU.GT.2t   GO  *C 42 
ONiffNil-fNIMJI 
GO '0 43 

«2       QMtltNJI-TNLU) 
4 3       CONTINUE 

00 TO 49 
45 DO 48  !-l#4 

00 46  J«l,12 
46 0*UtJ)"0.0 

00 48 J«lt3 
NJ«3*U-1»*J 
IFU.E0.2.CR.I.E0.3I   GO TO 47 
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G LEVEL  21 ITERAT DATE =». 75066 14/36/2' 

47 
4 ft 
4 9 

61 
6? 

•■»00 

0 
79rt 

0 

7 0 

0M(UNJ)»TNIJ( J) _ 
*f}  TO "48 

CONTINUE 
CONTINUE 
CH 62 1*1,4 
N*IAD(NPtI) 
TFCN.EÖ.O) GC TO 62 
DO 61 J=l,12 
7R(N,J)=Tß(N»J)*DMU,J)/2„0 
CONTINUE 

CONTINUE 
TETUPN" 
END 

/APR / MAP SIZE 
SYMBOL LOCATION 
RR 50 
H 840 
EPS 030 

DC 4 CrwWK BLOCK 
SYMBCL ! CCATION 
?ZZ 20 
TT RIO 
sir,       CAO 

CPPMHN BLOCK /SOLVE   / MAP_.SJZE _  5348 
SYMBOL   LOCATION     SYMBOL   LOCATION 
A 240        NUMTC       5340 

3C CrMMPN BLOCK /BASIC   / MAP SIZE 
SYMBOL    LOCATION SYMBOL LOCATION 
ANGVEL         8 ANGACC 10 
NUMEI.         2C NUMPC 30 

SYMBOL 
11 
CRZ 
N 

SYMBOL 
MBAND 

SYMBOL 
TREF 
NUMSC 

LOCA 

B 

LOCA 
53 

LOCA 

COMMON BLOCK /NPDATA  / MAP SIZE    2BC0 
"CATy-K      SYMBCL    LOCATION      SYMBOL LOCATION 

n       CODE        640       XR Q60 
K?l        F           IE 40        XT 2580 

SYMBOL 
Z 

LOCA 
F 

CCMMON BLOCK /ELDATA  / MAP SIZE    28C0 
XA-lriY     SYMBHL   LOCATION   . ...SYMBQL   LOCATION „SYMBOL   LOCA 

0        E^F          640        PR C80        SH           D 
1060        JP          IDBO        IS 1E0Q        JS          IE 
■►<4 0        JT          2800        ST 2B20 
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6 LEVEL  21 __       MESH  DATE » 75066        14/36/2' 

SUBROUTINE MESH 
rMpntrrTTETL*«TA-H, c-z >—~~ ~ ~ 
INTEGER CODE 
DIMENSION äP (10,201,AZ(10,20)»NCöDEL 10,20) 
COMMCN/TO/ I»INJ20),JMAX(20),JMINU0)I.JMAX(L0),MAXI,MAXJ, 

INMTLVNBC "    ~~'         ~  
CCMHCN/NPOATA/ R(200)»C0DEC200S,XM200),Z(200),XZ(200), 

"   lNl^QMTI^2ÖTVTT2Öönx,r(2Ö^l 
CCMMQN/EIDATA/   eETA(200),EPR(200),PR(20),SH(20),IX<200,5),IPt20), 

llP(20),IS(20)tJSV20),ALPHA«20Ö),ITr2bÖ),JT(200),ST<20) 
EQUIVALENCE   (RC l),AR),(I(I),AZ),C1XCltl).NCOOE) 

C* * * * * * * * **************************** 
C MESH  CONTROL   INFORMATION  
C*  * *  *" * * *~* *"*"*""*'*  * *~ * * * '■*"¥ * *************** 

READ   (5,1000)   MAXI,MAXJ,NSEG,NBC,NMTL 
WRITE(6,2000)   MAXI,MAXJ,NSEG,NBC,NMTl 

C*   *********************************** 
C INITIALIZE 
C*   ********************* ************** 

ISEG—l 
PI«3.1A15«»27 
DO   110 J«l,10 
00   100   I»l,5 
NCOOE(I,J)«0 
AR(I,J)-0. 
AZ(I,J)«-0. 
JMAX(l)«0 

100  JM!N(I)*MAXI 
IM!N(J)«MAXJ 

110   IMAX(J)»0 
C*  *********************************** 
C LINE  SEGMENT  CARDS 
C*   *********************************** 

150 ISEG«ISEG+1 
151 IF(ISEG.EO.NSEG) GO TO AOO 

REAO(5,1001) U,J1,P1,ZI,12,J2,R2,Z2,I3,J3,P3,Z3,IPTTCN 
WPITE(6,2001)Tl,Jl,RliZl,I2,J2,R2,Z2,I3,J3,R3,Z3,IPTI0N 
IPTtON«IPTICK*l " 
AR(I1,J1)«P1 
AZ(U,J1)-Z1 
NC0DE(I1,J1)«1 
CALL MNIMX(U,Jl) 
GH TO (150,200,200,300,300,200,200), IPTION 

C* *********************************** 
C fiENERATE   STRAIGHT LINES  *!N BOUNOARY 
C*   *********************************** 
200       DI-  ABS(FLrAT(I2-Il)) 

DJ«  ABS(FLOAT(J2-J15) 
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G  LEVEL     21 MESH DATE   »   75066 14/36/2' 

AR (12 
AZU2 
MCODE 
CALL 
TSTRT 
I'STP» 
JSTRT 
JSTP = 
DIFF= 
TTER = 
1INC = 
»IMC= 
IFU2 
IFU2 
KAPPA 
!F( 12 
TF(KA 
CINC = 
ZINC = 
WRI?F 

C 
c 
f 

c 
c. 
c 

»42 
,J2 
(12 
MNI 
*I1 
12 
=J1 
J2 
DMA 
CIF 
0 
0 
.NE 
.ME 
= 1 
.NF 
PPA 
<P2 
(Z2 
(6, 

>*P2  
)»Z2 
tJ2)=l 
MX(t?,J2) 

Xl(PIfOJ) 
F-l . 

.11)   TINC=(I2-!1»/IA8S(I2-I1) 

. Jl)    M WC* (J 2-J1)VI ABS (J2-J1) 

.I1.AN0.J2.NE.J1.AMD.IPTI1N.NE.3)   KAPPA=2 

.F0.2)    CIFF=2.*DIFF 
-01J/DTFF 
-Z1)/0IFF 
?002)   OIfl)J,OIFF,R!NCtZINC,ITER,IINC,JINCtKAPPA 

CMECK    F^K    INPLt   F^pnC 

TF(KAPPA.NE.2.0P.DI.EQ.DJ)   GO  TO   210 
>CITE(6,2003) 
G1"*  TC   15 0 

!NTFPPOLATF 

210   IML 
J=J1 
WRIT (6,2004) 
r»o   230   M«I,ITEO 

!F(TTEF.FO.0.ANC.IPTirjN.EQ.2» 
!F(^Ep.En.0.AN0.1PTin^.EQ.6) 
TF(ITER.E0.0.ANn.IPTnN.EQ.7) 
JF(KAPPA.EC2>   GO TT   220 
tnLO*I 
I = !-H!NC 
PLD«J 

>I = J + JINC 
ÄP(!,J>=AP(ICLD,JOLPI*RINC 
A?('fJ)«AZ(!CLDfJOtDI*Z!NC 
W9ITF(ft,2005)   TtJtMf !»J|fÄziltJI 
CALL   MN!»«x(Tfj) 
NCDEUi J» = l 
GO  Tn  ?30 

?->Q   CIN'INUF 

GO TO 230 
GO TO 230 
GO TO 230 
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G LEVEL  21 MESH OATE » 75066 14/36/2 

IFm.GT.!2«AND.IPTI0N.EQ.7IG0T022l 
iF(rr,irn2;TNo^TPTTüN.E0.6) eo ton 
I0LD»I 
i«i+iiNc "■"'■ 
AR(IiJ)*AP(ICLD,JJ+RINC 
AZ(!,J)»AZf!OLDtJ)+ZfNC 
WPITE(6,2005J   I.J,ARU,J),AZU,Jl 
NCODCTtTJT»! 
CALL   MNIMX(ItJ) 
J0LD«J 
JM+JINC 
AR(I,J)*ARU.JOLDj+RlNC 
AZU,J)«AZUtJ»3LD)*ZINC 
NCODEü,JJ»I  
WRITEJ6f2005)   ItJt'<HU,JJ,AZ(I,J) 
CALL   ^N!MX«!,J5 
GO TO  230 

221   JOLO'J 
J«J+JINC 
AR(I,J)«AR(!,JDL01+P1NC 
AZn,J)>AZ(l,JOU»'ZINC 
NCOOEUt J)«l 
WRITF(6f2005)   I,J,AR(I,J),AZUtJl 
CALL  MNIMXUtJ) 
I0LD«I     . 
!«t+!!NC 
ARUtJI"AR(ICLD,J)*RINC 
A7(T,j)«AZ(TCLD,Jl*Z!NC 
NCnOEU»JJ»l 
WRITE(6,2005)   I , J,ARtI,J»,AZ(I,J> 
CALL   MNIHXUtJ) 

230 CONTINUE 
IF(KAPPA.EO.l)   GO TO   150 
IF(Ii.GT.I2.AND.IPTI0N.EQ.7)   GO  TO  231 
TFU1.LT.I2.AND.1PTI0N.EQ.6)   GO  TO  231 
TOLD»I 
I»!*MNC 
AP«I,JJ«ARUCLO,J)*RINC 
AZU-,J)*AZtiaLO,J)*ZINC 
GO TO  232 

231 CONTINUE 
JOLO«J 
J«4*J!NC 
AR (11JI« API I, JO LOI *R INC 
AZ(I,J)«AZU,JOLD)*ZINC 

232 CONTINUE 
NCOOEUtJIM 
W»ITE(6,2005|   I, J,A«Ut J) tAZCI tJJ 
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CALL   MNIMX(IjJ) _     _       
GO  TC   150 

Q ************   *   *   *   *   * j»   *   ***************** 
C KENFRÄTF  CIRCULAR ARCS ON BOUNOÄRY 
O   ***********  *  * *************  *  *  ******* 

300   AR« 12. J2l*R2 ~ "  ' " ' 
«ZU2,J2)«Z2   
NCnOE(f2,J2J   «   1 " 
CALL   MNIMXlI2fJ21 
TFUPTI0N.EQ.5)   60 TH 320 

C 
C FIND  CENTER   ^F   CIRCLE" 
C _ 

AP(I3,J3)=P3 
*Z(13fJ3W3 
NC?0F(I3,J3)»1 
CALL   MNI»*X(I3, J3| 
SLAC=(Z2-Z1)/(F2-R1I 
SLRF=-1./SLAC 
<5LCE=(Z3-Z2)/(R3-R2) 
SLDF*-l./fLCE 

C 
C CHfrCK   FCP   INPUT   ERROR 
C 

!rtDABStSlAC-SLCEl,GT..001l G0 TO 310 
WRITE(6,2006) P 1,Zl,P2,Z2,P3tZ3,SLAC,SLCE 
m TO ^50 

310 P4-»l*(F2~MI/2. 
Z4»Zl*«Z2-Zl)/2. 
P«?»R2*IR3-P2I/2. 
Z*«Z2+(Z3-Z?)/2. 
BRF«ZA-SLBF*R4 
BDF»Z5-SLDF*P«S 
RC*lBP.F-BDF)/<SLOF-SLBF) 
ZC»SLBF*PC*BBF 
W»IT£(6,200T) PC.ZC 
KAPPA»! 
en  Tn 330 

