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COMPUTER CODE FOR THE ANALYSIS OF MULTILAYERED
FIBER COMPOSITES - USERS MANUAL"
by Christos C. Chamis

Lewis Research Center

SUMMARY

A computer code to carry out the multilevel linear analysis required to efficiently
design structural components made from multilayered fiber composites is described.
The inputs to the code are constituent materials properties, some factors reflecting the
fabrication process, and composite geometry. The code performs the micromechanics,
macromechaniés, and laminate analysis of fiber composites. The code outputs are the
various ply and composite properties, composite structural response (accounting for
bending-stretching coupling etc.), and the composite stress analysis results, including
the results of the combined-stress strength criteria. The code is in FORTRAN IV com-
piler Ianguage and can be used efficiently as a package in complex-structural analyses,
finite-element methods, buckling and vibration studies, and structural syntheses. The
input-output format is deseribed extensively. Required input data to the code for various
fiber-matrix composites are given. The FORTRAN compiled listing and sample trial
cases are included to aid the designer or analyst in using this code. The code consists
of two parts. In the first part, the mechanics to use the code are described; in the second
part the equations programmed are described. The code has been used successfully in
the analysis of various fiber matrix multilayered composites. It was also used (and
proved to be efficient) in the structural synthesis of multilayered thornel/epoxy compos-
ite plates, in buckling studies of simply supported multilayered fiber-composite plates,
and in the computation of lamination residual stresses in angle ply composites. Selection
of correlation coefficients for new composite systems is described. Possible extensions
for temperature-dependent properties, material nonlinearities and failure load envelopes
are indicated.

*A part of the work described herein was supported by the Advanced Research Projects Agency,
Department of Defense, through contract AF 33(615)-3110 administered by the Air Force Materials
Laboratory while the author was a member of the Engineering Design Center, Case Western Re- )
serve University, Cleveland, Ohio,



INTRODUCTION

The importance and need of a multilevel analysis in designing structural components
with multilayered fiber composites are documented in reference 1. A multilevel analysis
which was found to be efficient in predicting the structural response of multilayered fiber-
composites (with the constituent materials properties, the fabrication process, and the
composite geometry known) is also documented in reference 1.

The multilevel analysis presented in reference 1 consists of (1) micromechanics
theories for the thermoelastic properties and the stress-level limit of the single ply as
functions of constituent materials properties and the particular fabrication process,

(2) the combined-stress strength criterion of the single ply, and (3) multilayered com-
posite structural response and analysis (macromechanics or laminate analyses) where
the interply layer effects are taken into account. The computer code, to carry out this
multilevel analysis and supplemented as noted by the additional references, is described
herein.

The computer code has been programmed in FORTRAN IV and has been extensively
used in the UNIVAC 1107, 1108, and IBM 7094. Since this report is to serve as a user's
manual, the code is divided into two parts. In the first part, the mechanics of using the
code are described with respect to program format, input-output, sample input data
sheets, and tables of input data for several fiber composites. In the second part, the pro-
gram is described. Sample case runs of Thornel-50/epoxy composites with unidirectional
and angle plies are included with the compiled listing in appendix B. Sample cases for
bending, stretching, coupling, and lamination residual stresses are also included.

The format of the program is described in the section MAIN PROGRAM and follows
the FORTRAN IV program format for the 7094. The subroutines required to carry out
the various levels of analysis are described individually in their respective sections. In
these subroutines, the equations programmed are given, the various alternatives for es-
tablishing certain properties (such as strain magnification factors, longitudinal com-
pressive stress limit, and combined-stress strength criterion) are discussed, and the
subroutine input-outputs and the global storage locations (common to all parts of the pro-
gram) are identified. The input-output format is described in detail separately in the
sections Input Ply Properties and Qutput. These descriptions are quite extensive so that
designers and analysts with little or no programming experience as well as experienced
programmers can easily use the code.

In appendix A the FORTRAN symbols are defined. The definitions include such in-
formation as in which part of the program each global variable is generated. The input
data in tables IV to XIII (currently acceptable for the analysis of several fiber compos-
ites) provide for immediate use of the code. The inclusion of the compiled FORTRAN
" 1sting (appendix B) with the sample trial cases (appendix C) should further amplify the



detail descriptions. Filament and fiber are used interchangeably in the description and
in the discussion. Ply, unidirectional laminate, and unidirectional composite are also
used interchangeably.

It is noted that the global storage of the composite and ply properties is very impor-
tant when this multilevel analysis is to be used as a subroutine package to generate struc-
tural behavior properties for structural analysis purposes.

This code has been used successfully in predicting the ply thermoelastic constants
(refs. 1 to 3) in laminate analysis (boron, graphite, carbon, and glass-filament-epoxy
composites; refs. 1, and 3 to 5) buckling analysis (ref. 6) and structural synthesis
(ref. 1). It has also been used to calculate the lamination residual stresses in angle-ply
composites (ref. 7).

Mr. Tom Delivuk, then with the same center, converted the original ALGOL CODE
to the initial FORTRAN IV CODE which resulted into the CODE described herein.

SYMBOLS
A x composite axial stiffness
Algx reduced axial stiffness
BIDE Boolean-true if interply effects are included
ch composite coupling stiffness
Cel string with force variables
Cez string with displacement variables
CSANB Boolean-true if membrane and axial symmetry exists
D ox composite flexural rigidities
ch?x reduced bending rigidities
D, displacement vector
df filament equivalent diameter
Ef, E of filament elastic constants
EZ’ E cl ply elastic constants
Em’ E cm matrix elastic constants
Efll, ete. fiber normal modulus
Elll, ete. ply normal modulus



Emll, etc.
Gi12, ete.
Gn2, ete.
Grm12, ete.

H;

ch

hC

i

Ke11, ¢22, ¢33
Kexy, cyy, exy
Kf11

K711

K11

matrix normal modulus

fiber shear modulus

ply shear modulus

matrix shear modulus

interply distortion energy coefficient
array of constituents heat conductivities
composite heat capacity

index, generally ply or interply
composite three-dimensional heat conductivities
composite two-dimensional heat conductivities
fiber heat conductivity

ply heat conductivity

matrix heat conductivity

apparent filament volume ratio
apparent matrix volume ratio

apparent void volume ratio

actual fiber volume ratio

actual matrix volume ratios

ply apparent fiber volume ratio

ply apparent void volume ratio

array of limiting conditions

applied moment

thermal moments

load condition index

applied membrane loads

thermal force

number of fibers per end

number of plies

number of load conditions

string PROPC length



Qf,i?p’r’s

R

RINDV

S 1 1Tetc.
t

TLINP

i’
Y12, ete.
VZIZ, ete.

lez, etce.
T

string PROP length

composite properties array

ply properties array

string PROPC

string PROP main program

indices to print out string PROP

transformation matrix

Boolean-TRUE true if displacements are known

ply limit stresses

ply thickness

FALSE if ply thickness is calculated internally
composite local curvature changes

structural reference axes

composite coefficient of thermal expansion

fiber thermal coefficient of expansion

ply thermal coefficients of expansion

matrix thermal coefficient of expansion

correlation factors for ply thermoelastic properties
correlation factors for ply heat conductivities
correlation factors for ply strength

matrix strain magnification due to ply strain in the presence of voids
interply layer thickness

reference plane membrane strains

ply strains

angle between composite material and structural axes
angle between ply material and composite axes
fiber Poisson's ratio

ply Poisson's ratio

matrix Poisson's ratio

constant



pf’ m filament and matrix weight density

o, ply stresses

®4 matrix strain magnification due to ply strain
1,2,3 material reference axes

USERS MANUAL

The mechanics required to use this code for the analysis of multilayered fiber com-
posites afe described in this part of the manual. Here, it is assumed that the user is
" interested in using the code as a tool only and that he has available to him a FORTRAN IV
manual. The theory on which the code is based is described in the second part of the
report.

The physical representation of the code is illustrated in figure 1. The geometry of
the constituents, the ply, and the composite are defined in this figure. The required in-
put properties, correlation coefficients, and computed properties are summarized in fig-
ure 1 in symbolic form.

The physical arrangement of the code is illustrated in figure 2. The numbers given
in each block of cards are for subsequent discussion and do not appear on the code. Four
steps are required to use the code in the user's computer facility:

(1) Obtain the code.

(2) Make it operational in the user's computer facility.

(3) Supply the input data.

(4) Interpret the code output results.

Obtain the Code
The code could be obtained in cards. If this is not convenient or possible, then the
cards can be punched from the compiled listing (see appendix B).
Make It Operational
Making the program operational requires the availability of a FORTRAN compiler
in the user's computer facility, certain control cards at the beginning of the code, and the

card that preceeds each subroutine. Consult your computer group about these items. The
control cards present in the code are only for the Lewis IBM 7044/7094 direct couple
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system. Once the deck of cards has been assembled as is shown in figure 2 (except Input
Data) with the proper control cards, the user is ready to compile the code in his facility.
The compilation will indicate whether any additional modifications are needed. Most
modifications will be minor and will usually deal with certain logical statements peculiar
to each compiler. Consult your computer group for these modifications.

Supply the Input Data

The physical arrangement of the input data cards is illustrated in figure 3. The num-
bers in the group of cards are for identification purposes in this description and do not
appear on the cards. Details in preparing the input data cards are summarized in table I.
A detailed description of these cards is given subsequently. A sample for preparing input
data sheets is illustrated in table II for the Thornel-50/epoxy composite system.

Listings of input data for several composite systems appear in tables III to XII.
These systems are shown graphically in figure 4. The input data for these systems can
be punched from the listings, and the cards that need alterations for the specific problem
can be modified accordingly.

Input data for additional composite systems may be easily prepared. This is done by
selecting a related system from those in tables III to XII and modifying those entries that
need modification. Table I and the section Detail Description of Input Data explain where
and how each entry is read in.

After the input data have been properly assembled (as is shown in fig. 3), it is placed
in its physical position (fig. 2), and the code is ready to be run for results.

Detailed Description of Input Data

The card group numbers referred to here are given in figure 3 and table I. The se-
quential order of the entries in each card group is given in table I.

(1) Composite system card. - The composite system title is punched on this card.
The title can be 55 characters long including blanks.

(2) Data control card. - The number of plies Nl’ number of ply properties sz, num-
ber of composite properties Np c? the number of fibers per end N¢, and the number of
load conditions Npc are entered in this card. The number of ply properties and the
number of composite properties are always the same: they are N 1= 71 and N c= 54.
The others have to be entered according to the composite system and the load conditions.

(3) Constituent materials elastic properties. - The constituent elastic properties are
entered in this group of cards. The fiber properties are entered first and then the ma-

1.
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rix. Enter only extension moduli, Poisson's ratios, and zero values for shear moduli
when the constituent material is isotropic. For example, in a glass/epoxy system,
Egg3 = Eggg = Ef11 and Veg3 = Vp13 = Vp12- The shear moduli Gf23 = G1313 = Gf12 are
computed internally.

(4) Correlation coefficients for ply elastic constants, expansion coefficients, and
strain magnification factors. - The correlation coefficients that make theory agree with
experiment are entered in this group of cards. The first entry in this group is Bm. It
is selected so that predicted extensional moduli and Poisson's ratios correlate with
measured values. The procedure for selecting Bm is iterative. First the code is run
with Bm equal to some initial value. Experience has proven that Bm =4 is usually a
good approximation for the initial value. For many systems this is also the terminal
value. Next, obtain values for Bm greater and smaller than four, and select the proper
value for Bm by interpolation. The aforementioned description for selecting Bm applies
to the selection of all correlation coefficients in this code.

The second entry in this card group is B}n, which is the correlation coefficient for
the ply shear moduli G212 and Grl1 3- The_third entry is BI']'l which is the correlation
coefficient for GZI3' The fourth entry is Bm which is the correlation coefficient for the
ply thermal coefficients of expansion. The next three entries, B ¢ 8'6, and B'e" are cor-
relation coefficients for strain magnification factors ¢ 1220 Pui and @, 93» Tespec-
tively. These coefficients are entered as zeros. Experience with several composite
systems has shown that the correlation coefficients B ¢ are not needed. However, they

are provided for possible future use.

The coefficient Bt is the ratio of the thickness-to-width of the rectangle formed by
an in-situ end or tow of fibers. Another way to visualize this is that B, is the ratio of
ply-thickness per end or tow-ply width. The value for ﬁt is obtained from electron
photomicrographs or indirectly as described in reference 5. Entries 9 and 10 are enter-
ed as zeros; these fields are empty and are available for future use. Entries 11 to 14
are for the coefficients Ym? these coefficients are alternates to Bm and are to be used
if the ﬁm coefficients do not provide the desired correlation. Note that when a Bm co-
efficient is used, the corresponding Ym coefficient is entered as zero and vice versa.

Entries 15 to 17 are for the coefficients Yer which are alternates to coefficients B ¢
Note that when a B ¢ coefficient is used the corresponding ¥y ¢ coefficient is zero and
vice versa. The y ¢ coefficients are entered with values of one. Entries 18 to 20 are
entered as zeros. These are empty fields and are available for future use.

Experience with the code thus far has shown that all the correlation coefficients ex-
cept Bt are approximately the same for several composite systems. (See tables III to
X1.)

(5) Fiber thermal coefficients of expansion. - The coefficients Oesqr Ygoos and
Qgaq are entered on this card. If the fiber is isotropic, then Qpgq = Qpgg = Qlpyy.




(6) Matrix thermal coefficients of expansion. - The coefficients ®11° Ymo2’ and
g are entered in this card. When the matrix is isotropic, 0133 = Yma9 = Y1

(7) Constituent heat conductivities and heat capacities. - The first four entries in
this group are for the fiber heat conductivities K110 Keoor Kpsss and heat capacity h of’
The next four are for the corresponding matrix properties. The next three are zero
entries, and the last one is the heat conductivity Ig, for air. (See card group 7 of
table I1.)

(8) Correlation coefficients for heat conductivities. - The four entries in this card
are for the correlation coefficients Bhv’ Bhl’ th, and ﬁh3’ respectively. These co-
efficients are as follows: Bkv is for matrix with voids, Bkl for KZ11’ Bkz for K99
and Bk3 for K;33- They are selected as was described in Bm in card group (4).

(9) Constant 7. - The value for 7 is entered in this card.

(10) Boolean for thickness. - The letter T is entered in this card if the ply thickness
is supplied. The letter F is entered if the ply thickness is computed internally.

(11) Boolean for membrane and bending symmetry. - The letter T is entered in this
card if the composite has both membrane and bending symmetry; otherwise the letter F
is entered.

(12) Boolean for interply layer contribution. - The letter T is entered in the card if
the interply layer contributions on the composite are desired; otherwise, the letter F is
entered.

(13) Boolean for input displacements. - The letter T is entered in this card if the
displacements are inputs; otherwise, the letter F is entered.

(14) Composite angle, constituent densities, and fiber equivalent diameter. - The
composite angle (angle between composite material l-axis and structural x-axis (fig. 5)
is the first entry in this card. The fiber and matrix densities are the second and third
entries. The fourth entry is the fiber equivalent diameter.