3?0 KAPPA-2 
RC»P3 
ZC«Z3 

330 IS*PT»!l 
fSTp.T? 
JSTRT.Jl 
J*TP«J? 
P^TPT.Rl 
RST0«R2 
ZSTRT«Zl 
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G LFVEL     21 MESH OATE  «   75066 14/36/2 

C 
c 
c 

c 
c 
c 

ZSTP-Z2 
34Ö CATTKNGIEmTRT,X5TRr,RiTjIt7AT«m  

CALL  ANGLE(RSTP,ZSTP,PC, ZCANG2) 
IFUNG2.LE.ANG1T   "ANG2«2.D*PHÄN62 

FIND ANGULAR INUREMENT 

D!» AinFLOATMSTP-rStRTTr 
OJ»  ABSiFLHATMSTP-JSTRTU 
IINC-0 
JINOO 
IFUSTPT.NF.ISTP)   I!NC«(ISTP-ISTRT|/IABSCISTP-ISTRT) 
IF(JSTPT.NE.JSTP)   JINC«( JSTP-JSTRT)/I ABSUSTP-JSTRT) 
LAMDA-1 
IF(IINC.NE.O.AND.JINC.NE.O)   LAMOA-2 
DIFF-DMAXl(Oi,OJ) 
ITER*DIFF-1. 
IF(LAMDA.E0.2)   DIFF«2.*DIFF 
DELPHI«(ANG2-ANGII/O IFF 
WRITE(6,2008)  ANGl,ANG2,DIFF»DELPHI 

CHECK   FDP   INPUT   ERROR 

IFUAMnA.NE.2.PR.D!.EQ.DJ|  GO TO  350 
WRTTE<6,2003) 
«0 TO   150 
IT-ISTRT 
jn«j?TPT 
WRITE(6»2004) 

1*50 

C 
C 
C 

359 

360 

INTERPOLATE 

NPT»I ARS (12-11) ♦IABSU2-JU-1 
On  380 H«l,ITER 
IF(LA*DA.E0.2)   GO r*  360 
I«IO*IINC 
J«J0*JINC 
CALL   MNiMXU,J) 
NCnDEU,J)*l 
CALL   CIRCLE«ANG1,DELPHI,RSTRT,ZSTRT,RC,ZC,ItJ) 
WRITE(6,2005)   !,J,AR(I,J),AZ(I,J) 
«n TO  370 
I-IfHIINC 
J-JD 
NCODEU, J)»i 
CALL   MNIMXtt,J) 
CALL  CIRCLE«APG1,DELPHI,RSTRT,ZSTRT,RC,ZC»I,J) 
W»ITE(6,2005)   I,J,AR(!,J),AZfI,J) 
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r.   LFVFL      21 MESH DATE   *   75066 14/36/2 

J»jn+JWC 
NCnDE<!,J)-l 
CALL   MNJMX(I,J) 
CALL   CIPCLEUNG 
MR!TE(6,20O5)   I 

170   !<?«! 
380   JC=J 

TFfLÄPDÄ.KE*?)' 

'>ODE<t,J»M 
CALL   M»4IVX(T,J) 
CALL   CtPCLE(AMI 
WOT^E(6,?005)   I 

>90   TF(KAPPA.F".2) 

!*TP=!3 
)CTp Tr|p 

IS7P=J3 

ZSTPT»Z2 
ZS"P=Z3 
KA"PA=? 

30,1   r,<~   TO   340 
r$    *#**    *    *    *    *    * 

C CALCULATE   COOPD 
C*   ********* 

'4CO   IF<*AX.J.lf.2)   G 
I2»»AXJ-1 
0^   420 N*lf50<» 
PESID'O. 
0n   410   J»2»J2 
!l=IMIM(JJ+l 
*2=I"AX<J)-1 
0"   «10   1*1! ,12 
TFlNCmtU.J J.F 
0°«(AP(I*1,J)*A 
OZ«tAZ(I-H,J)*A 
PFSIP*°FS!0«-nA3 
APUt.l)*AP(7t.lI 
A7(I,J)*A71t»J) 

4 10  CHNTIMIF 
»PU.EO.U PE"»l 
!F(N.Ef>.i.ANO.^ 
!F(PP!!D/PF5i.L 

4?0  C1NTIKUE 
«HO UB!TE(6t2C0'}) H 

C*   ********* 

i,OELPHI,RSTRV,ZSTRT,RCfZC,I,JI 
tJtARlIfJ)fAZI!tJl 

GO  TO  3*)0 

It DELPHI tP*iTRTfZSTRT,RC,ZC, I, J) 
,.J(AR(!vJ)tAZUtJ) 
GO TO   150 

************************** 

INATES  OF   INTERIOR POINTS 
************************** 

C TO 430 

0.1»   GO  TO  410 
PU-1 ,J)*AR(ItJ*n»AR(ItJ-llJ/4.-ARU,J) 
ZU-1, Jl**Z(IiJ*l)*AZ(I,J-in/4.-AZU,J) 
S(DR)*0A8StDZ) 
♦1.8*0« 
♦l.8*0Z 

■RESIO 
ESID.EO.O.IGO  TO  430 
T.l.E-5)   GO TO 430 

************************** 
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CALL 
C* * * *  » 
1000 FORMAT 
1001 FORMAT 
2000 FORMAT 

POINTS 
* *"* * * *"Tr~«r"*"ir~» * "* *~~*~* *********** 

1 41H0 
2 41H0 
3 41HÖ 
4 41H0 
5 41H0 

2001 FORMAT 
1 2    !3 

2002 FORMAT 

* * * 
I5I5I 
(3(2I3i2(F8.3l#I5) 
(30H1  MESH GENERATION INFORMATION// 
MAXIMUM VALUE OF 1 fit THE MESH- • 13/ 
MAXIMUM VALUE OF J IN THE MESH 13/ 
NUMBER OF LINE SEGMENT CARDS-—- 13/ 

OF BOUNDARY CONDITION CARDS 13/ 
OF MATERIAL BLOCK CARDS I3///I 

Jl   Rl     Zl    12  J2 

NUMBER 
NUMBEP 
<//88H 

J3 
<5H ÜI- 

INPUT 
R3 
F4,0,5H 

1NC«F8.3,7H  ITER-I3f7H 
?003 
2004 
2CC5 
2006 

2007 
?COft 
2CCQ 

II    Jl Rl Zl 12     J2 P2 Z 
Z3 IPTI0N/8X,3(214,2F8.41,161 

DJ»F4.0,7H     0IFF»F4.0,7H     RINC«F8.3,7H     Zl 
IlNC«l3t7H    JINC«I3,8H    KAPPA-IIJ 

THIS  LINE   IS NOT DIAGONAL) 
AR AZ) 

FORMAT!lXf38H**BAD  INPUT 
FORMAT   (30H I J 
FORMAT   <2!«5,2F11.6) 
FORMAT   I51H  **  BAD  INPUT 

13X,6F12.4,10X,2E20.8) 
FCRMA"T(1«JH     CENTER   COORDINATE» (Fll.6, IX,FU. 6,1X1 • 
FORMAT   (7H     AN0,1»F9.6,7H     ANG2«F9.6,7H     DIFF»F3.0,9H 

- THESE  POINTS  DO NOT  DEFINE  A  CIRCLE,/, 

DELPHI»F9.6) 
FORMA' 
RETUPN 
END 

(//30H  COORDINATES CALCULATED AFTER I3,llH ITERATIONS» 

COMMON BLOCK /TO 
TCATIPM      «YMBOL    I.CCATION 

0        I MAX 50 
F4       NMTL F8 

/ MAP SIZE     100 
SYMBOL    LOCATION 
JMIN AO 
NBC FC 

SYMBOL 
JMAX 

LOCA 

"CATfGN 
0 

FAO 

PCATtON 
0 

oco 
IEAO 

"CATION 
IOC 

COMMON BLOCK /NPDATA  / MAP SIZE   2BC0 
SYMBOL   LOCATION     SYMBOL 
AR            0       CODE 
XZ         15E0       NPNUM 

CCMMON BLOCK /ELDATA  / MAP 
SYMBOL    LOCATION     SYMBOL 
EPP 640       PR 
IP 1060       JP 
IT ?4E0       JT 

SUBPROGRAMS CALLED 
SYMBOL   LCCATION     SYMBOL 
MNIMX       IEO       ANGLE 

LOCATION 
640 
1C20 

SYMBOL 
XR 
T 

LOCA 
9 

IF 

SIZE   2BC0 
LOCATION 

C80 
10B0 
2800 

SYMBOL 
SH 
IS 
ST 

I OCA 
0 

IE 
26 

LOCATION 
1E4 

SYMBOL 
CIRCLE 

LOCA 
1 

81 

http://www.abbottaerospace.com/technical-library


;*%*>*, v. 

4M   IV  G  LEVEL     21 minx DATE «  75066 14. 

SUBROUTINE MNIMX(ItJ) __     _  
IMPLICIT   REAL*8IA-H,0-Z1 
CCMMCN/TD/   T*INt20),lMAX(20),JHIN(10),JMAX(10J,MAXI,MAXJ, 

1NMTL.NBC 
IF(J.LT,JfIN<I)J   JMINII)»J 
IF<J.r,T.JMAX<!) f JMAX(tJ"J  " 
IFU.lT.lllINUIJ   !MjNCil*I 
IF(i.Gf.IMX(JI)~fMAXCJ>'^r~ 
RETURN                           _      • 
FMD " '" ~~*~~ 

CH»!M0N.8L9CK /TO _ /  MAP SIZE 100 
l"»CAT»nM SYMBOL LOCATION SYMBOL LOCATION SYMBOL 

0 IMAX 50 JMIN AO JMAX 
F4 NML F8 NBC FC 

L^fAT 
A* 

SCALAR MAP 
SYMBOL LOCATION 
I AB 

SYMBOL LOCATION SYMBOL 

E"T LXAT!HN 
HA 
ICiS 

STATEMENT  NUMBER  MAP 
STATFMENT  LOCATION    _   _ STATEMENT  LOCATION STATEMENT 

4 13A 5 15C 6 

TIT*1?   IN   PFFFCT*    NHIO»BCD,S1URCE,NOLI ST,NODECK,LOAD,MAP 
*TO»-S   n.   FFFFCT*     NAME  »  MNIMX       ,   LINECNT  « 50 
ATtertc«:* SOURCE   STATEMENTS  » «»»PROGRAM  SIZE   » 
A'lSTTQS*    NO  DIAGNOSTIC*  GENERATED 

462 
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SUBROUTINE MOOIFY(NEQtNtU) 
IMPLICIT MAL**U-N,Ö-Z) 
COMMON/SOL VE/BU2ltAf72f 36),NUMTCMBANO 
DO   id'H=2«MB'Agb 
K»N-M*1 
TfSl*.TnEVÖTBÖ~Tö "1 , 
R(K)*B(K)-A(K,M)*U 

„ A(K,M)-0.0 
5 

I FINE CULT.KT GOi'"TO  10                           " 
B(Ki«B<K|-AtN,MI*U 
A(N,Hf»0.0 

10 

i 
i 

CONTINUE 
A(N»1J«1*0 
B(N|*U 
»ETUPN 
END 

'■""' COMMON BLOCK  /SOLVE       /MAP  SIZE         5348 
1CATICN SYMBOL         LOCATION              SYMBOL         LOCATION SYMBOL         LOCA 

0 A                           240                  NUMTC                5340 

SCALAR MAP 

M8AN0                53 

OCA'IfN SYMBOL         LOCATION              SYMBOL         LOCATION SYMBOL         LOCA 
B8 n                             CO                  K                             C4 

STATEMENT  NUMBER MAP 

N 

XATICN STATEMENT  LOCATION              STATEMENT LOCATION STATEMENT LOCA 
18C 4                IBC                               $*              198 6                1 
1E0 9                1F0                            10                200 11                2 
248 14                264                            15                278 16                2 

;   IN  EFFECT*    NOXOjBCOtSOURCEjNOUSTtNOOECKjLOAO.MAP 
i '|W  EFFECT*     NAME  •MODIFY'  ,   LINECNf ■" 50 
»CS* SOURCE  STATEMENTS «     _ 17,PR0GRAM  SIZE « 
IC<5*     NO DIAGNOSTICS   GENERATED 
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SUBROUTINE JiPtOT _      _          
IMPLICIT  REAL*8(A-HfO-ZI 
INTEGER  CODE „        __,  
COMMON/TO/   I>INl201tIMAX(20}tJM!NtiO),JMAX(10)f*(ÄX!»MAXJt 

INMTltNBC 
Cr«MHN/NPCATA/  R1« 200), CODE (200]I ,XRl200),Z(200),XZ<200), 

lN"NUM(10,?0),TI200),jnj200J^      _ 
"FAL*A X(100)l"VaÖÖl»TXl2)tTYi2)tfltLEC20)tZMÄX 
READ   «5,1000)   TITLE,«MAXj,|MAX 
CALL  CCP25Y   (0.7,0.2,0.2,TITLE,0.0,801 
CALL  CCP1PL   (0.7,0.7,-3) 
TX(1)«0.0 
TY(l)«0.0 
TX(2)'R»'AX/9.0  
TY(2)=P»*AX/<).0 
ZMAX=ZMAX*TY(2)*2.0 
TF   (ZMAX.LT.17.0)   ZMAXM7.0 
0"» IOC JM,MAXJ 
NSTAP.T=I*!M J) 
NSTHP-IMAXMI 

u~   101   I*N3TART,NST0P 

fc,P*NPNH»M!,.J) 
Y(N)»P(NP) 

101   X(N)»Z(NP) 
CALL   CCP6LN   (X,Y,N,1,TX,TY) 

100   Cr.NTINUF 
m   102  1*1,MAX! 
^TAPT»J*TN( I) 
NSTOP-JKAXU J     _.        ...      .              _ _ 
M»0 
DT   103  J**'STAPT,NSTnP 
M«M*l 
MP»NPMI'MI,J) 
Y(N)»«>(MP) 

103   X(*J)«Z(NP) 
CALL   CCP6LN   (X,V,N,i,TX,TY) 

10?  CTfTIWIJF 
CALL   CC°IPL   (Z*AX*-0.7,-3) 

ICOO  F->»MAT   (20A4/2F10.0) 
P6TUP*1 

V**»Zh  BLOCK  /TO" / MAP  SUE 100 
1CATICN SYMBOL LOCATION       _    SYMBQL UJCATtQN^ SYMBOL LOCA 

0 I MAX 50 JMIN Ä0 JMAX 
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FUNCTION NODEUjJ)  
IMPLICIT REAL*8(A-H,0-Z» 
CCMMCN/TD/ I*IN(20)tIMAX{20)tJMINtlO),JMAX(10I,MAXI,MAXJ» 
INMTLtNBC 
NOOE«0 
DO   100   JJ«1,J 
NSTAPT-IMIMJJ) 
NSTÖP«IMÄX(JJ) 
DO  100   H»NSTART,NSTOP 
NrtDE»NODE*l 
IF(JJ.EO.J.AND.H.EQ.I) 

100   CONTINUE 
«*ETU»N 
END 

OETURN 

COMPON BLUK /TD      / HAP SIZE     100 
1CA-HCN      SYMBOL    LOCATION SYMBOL    LOCATION      SYPBOL 

0        IMAX 50 JMIN AO        JMAX 
FA        K!»TL F8 NBC FC 

L"CA* 
( 

1CATITN 
AO 

ECUIVALENCE DATA MAP 
SYMBOL    LCCATTDN      SYMBOL    LOCATION SYMBOL LOCA" 

"•CATKN 
A4 
B« 

SCALAR MAP 
SYMBOL   LCCATIDM     SYMBOL   LOCATI"»».     SYMBOL 
.1 A8        NSTART        AC       NSTOP 

LOCA 

STATEMENT NUMBER 
XATtrN     STATEMENT LOCATION 

156 4       156 
17A o       182 

MAP 
STATEMENT LCCATION 

5      15E 
10      18E 

STATEMENT 
6 
11 

LOCA 
1* 
H 

IK EFFECT*  Nni0,BC0fS1URCEtNOLIST,NODECX,L0A0tMAP 
IN EFFECT*  NAME « NCDE    , LINECNT ■       50 

IC<*   SOURCE ^TATEMEKTS ■      13,PROGRAM SIZE • 
ICS*  N" DIAGNOSTICS «"EMPALED 
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SUBROUTINE POINTS 
iwnitrifftt^Ti=wö=iT"—■'.-:■  " "——      ' 
INTEGER  COOE     ,        ■ 
ccMMeN/Biswm^ NUMSC 

INUMST 
ccMMCN/NAtp7ia$m~fini^r^^TEETtiTiiai^i6i   *     ~ 
CHMMCN/NPOATA/  P.12001,C00E<200)»XRI200),i(200),XZ(200), 

II ] •■   !>jPNUMrio,wrtn2oir>7"xTT2i5öi—"" —   
- Cr«MnN/?L«ATA/   BE?A{200J,EPR.C200i,PRI20»tSH(201fIXI200f51,IPI201, 

ijpt2oit!si20)^isv2»TtÄL^HÄTSö5Tt~fTriaoit3nj£oo^srr2or 
CrMPCN/SCLVE/   XC888)tYI88B)tTEM(8MI>,NUMTCtMBAN0 
C™MON/T0/   t«lN<20»,IMAXl2ÖrrJW!NiiÖKJMA){riÖl,MÄXl,MAXJ, 

IMMTLtNBC 
C CM MC*/PL AM/NW   "" '"■ ""   "' '" 
niMEKSinMAR(10»20)»AZ(lOt201tMATRR(200,5l»BLKANG<200l, 

1BLKALF(?00J 
OimSI^N   IBNr,(l30),NBNGtl30» 
EWI VALENCE   < *< I) t AR)»( Z( i)tAZ) 

(-,«    **************************** ****** 
C ESTABLISH WAAL 'POINT   iNFORNATfON" 
£****************♦******************* 

NEL-0 
N?OSI!M»0 
OH   100   J=l,MAXJ 
NSTAPT*IMTK(J) 
NSTOP*?MAX(JI  * 
nn  100  I'NSTAP'tNStOP 

100   MJDSUf'NHDSUM+l 
MELSUM«0 
JJWAX-MAXJ-l 
0^ 1.0 JJ«l»JJ»AX 
^S"OP«HIfO(fMAX(JjV,IPAX(JJ*l)i-l 
MSTAPT«MAXO(IMTN<JJ)»IMIN(JJ*U) 
OH   110   II-NSTART,NSTCP 

110  *ELSUM*NFISUP*1 
HIJMNP,H0DSUM 
MUMEL«K£LSUN 
D"* 120 J»ltHAX.I 
MSTAPT^I»«If»|J) . 
HSTOP-IWAX«JJ 
00 120 I»NSTAPT,NSTOP 
NPNUMCtiJI-NCbE(ItJ) 
N»-NPNU*HTt J) 
»(NPl-APCItJ)" 

120 7(N°)«AZ<ItJ) 
£*«********•••****•*******• ********** 
C «EAO  AND ASSIGN  BOUNDARY CONDITIONS 
C*   ***************************** t  * *  * * * 
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C     INITIALIZE _      _ _ 
C* ************ *********************** 

DO 130 I»1,NUPNP 
CODEU)«0 
IF(R(I).EO.O..AND.NPP.EQ.OI C0DE(I)*1. 
XP(I)«0. 
XZt*)*0. 
XT(I)«0«0 

130 T(l)*0. 
TF(NRC.EO.O) RO T") 210 
DO 2C0 !BC0N*1,NBC 
REAO(5,1002) Il,I2,Jl,J2iICN,PCON,ZCON,TCON 
nn 200 I*Il,T2 
01 200 J»JlfJ? 
MP*NPNIIM|TV J) 
C10E(H>)*!CN 
XP(NP)«*CON 
XT(NP)»TCPN 

200 XZ(NP)«ZCON 
210   MPRINT.O 

On   230   J»lfMAXJ 
NSTART.IMIMJJ 
N?rnr>«iMAX(J) 
DO  23U   I«MSTART,NSTOP 
NP«N»Nl»«f tfJ) 
IF(MPRW.NE.O) GO TO 220 
WRlTE(6t2000) 
MPRIN7«5<» 

220 MPRINT«MPRINT-i 
230 WRITE(6t200U TtJ,NP,CODEINP)#R<NP1tZtNP),XR(NP|,XZ(NP),XTCNP) 

C* *********************************** 
C    ASSIGN MATERIALS IN BLOCKS 
£***********»*****»•*****•**•♦******* 

DO   300   "laltMJMEL 
300   IXI-1*51-0 

D"  310  IMTL-liNMTL 
READ   (5flC00I   KTL,tMATRILCINTLtIN|,m-2,5l,BLXANG(IMTLi, 

IBLKALFUMTLI.TBNSC IMTUtNBNßtlMTÜ 
310   MATRILUPUtD^TL 

ICNG«0 
NCNr,«0 

£*********•**********************#*** 
C ESTABLISH EtE«ENT„INFQRNfcT!ON 
<;*******•**#♦***•**••**•••**•**•*♦•»>* 

JJfAX-MAXJ-i 
N«0 
«TL-l 
KTL-1 

a? 

http://www.abbottaerospace.com/technical-library
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GO TO 400 
GO TO 400 
GO TO 400 
GO TO 400 

01  A40   IJ»1,JJMX 
NSTMOiM1NOC!MAX(JJ),I MAX fJJ+ ITi-l 
MSTART*MAXO(rMIN(JJ),IMIN(JJ-H)) 
Dn 44Q   ! I*N~START»NSTOP  
NEl*NEL+l 
DT 4oo"iHn«itN»»TL   "" 
!FU!.LT.PAT<mUMTL,2>) 
T F (II .fi E . MÄTRIL 11 MtL ♦ 3 j) 
!F( )J.LT.MATRIL(IMTL|4)) 
IF(JJ.GE>ATRILf!ritLi5)) 
KAT=IMTL 
MAT»MftTRIL(iwTL,t) 

4C0   CONTINUE 
TFtKAT.EC.KU)   «50 "TO   410 
KTL=K/VT 
MTL,MAT 

~i rr 4?o 
MO   IM!I,EO.N<TA«Tl  63   T?  420 

IF( I J.NE.JJ^AX.OP.II.NE.NSTOPJ   GO  TO  440 

lANnsICNG 
NANG-NOC 
r.n Tn 421 

42,1   I-MPKU«(I!, M) 
!=Ul 
KaNPW«(II*l» U*U 

TX<ftU*I 
IX(M,2)»J 

TX(M,4J*L 
!X('',5)»MTt 
0'TAtMjsBLKANCfKTL) 
ALPHA(MI»BLKALF(KTLI 
!Avc»!cnr. 
NAMG»NCNC 
!CMr,«!HMG(KTU 
NCNi;*NBNGIKTt) 

*">!        »!C»2 
413   M«N*l 

IFIM.LE.HI   GO TO 440 
ixrN,n«TxiN-i,u*i 

TX(N,3)»rX<M~l,mi 
*X|W,4i»IX(N-l,4l*l 
TX|Nt5I»fXJN-l,5} 
BE^A|N|»B6TA!W-U 

M 
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IFÜANG.EQ.1) 00 TO 442 
ALPHA(N)=ALPHA(N-1) 
r,n rn 443 