(15) Ply void volume ratio. - The void volume ratio of the plies is entered in this
group of cards; the first entry is for the first ply, and the last entry is for the last ply.
The bottom or the inner ply in the composite is selected as the first ply for convenience.
The number of entries is equal to the number of plies in the composite. (See tables I
and I1.)

(16) Ply fiber volume ratio. - The ply fiber volume ratio is entered in this group of
cards. The first entry is for the first ply, which is the bottom or inner ply in the com-
posite. The last entry is for the last ply. The number of entries equals the number of
plies. (See tables I and II.)

(17) Ply orientation angle. - The ply angle (measured from the composite material
l-axis to the ply material 1-axis (fig. 5)) is entered in these cards. The first entry is
for the first ply which is the bottom or inner ply in the composite. The last entry is for
the last ply. The number of entries equals the number of plies. (See tables I and II.)
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(18) Ply thickness. - The ply thicknesses are entered in this group of cards. Two
options are available. When the Boolean TLINP is F, the ply thicknesses are computed
internally. In this case, the values entered do not correspond to the actual ply thick-
nesses. When the Boolean TLINP is T, the ply thicknesses are supplied through the in-
put. In this case the values entered correspond to the ply actual thicknesses. The first
value entered is the thickness for the bottom or inner ply of the composite. The last
value entered is for the last ply and the number of values entered equals the number of
plies in the composite. (See tables I and II.)

(19) Ply temperature difference. - The ply temperature difference AT i (the dif-
ference between cure or processing temperature and ith ply temperature) is entered in
this group of cards. The first entry is for the first ply (which is the bottom or inner ply),
and the last entry is for the last ply. The number of entries equals the number of plies.
(See tables I and II.) There are three special cases associated with the temperature dif-
ference in addition to the general case just described:

(a) The residual stress case at room temperature where AT i equals the difference

between cure or process temperature and room temperature.

(b) The zero temperature effects case where ATy = 0.

(c) The no residual stress case where AT i equals the difference between ith ply

temperature and room temperature.

(20) Correlation coefficients for strength. - The coefficients that correlate predicted
and measured values for strength are entered in this group of cards (see table I). These
coefficients are selected in the same manner as was described for Bm in card group (4).
The first two entries are the coefficients BfT and BmT’ which are for the ply
longitudinal-tensile strength. The third entry is BZZT’ which is for ply transverse-
tensile strength. The fourth entry BIZS is for the ply intralaminar shear strength. The
fifth entry 62 35 is for the ply transverse shear strength. The sixth entry Bdel is for
interply delamination limit strain. Entries seven and eight are the coefficients K212TT
and KEIZT c which are for ply combined-stress strength in the tension-tension and
tension-compression quadrants, respectively. Entries 9 and 10 ‘E‘fC and Bm c are for
the ply longitudinal compressive strength. Entry 11 BZZC is for the ply transverse com-
pressive stress. Entries 12 and 13 a, and ag are coefficients for an alternate method
to compute the ply longitudinal compressive strength (see section Subroutine GLLSC(J)).
Entry 15 is entered as unity. This field is allocated for possible future use. Entries 15
and 16 KEIZCT and K212 cc are for ply combined-stress strength in the compression-
tension and compression-compression quadrants, respectively. (See tables I and II.)

(21) Constituent strength properties. - 'Thie constituent strength properties are enter-
ed in these two cards. The six entries are, sequentially, in-situ fiber bundle strength
] SfT’ in-situ matrix compressive strengths S me? in-situ allowable matrix transverse

tensile strain €mpT’ in-gitu allowable matrix transverse compressive strain ¢

mpC’
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in-situ allowable matrix shear strain GmpS’ in-situ allowable matrix torsional strain
€mpTor" (See also tables I and 1I.)

(22) Membrane loads. - The membrane (in-plane) loads are entered in these cards.
The first entry is the value for N cxx for the first load condition. The second entry is
the value for N oxx for the second load condition, a_r3d so on until Nl c values for N—cxx
have_been entered. Continue with NZC values for N c and after that with NZ c values
for N xy A total of 3NZ c values are entered sequentially. Note that no empty fields
are allowed because they will be interpreted as zero values for the load conditions by the
code. Note also that zero values for ﬁcxx’ Ncyy’ and N cxy Dave to be entered even if
the displacements are read in. This is the case when RINDV equals T (TRUE). (See
tables I and 11.)

{23) Moments. - The local bending moments are entered in these cards. The des-
cription is analogous to that for the forces (card group (22)).

(24) Displacements. - The local reference plane strains (e csxx’ €esyy cxy)
and curvatures (w chxx’ W cbyy’ and w cbxy) are entered in these cards. The first six
entries are for the first load condition and are entered sequentially starting with € csxx
and ending with w cbxy" The next six entries are for the second load condition, and so on.
(See tables I and II.) No blank fields are permitted in the displacement cards. Blank
fields are interpreted to be zero values by the code.

Note that zero values are to be entered for the displacements even when the loads
are inputs. This is the case when the Boolean (RINDYV) equals T (TRUE).

, and ¢

Input Ply Properties

There could be cases when the user would prefer to supply some of his own ply prop-
erties instead of using the code to compute them. The user has to provide his own for-
mats for these cases. They are analogous to those for reading in the ply temperature dif-
ference AT, (card group (19)). The physical location for these statements is described
in the section MAIN PROGRAM and by a comment (after DO loop 155) in the compiled
listing (see appendix B).

Output
The program output consists of printing out (1) the input data, (2) the composite
three-dimension strain-stress and stress-strain relations about the structural axes,

(3) the composite properties generated in array PC, (4) the composite constitutive equa-
tions about the structural axes, (5) the reduced bending and axial stiffness,
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{6) displacement-force relations, (7) the current load or displacement condition, and
(8) the ply properties generated in array PL.

The printout of the input data is preceded by its code name. The first and second
lines of printout (see table XIII for corresponding FORMATS) are
THORNEL-50/EPOXY
NL, NPL, NPC, NFPE, NLC
8§ M 54 1420 1

The output of the composite three-dimensional strain-stress temperature relations
and composite stress-strain relations about the structural axes are printed under the
headings

3-D COMPOSITE STRAIN STRESS RELATIONS - STRUCTURAL AXES

The matrices [E c];l and {o } in the equation

-1
{ects = [Bclg {op} - aT{a by
are printed out in FORMATS 454 and 457 of subroutine GACD3.

3-D STRESS STRAIN RELATIONS - STRUCTURAL AXES

The matrix [Ec]s in

{0cs =[Bclg {eclg

is printed out FORMATS 456 and 458 in GACD3. The subscript s in the preceding
equations indicates that the relations are written about the structural axes. It is noted
that these properties are only local to subroutine GACD3. They can be made global if
needed.

The output of the composite properties, generated in array PC are printed under
the heading

COMPCOSITE PRCPERTIES - VALID ONLY FOR CONSTANT TEMPERATURE THROUGH
THICKNESS

12



LINES 1 TC 31 3-D COMPOSITE PROPERTIES ABOUT MATERIAL AXES

LINES 33 TO 54 2-D COMPOSITE PROPERTIES ABOUT STRUCTURAL AXES

Fifty-four entries are printed under this heading as follows:

PC(1)
PC(2)
PC(3) to PC(11)

PC(12) to PC(14)

PC(15) to PC(18)

PC(19) to PC(30)

PC(31)

PC(32)
PC(33) to PC(38)

PC(39) to PC(47)

PC(48) to PC(54)

{Kc} ? Hc

E 11 Ge122 Yer2

N}

- o —

Ecll’ G‘cZi.Z’ Vei2

o}, K., H,

weight density
thickness

three-dimensional stress-strain relations
about material axes

three-dimensional coefficients of expansion
about material axes

three-dimensional heat conductivities and heat
capacity along material axes

three-dimensional constants about material
axes

distance to reference plane from bottom of
composite

blank

two-dimensional stress-strain relations about
structural axes

two-dimensional elastic constants along struc-
tural axes

two-dimensional coefficients of thermal expan-
sion, heat conductivities, and heat capacity
along structural axes

Array PC, its corresponding string, and headings are controlled by the following
formats in subroutine GOCFD2: Headings FORMATS 225, 226, and 227; and string and
array PC FORMAT 320.

The output for the composite constitutive equations are printed under the heading

13



FORCES FORCE DISPLACEMENT RELATIONS DISPL THERMAIL FORCES

{'ch} [Acx] [ch] {€csx} {Nc ATx}

™

ox! cx] [D cx] i {ch} {Mc ATx}

The elements of matrices A ex’ C ex? N ¢ ATX’ and M c ATx 2r€ printed out. The
FORMATS are 220 and 330 in GPCFD2 and STRING RESF in BLOCK DATA.
The output for the reduced bending rigidities is printed under the heading

REDUCED BENDING RIGIDITIES

The elements of D?x are printed out in one line. The corresponding FORMATS are 355
and 360 in GPCFD2.
The output for the reduced axial stiffness Agx is printed out under the heading

REDUCED STIFFNESS MATRIX

The corresponding FORMATS are 364 and 360 in GPCFD2.
The inverse of the constitutive equations is printed out under the heading

DISP DISPLACEMENT FORCE RELATIONS FORCES

Ccaxd) [Ag)  [Ced]™ N

el |-

{ch} L[CCX] [Dcx] {Mcx}

The elements of this inverse are printed out. The FORMATS are 682 and 683 in COMSA
and STRING DISP in BLOCK DATA.
The output for the current load condition is printed next to the headings

FOR THIS CASE NBS(X, Y, XY-M) IS
and

FOR THIS CASE MBS (X, Y, XY-M) IS
14



The current values of ch, Ncy’ chy’ Mcx’ Mc , and Mny are printed out under
these headings. The FORMATS are 161 and 162 in the main program.
The output for the current displacement conditions is printed under the heading

FOR THIS CASE THE DISPLACEMENTS DISV (ECSXX, ECSYY, ECSXY, WCBXX,
WCBYY, WCBXY) ARE

The FORMAT is 163 in MAIN PROGRAM.

The output of the ply properties generated in array PL are printed out under the
heading
LAYER PROPERTIES, ROWS-PROPERTY, COLUMNS-LAYER

according to FORMAT 20 in MAIN PROGRAM.

Seventy-one entries are printed out under this heading as follows:

PL(1,1) k, ply void content

PL(2,1) kg ply apparent fiber content

PL(3,1) k; ply actual fiber content

PL(4,I) k. ply apparent matrix content

PL(5,1) kK ply actual matrix content

PL(6,I) P, ply weight density

PL(7,1) t; ply layer thickness

PL(8,1) 52 ply and interply layer thickness

PL(9,]) Hj interply layer distortion energy coefficient

PL(10,1) z distance from bottom of composite to ply
centroid

PL(11,1) Z cg distance from reference plane to ply
centroid

PL(12,1) 0 s angle from structural axes to composite
material axes (same for all plies), fig. 2

PL(13,1) ) 1 angle from ply material axes to composite

material axes (fig. 2)
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PL(14,1)

PL(15,1) to PL(23,1)
PL(24,1) to PL(26,1)
PL(27,1) to PL(29,1)
PL(30,1)
PL(31,1) to PL(32,1)
P1.(43,I) to PL(48,1)
PL(49,1)
PL(50,1)
PL(51,1) to PL(60,1)
PL(61,1)

PL(62,1)
PL(63,1)
PL(64,1) to PL(69,I)
PL(70,1)
PL(70,1)

Gls

[E,]"

{9}

{K}

Hcl

Ei10 Y2 Gua
Puoa Pz Puis

pudel
AT

angle from ply material axes to composite
structural axes (fig. 2)

ply stress-strain relations

ply thermal coefficients of expansion
ply heat conductivities

ply heat capacity

ply elastic constants

ply strain magnification factors
interply delamination factor

ply temperature

ply limiting stresses

coefficient in combined-stress - strength
criterion

combined-stress - strength criterion
interply delamination criterion

ply applied strains and stresses
adjacent ply relative rotation

Hoffman's failure criterion

The FORMAT for this output is 25 and STRING PROP in MAIN PROGRAM.

PROGRAM DESCRIPTION

The main program (or control program) and theoretical equations programmed in
the code are described in this portion of the report. The main control program is des-
cribed first, followed by descriptions of the various subroutines in their physical se-
quential order (fig. 2). It is assumed that the user of this portion of the code has a work-
ing knowledge of computer programming and that he is familiar with the terminology,
such as, micromechanics, macromechanics, and laminate analysis of multilayered fiber

composites.

The assumptions and details leading to the derivation of the equations programmed

in the code are not included here.

However, they are described in the references cited.

It is suggested that the interested user have these references available to him.
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The information provided in this portion of the code together with the compiled list-
ing should be sufficient to enable the user to modify, implement, and extend the code

according to his needs.

MAIN PROGRAM

The main program contains the global variables, the various subroutines, the input
data and format, the various program control statements, and the output. These are
discussed subsequently. The flow chart of the main program is shown in figure 6.

The global variables are given in the following list (for substitution and definition,

see appendix A):

Boolean
Integers
Real

Real arrays
(maximum dimensions)

String arrays

Current dimensions

Real arrays
(current dimensions)

TLINP, CSANB, BIDE, RINDV

Nl’ Npl? Npc} Nf? Nlc} M’ Qi} QS? Qp? Qr’ Qf

0cg? Py P> Ag(E; v5 Gg > 7

Kvl’ Kfl’ elc’ tz, (1x50), Pl(71><50), Pc(1><54), E
R R

ACX’ ch’ DCX, DCX’ ACX (3><3)? af’ am’ al’ NCATX,

Mc ATx’ €esx’ ecbx(_lf‘?& Bs(2><8)’ 3e(2><10)’ Bh(1X4)’

LSC(1><6), ch(3><4), M, N(3><Nlc), DV(10><6)

cl’ ch’ Ecm’

Cg (55- - spaces per field, composite system title) Read in.
P, (eight spaces per field, N pl fields)
Cet (six spaces per field, six fields)
Ceo (six spaces per field, six fields)
P ep (six spaces per field, Np c fields)

Ny Ny Nppeo Ny

Koy K 07¢0 (1N Py(T1, N)); P (N x1)

The subroutines are as follows:

INVA inverse of an array
GLISC generates ply stress-limit condifions
GACD3 generates composite three-dimensional elastic and thermal properties

and the two-dimensional thermal properties

BLOCK DATA DISP (string) and RESF (string)
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GPCFD2 generates composite two-dimensional elastic constants and constitutive

equations

GPHK generates heat conductivities of the ply

GECL generates some ply basic properties and the ply thermoelastic con-
stants

GSMF generates ply strain magnification factors

COMPSA generates the ply strain and stress states due to applied loads and

check for ply failure and interply delamination

These subroutines are described in detail in the next section. The strings of code iden-
tifier DATA are

Cg Read in according to format 4 in MAIN PROGRAM
PZp PROP internally defined; PLHD, PLF, PLL output
Ce1 RESF internally defined; FDRHD, FDRF, FDRL output

Ce2 DISP internally defined; FDRF, MDRL output

Pcp PROPC internally defined; PCHD, PCF, PCL output.

The strings and arrays Plp are printed out in the main program, and C o1’ C e2?

and P cp 2T€ printed out in subroutine GPCFD2. All other input-outputs are operated
by standard FORTRAN formats.

Input composite system title, NZ’ Npl’ Npc’ N, (E, v, G)f,m’ ‘Be’ @y, O
Hy or B, m; TLINP; CSANB;EH)ELRINDV; 0 og? Ppr Py 95 L
kfl’ elc’ tZ’ ATZ; Bs; Lsc; ch; Mcx; Dv

Control program See portion of flow chart after CONTROL PROGRAM block in fig-
ure 6.

m’

SUBROUTINE DESCRIPTION
Subroutine INVA(N, A, C)

This procedure computes the inverse of a square matrix A by Gauss elimination
and stores it in C. The check

|[A] £0

18



is made and, if satisfied, the program continues; otherwise, the message ""SINGULAR

MATRIX'" is displayed. The subroutine inputs are N, A order and array, respectively.
The output is

Al_oc

Subroutine GLISC (A)
This subroutine generates the simple limit stress of the single-ply. The limit

stresses for the ith ply are generated from the following equations:

E
_ = = mll
Sp117 = Ser | Berls + By | ——

————

Ef11
r‘
Sp110 = mindS, o[y o + Prcy 1L
711c = MBS e kam"' kafE ’
mll
- -
~ Emi12
(l'kf)+kf mi2
L 112 /|
- 2-,7
k
1-2 v + kv
1- 1-
y kg kg ,
1+ ]%
Lk
- aJ

The second part of the preceding equation was proposed in reference 8.
Su1cp = 2187198 + 22

€
- mpT
81201 = Baor

E
222
Bv(pu. 22
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€mpC E

81920 = Paac 7 122
vPu22
€
- _ mpS
S7135 = Sp195 = Pias 5| Cu2
vPu12
€
_ mpS
S;238 = Pasg o Gya3
vPu23

The transverse shear limiting conditions for the jth interply layer are not generated here.
However, provisions for them are made in PL(58,I) and PL(59,I) (where I denotes the
column (ply) index). The limiting stresses S 11T ~ SZZ3S and Pudel 2re stored in
PL(51,I) to PL(57,I) and in PL(60,I), respectively. The required input to the procedure
is global and is stored in the following arrays:

LSC =[Sgt» Spy € mpT’ *mpC’ “mps’ €mptor]

Bers Boars Baars Prags Bass: Paer KirarT KjioTe
BET =

2, 2y, By KpyaorKiace

Ptcr Pmer Pazce
The fiber and matrix moduli are input data. The ply moduli EZZZ’ GZIZ’ GZZ?: and the
products of vau are stored in PL(32,I), PL(36,1), PL(34,I), and PL(43,I) to PL(48,1),
respectively. The ply moduli and the strain magnification factors are generated in sub-
routines GECL and GSMF.

Subroutine GACD3(C)

This subroutine generates the three-dimensional thermoelastic properties of the
composite about its structural (x,y,z) and material (1, 2, 3) axes. The angle # is meas-
ured from x of the structural axes system. (See fig. 5.) In figure 5 replace xx etc.
by 11 etec., and measure 6 from the material axes for properties about the material
axes. These composite properties are generated from the following equations:
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NZ N,-1
[Ec]=t—1— D Gy - 2Ry (B, IR,] + j: H{S]
C

i=1 j=1

N

o) = DBl ey - 2Ryl (By] )
C

i=

The arrays {a c} and {ali} in the preceding equations are given by
{a}:La o o o o aJT
c CXX CYY CZZ CYZ CZX CXY.
and

_ T
layh = | 211%92%33 00 0]

For all practical purposes the two-dimensional thermal coefficients of expansion about

the composite structural axes are the same as « a _,and o in the array

cXx? T cyy CXy
{ac} for the three-dimensional case.
The matrices [E, ], [Eli]’ [Rli]’ and [Sj] are given by
v |2 T
[ 1 _c2l _ “e3l 0 0 0
Ec11 Eco2 E;33
_Ye12 1 . Ye32 0 0 0
Ei1 Eea2 E.33
v v
__cl3 - c23 1 0 0 0
[EJle| Feur Ecoa  Ecss
0 0 0 1 0 0
Ecos
0 0 0 0 1 0
EcBl
0 0 0 0 0 1
s Ec1g]
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Note that for the case of an anisotropic material, the elements (1,6) (2,6) (3,6) (4,5), and

their symmetric parts will not be zero.

_ 21

_ 31

1 0 0
En1 Ej92 E;33
P2 1 _ V132 0 0
Ej Ej99 E;s3
vV v
[Eli]—l | vus Vs 1 o 0 9.
Eni Ej99 E;33
0 0 0 1 0 0
Ejo3
0 0 0 0 1 0
E131
0 0 0 0 0 1
E
L 112 i
cos20 sin29 0 0 0 1 in 20
sin2e cos?0 0 0 0 -1 gin 20
2
[Ryl={ o© 0 1 0 0 0
0 0 0 cos 6 sin 6 0
0 0 0 -sin 8 cos 6 0
L_—sin 20 sin 26 0 0 0 cos 26 J

where 0 = Oli for properties about the composite material and 6 = 9 it ) cs for prop-
erties about the composite structural axes (see fig. 5).
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[(sin 26; - sin 20; ;) ~(sin 26; - sin 20, ;)2 0 0 0 [-(sin 20 -sin 26, ;)
X (cos 2¢; - cos 26i_1)]
- (sin 26, - sin 26, ;)> (sin 20, - sin 26, ;)° 0 0 0 [(sin26 -sin26 ;)

% (cos 20i - cos zai_l)]

=y

J== 0 0 0 0 0 0
EARE
0 0 0 0 0 0
0 0 0 0 0 0
. . : . 2
~-[(sin 26, - sin 26; ;) [(sin 26, - sin 291_1) 0 0 0 (cos 26; - cos 29i_1)
| % (cos 26; - cos 2ei_1)] X (cos 26; - cos 29i:1)] _J

where i > 1 and denotes the ply index. The angles ei and 9i-1 (tig. 5) are given by

6i= 9zi+ ch

=0

9i-1= 0.1+ 9cg

The composite heat capacity is the same for both the three- and the two-dimensional
cases. It is given by

and t c is given by

The composite three-dimensional heat conductivities along the composite material axes,
assuming an orthotropic composite, are given by

N

[~

2 . 2
tZi<Kl11 cos BZ + KZ22 sin el)i

Ll
[¢]
fors
It
-
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N
1 2 2
0227 Ej s (Kzu sin™ 6, + K99 08 9z>i

The angle Ol is measured from the material axes (fig. 5).
The composite two-dimensional heat conductivities along the composite structural
axes are given by (see ref. 9 for the transformation equations)

Ny
K = 1 t,, K cos2 6 +XK sin2 9)
exx T i St 122 i
ci=1
N;
K =Lt (K, sin?0+K.., cos? 9)
cyy AR AN 122 i

[¢]
S|
11
[

N
_ 1 .
Keyx = Kexy = - Zf ty (Kzzz - Klll)i sin 26,

The angle 6 in the last set of equations is measured from the composite structural axes
and is equal to 9cs + 6,. The inputs fo the subroutine are NZ’ Zpe1 Zi ecs’ G'Zi’ [Ei]’
Hy, {ali}, hy, and {Kli} which are all global. The variable N, is input data. The
remaining quantities are either generated or are transferred from information stored in
PL(11,I), PL(13,1), PL(15-23,I), PL(8,I), PL(24,I) to PL(26,I) PL(30,I), and PL(27,1)
PL(29,I). The outputs are t, and the arrays are [Ec]'l, {ac}, [E.], h,, and {Kc}
The composite thickness t, is stored in PC(2). The arrays [E c]'l, {e,}; and [E ]
for both composite material and structural axes are printed out under the headings:

3-D COMPOSITE STRAIN STRESS TEMPERATURE RELATIONS - STRUCTURAL AXES
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and
3-D COMPOSITE STRESS STRAIN RELATIONS - STRUCTURAL AXES

The composite material axes properties [E c] and {a c} are stored in PC(3) to
PC(14) as global variables. The corresponding moduli are stored in PC(19) to PC(30).
The three-dimensional heat conductivities and heat capacity along the material axes are
stored in PC(15) to PC(18). The two-dimensional thermal coefficients of expansion along
the structural axes are stored in PC(48) to PC(50). The two-dimensional heat conduc-
tivities and heat capacity along the structural axes are stored in PC(51) to PC(54). Note
that the heat capacity is a scalar quantity and is independent of the reference axes.
Therefore, PC(54) equals PC(18).

Subroutine BLOCK DATA

In this block, the strings C el and C e2 which are printed out with the composite
constifutive equations are defined. The string Cel contains the resultant force notation
ch, Ncy’ chy’ Mcx’ Mcy’ and M ox The string Ce2 contains the notation for the
corresponding displacements.

v

Subroutine GPCFD2 (RESF, DISP, PROPC)

This subroutine generates the required section properties and the force-deformation-
temperature relations for a two-dimensional multilayered composite. It also generates
the plane-stress elastic constants for the composite. The force-deformation-temperature
relations generated in this procedure are defined in the following equation:

{Nexl [Aex] | [Coxl] (Bcex {Ne aTx!
{Mcx} ) [ch] :[Dcx] W cbx ) {McATx}

The generic equations for the elements in the arrays [A ], [C CX], [Dxls (N c ATx ) 2nd
{M¢ aTx} are
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N N,-1

L
[Ag) = Y ATy, 1 - 2Ry 1T (BT Ry + i Hy[s;]
=1 P

NZ N "1

[Coxl = 121 AT (a1 - 2Ry T [B) 7 [Ryy) + ]4{_:1 zrpj 53]
N, N,-1
3 3 1 2
D x] = 21 AT i(ag,q - 2 Ry]" [Epg]™ [Ryg] + 21 Z i iS5
i= J=
N,
{Nears = Zl ATy (g, - 2[Ry IExT™ fo)
i=
N,
Me ard = Zl ATz, - 2By [T BT (o)
1=

The arrays {o,}, [Ry], [E4], and [8;] are

T
fogl= 121 %2 s

[ cosze sin29 l sin 20
2
[Rli] =1 sin%p cos20 ~ Y gin 20
2
=sin 20 sin 20 cos 260 i
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- V oy
1 e 0
Ei1 Ep9
v
[E .] = - l12 1 0
fal E E
i1 122
0 0 1
i Guz.li

I T . 2
Sj22 = Sjll * (sin 20; - sin 291_1)
Si21 =8j12= - Sj11
Si33 = Sy33 = i. (sin 26, - sin 20, _;)(cos 26; - cos 26; ;)

Si31 = 5513 = ~ 8523

=1 2
Si33 = " (cos 20, - cos 26, ,)

Here Gi equals the 6 cs + Bl in figure 5. The reduced bending rigidities (ref. 6) are
generated in this procedure according to the equation

R _ -1
Dcx - [Dcx - chAcxccx]

The reduced axial stiffnesses are generated in the procedure according to the equation

R _ -1
Acx = [Acx - chDchcx]

The two-dimensional composite elastic constants are generated from the following equa-

tion (assuming ATy = AT for i=1(1)N Z):
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, N,-1
Bl =;1“ P 2[Ry )T Bl [Ry]+ ) H{lS;]
¢ \i=1 J:l

where

Ny
tc = Z tli
i=1

The inputs to this subroutine are tli’ ATli, Gi (relative to composite structural axes),
H., and the ply elastic constants. These quantities are global and are located, respec-
tively, in PL(7,1), (50,I), (14,1), (9,I), and (31,I) to (42,1I). The arrays [Rli]T[Eli]'l,

[Ry;], and [Sj] and the dimensions z, are generated within subroutine.

The outputs are the force-deformation-temperature relations, which are stored in

the global arrays ACK = A_,, RAC = AR, cpC=cC_, FLX=D_, RDC = DX, NSDT =

N and MSDT =M These are printed out under the heading

CATX’ c ATX’

FORCES FORCE DISPLACEMENT RELATIONS DISPL THERMAL FORCES
The reduced bending rigidities are printed out under the heading

REDUCED BENDING RIGIDITIES

The reduced axial stiffnesses are printed out under the heading

REDUCED STIFFNESS MATRIX

The inverse of the constitutive equations

are printed out under the heading
DISP DISPLACEMENT FORCE RELATIONS FORCES
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The distances Z, Zli’ z; are stored, respectively, in PC(31), PL(10,I), and PL(11,]).
The two-dimensional composite stress-strain relations is stored in PC(33) to PC(38) and
the two-dimensional composite moduli and Poisson's ratio are stored in PC(39) to
PC(47). The two-dimensional thermal properties are stored in PC(48) to PC(54) as is
described in the section Subroutine GACD3.

Subroutine GPH (CF, CM, R, Q, CP)

This subroutine is used to calculate the ply conductivities K222 and Kl33' The
specific equation programmed in this subroutine is

- -

1
Koo = Knoo I'Bkoz\/ff*' %
1 - maeo

Bka ‘/—Ef— KfOl o

o -

where & takes the values 2and 3. The subroutine is called from subroutine GECL.

The subroutine input variables CF, CM, R, and Q and the output variable CP are defined
in the call statement in GECL. They denote, respectively, fiber conductivity Kfa a’
matrix conductivity X mao (modified for void effects), actual fiber volume ratio kf cor-
relation factor Bka’ a.nd the computed conductivity Kl which is the subroutine output.

Subroutine GECL (KV, KF)
The thermoelastic properties of the single ply are generated in this procedure. In
addition the actual fiber and matrix volume content, the ply thickness, density, and the

interfiber spacing are generated. The equations programmed to generate basic ply prop-
erties are

ke = (1.0 - k )k
Ky = (1.0 - k)1 - X&)
pl=prf+mem
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t { (an/4BtEf)1/ 2 4, if Boolean TLINP = F(FAISE)}
" | Read in value if Boolean TLINP = T(TRUE)

" |

1/2

) - 11 d;

where kV and kf are read in globally. The equations programmed to generate the ex-
tensional moduli and the thermal coefficients of expansion are

[E,] = [Cg, 1T [Bg[Cy, K + [Cpp 1T (B 1[Cpp Ky

and

@} = [Cl" {oghky + [C T {2} Koy

The arrays in the last two equations are given by

] = Y112
L,f,md ™ 1~
” En1

_Yus
11

and

CVpr V]
Ep9 Ej33
1 _ V132

Ejo9 E;33

_ V3 1
Epa  Ems

{o ¢ m}l =129 @5 @3]y ¢

,f,m

The arrays [E;], [E¢], and [E ] are generated locally in the arrays ECL, ECF, and
ECM, respectively. The arrays [C;)] and [C,] and the constants in them are given by
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AE 11¥m

and

where

Ym31

1/ %21 _ “m21 1/ Y31
A\CiErag  CrEmaa A\CiE33 CpBms

1 0

Cs

0 1
Cs

1( "m21 _ V1 1f( "m31 _ V31
B\CmEma2 CtEiaa B\CnEms3 CiFiss
1 0

Cm
0 A
Cm
k. _
A= 1 +_m kf
Etr Ean
p=f1 . kK
En1r Eaa
k
=[5
ke

)
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1/VCF(1,1)
1.0 ’ if VCF(1,1) # 0

VCF(2,1) if VCF(1,1) =0

The variables VCF(1,1) and VCF(2, 1) are empirical (adjustment) factors and are read in.
Here and subsequently, the elements in the array VCF constitute experiment-theory cor-
relation (semiempirical) factors and are selected so that the predicted and experimental
results for a particular fiber-matrix system from a particular fabrication process are in
good agreement. The variable Bf could be selected to be different from unity if addi-
tional adjustment is needed.