442 CONTINUE 
IF(NC.GT.NANG) GO TO 444 
AIPHA(N)=ALPHA(N-1) 
GO TO 443 

444 NC«1 
ALPHA(N)=-ALPHA(N-1) 

443 CONTINUE 
MC=NC+1 
IF«M.GT.M GC TC 430 

440 CONTINUE 
TF(N.)M^P.GT.200Q) WRITE (6, 2002) 

£***********************#************ 
C SET   NODAL   POINT   TEMPERATURE   TC   REFERENCE   TEMPEPATUPE 

IFINIIMTC.NE.OJ    RETURN 
01   500   M=lfMUMMP 

5C0   T(N)=TpEp 
10C0   FORMAT   (5!5,2F10.0,215) 
1C02   FrPMAT(4I5,IlO,2F10.0) 
2C00   FnDMAT   (12AH1 I J N* TYPE R-OPDINATE Z-HRDINA 

1TF     P   LrAO  PP   DISPLACEMENT     Z   LDAO  OR   DISPLACEMENT     T   L~IAO   OP   01SP 
2LACEMENT) 

7001   F13MA'   <2!«>,I6,I12,F13.6,F14.6,E26.7,E24.7,E24.7) 
?002   P'^RMA*   (35H     LAO   INPUT   -   rnr(   MANY   NODAL   POINTS) 

PFTlJf N 
FMD 

CTMMCN  BLrC* /BASIC        /  MAP   SUE 3C 
AMCNi cywHOL           LOCATION SYMBOL          LOCATION SYMBOL L<X,AT| 

0 AW.VKL                       « ANGACC                    10 TPEF \t 
28 NU»*FL                       2C NUMPC                      30 MJMSC V 

CD^M^N  BL"»CK   /MAT» /  MAP   SIZE 24E0 
ATKN <Y«BOL LrCATION SYMBOL LOCATITN SYMBOL L"KAT] 

0 6 30 EE 2430 AOFTS 2^B( 

CIMMr^   BLOCK /NPDATA     /  MAP   SIZE          2BC0 
ATfTM SYMBOL           IOCATI0N SYMBOL          LfCATICN «YMBOL L!~CAT1 

Ü AP                                 0 CODE                      640 X» 96C 
FAO XZ                          15E0 NPNIf                    1C20 T le4( 
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LEVEL  21 OUAD DATE * 75066 14/36/25 

C* 
C 
c* 

ICO 

110 
f.*   * 
c 
r* * 

SUBROUTINE QUAD 
IMPLICIT "PEÄL*8TA-H,0-1T       ""■     " _:—~T      ' " "  
INTEGER CPOE 
PEAL'S NtSN.NÜtNtNUTSfNUNlViraNtiNÜST 
DIMENSION  Dt)MMYC6,6»,DU«Wil6»6J 
CGMMON/BAS'tC/A"Cft f, AMVTTTAT^AC ,TR€F,WCYNUIW, flütfEl.MÜMPC,NUMSC, 

1NI1MST 
cc»/MrN/MÄTp/J5ffr6T,frr2,T6~r677iin6TiADFT5i6i 
CHMMON/NPPATA/   R(200), CODEUOO), XRC200),21200),XZ<200), 

1 KPNUM* 10,20) ,T(Jö'0T»"xf|2Ö0T"~ 
COWM^N/ELOATA/   8ETA(200),EPR(200),PR<20),SHI20),IXC20C,5),1P<20), 

lJP(?Ö),iSJ20),JS(20),ÄL^HÄt2OÖ),fTf200),JTJlÖÖ),ST(20) 
CGMMrN/APr,/PPR(5),ZZZ(5),RRC4),ZZU)tSll5,15),P(15).TT(6), 

1H(Att5),CPZ(6,A),Xtaö),"ÄNÄTr*)inefi8),ERSU8),N 
CCMMrN/RE?ULT/eS(6,15),n(6,6),C(6,6),AR,BB(6,9l,CNSI6,6) 
CfMMON/PLANF/N'PP 
n»ix<M,n 
J1=!X<N,2) 
Kl«TX(N,3) 
L1«!X(K,4) 
"TYP£«IAB«UX<*,5)I 
IX(N,5)»~IX(K,5) 
********************************** 

INTE»PILATE MATEPIAL PROPERTIES 
********************************** 

on 100 I«1,12 
EE(U«E; 1,1*1, «WE) 
0-"» 110 !»1,6 
D"> 110 J*l,6 
CNSU,J)*O.Q 
cn,j)=o.o 
D(IiJ!>0.0 
********************************* 

RELATIONSHIP  IN N-S-T  SYSTEM 
*************** 

F-ioM   STRESS-STRAIN 
********** 

NUNS«EE<4) 
NLNT*EE(5) 
NLST«EE(6) 
f"LSN=(Ef;(2)*MJKS)/EE(l) 
WTN*iEE(3)*MJNT)/EE(l) 
NUT$MEfc(3)*M.ST)/EE<2) 
OIV«i.O-NUNS*NMSN-WST*NUTS-NUNT«NUTN-WSN*NUNT*NtlTS 

l-NUNS*NUTN*NLST 

********* 

CNS(l,l)'fcE 
CNSU.2)»EE 
r.NS(l,3)«EF 
CNS<?,l)*OMl,2) 
CWSI2,2)*FE 

n*(l.O~KUST«NUTS)/"OtV " 
2)*CNUNS»NUNT«NUTS)/DIV 
3)*<M)NT*NUNS*NUST)/DIV 

2)*tl.0-NUNT«NUTN)/0IV 

J0 
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G LEVEL     21 QUAO OATE «   75066 14/36/2 

i 

CNS(2t3)»EE(3)«<NUST+NUSN*NUNT)/DI V__ 
CNS(3,l)»CNSU,3) 
CNS(3,2)«CNS(2»3) 
CNS(3,3)»EEt3)*U.0-NUNS*NUSN)/DIV 
CNS(4,4)»EEJ7) 
CNS(5,5)*EE(8) 
CNS(6,6)=FE(9) 
SET  UP "STRAIN  TRANSFHAM   TO  N-S-T   SYSTEM 
SINA»DSINULPHA(NI> 
COSA=OCCS(ALPHA(Nn 
S2«SINA**2 
C2*CPSA**2 
SC=SINA*CCSA 
D(1,1)»C? 
D(1,3)»S2 
D(1,6)*-SC 
D(2tll»S2 
D(2,3)«C2 
D(2,6)«SC 
D(?.t2t>l»0 
D(4,U«2.0*SC 
DU,31 —2.0*SC 
0(4,6)*C2-S? 
0(5f4)»S!NA 
0(5,5)«CC?A 
D(6,4)»C0SA 
D(6f5)«-SINA 
SET  UP  STPAIK  TRANSFORMATION 
SINB«OSIN(BETA(Nn 
CnSB-OCOSIBETACM) 
S2-S!NB*«2   
C2«CCSB**2 
SC»SINB«C1SB 
C(ltll«S2 
C(lt2)*C2 
C(1,4)«SC 
C(2tl»«C2 
G<2,2)*S2 
CI2,«1«-SC 
C(3f3)«1.0 
C(4,1I«-2.0*SC 
CC*,2»«2.f,*SC 
C(«,4|»S?-G2 
C(5,5»«*'.NB 
C<5,6)*-rC$B 
Ct6,5)»C"»$B 
L(6,6)«SINB 
CALCULATE CP£  MATRIX 

TO R-Z-T  SYSTEM 
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r, LEVEL  21 ÖUAO DATE « 75066 14/36/2! 

C 
c 

00 120 I«l,6 
 W  120 J=l,6     " "■"'        "~ ~  

DUMMY(I,J)*0.0 
on 120."K"«ii6" 

120 DUMMYU. J>«DU"*Yd, J 1*0(1,K)*C(K,J) 
00 130 1=1 »6 
00 110 J*l,6 
nü^MYin,'.ji«"o.o      '"  "~ 
OH   130   <«i,6 

130  nilMMy i { I, J) =DUMMYI (I, J )+Cl$< I iK) *DUPMY( K, J) 
on 140 i«1,6 
OH   140   ,1 = 1,6 
OUNMYtI,J)»0.0 
0^   140  «=1,6 

140   DUMMY!!, J)>Ol.^VY(If J)«0(Kf I)*OUHMYlfKtJ) 
Of!   160   1=1,6 
DT   150   J=l,6 
CPZ(T»J)«0.0 
OH   150   « = 1,6 

150  CRZ(!»J)*CPZIIfJ)+C(K,I)*DUMMY(K,J) 
TT(I)=0.0 
Dn   160   »»=1,6 
P(W)»0.0 
DT   161   11-1,3 
IFUOF'SJMTYPE) .EO.l.J   P (W|«CNSI M, I! )*EE <11*9) 

161   P(M»»PC«)*(T(N)-TREF)*CNS<Mtl!)*EECn+q) 
DO   160  K.1,6 

160  TTm-TT(!)4.C(*,n*D|M,K)*P(M) 

F"PM QUADRILATERAL STIFFNESS MATRIX 
so»(5J«(P(Il)+C(Jl)*R(Kl)*R(Ll)l/4. 
zi z is)-1 z IT i )*z<jii*ziKü*2(L in A. 
on 2oo *«i,4 
M*«IX(N,") 
TffNPP.NE.O)   Gr  TO  iqo 
IF<P(WM).fO.O..AND.CCDE{MM).EQ.O.)CODE»"*»■!. 

1<J0  PPP(MJffiCMM) 
?00  12HV)*HM) 

On 220 11*1,15 
PlIII-0.0 
on 220 JJ«l,l5 

220 S(TT,JJJ«0.0 
00 «»0 T«l,6 
V*L*0. 
on 90  J»l,15 

90   RSUtJJ-O.C 
AR«0.0 

2*0 CALL  TPISTF(4,lf5) 
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6 LEVEL 21 

91 

CALL TPISTFfl,2f5) 
CALL TRISTF(2t3,5) 
CALL TRISTF(Jf4t5> 
00 91 1-1,6 
DH 91 J-ltl5_ 
8SU,J)-BSUtJ)/AR 
PETURN_ 

QUAD DATE = 75066 U/36/2! 

COMMON BLOCK /BASIC  / MAP SIZE 3C 
»CATION     SYMBOL   LOCATION     SYMBOL   LOCATION     SYMBOL 

0       ANGVEL        8       ANGACC       10       TREF 
28       NU*EL        2C       NÜMPC        30       NUMSC 

LOCA1 

COMMflK  BLOCK   /MATP /  WAP   SIZE 24E0 
5CATICN SYMBOL LCCATION SYMBOL LOCATION SYMBOL LOCA" 

0 E 10 £E 2430 AOFTS 241 

COM«CN BLOCK  /NPOATA     / MAP  SIZE 2BC0 
5CATICN SYMBOL LOCATION SYMBOL LOCATION 

0 CODE 640 XR 960 
1C20 T 1F40 XT 2580 

SYMBOL 
Z 

LOCA* 
F. 