The elements in the arrays [Efl] and [Em Z] are generated by substituting

.0 1/VCF(1,4)

B, =¢\Fm

if VCF(1,4) £0

VCF(2, 4) if VCF(2,4) =0

The equations programmed to generate the shear moduli are

m1l2
Spz =3 =
b 4 T
Ct Gyya Cm
G CTm13
u3=g =
mi3 Ef +_m

and
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G - m23
23 Gm2s - Fy
P R
17 1t
Cm Gf23 Cm
where
k
T _ £ 1
C=\ )%
f
c! = fm B!
m i{“‘
m
k
1t f 134
Ce ={— Bf
ke
and
k
it - m 134
Cm— I«:— Bm
m

The variables B%, Bl’n, B%‘, and Bx'ﬁ’ respectively, are
Bf =1.0

1/VCF(1,2)
1.0 if VCF(1,2) £ 0
. k
P m

il

VCF(2,2) if VCF(2,2) =0

,3%' =1.0



1/VCF(1, 3)
(L0 if VCF(1,3) £ 0
B" - km

VCF(2, 3) if VCF(2,3) =0

The equations programmed for the ply heat capacity and the ply heat conductivities

are
_ 1 K X
Hen = 0. (Hcfpfkf * Hcmpmkm)
i
74 K 2BkVKmozoz + K - ZQ(Kmoza - Ig,)
med - tmod
2Knaa * Ky - kv(Kmaa - Kv)
and

K11 = Pra®eKe11 + KKt

The subscript @ takes the values (1, 2, and 3). The remaining variables are read in
globally in the arrays

and

= -

Ke11 K99 Kess H.¢

CHK=1K 11  Km2a Kmss  Hep

i 0 0 0 KV
The small subroutine GPHK(CF, CM, R, Q, CP) preceding subroutine GECL is used for
programming convenience to compute the variables KZ22 and KZ33'

Inputs to subroutine GECL are the fiber and matrix material properties and the cor-
relation factors. These properties are read in globally and are (E, v, G, 0, H e K,
a)f,m’ Ng, dg, VCF, BTA, TLINP, and (kv’ kf)i (where i = l(l)Nl and N, is the number
of layers). For the corresponding code identifiers, see appendix A.
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The outputs of subroutine GECL are the basic ply properties (k;, Em’ Pyt (if
TLINP = FALSE), and 51) which are stored in PL(3,I) and in PL(5,I) to PL(8,I); the
ply stress-strain relations, which are stored in PL(15,I) to PL(23,I); the ply thermal
coefficients of expansion, heat conductivities, and heat capacity, which are stored in
PL(24,1) to PL(30,I), and the ply moduli and Poisson's ratios, which are stored in
PL(31,1) to PL(42,1).

Subroutine GSMF(SL11, SL22, SL12, SL23, KV, KF, J)

The strain magnification factors from which the ply unidirectional limiting stresses
are constructed are generated in this subroutine. These factors are ¢ p22 Pu12 and
Pu23 for constructing 8222’ Sl12’ and S123’ respectively.

Three methods are employed to compute ¢ 122° Kies's two-dimensional, Daniel's
indirect, and Kies's one-dimensional method. Filament and matrix orthotropicity and
the effects of voids are included in all of these methods as is described in reference 1.
Kies's two-dimensional vmethod is selected to construct S 122 in the current program.
However, either of the other methods and even new ones (as they become available) could
be chosen if, at some future date, they are found to be more appropriate. In addition,
optional degrees of freedom for adjusting these factors can be read in globally. The op-
tions are given with the appropriate equation. The input and output subroutine informa-
tion is discussed at the end of this section.

The equations programmed in this subroutine are

5 1.0
v 1/2

1-{—

7rkm

Ky = (1 - ko )k

Ky = (1 - k)(1 - ky)

and
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km

c_ =1
(-

Strain magnification factor ¢ 522 " The three methods used to compute the strain
magnification factor ¢ 1122 are given in the following:
(1) Kies's two-dimensional method:

f‘

_(1.0/8)

kg € if B_#0
— if =
. Ve i Be 0

L

1 - 0 - 7127191 CnpPmae
(1 - Vn12Vm21)CBe22

B=vn104

€
m22 1 1 [ = 1 =
= 1-v,0.0(Veqq - )]cr + [p(v -B) -v ]o
[1 +p(A - 1)] E 12151Vf12 122 E fi2 7121 7711

€122 22 711

22  Yn2ni1

€ =
122
Epas  Eng
-
€ €
m22 gy "m22 4 g
€122 €122
? 1,92 =9
€
1.0 i _M22 _q 9
L ‘122

(2) Daniel's indirect method:
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E

_ 2 122

Puaa = ko(l - Vm23> I "
m

2 1/2
k;=0.83 Ti-2| 1.3} -2 +1.78

Kt ke

0.35 sEfso.75

(3) Kies's one-dimensional method:

1

1 -pf1 - SmoTm22

Cr P22

Pu22 =

Note that PL(46,J) is blank for any other method that might be of interest.
Strain magnification factor ¢ p12 -

( /B!
1.0
— c o
kf if ﬁe;éo

4Ef1/2' s
—_— Ye 1fﬁ€=0

T

"

1

i-p i- Sﬂ.‘ﬂi‘!‘_}z
CoCr12

Pui2 =

¢“ 126" - PL(47, J)

Strain magnification factor ¢, 53. -
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r-_l/B"
K € it B #£0

p=}
=\1/2
i_k;f '}/" if ﬁn =0
P € €

.
1

C, G
2(1 - p) + @p - 1) M@ _m23
CtyC23

Pu2s=

9238y — PL(48,J)

Inputs to subroutine GSMF are the ply applied stresses (Glll’ %220 07197 and 059 3),
the void and apparent fiber content, the ply index, and ply, fiber and matrix elastic con-
stants. The stresses 011, 0,95, and 0,49 are transferred from PL(67,J) to PL(69,J),
respectively. (J denotes ply index in this case.) The stresses 9793 is assigned the
value of unity. The void and fiber contents are transferred from PL(1,J) and PL(2,J).
The ply elastic properties are transferred from PL(31,J), PL(32,J), PL(37,J), and
PL(38,J). The fiber and matrix properties are read in globally. The coefficients 8
are in VCF as follows: ©

B, B, B, B ,B,B, 8" B, 0.0, 0.0
m m’ ? m’ H ? 3 3 . b ®
B, ~ VCF = € e et

;')’m, '}’;n, yI'I'l, ~m’ '}’e, 'y;y '}’"’0-0’0~0: 0.0

€

The outputs of subroutine GSMF are the magnification factors stored in PL(43-48,J)
as previously described. It is important to note that the magnification factor ¢ 1122 de-
pends on the applied stress level; therefore, GSMF is called from the stress analysis
subroutine COMPSA. '

Subroutine COMPSA(M)

In this subroutine the stress and strain state of each ply are computed given the edge
membrane forces, the ply temperature and the changes in curvature. In addition, two-
ply combined-stress strength criteria and the interply delamination criterion are gen-
erated. The equations programmed for the ith strain and stress states are
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{eli} = [Rli][Acx]-1 < {-N-cx} + {NcATx} + [ch]{wcbx} > 'Z[Rli]{wcbx}
{Gli} = [Eli]—1 [Rli][Acx]-1 <{ch} + {NcATx} + [ch] {chx}>

™ (sl A v g0)

The reference plane strains ¢ and the changes curvatures are computed from

esx
(omx! | [Aad | [Ce|™ | [Weet) [ ame!
— —— = ......_..__‘__.__ ——— 4- — e e
W opx! [Cex] : [Dex] M oy} M arx!

when one or both of the membrane force and the moments are given.

The strains are generated locally in EPSL and SIGL, respectively, and are stored in
PL(64,I) to PL(69,I). The matrices [Rli] and [EliJ are generated locally from informa-
tion transferred from PL(14,I) and PL(31,I) to PL(42,I). The distance z i and the ply
temperature AT, are transferred from PL(11,I) and PL(50,I), respectively. The re-
maining matrices are

Acx - ACX

Cex — CPC

N -~ NSDT

cATXx

N - NSB,,

Mcx - MSBm

w ~WXX (local curvature from bending analysis)

cbhx

where m denotes the load condition.
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It is important to note that the stress analysis in the coded form also handles the case
where both the reference plane membrane strains and the local curvatures are given. In
this case the ply strains are given by

leexi! = {€eext = 2 (Wepy!
where {e cxi} are the ith ply strains along the structural axis, {ecsx} are the reference
plane membrane strains, z is the distance from the reference plane to the centroid of
the ith ply, and {chx} are the local curvatures. They are read in the array Dvm
where m denotes the load condition.

The corresponding ith ply stresses are given by

CAR <[Rzi]{€cxi} ATy {ali>

where {oli} are the it ply stresses along the material axes, [Eli] are the ith ply elas-

tic constants about the material axes, [Rli] is the transformation matrix of the ith ply,
{e cxi} are the ith ply strains alﬁtllg the structural axes as given by a previous equation,
ATZi is the Etelmperature of the i ply, and {ali} are the thermal coefficients of expan-
sion of the i ply along the material axes.

The displacement force relations are printed out under the title

Displacement  Displacement force relations Farces
-1
Uyt [AcxCoxl Ny}
W) [C o)D) M)

Two similar sets are printed out. In the first set the displacement and force vectors are
in symbolic form. In the second set the displacement and force vectors have their nu-
merical values. See outputs of trial cases (appendix C).

The failure criterion may be determined by either of the following methods.

(1) Modified distortion energy

2 2 2
o Y o g o
11a + 1228 K 1l 122 + 1128

F=1- i
1128
Sit1a 87208 S1010] 18522]  \Sz198

~ PL(62,1)

i
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The parameters o and B are specified as follows:

T olll =0
o =
C Glll <0
T 0122 =0
B =
C 0l22 <0
Sp1T =T
Si11a =

minS;140 Sp11cp)  @=C

Sigor B=T
S1920 =

S;poc  F=C

(1 +4vyyg - V)1 3)E gy + (1 - v)93)Epyy

— ?
K;1208 = Kj1208 1/2
[EzuEzzz(z * Vot V)24 Vg + szs)]

BET(1,1) a, =T
BET(2,7) a=C, B=T
BET(1,8) a=T, 8=C
BET(2,8) «a, B=C

Ki1208 =

The multiplyer of Kil 2ap Was generated in subroutine GLLSC and is stored in PL(61,I).
The constants K’12a B constitute theory-experiment correlation factors.
(2) Hoffman's criterion (ref. 9):

S «~ Min(S

111C nic’ Suicp
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Or1211 - 07119722 0'1222 Spi11c - St
+ + o

Fet S, 18 S 100rS S, 18 a1
11C7 11T 122C7722T 111CY 11T
Si22¢ - Spaar o2
81920522t 52
taac™ s |,

F>0 nofailure

F =0 incipient failure
FO0 failure

The interply delamination criterion for the jth interply layer at the mth load con-

dition is governed by

1 - (182l ) | - pr@3,1) when i>1

APge1 j

1 , . 1
Agpj =5 (ecyy - eCXX)(sm 20; - sin 26; ) + 5 ecxy(cos 20; - cos 26i_1)

leexh = [Acx]-1 <{-N-cx} + AN arxh + [ch]{wcbx7>

or as given by the displacement force equation described previously.

The inputs to the subroutine are the ply angle measured from the structural-axes
(6i from PL(14,1)), the distance from the reference plane to centroid of the ply (z i from
PL(11,1)), the ply temperature (AT i from PL(50,I)), the interply delamination limit
(Acpd elj from PL(60,I)), and the ply thermoelastic properties stored in PL(24 to 26, -I)
and PL(31 to 42,I). The ply extensional and coupling rigidities A ex =ACX and C =
CPC; the local curvatures w , = WXX; the adjustment constants KEI opp = BET(1,7),
Kzlzc,l,_ = BET(2,7), Kjj97¢ = BET(1,8), and Kj;50c = BET(2,8); and the load condi-
tions N, = NBS(m).

The subroutine outputs are the modified distortion energy PL(62,1), Hoffman's cri-
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terion PL(71,I), the interply delamination criterion PL(63,I), and the adjacent ply rel-
ative rotation (A(pj from PL(70,1)).

IMMEDIATE EXTENSIONS

The code can be modified and supplemented to handle nonlinear material response,
temperature dependent properties, and load envelopes for various angle ply composites.
The details of these modifications will become apparent once the user has some experi-
ence in using this code.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, October 7, 1970,
129-03.
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APPENDIX A

LIST OF CODE IDENTIFIERS

Engineering FORTRAN Comment
symbol symbol code
ACX ACX composite axial stiffness; generated in sub-

routine GPCFD2

Af:{x RAC reduced axial stiffness; computed in sub-
routine GPCFD2

BIDE Boolean TRUE if interply effects are included; input

C X CPC composite coupling stiffness; generated in
subroutine GPCFD2

Cel RESF string with force variables in BLOCK DATA

C e2 DISP string with displacement variables in
BLOCK DATA

CSANB Boolean TRUE if membrane and bending symmetry
exists; input

Cq String composite title; MAIN PROGRAM format 4

D x FL.C composite flexural rigidities; generated in
subroutine GPCFD2

D?x RDC reduced bending rigidities; computed in
subroutine GPCFD?2

DV DISV,DISVI displacement vectors; DISVI is either read
in MAIN PROGRAM, or is generated in
subroutine COMPSA

df DIAF filament equivalent diameter; input

Ef, E of ECF filament elastic constants; generated in
subroutine GECL

EZ’E cl ECL ply elastic constants; generated in sub-
routine GECL

Em’ E cm ECM matrix elastic constants; generated in sub-

routine GECL



Engineering
symbol

Ef11, 711, m11

Gr12, 712, m11

H;

ke

ij

Ke11, c22, ¢33

KCXY; Cyy, Xy

Ke11, 711, m11
Kt v
ks m

kfl, vl

FORTRAN
symbol code

EF11,EL11, EM11

EF12,EL12, EM12

PL(9,1)

CHK

HHC

I,d

HK11, 22, 33

HK11, 22, 33

CHK
KF,V

K¥B,MB

KFL,VL

LSC

MSDT

MSB

NBS

NSDT

Comment

filament, ply, and matrix normal moduli;
filament and matrix moduli input

filament, ply, and matrix shear moduli;
filament and matrix shear moduli input

interply distortion energy coefficient; gen-
erated in MAIN PROGRAM

array of constituents heat conductivities;
input

composite heat capacity stored in PC(18)
and PC(54)

index, generally ply or interply

composite three-dimensional heat conduc-
tivities along the material axes in PC(15
to 17)

composite two-dimensional heat conduc-
tivities in PC(51 to 53)

see Hk c

apparent fiber and void volume ratios; input
actual fiber and matrix volume ratios

ply apparent fiber and void volume ratios;
input

array of limiting conditions; input
thermal moments; generated in GPCFD2
applied moment; input

load condition index

applied membrane loads; input

thermal force; generated in GPCFD2
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Engineering
symbol
Ny

Ny

Nlc

Np c

sz

Pe

P,

P cp

Qf,i,p,r,s

R

RINDV

Slll’l‘ etc.

TLINP

ch

46

FORTRAN
symbol code

NFPE
NL
NLC
NPC
NPL

PC

PL

PROPC

PROP

QF,I,P,R,S

R

Boolean

PL(51 to 59,1)

TL

Boolean

CTE

Comment

number of filaments per end; input
number of plies; input

number of load conditions; input

string PROPC length; input

string PROP length; input

composite properties array; generated in

GACD3 and GPCFD2

ply properties array; portions generated in
all parts of the program

string PROPC; composite properties identi-
fiers in GDCFD2

string PROP; ply properties identifiers in
MAIN PROGRAM

indices to print out string PROP
transformation matrix; GACD3, GPCFD2,
COMPSA

T(TRUE) if displacements are read in; in-
put

ply limit stresses; generated in GLISC

ply thickness; input if TLINP = TRUE, gen-
erated in GECL if TLINP = FALSE

F(FALSE) if ply thickness calculated in-
ternally; input

composite local curvatures relative to the
structural axes

composite coefficient of thermal expansion;
three-dimensional in PC(12 to 14), two-
dimensional in PC(48 to 50)



Engineering
symbol

af, ,m

B

e Ve

eli’ elc

V12,712, m12

L

pf,m,l

%

FORTRAN
symbol code

VAF, AL, AM

VCF

BTA

BET

PL(8,I)

Ux

EDPS, PL(64 to 66,1)

THCS

THLC

NUF12,L12,M12

PIE
RHOF,M, L,

SIGL, PL(67 to 69,1)

Comment

filament, ply, and matrix thermal coeffi-
cients of expansion; input and VAL gen-
erated in GECL

correlation factors for ply thermoelastic
properties and strain magnification fac-
tors; input

correlation factors for ply heat conduc-
tivities; input

correlation factors for ply strength; input

interply layer thickness; generated in
MAIN PROGRAM

reference plane membrane strains; solved
in terms of ﬁcx or input

ply strains; generated in COMPSA
angle between composite material and
structural axes; input

angle between ply material and composite
axes; input

filament, ply, and matrix Poisson's ratio;
input

constant; input

filament and matrix weight density; input
and generated in GECL

ply stresses; generated in COMPSA
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APPENDIX B

COMPILED LISTING

MULTILAYERED FILAMENTARY COMPOSITE ANALYSIS IS
A COMPUTER CODE FOR THE LINEAR ANALYSIS OF MULTILAYERED FIBER
COMPOSITES., THE ANALYSIS UTILIZES MICROMECHANICS, MACROMECHANICS,
AND LAMINATE THEORY., THE ANALYSIS IS RESTRICTED TO MEMBRANE, PLATE
AND THIN WALLED SHELL TYPE STRUCTURES. THE INPUTS ARE CONSTITUENT
MATERIAL PROPERTIES, CORRELATION COEFFICIENTS AND COMPOSITE GEOMET
RY. THE LOAD CONDITIONS ARE EITHER FORCES OR DISPLACEMENTS AND
TEMPERATURE AT THE DESIRED SECTION. THE OUTPUTS ARE STRESS/STRAIN
JTEMPERATURE RELATIONS AND THEIR INVERSE, OTHER THERMAL
PROPERTIES, STRENGTH PROPERTIES, STRESS ANALYSIS RESULTS AND
THE MARGIN OF SAFETY,
MFCA ~ MAIN PROGRAM
LOGICAL TLINP,CSANB:BIDE,RINDV
INTEGER QI,QS5:QP,QR,QF
REAL NUF12,NUF23,NUF13,NUF21,NUF32,NUF31,
2 NULL2sNUL23,NULL3 NUL21 ¢ NUL32 ,NUL31 s
2 NUM12,NUM23, NUML 3 s NUMZ1 ¢ NUM32 , NUM31 ,
2 LSC,MLR NBS MBSy KVLyKF Ly NSDTeMSDT s KVL J,KFLJ
COMMON /MAGE/J
COMMON
2 EM22,EM11,EM23,EM12  NUMZ1 o NUML2 , NUM23,
2 EF22,EF11.,EF23,EF12 ,NUF21 sNUF12,NUF23,
2 EM33:NUML13,RHOMECM(3,3 ) EML3VAMI3)} ;AXC(3y3),,FLC(3, 31,
2 EF33,NUF13,RHOF ECF {3,3) ,EF13,VAF{3} s
2 BET{2,8),NBS{3,10)4PLITL50),WXX{3),LSC{6},PCI54},CPC{3,; 3},
2 CHK(3+4) sBTA{4)} , TLINP,DIAFNFPE,PIE,
2 MBS(3+10) RAC(3,3) ,DISVLI{10:6),
2 CSANB;NPL,NL,NSDT{(3),VCF(2,10} 4NUM32,BIDE,M5DT{3),RINDV
DIMENS ION KVL{50) yKFL(50), THLC{50)  TL{50) sMLR{3,10},PROP(71)
FORMAT(55H }
CONTINUE
READ{( 5,4}
WRITE(€,15}
WRITE(¢,4)
WRITE( 65,3010
FORMAT(515)
READ( 5,5} NLyNPL,NPCyNFPE NLC
FORMAT(51 5)
FORMAT{20H NL ¢NPL,NPC s NFPE sNLC)
WRITE(é,111)
WRITE(€,10) NLyNPL¢NPCyNFPESNLC
READ(5,35) EF11,EF22,EF33,NUFL12:NUF23 NUF13,EFL12,EF23,EF] 3,
2 EM11,EM22 ,EM33 s NUML2 s NUM23 ,NUM13, EM12, EM23, EM13
WRITE(6,70)
WRITE(£,37) EF11.,EF22,EF33,NUFL12 ¢yNUF23 ¢4NUF13,EF12, EF23,EF13,

2 EM11,EM22 yEM33 ,NUML2 ,NUM23 yNUML13, EM12, EM23, EM13
DATA(PROP (I} ¢ I = 1,T71)/76HKY y6HKF y6 HKFB sy 6 HKM ?

2 6HHKMB s 6HRHOL  46HTL ¥

2 6HDELTA 6HILDC ,6HIB 26 HIZGC s 6HTHCS
2 6HTHLC 46HTHLS ,6HSCLlLl 6HSC12 ,6HSCLI3  ,6HSC22

2 6HSC23 ,6HSC33 6HSC44 ,6HSCS55 46HSCE6 S6HCTELL &

2 6HCTE22 ,6HCTE33 ,6HHKLL s6HHK22  ,6HHK33  ,6HHCL 4

2 O6HEL11 ,6HEL22 6HEL33 ,6HGL23 ,6HGLI3 .6HGLLZ



i5

25
30

37
41

40

45

50

60

€5

70

80

75

€5

87

88

S0

6HNUL L2 o 6HNUL21 +6HNULYI3 26HNUL31 6HNULZ23 6HNUL3Z2 ,
6HSMFK22¢ 6HSMFD22 s 6H SMF S22 4 6HSM (22 46HSMFSL2 3 6HS MFS 23,

6HILMFC ,6HTEMPD 6HLSCLl1T,6HLSC11C6HLSCLID,6HLSC22T,
6HL SC22C6HLSC12 ,6HLSC23 46HLSCC23 46HLSCCL3,6HLSCOF
6HKL 12AB; 6HMDEIE 6HRELROT,6HEPS11 6HEPS22 ,6HEPS12 ,6HSIGIL ,
6HSIG22 $6HSIG12 6HDELFI ,6HHFC /

"FORMAT(IHL)

FORMAT(//4TH LAYER PROPERTIES, ROWS-PROPERTY,; COLUMNS-LAYER)
FORMAT{I3:3X,A692Xs8E14.4)
FORMAT(//}

FORMAT{5E15.8)
FORMAT{10EL3.5)

FORMAT{4H VCF}

WRITE( €541}

READ{5935) {{VCF{Isd)sd = 1,410),!
WRITE{€s37) ((VCF{Isd)sJd = 1,10),1
FORMAT(4H VAF)

WRITE( €540}

NN NN

READ{ ¢35} (VAF{I},]l = 143}
WRITE{€:37) (VAF({I}ol = 1,3}
FORMAT{4H VAM)

WRITE(&9451)

READ{ %435} (VAM{I),I = 1,3)

WRITE(6:37) (VAM(I},I = 1,3)

FORMAT(59H THERMAL CONDUCTIVITIES AND HEAT CAPACITIES OF CONSTITUE
2NTS)

FORMAT{4H CHK}

WRITE(€¢55)

READ(5935) ({CHK{Isd)sJ = 144),1 = 1,3}
WRITE(€:37) ((CHK{Igd)sd = 194)sl = 143)
FORMAT{4H BTA)

WRITE{ €460)

READ{ 2,35} {BTA{I})., = 1,4}

WRITE(Es37) (BTALI) I = 1,4}

FORMAT{(4H PIE})
WRITE(&,65)
READ{5,35) PIE
WRITE(&,37) PIE
FORMAT(/96H EF11,EF22 yEF33,NUF12 4NUF23 yNUF13,EF12,EF23, EF13,EM11,E
2M22,EM33, NUM12,NUM23 NUML3 ,EM12 ,EM23 ,EM13}
FORMAT{/6H TLINP}
WRITE{ £,8C)
FORMATILG)
READ(5,75) TLINP
WRITE( &, 75} TLINP
FORMAT{/6H CSANB)
WRITE( 6485)
READ{ €,75) CSANB
WRITE(€E,75) CSANB
FORMAT(/5H BIDE)
WRITE(6,87)
READ{£4751 BIDE
WRITE(¢&y75) BIDE
FORMAT{/6H RINDV)
WRITE(€&,88)
READ{ 5,75} RINDV
WRITE (6,75} RINDV
FORMAT{/20H THCS,RHOF ,RHOM,DI AF)
WRITE(&,90)
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55

100

105

110

111

115

120

13¢

131

132

140
142

145

50

READ(%,35) THCS,RHOF ;RHOM,DI AF
WRITE{£&,37) THCS,RHOF ,RHOM,DI AF
FORMAT{4H KVL)

WRITE( 6, 95)

READ(S:35) (KVL{I)e¢l = 1lsNL)
WRITE(E:37) (KVL{I)s1I = 1¢NL})
FORMAT(4H KFL}

WRITE(€5,100)

READ(S¢35) (KFL{I1,I = 1oNL}
WRITE(6937) (KFL{I}HI = 1leNL )
FORMAT{S5H THLC)

WRITE{ €é51C5) _

READ(%,35) (THLC(I)sI = 1sNL}
WRITE(£:37) (THLC(I),I = 1l,NL)
FORMAT(3H TL)

CWRITE(€,110)

READ(5,35) (TL{I)sI = 1,NL}

WRITE(€+37) (TL(I)sI = LyNL}

FORMAT(6H PTEMP)

WRITE(&,111)

READ(5535) {PLI{50+i},y I=1,NL}
WRITE(Ey37) (PL{504I)y I=1,NL)
FORMAT(/4H BET}
WRITE{6,115)

READ(5535) ((BET(I44),J
WRITE(€,37) ({(BET{l,d),sJ
FORMAT{/4H LSC)
WRITE(E,120)

READ{5935) (LSC(I},I
WRITE(&9s37) (LSC{I},l
FORMAT(/4H NBS)
WRITE(€5130).

READ(5,35) ((NBS{I,J}sJ

WRITE(6,37) ((INBS({I,J),5d
FORMAT{/4H MBS)
WRITE{é,131)

READ{(5:,35) {{MBS(I,J).J
WRITE{E,37) {(MBS(1+J)sJ
FORMAT{(/6H DISV])
WRITEL€,132)

READ{5535) ({DISVLI{Isd)e J=1+6}s I= 1,NLC)
WRITE(€,37) ((DISVI{IsJd)s J= 146}y I= 1,NLC)
CONTINUE

DO 145 J = 1¢NL

158) 41
198351

1,2}
152}

Wow

1,6)
146)

o

1,NLC)Y I
1+NLC) I

1,3)
1+3)

[

Wy

193}

1,NLC),I
1 1+,3)

P NLC ) I

H oW

Won

PL{1,3) = KVL{J]}

PLIZ2:,J) = KFL{Y)

PLIT,J) = TLLJ)

PL{12,d) = THCS

PL{L13,J) = THLC(I)

PLUY4,d) = THCS+THLC (D)
PL{13sd)} = PL(13,J)*PIE/180.0
PL{14,d) = PL{L4,J)%PIE/180.0

KVLJ = KVL{J)

KFLJ = KFL{J)

CALL GECL (KVLJsKFLJ)

DO 155 J = 2,NL

PL‘( 9,J ) = 0.0

INE = J-1

IF {NCT. BIDE} GO TO 155



PLISyJ) = PL(8B,J)+PL(8,INE)

PL{9yJd) = PLISJ)%PLI9,J)

PLI99J} = (2.0%PL{ByJ)*PL(BL,INE))/PL(94d)
PLI9yJ) = 0,0186 *{1.0~-PL{9,J}))%*EM12

155 PL{ 495 d) = 0.0093/7(PL{8sJ) + PL(B,INE))

READ IN DESIRED PLY PROPERTIES HERE. SEE FORMAT 111 AND THE

FOLLOWING THREE CARDS FOR SAMPLE INPUT.