CCM*™  BLOCK /ELOATA    / MAP SIZE         2BC0 
ICA^ITN              SYMBOL         LCCATION              SYMBOL LOCATION 

0                   EPR                         640                   PR C80 
1060                  JP                       10B0                   IS 1E00 
24E0                  JT                       2800                   ST 2820 

SYM80L LOCA 
SH 0: 
JS IE 

COMMON BLOCK  /ARG 
OCA-HCN SYMBOL ! CCATI?N 

0 7ZI 78 
798 TT 810 
C80 SIG CAO 

/ MAP SIZE    0C4 
SYMBOL   LOCATICN SYMBOL   LOCA 
RP           SO ZZ 
H          840 CPZ         B 
EPS         030 N          0' 

"CATKN 
0 

•     6C8 

COMMON BLOCK   /RESULT     / MAP   SIZE 7E8 
SYMBOL   _    LCCATION SYMBOL LOCATION SYMBOL LOCA 
0 200 C 3F0 AR 5 

C.0MNO* BLOCK /» .ANE       / MAP  SIZE 
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I.EVEL     21 ._.,„._ SET DATE *  75066 H/36/25 

SUBROUTINE SET 
*TM«>tTclT  REÄTWTAHHUÖ^) 

INTEGER CODE 
CC * MQ N/ fe AS i c / AC EL ZV*NS?er, AlifiACC, TR Pf VOL , WMlPTflWBCf NO W£ ,NUMSC, 

1NUMST 
ccMMCN/NPDÄtA/ ''irr2o$rvT0ttrcTOTffln^ 

lN«>NUM(lO,20»tT(200»,XTf200l 
COMMCN/EtOATA7  BlTÄl2öd")TnsRT2ÖTn^Rr20F, SW2Ö7,TXr270Ö, 51, IP(20 J, 

lJP(20),ISC20»,J$120),ALPHAI200»,in2001,JT(200),STI20> 
CnMMON/C!T/NEQL     fNSLIPtiCRÄCKiTSiiPflNP.NSKlP 
C-*MWDATAl/R?N«2Q0),R$T<200),RNN(200l 
ClM«aN/nA+Ä?/IFÄIti200l,TB(2OÖ,t2r»tCR(2ÖO»,iADf2O0,4) 
C"!MM'W0ATA3/TFA!UCF 

c '       " ~    " " '     "" 
C »FAD  NUMBER  CF   TTERATHNS  FOR  SLIP,FOR   EQUILIBRIUM,COEFFICIENT 
C HF  FRICTION   AND  MAXIMUM ALLOWED   INTERLAMINAR  SMEAR   STRESS 
C 

REA0(5,iÖ0H   K$LIP,NEQL,TFAIL 
OH   10  I»l,NIIMN«» 
!FAiim»o 

10       TCP(I»«0 
C 
C REAO PARAMETER!   DEFINING OIRECTION OF SLIP 
C 

PEAO(5,1001)   NCBItNCBJ 
IFCNCBI.E0.01   6T5"TÖ"13 
00   U  N»1,NCBT 
RFA0(5,10C0)   NIMINfNIMAXtNJMIN.NIMÄX 
00   U   I'f'fMTN.NIMAX 
r,n   u   j«f,J*^,KJMAX 
*>oi »«NPN'MMI ,J) 

U       !C»ln»!.M"«t 
13 C-N-JMIJF 

»f n.r.j.j.Eo.o) r-n "'  i* 
n-  i?  \- ntf>c-\j 
f'M0(S(irU0l   M**lNfNIM*X,NJMINtNJM'AX 
n-   l?   I«NtMlN,MMAX 
0*   1?   J«r>J«lK(NJMÄX" 
h'0\ J=fjPHt»M(I, J| 

12       !C«IN»!.U«2 
14 CONTINUE 

C 
C    IDENTIFY FOUR ACJACENT ELEMENTS FOR EACH N3DE    __ 
C 

0* 21 N«1,NUMNP 
OH  21   1*1,* 

?1       IAOINtI*«0 
00  22  N»1,WJ^EL 
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0  LEVEL     ?1 SET DATE «   75066 14/36/?' 

DO ZI   1-1.4 
IXX-!X(N»1) 

2?       TADf!XX»IJ«N 
1000  F0PMATC4H0) 
ICOl  F0RMATI2!10t 

RETURN 
END 

F10.3) 

cr^^rK BLOCK 
XATTf*: SYMBOL IXATION 

0 ANGVEL 8 
?fl NUMEL 2C 

/BASIC       /  MAP 
SYMBOL 
ANGACC 
NUMPC 

SIZE 
LOCATTON 

10 
30 

3C 
SYMBOL 
TPEF 
NUMSC 

LOCA- 

C3MMPN  BLOCK /NPDATA     /  MAP SIZE          ?BCO 
lCATff'N              SYMBHL          LOCATION               SYMBOL LOCATION SYMBU 

0                    CODE                      640                    XP 960 Z 
IC20                  T                          1F40                   XT 2580 

LOCA 
F 

Cr^MrN BLOCK /ELOATA     /  MAP   SIZE 2BC0 
"»CA'ICH SYMBOL LOCATION SYMBOL LOCATION 

0 EP» 640 PR C80 
1060 JP 10B0 IS 1E00 
24E0 .P 2800 ST 2B20 

SYMBOL LOCA 
SU 0 
JS IE 

XATTCN 
0 

CO«*wrN BLOCK /CIT     / MAP SIZE      18 
SYMBOL    IOCATKN     SYK30L    LOCATION      SYMBOL 
MSLTP 4       ICPACK        8       ISLIP 

LOCA 

COMMON BLOCK /DATAl   / MAP SIZE    12C0 
XATICN      SYMBOL    LOCATION      SYMBOL    LOCATION 

0       PST 640       RNN C80 
SYMBOL LOCA 

C*MCN  BLICK   /0ATA2       /  *AP   SIZE 5DC0 
^CATTOM $Y*ßr>L LOCATION SYMBOL LOCATION SYMBOL LOCA 

0 TB 320 ICP 4E20 IAD 51 

C?*M«*K  BLOCK   /0ATA3       /  MAP   SIZE 10 
OCATICN SYMBOl LOCATION SYMBOL LOCATION 

0 CF 8 
SYMBOL LOCA 
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G LFVEl  21 SOLV OATE » 75066 14/36/2 

C 

c 
r 
C 

c 
c 
r. 

c 
c 
c 

SUBROUTINE SGLV      __ 
»MPLIci'T REÄl*8(Ä-H,Ö-Z) 
CHMMnN/eAS!C/ACELZ,ANr,VELfAMGACCrTREF,VOLtNUMNP,NUW|L,NUMPC,NUMSC» 

iNUMST 
CCMM<WSPLVt/B(72),A<72,36),NUMTCiHBAND 
«M»MBAND 
NN*3fc 
v-LsNM+l 

"EWTNC   1 
CEWIN'D   ? 

nn rr> i^o 

1.   SHIFT   BL^CK   CF   EOLATIONS 

100   NflsNB+i 
01   !?■>   *!-l».^ 
MM=MM+N 

A(N,*)«A<M»*) 
125   A(NJ*,M)«0.0 

?. "FAD NEXT BLCC* OF EQUATIONS INTO CORE 

IFCNl'VBiK.EO.NB) GO 70 200 
1^.J »FAD(?J <fl(N),(A(H,Ml,Mal»MM),N«NLtNH» 

TF(NB,EO.O) r.r   TO 100 

1.   »EDUCE   BlCC*   OF  EQUATIONS 

200  Dl   300  N*l,f:> 
IF(A(N,1KE0.0.0>   GO  TO  300 
B(N>»e(N)/A(l,ll 
0^  27'S  L*-?iM»< 

TF(AtNtL).EQ.O.O)   rO   TO   27S 
C»A(N,L»/A(M,1» 
I«N*L-l . 
J»0 
On  2S0 K»l,"f 
l«J*l 

250   A(I,JJ-A(!,JJ-C*A(N,K| 
B(T)«8(!)-A(N,L)*B<N) 
A{NtU-C 
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G LEVEL     21          _ WtV  OATS « 75066 U/B6/2! 

275 CONTINUE 
: -JÖÖ TCNT1NDB—~~           
C 
C 4.  WRITE  BLOCK  OF REDUCED f^ttlONSTÖN FORTRAN UNIT  I 
C 

"'iFiNuwi~r.~E9.rei eo'TfftoT  
WRITE   tl)   CB(N),<A(N,M>,M-2,MH},N-1,NN) 
Gl TO l"00"~ " 

C*   *********************************** 
C BACK-SUBSTITUTICN 
£************************************ 

«00 DO  450 »«li^N 
N«NN*l-M 
OH  «25 K«2iMH 
l»N*K-l 

«?5   a<N)«B<N)-A(N,*)*8<L> 
M**N+NN 
B(NM).B(N) 

450  A(N»VN&)*B(N) 
NB»NB-I 
TFtNB.EO.OI   GO   TO 500 
BACKSPACE   1 
READ   (U   <B<M,(A(N,M)t"*2t>«W),N*l»NNI 
BACKSPACE   I 
GO TO  «00 

C*   *********************************** 
C ORDER FORMER   UNKNOWNS   IN   B ARRAY 
et*********************************** 

SCO K«0 
DO 600 NB-ltNU^BLK 
D« 600 N>l|N* 
N*«N*NN 
<»K»1 

600 BIKI«ACN*,NBI 
C* ****•*•**•**••***•*••***»**•***•*** 
C WRITE  S3LUTICN 

MPÄIN'»0 
Of» 710 N-lfNUMI» 
IFIMPRIKT.NE.O)   GO "*0 TOO 
WRITE   (6,2000 
*PRIfcT»59 

700 *PRIN'"«MPP!NT-1 
710 WRITE (6*20011 N,BB*N-2),B!!»N-lltBi3*N| 

2000 F0R«AT   I13HI   NCCAL  POINT,l8X»2HUR*lBX,2HUZt1RX,2*UTj 
2001 FORMAT  U13»3E2C7) 

»ETÜRN 
END 
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n   LEVEL     21 STIFF DATE  ■   75066 14/36/25 

?URf»PUTINE_ST!F 
IMPLICIT REALER 

INTEGER CODE 
CCMM:N/»äSIC/AC 

INUMST 
CTMMCN/NPOÄTA/ 

tNPNUM«10,20),T< 
C^rMElCAT«/ 

1JP(20)I1S|?0)IJ 
COMMrN/APG/FP<M 

iH(6,l5),CfiZ<6»6 
CCWHrK/SrLVE/B( 
COMMPN/PLANF/NF 
Cr^MrN70ATA?/TF 
niMENSTCM   L«<4) 

C *   *   *   *#***** 
C TMTTIALIZATirsv 
C* ********* 

ofWINO ? 
wn=3 6 
N'02=?*NP 
«^THPrO. 
NUMBLK=0 
no loo fj-i,ND? 
B(M)*0.0 
on ioo M-I.NO 

ICO A(NvM|«o.O c* ********* 
C     P^PW STIFF^E1"« 
(2********** 

200   vU^ftlK»f:UMBLK*1 
\'Mr* tJ*(MJf8LK + l 

VL*KM-NB+1 
*SH!FT»3nL-3 
Hi   340   M!,Nl*F 
IFUX(N,5).LF.O 
0^   ?10   T*l,4 
Tr(!X(t,II.L"r .* 
|FI!X(N,I).LE/' 

210   CN-INMfc 
r.n Tn  340 

??0   CAl I    CUAD 
IF(unj..r,T.O») fi 
W°ITE(6,2C0Q) f' 
TTHP-l. 

230   IF(IX(w,?).EO.I 
Dn   231   TIM,3 

1A-H,0-Z) 

ElZtANGVELiANGACC»TREFfVOL,NUMNPfNUMEL»NUWPC,NUMSCt 

P(200 J,CODE(2001*X*(200)t Z(200 ) ,XZ(200>i 
2001»XT<200) 
eETA(2ÖÖ) , EPR (200),PR(20),SH( 20)»lX«2dÖ»5) ,~IP(20), 
S(20),ALPHA(200)tIT(200),JT(200),$T(?0) 
5)tZZZ(5)tfip(4ffZZU)tS(L5»l5)tPli5)tftl6it 
),XI(10)»ANGLE(4),SIG(18),EPS(18),N 
72),A(72t3*)fNUMTC,WBAND 
P 
ATL(200),TB(2bO,l2),ICR(200),IAO(200,4) 
,S2(12,3)tS3<3,12),S4(3,3),S5(12,3)tS6(12,12) 
************************** 

*  *  * ********************** 

************************** 
MAT» IX   1*1  BLOCKS 
***   *********************** 

) 

)   r<0   Tl   ^40 

D  fi-1  TT  210 
*)   G1  TO   220 

0  Trl   ?30 

X(H,4|)   GO  TO   300 

9t 
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msss *$kj^S*^ 

G LEVEL  21 STIFF DATE « 75066 14/36/2? 