CALL GACD3{3.0)

CALL GPCFD2

DO 1S5 M = 1,NLC

CALL CUCMSA(M)
161 FORMAT(//33H FOR THIS CASE NBS{X,YyXY-M} IS , 3Fl0.0)
162 FORMAT(//33H FOR THIS CASE MBS{X,Y,yXY-M} IS , 3F1C.C
163 FORMAT(//79H FOR THIS CASE THE DISPLACEMENTS DISV{ECSXX,ECSYY; ECSX

2Y s WCBX Xy WCBYY ,WCB XY} ARE +/1H 5 6EL15.5)

WRITE(E,15)

IF { RINDV) GD TO 165

WRITE{€s161) {(NBS{I;M), I

WRITE(€5162) (MBS{I,M), I

GO TO 166
165 CONTINUE

WRITE{€,163) (DISVi{MsJ)y J = 1.6)
166 CONTINLE

WRITE(€,20)

WRITE{€530)

1+3)
1,3)

QF =0

QI = 0

QR = Q

P =0

QP = NL/8

QR = MOD(NL,8)

IF (QP LLT. 1) GO TO 185
DO 175 QS = 1,QP
QI = {QS-1)%*8+1
QF = QS*8
DO 17C I = 1,NPL
170 WRITE(€525) IsPROPII) € PLII9Jd)od = QI LQF)
178 WRITE(6,15)
IF{QR .LE. 0} GO TO 185
QI = NL-QR+#1
QF = NL
DO 18C I = 1,NPL
180 WRITELE »25) I,PROP{I){PLII,J)sd = QI,QF)
185 IF ({ QP .NE. C) .OR. {(QR .LE. O)} GO TO 195
QI = 1
QF = QR
DO 16C I = 1sNPL
19C WRITE( €925) I4PROP(I) 4(PLUIsJd)sd = QI,QF)
19% CONTINLE
WRITE(6+15)
60 10 :
END
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SUBROUTINE INVAIN,A,C}
C CALCULATES INVA IN C

DIMENSION AINsNE,CINyN} 4B{6:6)D(6:6)
LOGICAL TLINP,CSANB.,BIDE,RINDYV
REAL NULF12,NUF23,NUF13,NUF21 ,NUF32,NUF31,

2 NLL12,NULZ23,NULL3,NUL2L +NUL32 ,NUL31L,
2 NUIML2,NUM23 y NUML 3 ,NUM21 ;NUM32 , NUM31 ,
2 LSCye MLR yNBS¢MBS KVL,KFL o NSDT,MSDT
COMMON

2 EM22,EM11,EM23,EM12 9y NUM21 sNUML2,NUM23,

2 EF22,EF11,EF23,EF12 ,NUF21 ¢NUF124NUF23,

2 EM33,NUM13,RHOM,ECM(3,3§,EML3,VAM(3} ,AXC(3:33),FLC(353),

2 EF33,NUF13,RHOF sECF{353)EF13,VAF{3},

2 BET(Z2,8)sNBS{3,10)sPL(TL 50} WXX{3),LSC(6),PCi{54)},CPC(353]),
2 CHK{3,4)+BTA (4}, TLINP,DIAF,NFPE,PIE,

2 MBS{3,10)sRAC(3453) 4DISV1I(10+6),

2 CSANBsNPLsNLsNSDT(3}) sVCF(2,10) yNUM32 ,BIDE,M5DT {3 },RINDV

DO 365 I = 1N
DO 265 J = 1.N
Bllsd) = AlIsJ)
ClI«d) = 0.0
IF {I NE.J) GO TO 365
C{Isd) = 1.0
265 CONTINLE
N1l = N-1

DO 395 I = 14Nl
DO 380 K = I4N
IF { B{K:I) -EQe 0.0} GO TO 380
S1 = B(KeI}
DO 37C J = [N
2370 B{KsJd) = B{K,J}/51
DG 375 J = 1.N
278 C{Ked ) = C{KyJ)/S1
38C CONTINUE
IPL = [+41
DO 395 K = [P1lgN
IF (B{KesI) -EQs 0.0) GO TO 395
DO 385 4 = 1N
2385 B(Kysd) = BI{KsyJd)=-B(I,d}
DO 39C J = 14N
390 C{Ksd} = C{KeJ)-CH{I I}
295 CONTINLE

C I LOOP X%

S1 = BINyN}

IF {(S1 .EQ. 0.0) GO TO 405
BI{NsN) = BIN,NJ}7S51

DO 40C J = 1.N

400 C(Ny,d) = C{N,J)/S]
405 IF {S1 .NE. 0.0} GO TO 415

41C FORMAT(16H SINGULAR MATRIX)
WRITE{€s410)
GO T 430
415 DO 420 [1=2,N
I=N+2-11
iM1 = I-1
DO 420 KK=1,1IMl1
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421
420

425
43¢

K=1-KK
DO 421 4 =
C(K,J)
B{K,y 1)

f#ou

14N

ClKsJ)=CHIsJ)%B( Kol}
0.0

END UPPER TRIANGLE REDUCTION

DO 425 1 =
DD 425 J
D(I,4)
DO 425
DU 1I,4d)
CONTINLE
RETURN
END

A

0
D

»0
1,
(1 ed)+ALLKY*C Ky J)

1N
1N
N
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438

44C
445

45¢C

SUBROUTINE GLLSC(J}
GENERATES LIMIT STRESS CONDITIONS FOR SINGLE LAYER
LOGICAL TLINP ,CSANB,BIDE,RINDV
REAL NULF12,NUF23,NUF13,NUF21 yNUF32,NUF31,
2 NULL2,NUL23,NULL3 ,NULZ1 NUL32 yNUL3L,
2 NUM12,NUM23,NUML3 NUM21 ,NUM32 ;NUM31
2 LSCyMLRsNBS,MBS; KVL o KFL yNSDT¢MSDT
COMMON
EM22,EM11,EM23,EML2 s NUM2) ¢ NUML2 s NUM23
EF224EF 11,EF23,EF12 sNUF21 yNUF123;NUF23
EF33,NUF13,RHOF JECF{3,3) ,EF13,;VAF(3},
EM33,NUML3,RHOM,ECM(3,3) sEM13 :VAM(3) sAXC{3393),FLC{3,3}y
BET{2:8)sNBS{3,10),PL{T1,50) yWXX{3),LSC{6),PC{54),CPC{3s 3},
CHK{354) 4BTA{4) s TLINP,DIAF NFPE,PLE,
MBS(3,10)sRAC(343) sDISVI{10:6},
CSANB;NPL:NLvNSDT(3’1VCF(2;10)vNUM32;BfDE|MSDT(3)vRINDV
PLISL, ) LSC(l)*(BET(lyl’*PL(31J’+(BET(lvZ)*pL(5,J)*EM11/EF11))
PL{52,J) LSC(2)*(BET(ZyZ)*pL(SvJ’+(BET(2v1’*PL(39J)*EF11/EM11’)
PLI54,J) BET(1,3)%({LSC{3)/PL{45,J)) %PL{32,J}
PLISS,Jd) BET(2,3)%{LSC{4) /PL{45 )} *PLI(32,J)
PL{5644d) BET{1,4)%(LSC({5)}/PL(4T,J))}*PL(36,J)
PL{53,J) BET(2,4)%PL(564J) + BET(2,5)
PLIST, ) BET{Ll,5)*% (LSC{S5)/PL{484J)) *PL(34,J)
FOYE?®S LONGITUDINAL COMPRESSIVE STRENGTH METHOD
PL{2yJ)*(-1.0 + EMI12/EF12) + 1.0
EM12/S1
PLI1gJ)/7{1.0 ~ PLI(2,J})}
1.0 +# S3
1.0 -~ 2.0%S83 4+ S3%S3
SI¥S§3782/3.0
END FOYE®S METHOD
I = §2
PLE Iesd) = AMINL(PLL 1,31, 54)
IF {J .LE. 1} GO TO 445
PLIGO,J) = BET(1,6)%(LSC{6)/PLI49,J)])
JM1 = J-1

2
2
2
2
2
2
2
2

W owowouw
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S1
S3
S2
S3
S4

Wo#on o

S1 = PLILO,JMLI+(0.5%PL(T+JML))

$2 = 0.25%(PL{8,d)-PL{8,dM1))+PC {31}
2J = §1%82

IF (ZJ .GE. 0.0) GO TO 435

S4 = PC{31)

IF {ZJ LT, 0.0} GO TO 440

S4 = pC{2)1-PC131)

$3 = {$4%S4)=-{74%2J)

S1 = (1.04{4. 0XPL{37,d))=PL(39,J))%PL(32,4)
$2 = (1.0~PL{41sJ})%*PL{31+J)

$3 = 2.0+#PL{37,J)+PL(37,J)

S3 = S3H{ 2.,0+PL (38,J1+PL{4LJ))
§3 = S2XPL(31,J1xPL(32,J)

S3 = SQRT(S3)

S4 = {$14S82)/53

PLIG6Llsd) = S4

RETURN

END



$IBFTC GACD3z DEBUG.DECK

SUBROLTINE GACD31{C)
C GENERATES 3-D AXIAL AND THERMAL CONSTANTS
DIMENSION EL{636) sR(636)RT(6436) 3S(6356)3D1L{6,6),:D2(64561),
2 EC{6s6)ECI(6:6)CTLI6) sCTCL6) ,CTDL6])
LOGICAL TLINP;CSANBBIDE ,RINDV,y,BKEC1
REAL NUF12yNUF23,NUF134NUF21 ¢NUF32NUF31,
2 NUL12,NUL23,NUL13,NUL21 sNUL32 sNUL31,
2 NUML 2,NUMZ23,NUML 3 ,NUM21 s NUM32 s NUM31,
2 LSCyMLR¢NBS MBS KVLKFL s NSDT,MSDT
COMMON
EM22,EM11,EM23,EM12 s NUM21 s NUML 2 s NUM23,
EF22.EF 119EF23,EF12 ¢NUF21 s NUF12,NUF23,
EM33,NUMLI3,RHOMECM(3,3) EML3,VAMI3) ;AXC{343),FLCI(3,31,
EF33,NUF13,RHOFECF(3,3) EFL3,VAF(3),
BET(2:8)oNBS{3510):PLITL 50} s WXXI3)LSC{6},PC{54),CPC(3: 3},
CHK(344) ¢BTA(4) s TLINPsDIAF osNFPESPIE,
MBS(3s103sRAC{3,53),DISVI(10+6},
C SANByNPL;NLyNSDT(3) sVCF(2,10) yNUM32 ,BIDE,MSDT{3),RINDV
454 FORMAT(//27%X:6SH 3-D COMPOSITE STRAIN STRESS TEMPERATURE RELAT ION
25 - STRUCTURAL AXES//)
45¢ FORMAT{/733X,56H 3~D COMPOSITE STRESS STRAIN RELATIONS - STRUCTURA
2L AXES/H ’
457 FORMAT(/11X9b6ELl4.4:5Xs1E14.4)
458 FORMATU/21X,6E14.4)
459 FORMAT(1HL1)
. BWECl = - TRUE.
4€1 DO 455 = 146

NN

455 ECLIsd)
SRC = Q.
ST = 0.0
DO 462 = 15418
462 PCLI) = 0.0
IF {NOT, BWEC1l} GO TO 464
DO 463 1 = 51,54
463 PCLI} = 0.0
4€4 CONTINLE
DO 50C 4 = 1l,NL
ST = ST+PL{T+J)
SRC = SRCH{PL(6,J)*PL(T,4))

EL{1:,1} = PL{15,4)
EL{lsz) = PLLL1GJ)
EL{Ly2) = PL(1TsJ)
EL{29s2) = PLLLB, M)
EL{252) = PL(L1S )
EL{3,2) = PL{(20:J)
EL{4,4) = PLI{21,3)
EL{5;8) = PL(22,J)
EL{6s¢6) = PLIE23:J)
CTL{1} = PL{24,J}
CTL(2) = PLI(25,J4}
CTL{2) = PL126,J)

TH = PL{13yJ)
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46¢
465

47¢

475

480

49G

IF (BWEC1l} TH =

PLI{14,J)

COS({TH}I*COS(TH)

SIN{TH)*SIN{TH)

0.5 *SIN(2.0%TH)

«LE. 1) GO TO 465

R{2,2) =

R{lsl) = R(252)

RiZ,l) =

R{ls2) = R{2,:1)

R{3:,2) = 1.0
R{4,4) = COS(TH)
R{5,4) = -SIN(TH)
R{545) = COS{TH}
R{%¢5) = SIN(TH)

R(l,é) =

R{2:,¢) = -R{1l+56)

R{éy,2) = SIN(2.0%TH)

R{6s, €) = COS(2.0%TH)

R{U 651) = -R{€52)

IF (J
TH1 = PL{13, J)
JM1 = J-1

TH2 = PL{L13,dM1}

S1 = (SIN{2:0%THL)~-SIN{2.0%TH2))
$2 = (COS(2.0%xTHL)-COS(2.0%TH2))
S(2,2) = S1%S1
St1,1) = §1%51
S{2,1) = =S1*S1
S{1,2) = ~S1%35)
S{6s1) ==51%52
St1l,€) =—S1%S2
Sté6y2) = S1*S2
S{2,€) = Si*S2
S{oe 6} = S2%82
DO 46C K = 146
DO 460 L = 156
SIKsL b = 0.,25%S{K,sL}
DO 470 K = 146
DO 470 L = Kyé
EL(LsK)} = EL{K,L)
DO 478 K = 146
D0 478 L = 1,¢
RTIKsL ) = R{L,K)
DG 48C K = 146
DO 48C L = 146
DI{KsL) = 0.0
DO 480 M = 146
DLIKsL ) = DUKS,LI+{RTLK,MIXEL (M, L))
DO 485 K = 146
DO 485 L = 1,6
D2(KeL ) = 0.0
DO 485 M = 1,6
D2IKeL ) = D2(KLI+(DLIKsM)*R(MyL})

S1 = PL{7:J)
$2 = PL(9,J)

DO 490
DO 49¢C

EC({Ksl)

PC{15)
PCL16)
PCL1T)
PC{18)

K = 1,6
L = 1,6

= EC(K’L’

PC(15)
PC(16)
PCL1T)
PC(18)

W ouon

+

4+
+
E o

+{SLIH*D2 UKo L))+ (S2%S(K,L))
PLUT 3 % (PLI27y J)*R(1 1)+ PLI28B,J)*R(2, 1))
PLIT ) *(PL{2TsJ)%R(2,1)+ PLI2B4J)*R(1, 1))
PLLT743) /PLL29,J)
PLIT5J)¥PL{30,J)



495
£0C

501

5C5
51¢C

50¢

511

51%

PCUS53) = PCI53) + PL{T:)*x{PL(28,J)
DO 50C K = 1,6
S3 = 0.0

DO 495 L = 146
S3 = SZ3+{SI*DI{K,LI*CTL{L}))
CTD(K) = CTD{K)+S3

END J LOOP

DO 501 K = 1,6

DO 501 L = 1,6

EC(KsL ) = (1.0/STI*EC (K,L)

SRC = SRC/ST
CALL INVA(&;EC,ECT)
DO 510 K = 1,6
$3 = (0.0
DO 535 L = 1,46

$3 = S2+{ECI(K,L}*CTD(L})
CTCIK) = CTCUKI+{1.0/5T)*53
IF {.NOT, BWECL) GO TO 506
PC{48) = CTC(1)
PC({49)= CTC(2)

PC{50) = CTCL6)
PCU{5L) = PC(15)/S8T
PCL52) = PCLL1EY/ST
PC{53) = PC{53)/5Y
PC(54) = PC(18)/5T
CONTINLE

IF (.NOT. BWEC1) GO 7O 511
WRITE(€5459)
WRITE(£,454)

- PL 2T, J) 1 %R(6521/2.0

WRITE(€s457) ((ECI(LI,d)ed = 146)CTC(I)s] = 1,6)

WRITEL €,456)

WRITE(£5458) ((EC{Isd)sd = 136191 = 1,46)

WRITE(€:459)
BWEC1 = .FALSE.

GO TO 461

TRANSFER COMPOSITE PROPERTIES IN PC
PCL1) = SRC

PC({2) = §T

PCt 3) = EC(l,s1)

PCL 4) = EC{1,2)

PC( 5) = EC(1,3)

PCEL 6) = EC(2,2)

PCL T) = EC(2,3)

PCL 8) = EC(3,3)

PCL 9) = ECl4s4)
PCL10) = EC(5,5)
PC{11l} = EC(6,56)
PCL12) = CTC{L)
PCL13) = CTC(2)
PCL14) = CTC{3)

DO 515 M = 15,418
PC{M} = PC(M}/ST
PCE17) = 1.0/PCH17}
PCL19) = 1.0/ECI(1,1)
PCL20) = 1.0/ECI{2,2)
PC{21) = 1.0/ECI(3,3}
PCl22) = 1.0/ECI{4,4)
PC{23) = 1.0/ECI(5,5)
PCL24) = 1.0/ECI{646)
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PCL25) = —ECI(2,1)/7ECI(1,1)
PCl{26) = —ECI(14+2}/ECI{252)
PCL27) = —ECI(3,1)/ECI(1,1)
PCL28) = —-ECI{1,3)}/ECI(3,3)
PCL29) = —-ECI(3.,2)/ECI(2,2)
PCL30) = ~ECI(2+3)/ECI(3,3)
RETURN

END

$IBFTC BLOCK1 DECK,LIST

58

BLOCK CATA

COMMON JGPCOM/RESF {6) ,DISP(6)
DATA(DISP{I)sI = 1,6}/6HUX

Z OGHWYY g GHWXY /
DATA(RESF(I)sI = 146} /76HNX

2 6HMY s GHM XY /

END

16HVY

s GHNY

1O HYXPUY

pGHNXY

26 HWX X

v 6 HMX

12

¥



SUBROUTINE GPCFD2

GENERAIES THE REQUIRED SECTICN PROPERTIES FOR LINEAR BENDING

THEORY OF MULTILAYERED FILAMENTARY COMPOSITE

REAL MTGNT

DIMENSION EL(35;3)sR{343)>RT(3:3)4+5(3,+3)4EC(3,3),CC(3:3),

2 FC({3,3)+D1(3+3),0213,3),D3(3,3),04(3)MTI3),NT(3},

2 CTL{Z},PROPC(54),RDC{3,3)

LOGICAL TLINP,CSANB,,BIDE,RINDV

REAL NLF12,NUF23,NUFL3,NUF21 ¢ NUF32,NUF31,

2 NULL2,NUL23sNUL13 ,NUL21yNUL32 oNUL31

2 NUML2NUM23,NUML3 , NUM21 s NUM32 o NUM31

2 LSCoyMLRy;NBSy MBS, KVL yKFL o NSDT,MSDT

COMMON
EM22 ;EM114EM23,EM12 s NUMZ1 ¢ NUML2 3 NUM23,
EF22,EF 11,EF23,EF12 sNUF21 sNUF12,NUF23,
EM33,NUM13,RHOM ,ECM{3,3) ,EM13 s VAM{3) yAXC(343)4FLC(3:3),
EF33,NUF13,RHOF yECF {3,3) ,EF13 ,VAF (3},
BET(2,8),NBSE{3,10),PLITL+50) WXX{(3)},LSC{6),PC{54),CPC(3:3},

CHK{3+4) sBTA(4) ,TLINP,DIAF s NFPE,PILE,
MBS{3,10)+RAC{3,3)DISVI{10+6),

CSANByNPLoNLyNSDT(3) sVCF (2,10} 4NUM32,,BIDEsMSDT(3),RINDV

COMMON /GPCOM/RESF (6) ,015P (6)

Moo NN DR

DATA(PROPCHI),1 = 1,54} /6HRHGC ,6HTC s6HCCLL  s6HCCL12

¢ O6HCC13 $6HCC22 6HLC23 ,6HCC33  ,6HCC44 ,6HCCS55  ,6HCCHH
2 6HCTELll ,6HCTEZ22 46HCTE33 , 6HHK11l ,6HHK2Z2

2 6HHK23  556+HHC #+6HECL11 46HEC22 ,6HEC33 ,

2 6HEC23 46HEC31 6HECL12 S6HNLCL2 ,6HNUC21 +6HNUCL3 ,

Z 6HNUC3L ,6HNUC23 ,6HNUC32 ,6HZICGC s6HB2DEC ,6HCCLL

2 6HCC12 ,6HCCL13 ,6HCC22 ,6HCC23 ,6HCC33 L,6HECL1 ,6HEC22
2 6HEC12 6HNUCLZ2 ,6HNUC21 s6HCSNLI3 ,»6HCSN31 ,6HCSN23

2 6HCSN22 s6HCTELl +6HCTE22 6HCTELZ +6HHKLIL  ,6HHK22 6HHK12
2 - 6HHHC /

205 FORMAT(A6+4X93E140451X93E14.45A641E14.4)
210 FORMAT(/)
215 FORMAT(//)

216 FORMAT{1H1)
22C FORMAT(//TH FORCESy34X,29H FORCE DISPLACEMENT RELATIONS,

2 29X.&H DISPL,7X,15H THERMAL FORCES)

&

225 FORMAT(//77TH COMPOSITE PROPERTIES - VALID ONLY FCR CONSTANT TEMPER
2ATURE THROWGH THICKNESS)
22€ FORMAT(60H LINES

1 TO 31 3-D COMPOSITE PROPERTIES ABOUT MATERIAL

2AXES)
2271 FORMAT(63H LINES 33 T0O 54 2-D CCMPCSITE PROPERTIES ABOUT STRUCTUR
2AL AXES)
€z = 2.0
DO 23C &2 = 1.NL

CG IS TAKEN AT THE GEOMETRIC CENTER

CZ = C24PL(T7yd)
23C PLUL0sJ) = CZ-(0.5%PL(T,J))
PC(31) = CZ/2.0
ZBC = PC(21)
DO 235 I = 1,NL
235 PL(11,1) = PL{10,11-28C
END CALCULATIONS FOR CG
DC 240 K = 1,3
MT(K) = 0.0
240 NT(K) = 2.0
DO 245 K = 1,3
DO 245 L = 1,3
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w
wn

2€5

27C

EC(KsL) = (.0
FCIKsL) = Cu®
CCUK,L) = 2.0
S{KyL) = (o0
RIKsL ) = 0.0
FLIKsL)} = €0

BEGIN J LOOP*%%xX
DO 290 J = 1,4NL

EL{1s1) = 1.0/PLI{31,J})
EL{2,2) = 10/PLI32,4)
CL{3:2) = 1.0/PL(3644)
EL{1s2) = =PLA(38ByJ)/PL(32,J)
EL(2:1) = =PLA{37:4)/PL{31,J}

CALL INVA(3,EL.EL)
TH = PL{14,J)

R{1ls1) = COSTTHI*COSITH)
R{2e2) = COSCTH}I*CIS{TH)
R{142) = SIN{TH)®*SIN{TH)
R{2s1) = SIN(TH}*SIN(TH)
R{Le3) = Cub*SIN(2.C%TH)
R{3,2) = SIN{2,0 *TH)
R(3,3) = COS{2.0 *TH)
Ri{cs3) = =R{1,3)

R(3,1) = -R{3,2)

B0 250 K = 143

PO 250 L = 1,3

RTIK,L) = R{L4+K)

IF(J «LE. 1) GO TO 255
SL = SIN{2.0%TH)

M1 = J-1

S2 = SIN(Z2.9%PL{L13,JM1 ))
S3 = CUS{2.,0%TH)

S4 = CCSL2.U%PL{13,4M1))

S{2+2) = (S1-82)*%{51-52)

S{1y1) = {S1-52)%(51-52)

S(2+1) = =5(1,1)

S{1s2) = §{2+1)

S{3,3) = (S3-54)*%{53-54)

S{3,1) = ~{S1-S21%(S3-54)
S{L1ls3) = ~(S1~S52)%{53~354)
S{3,2) = {S1-S2)%(53-54)

S(2:3) = S{3,2)

S4 = C5%PLITy J)

S1 = PL{LG,J)-PCL31)+54
§2 = PL{LOyJ}I=PC(31)~54
S5 = C.5%{S1%8§1-52%82)
IF (J »LE. 1) GO TO 265
2 260 K = 1,43

DC 266 L = 1.3

0 S{KsL ) = Ce25%PL{GyJI*S{KylL)

S6 = C.20%(PL(8yJ)=-PL{B,JM1))
S6 = S€+S44PL{LC,IML}-PC(3])
IF (J 6T, 1) GG 7O 274

56 = (.0

DO 275 K = 1,3
DO 275 L = 143
DL(K,L) = 0.0

DO 27E M = 1,3



2715 D1(KsL ) = DI(K LI+ {RT{KsM)*EL (M, L))

20 280 K = 1453

D0 280 L = 1,3

D2(KyL) = 0.0

DO 2BC M = 1,3

Z8C D2(KyL) = D2(K,L)+ (DL (KyM)%R(M,L))

DO 285 K = 1,43

DO 285 L = 1,3

ST = 0.0

S7 = ($1-82)1%D2(KsL)+S5{K, L)

EC{KsL 1} = ECUKsL} + S7

ST = C.0

ST = SExD2(KyL) +  S6%S{K,L)

CCUKyL) = CCAK,L)+57

$7T = €.0

ST = (1.3/3.0)1%({S1%31%51)1~(S2%S2%SZ2) ) ¥D2 (KsL)+{(S6%S61%S{K,L))

285 FC{KsL) = FCAK,L)+S7
CTL(L) = PLI24:J)
CTL(2) = PL{25,4)
CTL(3) = 0,0
DO 29C K = 143
D&4{K)} = dJ.0
DO 291 L = 1,3
251 D4{K) = DalK)+{DLIK,L)y*CTLILY)
NTEK) = NT(KI#(PL(50,J)¥D&(K)*PL(7 +J))
290 MTIK) = MT{KI+(SHXPL(50,J)*D4(K))
END J LOODP*x%xx%
DO 295 K = 1,3
DO 295 L = 1,3

295 DI(K,L) = EC(K,4L}/CZ
CALL INVA(3,D1,D2)

PC(33) = Dill,1)
PC(24) = DI{1,2)
PCI35) = D1(1,3)
PC{36) = D1(2,2)
PCL27) = D1(2,3)
PC(38) = D1(3,3)
PCL329) = 1.0/D2(1,1)
PCL40) = 1.0/D2(242)
PCI4l) = 1.0/D2(3,3)
PC(42) = =D2(2,1)/N2(1,1)
PC(43) = =D2(1,2)/D2(2,2)
PCl44) = —D2(3,1) /D201 ,1)
PC{45) = =D2(1,3)/D2(3,3)
PCI46) = =D2(3,2)/D2(2,2)
PCL47) = =D2(243) /D2(3,43)
DO 205 I = 1,3
PO 200 J = 1,3
AXC(I,d) = EC(I,J)
CPC(I,J) = CCUI,d)

30C FLC(I,d) = FCUIsJ)
NSDT(I) = NT(I)

2G5 MSDT(I) = MT(I)

WRITE(€,225)
WRITE{€é42206)
WRITE{€,227)
DO 21C I = 1,54
21C WRITE(£5320) L,PROPC{L)PCLL)



320 FORMATI(I3,3X,A64E14.4)
WRITE(€E,21¢8)
WRITE{£,220)
WRITE(€,210}
330 FORMATI(Z2Xs)A604Xe3E1404 41X 23E140.493X9A6434X9E1%G4)
DO 335 1 = 1,3
WRITE(€,210)
335 WRITE(€4330) RESFUI) o {EC(IsJ)sd = 1+3)9(CC(I2J)sd = 143),
2 DISP{I) NT(I)
WRITE(€E,210)
DC 34C I = 4,6
IM3 = 1-3
WRITE{£,210)
24C WRITE(¢+9320) RESF(I)2{CCLUsIM3)od = 143} 5(FCL{IM3,3)sd = 15 3),
2 DISP(1),MT{IM3)
CALL INVA{3.EC,EC)

DO 345 1 = 1,3
DO 343 J = 1,3
FC(1:J) = Q.0

DO 345 K = 1,43
DO 345 L = 1,3

345 FCUIsd) = FOUI 3 J)+CCUL,KY*EC (K LI*CCHL D)

DO 350 1 = 1,3
DO 35C J = 1,3

350¢ RDC(I,4) FLC{1,4) - FCAI4J)
WRITE(£4215)

355 FORMAT{27H REDUCED BENDING REGIDITIES)
WRITE(€y355)
WRITE(€,210)

360 FORMAT{(SE13.5)
WRITE(£,360) ((RDC(14d)y 3 = 14+3) , I = 1,3)
WRITE(€,215)
D0 361 1 L¢3
DO 361 J 1+3

2€l FCUIsd) = FLC(I,44)
CALL INVA{34FC,FC)

H u

DO 262 I = 1,3
DO 362 J4 = 1,3
D3(1:d) = .0

DO 362 K = 1,3
DO 362 L = 1,3

3€2 DB3(1,J) = D3{14d) + CCUILWKIRFC{K,L)*CC(L,J)

DO 3262 1 = 1,3
DO 363 J = 1,3

]

362 RAC(I,d) AXC{I,J) - D3(I,J)
WRITE(£y215)

364 FORMAT(25H REDUCED STIFFNESS MATRIX)
WRITE( €,3€4)
WRITE(€93€0) ((RAC(LyJ)sd = 143)el = 1,3)
WRITE(£,215)
RETURN
END



SUBROUTINE GPHK{(CFsCM,R,Q+(P)

REAL R
LOGICAL TLINP,CSANB,BIDE.RINDV
REAL NUFL2sNUF23,NUF13 4NUF21,NUF32 «NUF31,

2
2
2

NULL2sNUL23sNULL3sNUL21 ,NUL32 9NUL3L
NUM12,NUM23 yNUML3 o NUM21 , NUM32 NUM31»
L5CyMLR,NBS,MBStKVL!KFL!NSDT,MSOT

COMMON

2
2
2
2
2
2
2
2

EM22,EM11,EM23,EM12 ,NUM21 , NUM12 ,NUM23,
EF22,6F11,EF23,EF12,NUF21 ,NUF12,NUF23,
EMBBQNUMI31RHOM:ECM‘393)'EM139VAM(3)vAXC(3Q3):FLC(393)v
EF33,NUF13,RHOFECF (3,3} ,EF13,VAF{(2]),
HET(218),NBS(3’10’,PL(71'50)vWXX(3)9LSC(6);PC(5#)0CPC(393)0