DO 231 J.J«1,3 
231 S4< ff , J JT-STTT* 12. JJ + 12 ) 

CALL SYMINV(S4,3) 
DO 232 11*1,12 
D" 212 JJ«1,3 

232 S2(!I,JJ>*S(I!,JJ+12) 
DO 233 11-1,3 
DD 233 JJ«1,12 

233 S3(ITfJJ)«S(II-»12t JJ) 
D? 240 1*1,12 
D" 240 J = l,3 
SS(!fJ)-0.0 
Di 240 K = l,3 

240 S5(!,J) * S"5(T, j| ♦ S2(!,K) * S4(K,JJ 

D*1 ?4l JM,12 
$6(TfJ)*0.0 

S6I!,J» ■ S6(I,J) ♦ S5(I,K) * S3(K,J) 
nn 234 I1*1*12 
Dn 2*4 JJ*1,3 
PiIT )«PCII)-<5!IT,JJi*P«JJ+12J 
n^ 235 M«l,l2 
m 235 UM«!? 
SCII, J n=Sl!!,JJ)-^6(IT,JJ) 
m 03 i*ifi2 
D^ 93 J«l«12 
p(T»»P<!>-S<!,J)*TB(Mtj) 
*******•*********#*«*****«****♦*** 

ÄTD ELEMENT «TTFPNESS MATRIX TO BODY STIFFNESS MATRIX 

D«   310   I »1,4 
L^U)»3*IX(M,n-3 
til   330   1=1,4 
D"!  330  "»1,3 
II»LMCn*K-K£HTFT 
KK»3»I-3*K 
BlIT)*BIIIl*P«fKl 
D"» 330 J»l,4 
DO 330 L«l,3 
JJ'LM.!1+L-?! ♦!-<$«! FT 
ll*3*J-3*L 
IF(JJ.LE.O) C*   »0 330 
IF(ND.GE.JJ) GC ▼*) 320 
w*:TH6,200l> N 
*» * -^ n ... • 
-J I   " - I • 

?41 

?3H 

23S 

93 
C* * 
c 
(,* * 

300 
310 

3 (CU » % 
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rt^^¥mm9Wf!<"!liS,J j!j.  ''-WM 

G LEVEL  21 STIFF DATE « 75066 14/36/2 

330 CONTINUE 
?Vo CONTINUE 

C*   ********* 
C ADO  CONCENTRATE 
C*   ********* 

OH  400 N=NL,KM 
IF<N.GT.MJMNP) 
K*3*T-KSH!FT 
B(K)*8(K)*XT(N) 
BfK-U*B(K-lKX 

4C0   P(K~2)«B<K-2)+X 
C*   ********* 
C ADD  PPESStJPf   Bf 
C*   ********** 

•?C:C    IFIMIJMPC.FO.O) 
OT   <HC   l»i»NlMP 
I=TP(L; 
J^JP(L) 
n>«P»(LI/6. 
D»*i"i.ii-t h n* 
D7*( ZU W< Jll* 
-<=2.*p(r»*pm 
?X-»|I)*2.*~(JJ 
! T=3*I-K«HIFT-l 
JJ»3*J-KSH!fT-l 
IF!II.lE.O.np.I 
^TNA«0. 
C.-'SA«!. 

SIC   RHT-l)*Bf!!-t) 
rt(!I l-fllin-M* 

C?C   *M IJ.LE.O.^c.j 
S^IA*0. 
n«A«i. 

c30   >H J.l-l» »HI JJ-1 ) 
3(JJ1«BCJJI-ZX* 

?41   CrNTU't'E 
f. ********** 
C ADO   «HFAP   BnUNO 
r *********   * 

6C0   IFCNUWSC.PC.O! 
DT   640   Ltl,M.H5 

J«J5"l» 

DZ-irm-ZUII* 
l!"«(MJl-PI!!l» 
PX«2.•*!!!♦•IJ» 
lX«em*2.*«f Jl 

*****.******************-*** 
0 FORCES ~  
************************** 

GC T1  500 

Z(N) 
P(N) 
************************** 
UNQARY  CONDITIONS 
************************** 
Gn  T<?   600 
c 

pp 

F.ST.NO)   GO TO  520 

♦4»X*tC0$A*0Z*$!NA*OR| 
(SINA*OZ-COSA*D*U 
J.r,r.hQ)   GO TO   540 

♦ ZX*(CnSA*DZ«-SINA*D«i 
<SINA*DZ-G3$A*0R) 

*****   ********************* 
A»Y CCNOTTIHNS 
************************** 
nr Ti ?oi 
c 

ss 
ss 
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~*^ 

»N IV G LEVEL  21 STIFF DATE * 75066 14 

II»3*I-KSHIFT-l 
jjj5ij.KSHIFT_-r-    

IFIII.LE.O.PR.II.GT.ND) GO TO 620 
SINA»0. 
COSA-1. 

610 BUf-i )«B< 11-U *RX*< S INA*DZ«-CO$A*DRI 
Bim«BUI>-RX*ICOSA*DZ-SINA*DR) 

620 IF( JJ.LE.O;nR.Jj.GT.NO) gp TO 640 
S!NA»0. 
C0SA«1. 

610 BtJJ-l)»BUJ-i)*ZX*ISlNA*DZ+COSA*DRI 
8<JJ}«BIJJ)-ZX*(C0SA*DZ-5INA*DR) 

640 CONTINUE 
701 IF(!*üM$TTEö;ö) ^(TTO too     ~" 

00 680  LM.NLNST 
I-IT(L) 
J«JT(L) 
RT.STUI/6. 
PX»2.*R1IJ*P(J) 
ZX«f»ri1*2.*P|J» 
XX»OSO»T tIP IJl-PII11**2*lZIJl-2€111**2) 
H»3*!-KSHIFT 
JJ«3*J-fSHIF** 
IFIII.LE.O.^B.II.GT.ND)   GO TO 670 
»CIT»«BnT|*f<'*px*xX 

670   IFJJJ.LE.O.OR.JJ.G'.NOI   RO TO  680 
BIJJI»B<JJ)*FT*ZX*XX 

ft80 CONTINUE 
C*   ************* 
C ADO  DISPLACEMENT 
C*   ********** 

7C0 01  7*0  ««KLtK« 
IDM«0 
IF|M.G%M'MNP|   GO T0   750 
!F(C<)0Em.GT.3)  GO  TO  751 
INXRCNI 
N«J*M-2-KSHIFT 

752   iFICCOEtHJi   740,750f7l0 
710   IFICOOEIfl.EC.l»  GO TH 720 

IF   (C10E(«).F0.2)   GO  TO  740 
!FIC00E(P).EC.3I  GO TO 730 
GO Tn 740 

720 CALL   «*00IFVIM02,NtUJ 
C00E|M1«C1PEI»»MI0M 
GO TO 750 

730 CALL  *r0TFYUC2.N,U! 
740 U«XZ(«) 

HmH*l 

*<.***************** 

BOUNDARY CONDITIONS 
********** ************ 
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}  LEVEL     21 STIFF QATE »  75066 14/36/25 

CALL   W0Q|FY<N02,WtU> 
C00E<X)»CCDE<*1«IDW 
GO TO 750   _  

151 ?DM«IDM+4 
|j«XT(M) 
AI.STP-KSHIFT "  """" 
CALL   M00IFVIND2tNfU)  
U«XR(M) 
N*3*M-2-KSHIFT    _             
IF(C0DE(ft|.E0«4|  GO TO 750 
C00EH>*C0DE(M|-4 
GO T« 752 

7«>0 CONTINUE           
C*    *********************************** 
C WOTTE   BLCCK  ÜF   EOt'/ATIONS   ON  FORTRAN  UNIT   AND  SHIFT UP  LOMEP   BLrCK 
C*   *********   ***************  *********** 

WRITE   (2)   (B(N)f(MNfMI(M*lrMBAND),NalvNO) 
00   800 PMtND 
K»N*ND _ _ 
R<N)«B|K)      "'* "" -----  --- •• 
&<tf)»0.0 
DO   800  M«1,ND 
MNf")=A(K,M) 

tOO   A(K,M)«0.0 
c* ********* »»»*♦♦» * * * * * * * *_* *_* * * ****** 
C CHECK  FOP  LAST   SLOCK 
C*  ********** * * * *  *_*_*_ ♦♦••♦••^♦••♦••••••* 

IFINM.LT.HUMNPI   GOTO  200 
!F(STOP.NE.0.J   STOP„ 

2000 FORMAT   (27H    NEGATIVE  AREA  ELEMENT  Nl,,i4| 
?00l  FORMAT   (46H     BANtUJOTH „£Xj:E§J>S   ALLOWABLE _FO_R_ ELEMENT  NO., 14 I 

RETURN 
ENO 

CATJ«M 
0 

2« 

«Y*BOt 
AKT.vn. 
NUNFL 

CHMMON  BL5CK 
LCCATION 

8 
2C 

/BASIC       /  MAP   SIZE 3C 
Jt»«BOt         LOCATION.             SVNBHL LOCATJ 
ANGÄCC                   10                   TREF U 
NUMPC                     30                   NUNSC 3< 

COMMON BLOCK  /NPOATA     / MA» SIZE         21C0 
'CATIH              SY^BHL         LOCAUQN,       .   SYMBOL LOCATION . „       SYMBOL 

0                   CÜDE                      640                   XR 960                   Z 
1C20                  »                         1F40                  XT 2500 

LOCAfI 
FAC 

COMMON BLOCK /ELOATA    / MAP SIZE 2SC0 
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LEVEL     21 STRESS DATE *   75066 14/36/25 

c 
c* * 

SUBPriFINE  SJRESS 
IMPLICIT   REAL*äYA-H,fW> 
IHTEGER   CODE 
CrMMCN/3AS!C/ACELZ,ANGVEL,ANGACC,TREF,V0l»NUMNP,NUMEL,NUMPC,NHM$C, 

IHUMST 
CC»<wCM*ATP/oni6),E<12,16,6),EEU6l,AOFTSl6) 
COVMON/NPDATA/   RI200),C0DEI200)»XR1200J,Z<200)fXZI200)t 

INOMIIM (10,20) ,TI 20011 XT( 200) 
C-MMrfj/ELOATA/   BETA(200) ,EPR 1200),PR( 20),SHI20),!XI 200,5), !P(20I t 

I lt>l2O),ISI?0),JSI2O),ALPHAI2OO),IT(20O),JT|2OO),ST|2O) 
COMMON MPG/PRRI 5), III t 5) ,RR(4),ZZI4),$( 15,15 ),P| 15 ),TT<6), 

IH|6,15),CRZI6,6),XII10),ANGLE(4),$IGI1B),EP$(18),N 
CGMMCK/CCNVPG/IO^'E 
C: <MrN/sCLVE/Rn2),AI7-2,36)tNUMTC,MBAN0 
r.^WWPLANE/NPT» 
C1MM'"N/PESULT/BSI6,15),0I6,6),CI6,6),AR,B^I6,«>)ICN$(6,6) 
CCM»TN/C!T/NECL     ,NSLI°» ICRACK, ISLIP» INP.NSKJP 
Ca«*M1N/DATAi/R*NI200),RSTI20O),RNN(200) 
CO^MnN/DATA?/!FAILI200)»TB(?OOtl2),ICRI200),IADC200,4) 
0!»EN£inK'  L»»(4) ,TPIM,TR|3,3),0<3) 

********fe*******************#****#* 

I. 

I 

t 

r. 

100 

11 

110 

12C 

INHIAUZE 
****** 
X*E»0. 
XPR»0. 
MORTf,,T30 

FMfü-.OO«' 
mnNF«i 
00 200 N«l.MJ»*EL 
!X(fc,5)«IABS(!X|N,5)> 
CALL  OUAO 
01 100 1*1,4 
!I*3*l 
JJ»3*TXIN»II 
PII!-2)»*UJ-2) 
e|TT-l)«eiJJ-i) 
PUT)     «BtJJi 
01   11  !«1,12 
PU)»PU)*TRCN,t) 
0*^   110  !*i,3 
0|I)«PII*12) 
01   l?0  1*1,3 
m  120 J«l,3 
TR(!,J)*SU + l2,Jtl>) 
CALL  SVMINVlTP,1) 
0^  130  1*1,3 
PIT*i2)*0.0 
m   130 J"l,3 

*   *   ************************** 
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>  LEVEL  21 SI?ESS DATE« 75066        14/36/25 

DD 130 K*1,12 
no    oa+in-T(T+rir+TT«n rjT*T9Tjr-fii*i2tK»*i>(Kj r   

MTYPE*!ABSUX<Nt5n 
c "   "    "'" '  "        -—    - -     •■■-   - ■■ -  

C MATRIX  P  NOW CONTAINS   15  DISPLACEMENTS FOR QUADRILATERAL  ELEMENT 
c   '""" "  ' " "  "" " 
C    CALCULATE AVER ACE STRAINS 
c '  ~""        *          

Di   IAO   1*1*6 
E»sm«o.ö 
Dl   140  J»ltl5 

140     F»sm>EPsm-»asMf~j)*<MJ) 
c 
C CALCt'lATE   ÄVEPAGE   STRESSES 
r 

0"»   15»   l-lt6 
MGfT)>0.0 
DI   151   J»l»6 

15 1        Sf^H)-STr,(! )*CRZUt J)*EPS(JI 
D"t   15?   I«1,6 

152     <IG»T)»SIfi«I)-TT(!| 
C 
C CALCULATE   5TPATNS     IN  N-S-T  COORDINATES 
C 

01   150   !»i,6 
EPSCI+6I-0.0 
D^   150  J»lt6 
m   150  P«l»6 

150        M"U*6>»EPS(!»6J»D(!f J)*CU,K|*EPS<K) 
C 
C CALCULATE   STRESSES   I*!  N-S-T  COO*DIATES 
C 

D*   160   T»l»6 
r.u*6i«o.o 

Dt   160    l*lf6 
160       STr.<T*fe|»sic(i*6|*CNS(!,J)*EPSCJ*6l 

B">   161   «»1,6 
P(«*)»O.Ö 
DT   161   II«lt3 
fF(Änp-$lwTYPg),EO.l.l   PtM}«CNSCMf n >*EE Ul*9| 

161   Pi«J»PIMi*(T(N}-TftEPi*CNS<Ntni*EE<m9» 
«>1   16?   !«1.6 

16?    Sir,fl»6)»Sir.n + 6M>m 
C 
C 
C CÄLCULATF   ANO  STfiRE   IfcTERLANINAR   STRESSES 
C 

IFCTCPACr.EO.OI  GQ T0  ISO 
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' G LEVEL  21 STRESS DATE ■ 75066 16/36/25 

C 
c 
c 
c 

PTN(NI«SIGU2)*üC:i$iAL0HA(NII+SI6(lL)*DS!N(AL0MA<N)) 
RST|Ni«SIGC12)*0SIN(ALPHA(N»l-SIG(UI*0C0S(ALPHA(Nn 
RNN(N)*SIGJ9) 
IFCINP.NE.NECL.AND.INP.NE.il RETURN 

ißO CONTINUE 
WRITE STPESSES 

WRITE STPAINS IN PERCENTAGE FORM 

DO   300   1-1,12 
300 EPsm»iao.*Eosm 

IFJMPRINT.NE.O)   GO TO 210 
WPITE(612000) 
WOI^E(6,2002) 
MPRIMT«iq 

210  vpRiKiT»MPMNT-l 
WRITEf6,2001)  N,P°P(5),ZZZt5),(SIG(I),1-1,12) 
WRITE(6,2003) T IN), (E«»S( 11,1-1,12) 

200 CONTINUE 
2000 FORMAT«129H1   EL     R     Z 

I»I     SIOMAZC  SIGMACP  SIOMAN 
2 Sir.VATN'J 

2001 PORMAT<1HO,I5,!X,2F7.6,12F9.0) 
200?    F0R«AT(128H0 TEMPERATURE EPSP EPSZ EPSC 

IZ EPSZC FPSCP EPSN EPSS E»ST EPSNS 
2     E«>STM) 

2003     F0RHA'(6X,F13.0,2X,12F«».5) 
PETtlPN 
END 

SIGMAP   SIGMAZ   SIGMAC   SIGMA 
SIGMAS   S!GMAT   SIGMANS  SIOMAST 

EPSP 
EPSST 

LnCATTrN 
0 

2« 

LXA^ICN 
0 

LOCATION 
0 

IC20 

COPMOK BLOCK /BASIC       /  MAP  SIZE 
SY»BPl          LCCATICN SYMBOL         LOCATION 
AMGVEL                     B ANGACC                   Is) 
MJMCL                     2C NUNPC                     30 

3C 

COMMOK BnCK  /MATo / MAP  SIZE 26F0 
SYMBri        trCATION SYMBOL        LOCATION 
E 30 El 2630 

COMMTN  BLOCK  /NPOATA     / MAP  SIZE 2BC0 
SYMBOL LCCATICN SYMBOL LOCATION 
COOF 660 XR 960 
T 1F60 XT 2580 

SYMBOL 
TREF 
MJMSC 

LXAT 
I 
3 

SYMBOL 
AOFTS 

LOCAT 
2*B 

SYMBOL 
I 

LOCAT 
P* 
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PBJP^SSTS^HfPP"''' 

-„««m- J»».rtl 

vgl     n SYMINV DATS   «   75066 14/36/? 

SUBRntTTNF   SY^n«! A, fMAX 1 
IMPLICH   R6At*8(A-H,<W) 
DIMENSION  A(MAXtNMAX) 
00  300  N«1.NMAX 
D»A(N,NJ 
Oft   100  J = lfN?AX 

100  A(N«,J»«-A(Mf J)/D 
03  210   I*l»*MAX 
TFtM.EO.!)   r,c   TH ,?10 
D^  200  J*M,MAX 
!F(N.KF. 1)   All, J)*A(!tJ)+A(I«N)*AtN't 1) 

?00  CONTINUE 
21^   A(T,N)«A«I,fJj/D 
100  AfM,N)»l.0/D 

fCTUPf 
EMO 

fCALAP   MAP 

"»>;                SYMBOL           LXAT!HN                SY^^L L OC 4T i f M SYMBOL LOCA 
* "AX                          R»                     M BC J 

ICN 
1 

A?PAY   «AP 
5YMßf-L LCCATIOM SYMBOL LOCATION SYMBOL LOCA 

tru 

3 

STATfFf LJCATinsi STATEMENT   LTCA'MN 
&                  1«H 5 IQC 
« ?21 10 ?36 

I« UA IS 37F 

STATEMENT   LHCA 
6 I 

11 ? 

bFFFCT* 
»,AIC»BCDtr^UPCEiH''LIST»M00FCKfL,1AU,KAP 
NA«E   «   SYMINV     ,    LT"r'    "    - 50 

S"»M»CE   S?A*FME^TS   * 
ün  UIAn*|H$T TCC   rcNfPATFO 

l6,r>PHf,04M   mi   = OQ2 

106 

http://www.abbottaerospace.com/technical-library


W   TV   6 LFVEL     21 TEMP DATE  «   75066 14/ 

SUBPfMJTTNF  TFMP(PtZ,T> 
IMPLICIT   PlAL*S(A-H,0-ZS' 
COMMONVSTLVE/   XC»)88),V(888J,TEM(«88ltNIIMTC,MBAN0 
DIMENSION SMALL(20»,ISM(20) 

C* ******************************** 
C INITIALIZE 
C*   **********************   ********** 

JMAX-16 
TFINUMTC.LT.JMAX1   JMAX«NUMTC 
D"   10   I*ltJMAX 
SMALIUJ-O, 

10   ISMU)»0 
c*   ************* *"■***■*** +  *  + *  ******** 
C FINO THF   JMAX CLOSEST  POINTS 
C*   ******************************** 

00   SO   I»ltMlMTC 
oso« t x« i i-K )**?*m i )-z i**2 
IFC0S0.GT..1E-4J   GH  TO  20 
T«TEM(I) 
PETUPN 

20   IHI.EO.i)   SMLLtll-DSO 
IF(I.EO.l)   ?$m»»l 
IFU.CQ.l)  r.C  TC 50 
!F(S»»AL! (.D.LE.OSO.ANO.J.LT.JMAX)   SMALL«J*il»0SO 
IF(SMALL(J).LE.OSO.ANO.J.LT.JMAX)   ISM( j»U«l 
IFCSWALIUI.LF.DSOI   GO  ?rj  40 
0*1   30 K-l,J 
.IR»J-K   ♦! 
TFIJB.Fn.OI   Gn  TO 40 
SMALL(JB*U»SMALL(JBI 
?S*M JB*l)»!SM'tJB) 
SMALL<JB»»D$2 
TSMfJB)*! 
IFUB.EO.i) en T« 40 
IF<S*All UB-1).LE.0SQI  GO Tfj  40 

30 CfNTIMlF 
40   'FIJ.IT.JMAXI   ,l«J*l 
5!)  CO'ITIMJE 

C*   ft************************ 
C FINO  7MP   THIPO  TEMOERATIJRE  POINT  BY   AREA  T£?T 
C*   ************************* 

1CM«»J*AX-2 
J»0 
Tl«!S»lll 
I?«!SM|2! 

40   U-ISM 1*31 
A<*EAj.5*m!n*XU3>«YUl)*Xmi*VU3l*XU2)-Y<m*XU3>* 

******* 

•  • *  *  *  *  * 
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r.   I iiVFl       ?1 *^Mp OATF 75066 14/16/?' 

1 V 
r» 1 = (x (T ? 

'. 'F   Dl    IJ 
C t)'IPHCAT 

1F(D1.GT 
T?»I3 
l = J*l 
no   TO   60 

70   !F(APEA* 
»«J + l 
TF!J.Lf. 
WPI^EO, 
*=TFM(I1 
PFTUFN 

i-;****** * 

r. F !Nn TE'< 
r,:-.  ***** * 

*0   i)ETArY(I 
I ♦¥( 

I *X< 
DE-C=TF" 

1y CI 3»JfT 
T=(0ETA* 

?000   F1PMAT    | 
'5H      !3«! 
'ETUFH 
END 

n?)*x(iij-vm j*x(m> 
)-X( Ml !**?♦! Y( 12 l-Y til ))**<! 
APPA»-XIRATELY   0.   TT   IS   ASSUMED  THAT   THERE  EXISTS   A 

7CK   CF   INPUT 
..IE-3)   Cl  TO   70 

*?.CT..1*01*<MALL(UI   CO   TO   ao 

jCHK»   Cf  TO   60 
2000)    ll,I?,'i,J 

» 

*   *   *   **********************  <t   *   *   * 

"FCATIJPF   INTERCEPT 
ft     *     *      *************************** 

l)*(TEC(I3)-TEM(I2)l*YtI2l*(TEMmJ-TFM(I3n 
f,)*(TFM(I2J-TE«<(Iin 
n*tTF.HU2)-TEM(Ii)|+X(I2l*(TEH<l3)-TCM(HI) 
Ill*ITFI»ltU-TE*1tl2)» 
(Tl)*(X(I2)*Y(I3)-XII3»*Y(I2ll*TEM{I2)*CX(T3)*YUU-X(Il»* 
£M(!3|*(X(H)*Y(I2)-X(I2)*V(II)) 
»♦0tTe*Z»0ETC|/l2.*AeEA» 
2AH     EfflOP   IN  TgMPERATUPE   INPU^.SH     !l»I4,5H     12*14, 
*.4H     J«!4I 

0 

C^TK   tVnCK   /«^LVE       /   "AP   5jiE 5348 
«YMB^l LTCATIfN SY^BfU LOCATION SYMBOL LfKA 
Y IBCO TEM 3780 NU*TC «S3 

1H 

«•iecs:r,RAMS  CALLED 
«VK%«1 I  ICATITN SYMBOL L^CAT^N SYMR1L L^LA 

SCALAR   *AP 
•»CATf^ <Y*Hrt LCCATir-»j 

!?>> r . 12B 
1&1 PF.TA 150 
IM: ! iTu 

SYMBOL LPCA'TIN SYMB<U 10CA 
2 130 T I 
OETB 153 DETC I 
K 17* JB 1 
13 118 Tl I 
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^^t^^e^^m^f^?' >•• ,^,Tf"^^ff^,lT^W^f^J^^^'"'\'' 

ß LFVEL    21 TEM2 DATE  «   75066 14/36/2 

ICO 
1000 

SUBROUTINE TEM2CNUMNP) 
IMPLICIT  REAL*BU-H,Ö-Z) ~ 
INTEGEP  CODE 
CCMMfN/NPOATA/  R<2OO),CO0EJ2ÖÖ),XR(2O0),Z«2O0),XZI2OO), 

INPN  ?*(10,20) ,T( 200), XTt 200) 
REAOC5,1000)   TCCNST 
DO   100 N«i,NUfNP 
T(N)*TC~0*~ST 
FOPMAT(FIO.O) 
RETIIPN 
END 

CCNMHN BLOCK /NPDATA     / *AP  SIZF 2BC0 
XATTow SYMflHL LOCATION SYMBOL LOCATTCN SYMBOL 

3 C10E 640 X«» 960 Z 
IC20 T IF40 XT 2580 

LOCA- 

F 

TATT"M 
QC 

1CATI<1M 

AO 

X AT I "IW 
BO 

1CAT*',»f 
1*« 

SUBPROGRAMS CALLED 
5YHB1I L'KATinN SYMBOL L^CATI^N 

SCAl.AP  MAP 

SYM!ir>L LCCA^inN SYMBOL LOCATION 
M AB NUMN» AC 

F»"PMAT STATEMENT MAP 
SYMB^t LOCATION SYMROi. LOCATION 

STATEMEN)T  MjMtJEP  MAP 
S^A^FMEN^  LOCATION STATEMENT LOCATION 

5 13* 6 154 

SYMBOL 

SYMBOL 

SYMBOL 

L^CA 

LOCA 

LOCA 

STATEMENT l/iCA 
7 1 

T*   EFFECT*     KCI0,BCO,S'-U«CE,N-»LIST,N0OECX,LOA0,MAP 
I»' SFFEC*     NA«E   « TfN? ,   LINECN*   • 50 

!Cf* Si'lRCE   STATEMENTS  « 10,»R3T,*AM  SIZF   ■ 
ICS*     *'*  niAf,N1ST!C$  r,EHEPAT6D 

392 
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r, LEVEL  21 TRISTF DATE * 75066 14/36/2 

SUBROUTINE TRISTF (!!,JJ,KKJ 
I «PL f CTf "SE*L*gTA-M,lFn ~ 
IMTEGEP   COOE 
ccMMdN/MATp/pdn 6i »ei 12,16,6) ,EEMO r, AOFTS <6) 
CnMNCN/BAS!C/*CflZ»ANSVELtAN6ACC*TREFtV0L|NUmPtNUMELtNUMPCtNUMSCt 

lNU*St *"  " ""  ~   ""    '  "" ' 
r/lMMQN/ARG/PRR($),ZZZ(5)tR*(4)fZZ(4),Ml5,l5)fPtl5),TT(6), 

iMt6,i'5t.'ci>'z(6"»6Tixr(iv)"iAYjeLiuTtsiG':i6)VE^saTf~tN"' 
CIMMCN/NPOATA/   R12001,C00EI200),XR«200J,ZJ200),X21200), 

INPfJtjMi 10,20) ,Tt 200) ,Xt( 200) 
C1MM0M/ELDATA/   BETAt200),EPR(200),P«(20),SHI2Q),IX(200,5),IP<20), 

LJ«>(20y.I<(2Ö),JS(2O),ÄLPHAC2Ö0),!t(2OO),JtC200l,STi20) 
CrwMrN/f<ESULT/eS(6t151&0(6,6),C(6,6),ARtBB(6,9)tCNS(6,6) 
OTMEr-STrN  Bl(6,^),B2l6,9);B3T6,i9),F(6f«J) ,6t 9  6) ,Vf9, 9) 
nUE'M )»t  HF13) ,BF»<3),BFZ(3),TPt9)fB<9,9i 
MTYPE*IABf<!X(N,5)) 
»M1I--'PM!II 
RK(2)*RPHJJ) 
5H(3)a8C^(KK) 

lHU't'lUXl} 
/7.f?)*Z7Z(JJ) 
?4<^)*Z7.?(KK) 

n.*vri + xi(u 
C1MMSKM?)*{ZZ(2)-ZZ(U)*RRC1)*(ZZI2I-ZZ(3))*RRC3)*(ZZI1)-ZZC2)) 
m 10 1*1,6 
On   10 J«l,9 

rtl(!,J)»Üf.O 
B2(!,J)«0.0 '* 

10  B3(I,J)-0.0 
FHl   Bl  MATRIX-CONSTANT   TERMS 
Rltl»l)»IZZ(2)-ZZ(3))/C0MM 
B1U,4)»(ZZ(3)-ZZ<1> )/CnPM 
?i u,T)-(ZZ a )-z?< 2) )/cn«M 
BU3,1)»B1U,\) 
üm,4)«Riu,*i 
PU3,7)«BK1,7) 
BU?,2)*f"RPI3)-«»<2) J/C1MH 
BU2,5)"(PP(l)-»«(3))/Cn#«« 
»U2.B)»tfrR(2)-»R(l))/C0M« 
BU4,D»B1<2,2) 
BIC* 
BU4 
81(4 
RU4 
BK4 
BUS 

4)«RU2,5) 
7)>BH2,R 
2)«Blfl,l 
5|«Bi(l,4 
8)»BHi,7 
31-8114,1 

BU5,6i«81C4,4 
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BUS^-BU^TI  _.  
C FILL   B2 MATHIX-1/P TERMS 

82t3,i)Ml/CllM»0*ttZZ<31-ZZf2i*»RRf2l*IRR<2>-BRiS,i«ZZf2ll 
B;;2,*)Ml/CCMMt*t(ZZm-ZZt3))*Rt3>-fRRm-RR(3>t*4TZ<3)> 
B2(3,7)-(l/CC'"')*(tZZ(2)-ZZm>*RR(l>*tRR<U-RR<2H*ZZm) 
B2t6,3)*-B2(3,l) 
B2t6,6)»-B2l3;il 
ö2C6,9)*-e«(3,YI 

C FILL  B3  *ATS!X-Z/R TERMS 
B3(3,IJ«<RF$3)-RR(2))/C3M» 
B^(3,4)«lR«Hll-RRC311/CQMH 
b?t3,T|«|RP«2)-RRClll/COMM 
B;<6f3)>(FP<2)-PR(31)/C0»M 
ö3(6,6)«<PPO)-PMU J/COMM 
B3(6f9I>IRR(l)-RP(2))/C0MV 
A*«AP*XII1) 
m  BO   1*1,6 
0?  BO  J«l,9 

BU BB;f*J}«BlUtJ}*XIU}«-B2fIvJ)*Xll2HS3tItJ)*XH4} 
OH M <c»if6 
0Ü  Bl   1*1,3 
«StK,3*JJ-3*II»BB<KfI*3)«BS(K,3*JJ-3*I) 
BSC«t,3«fI-3*I»»8B«K,II*BSIK,3»n-3*n 

Rl BSIKt3*«X-3*I>«BBIK, I*6)*BS(K,3*KK-3+I) 
m no i«i,9 
or» no J»I,9 

BH,J)«0.0 
0"   tlO H»l,6 
01  110  »»-1,6 
3(!,JI-BII,JHBl(K,I)*CitZtK,M)*IBl(MtJ}*XIIl} 

I*B2(MIJ|*XII2!*B3|M, JI*X!U> ) 
2>ft2tK,Ii*CPZ<Kt»}*<Bl(M,J)*xii2) 
3*B2(MtJI*Xll3Heiln,J»«XH5l| 
B^B3iK,n*CPZfK,P)*(Bl(M,J}*XIt6l 
6*B2t*f JJ*XH5J*B3CP», J)*X!I6I} 

110       CCNHNUE 
C ASSEMBLE  «UADPUATERAL  STIFFNJSS MATRIX,   St   FPC* TRIANGULAR 
C STIFFNESS WATRJX,   B, 

!IM«**!I-3 
JJ*»*3*JJ«3 
K«*l«3*icif-3 
00  120  I»l»l 
00  120  J«l»3 
S(1IM*!vII»*J)-e(!     tJ     }*SfIIM*I,UM*.J> 
SIIIN*1,JJM*J|-IU     ,J*3»*S(I!M»ftJJM»J) 
5tIIM»?,KK»*Ji-etI      ,J*6)*SUIM*1,KKM«J) 
SfJJM*lt!TR>.JI*a(I*3tJ     }«S<JJM*ltU»*J) 
SUJ«*!, JJ»*J|«8!t*3iJ*3»*$UJI*ttJJ**Ji 
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S t JJ«**t, K*w»j).en*3,J+&)»StJJM+I,KKHfrJ) 

S<KKM+!,JJM*J)«BU*6.J*3}*SUKHM,JJM*J> 

120    COMTlfttJF. 
c      Ä<stHBLe may FöRCIS■i«mtrr^rr~ 

BFmH?ZI3)*RR(2)-RRt3i»ZH|H/CCW* 
BF < 2 J * a z m *P rrs j ^wwn i *xrffj j /Gö7*M "     ~~ 
BF(3>»tZmt»PRm-RM2l«ntttl/C0EM 
BP'P tll-IZZC 2"l-i Z'f 311'/C9n«f 
BFP(2)»(ZZ<3)-ZZm)/CG»M 
BFP.(3)*«ZZ(l)-ZZt2))/COPM 
RFZ«i|«(pcnj-RR(2))/C0MM 
6FZ(2j«iöp(n-»i*rin/eöMM 
PFm)=<P<M2>-RRfll)/C0«M 

C BODY  FHPCE   !N  Z-DTäECTON 
C?*w«-ACELZ*ROC«TYPE I 
0*»' 140  I"lt3 

KO  T0|nK)«C'iMM*<BFf!»*X!(il*B>Rlil*X!(7»*BFZIil*XI<Bli 
C B1DY  FfPCE   IN  P-OIPECT!t)N 

CC"M«AN;^FL**2*f;CtMTYPE» 
Dr   150   1*1,3 
l«3*I-2 

tso TPiL)«cnMM«iBF(!>»xn7)»BFnn)*xn9i»Bfzni*xiuon 
C BHDY  FOPCES   IN TANG,   ÖlRgCtTÖN 

Cri»H»-ANf»#CC*Bi: t*TYPEl 
nn 160 I«ii3 
T!*»3*l 

160  *»UIH"C:P*<MBFei»*Xl<7i*BFR(n«Xtt9J*BF2UI«xnt0ii 
C ADD THFPHAL   EfFICTS 

(T)   »61   .1*1,« 
OH   161  K«l,6 

161     TP(J)«TPtJIMXltU*81««,JI*Xli2l*B2fKtJJ 
UXHM*B3(ir,J)|*TT(K) 

f *EAftPAHr.E  TP   INTO P-«*ATRlXtTHi BODY FORCES  MATRIX 
«r »■%** t-? 
L«3*JJ-2 
Urn-}***.-? 
tT   170   1*1,% 
J-I-l 
p(ic*jit.p{jf*a)*^(!i 
«Ml*J)«PlL*JI»TPtU3l 

170  Pt**JI«P|**»Jl**e<!*6| 
»ETH©N 
F*IO 
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