CHK{3+4) oBTA(4) s TLINP,DIAF ,NFPE,PIE,

MBS(3,10)RAL(3+3)4DISVIILO.6),
CSANByMPLrNLpNSDT(3)vVCF‘Zle’,NUMBZ1BIDE'MSDT(3}9RINDV

GENERATES PLY HEAT CONDUCTIVITIES

S1 = (1,G-CM/CF)
§2 = Q¥SJIRT(R)
$1 = {(1.0/52)-51

IF(S1 GT.0.0) GO TO 525
FORMAT{23H BETA TOO LARGE IN GPHK)
WRITE(¢€,520)

IF (S1 .LE. 0.C) GO TO 530

CCP = 1.0-52+(1.0/51)

CP = CP%CM
RETURN
END

63



SUBRUCLTINE GECL(KV,KF)

GENERATES ECL FROM CONSTITUENT PROAPERTIES

REAL KNoKFoKFB o 8kMB, IML yIM2 3 INVECL, KM

DIMEMSION CRL(353) VALI(3) sCML(353) sCMLTH{(393) o IM1I(3,3),1M2(2, 310,
2 ECLE243),CFLTE3,3),INVECL(3,3)

LOGICAL TLINP,USANB3I0E,RINDV

REAL NUFLZ2yNUF23,NUFL3,NUFZ1 yNUF32 4NUF3Y,

2 NLL1Z2eNUL23NULL3 «NULZ2L sNUL32 yNUL3L,
2 NLUML 2 NUM23 3 NUML 3 s NUM2L o NUM32 o NUUM3B1
2 LSCoMLR yNBS o¥B Sy RVLyKF Lo NSO TyMS0OT
COMMUN/MAGE/ Y
COMMCN
2 EMZ2SEYM11,EM23,EML2 3 inUMZY g NUML2 o N JM235,
2 EFZ23EF11,EF23,EF12 «NUF21 oNUF12Z2,NUF23,
2 EM3IAGNUMIIZRHOMECM(3453) oEML3 2 VAY(3) 5AXCH 3433 ) s FLET3s 5}y
2 EF32,NUF13,RHOFZECF (343)EF13,VAr(3]).,
2 BET(2yB)yNBS{3,10),PLITL50) s WXXA3)Y fLSCLE) s PUL4 )y CPLL 3y 1)y
2 CHK{344) y8Ta{4) s TLINPDIAF ,NEPE,LPIE,
2 MBS{3,313) +RAC(353) DISVI(LIDH)
2 CSANByNPLoNLeNSDTLR) 3VCF (2410) oNUMB2BIDEMSDT{2),7 THDY

IF (FF11 JNE. EF22) G T3 535
NUF 21 = NUFL1Z

EFL2 = EF 11702 0% (Lo T+ NUFL1Z))
IF (EF11 EQ.EF22) GO TQ 5en
NUF 21 = NUF12%(EFZ22/EF11)

IF (EF11 oNE. EF33) GU TJ 545
NUF21 = NLFL3

EFL3 = EF11/7(2. 0% (1. 0+#NUFL3))
IF (EF11 .EWs EF33) 50 TN 554
NMUF31 = NUFI3%(EF33/EF11)

I+ (EF22 oNEe EF33) GO TO 555
NUF32 = NLF23

EFZ3 = EF 22/(2e 2% {1e v #NUFZ2))
[+ (EFZ2 otQe EF33) GO TD 56
NUF 32 = NUF23%{(EF33/5F22)

IF (E¥11 NE. EM22) GU T 565
NUAZ2Y = NUMl2

EM12 = EVI1/(2.0% (1. C+NUMLZ2) )
IF (EMI11 EQs EM2Z) GO TN 575
NUMZ2Y = NULML2¥(Ea22/EML1H
IF(EMLIT oNEs EM33) GO TO 575
NUM 3] = NULML3Z

EM13 = EMIL1/(2.04{La 4 NUMLS))
IF (EMIL EQ. EM33)} 50 T3 530
MUMZT = NUML3*(EM33/:411)

IF (EMz2 oNE. EM3Z2) GO0 TO 585
NUMZZ = NUM23

EM23 = EMZ2/(2. ¢ (1. 5+#10UM23})
IF {(FMc2 Ede EM33) LU T 599
NUM32 = NUM22¥ (EM33/eM22)

KFt = (1.,0-KV)*KF

KMB {1 C-KF )% (1e-KV)

CF = KEB/KF

KM = 1,0-KF

PLL3,J) = KFB

PL{4yd ) = 1.0-KF

PLI5,J) = KMB

PL{6sJd )} = RHOMXKMBE+RHOF*KFE

IF (NOT. TLINP ) PLI7,I) =SERTIPIES{FLOAT (NFPE) )/ (A oo FB) ) D1 AF
IF {.NCTo TLINP} PLI(7,Jd) = PLI7,J)/S5ERTIVCF{1,48))
S1 = PIE/4.0/KFB



eCe

SI = SQRT{S1)-1.3

PL{8,J) = SI*DIAF

IF (VCF{1l,1) EQ. G.0) GU TO 595

CM = (1.U/KMB)** (1. 0/VLEF(1+1))

CM = VCF( 2,10

CM = (1.0-KV)I*CM

A= {{1a/EFLL)I+(1.Q/ERLL )= {KFB/KMB]))
B = ((1.0/EMIL)#{1s O/7EFLL)*(KMB/KFB))

ECF(1,1) L« C/EF11L
ECM{1,1)) 1.C/78M411
ECF(l.2) ~NLF2L/EF22
ECM{l, ) -NLM2L /EM22

ECF(1,3)
ECM({ Ly}

-NLF31/FF23
-NUM3L/EM33

ECF{ 252} = 1. 2/0F22
ECrleee) = LaTI/EM22
ECF(251) = =NLFI2/EF11
FCM{ 24 1) = =NUML12/EML]
ECFlZy2) = =NUF32/EF33
ECH(Zy2) = =NUM32/EM33
ECF{3y2) = Lo D/EF23
EOMEB,2) = 1.0/EM33
ECF{3s1) = =NUF13/EFL1
ECM{ 3, 1) = =NUML3/EML]
ECF{ 3,2) = -NULF2A/EF22
ECM( 3y 2) = =NUM2Z23/:M22
DO L5 I = 143

bl Eeus L= 1.3
CMLEL,L) = G0

CFLE L) = w0
CRLE1+1) = 1.0/ 0A%KMBREMLL)
CFL{Z252) = L.0/CF
CFL{3. %) = L.0/CF

CFLlLls2) = (1e0/a)x ({NUFZL/{CFREF22) ) —(NUMZL/ (CNREMLZ2) ) )
CRLULeZ) = (1aC/AYR (INUFRL/(CF®REF33) )~ (NUMRL/(OMHEM33) 1))
CMLL191) = 1o 0/{B%KFOXFFLL)
CML{Z2sc) = LoG/CM
CMLLZ2e2) = 1.9/CH
CMLL1ez2) = (1030 % ({NUMZL/{CMREM22) ) - (NUF2L/ (CF*EF22)))
CMLULe?) = (1a0/8 )% ({NUMBL/{CMRENTIL) ) - (NUFSL/ (CF®EF33)))
DI 61€ 1T = 1,43
DO €Y L o= 1,3
CRLT(IsLY = CEL(LI)
ML TOL L)Y = CMLA(LsI)
DO 62C 1 = 143
DD €2C L = 1,3
IM201,L) = Go0)
IMI{I,L) = CoC
DO €20 K = 143
IMIQT L) = IMI{EL L)+ (CFLTHI 4KIXECF(K,1L))
IMZULaL) = IM20I LY+ {CHLTHL yK)FECM(K,L))
DO €35 1 = 1,3
DO €35 L = 1,3
S22 = a0

Si1 =
DO 63C K = 1+3
S1 = S IML{TK)*CFL{K,L))

65



66

€2¢

€35

£45

est

£ (M

S2 = Sz#(IM2UI,,K)*CMLAK,L))
ECL{L,L)Y = SI*KFB+S2%K4B

ELil = l.U/ZECLA(L,1)
EL22 = 1.G/ECL{2,2)
L2323 = 1.5/8CL1{13,3)
RMUL1Z2 = —ECL{2,1)76CL{L1)
NULZ2L = =ECLILs2)Y/ECL(242)
NUL1S = -ECL(3,1)/ECLA(L,1)
NUL 2] = -ECL(143)/75CL(3,3)
NUL23 = =ECLU3,2)/8CL(2,2)

NUL 32 = —ECLTU2,3)/ECL(3,3)

IF (VCF(1,2) -EQ. 3.0) GO TO 640
CM = (1.0/KM )x%x({1,0/VCF(142))
IF (VOCF(1l,2) «MNEs O.2) GO TO 645

CM = VCFR(2,2)

CM = { Jeu=KV)*CM

S1 = (EML2/(CF*CFxEFL2))*KF8
S2 = KMB/{(MECM)

ELL2 = EM12/7(S51+82)

S1 (EMYIZ/{CF*=CF*EFL1 3) ) *KFB

52 = KMB/7{CMELM)

CL13 = E413/051+S2)

IF (VCF(1,3) «EQ. Gu1) G TQ 65
CM o= (1.0/kM )X¥(1.0/VCE(L,3))
[ECVOF {1y 2) oNE. 0.,Q) 50 TC 655

A%

o

CM = VCF(2,43)

= (IO'L“KV’*CM
SI = (EM23/(CF*CF*EF23) )%KFB
S2 = KMI/Z{CMRCM)

ELZ23 = M23/7(51+S2)

IF {VCF(Ls4) obQ. 9su) GO TO 656
CM = (10 /KM ) {1l C/VCF {1 s%))
IF{VCF(lya) JNE. G 50 TD 657
CM = VOF(244)

CM = (e )=KV)I*(HM

DG 668 I = 1,3

DG o8 L = 1,3

CRLUTI, L) = G.D

CML(I,L) = L, 0

CFL{Ly1) = 1laO/7(ARKMs*EML])
CRL(Z2y2) = 1.0/CF

CRL{3,2) = L.2/CF



660

€61

€€S

670

4

CFLULy2) = (LoC/A)*((NUF2L/(CFXEF22))=(NUM21/ (CM*EM22)))
CFL{1,2) = (1.0/A)* ((NUF31/(CF*EF33))—-(NUM3L/ (CM*EM33)))
CML{1,1) = 1.0/(B¥KFB*EFL])

CML{2:2) = 1.0/CM /

CML{3,%) = 1.0/CM .

CMLULy2) = (1.0/B)* ((NUM2L/(CM*EM22))-{NUF21/ { CF¥EF22)))
CML{1,32) = (1.0/B)% ({NUM31/(CMXEM33))-(NUF3L/ (CF*EF33)))
DO 660 I = 1,3

DO 660 L = 1,3

CFLT(I L) = CFLUL,I)

CMLTUI.L) = CMLIL,I)

DO 661 I = 1,3

VAL{I) = 0.0

51 = an

$2 = C.0

DO 661 L = 1,3

S1 = SIH{CFLT{IL)*VAF(L)])
S2 = Sz+{CMLT({I,L)*VAM(L))
VAL{I) = S1¥KFB+S2%KMB
CALL INVA(3,ECL,INVECL)

PLEL1S,J} = INVECL (1,1}
PLI16¢dJd) = INVECL(L1,2)
PL{LTsd) = INVECL(1,3)
PLU18ysJ) = INVECL(2Z2,2)
PL{1S,J) = INVECL(2,3)
PL{20sJ) = INVECL(3,3)
PL(21,J) = EL23
PLU22y4) = ELL13
PL{22,4) = EL23
PL{23,J) = EL12
PL(244J) = VAL(L)
PLE2SsJ)} = VALI(2)
PLI264,d) = VAL{2)
PL{31,J) = EL11
PLU32,J) = EL22
PL(33,J) = EL33
PL{34,4) = EL23
PLE35,J) = EL1R
PL{36yJ) = ELL12
PL{37,J) = NUL12
PL(39,4}) = NUL13
PL{38,J) = NUL21
PL{L4C,J) = NULZ21
PL{41,J) =NUL23
PL{42,J) = NUL23
PL{30yJ)} = (CHKI{1,4)*RHOF*KFB+CHK(2 y4 ) ¥RHOM *KMB)/PL(6,J)
DO 665 L = 1,3

S1 = 2.0% BTA(1}*CHK(2,L)+CHK{3,4)
S2 = KVE(CHK({2,L)-CHK(3,4))

CHK{3,L) = CHK{2,L)%(S51-2.0%52) /{-S2+S1/8BTA(1)})
PL{27vd) = BTAL2)*KFB*CHK {1l 91 )+{1l.0-KF) *CHK({3,1)
DO 67C L = 2,3

L26 = Z6¢L

CHKIL = CHK(1l,L)

CHK3L = CHK({3,L}

LP1l = L+l

BTAL = BTA{(LP1)

CALL GPHK(CHK1L sCHK3L ,KFBsBTAL,PLL26J])
PLIL265,J) = PLL26J

RETURN

END
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SUBROUTINE GSMF{SLLLsSL22 3SL12:SL23 KV KF )

GENERATES TRANSVERSE AND TwWwil SHEAR MAGNIFICATICN FACTORS

REAL KVoKFoKFB yKMB ¢ MF22,MF12,MF23

DIMENSTION WMF(10)

LOGICAL TLINP yCSANB+BIDE,RINDY

REAL NUF12sNUF23,NUF13 ¢NUF21 ,NUF32 ,NUF31,

2 NLLL12NULZ23,NULL3 oNUL2] s NUL32 s NUL3L,

2 NLML 2oNUM23 ,NUML3 , NUMZT » NUM32 yNUM3L ,

2 LSCyMLR yNBS; MBSy KVLsKFL 3 NSDT, MSOT

COMMON
EM22 EMLIL,EM23,EML2 s NUMZ21 s NUML2 ,NUM23,
EF22sEF L1,EF23,EF L2 yNUF2L s NUFL2,NUF23,
EF33eNUFL3RHOFSECF{333),EF13,VAF(3),
EM32 ;NUMLI3,RHOM,ECMI3,3) EML3 VAM(3) JAXC{3,3)4FLCI(3,3),
BET(Z2:8) oNES{3,10) 4PLITYL ¢50) s WXX{3) yLSC{H) 2 PCIS4)CPC(3y4),

CHK{3:+4) +3TA(4) s TLINP,DIAF yNFPEyPIE,
MBS{3,10),RACT3,3) ,DISVI(10:6),

CSANBsNPLyNLsNSDT(3) s VCF{2510) oNUM3Z ¢BIDE,MSDT(3)RINDV

EL11 = PL(31,4)

EL22 = PL{32,J)

NUL12 = PLI3T,4)

NN O N NN

NuUL 21 PL{38,J)

VO = 4.C¥KV/{PIEX{1.0~KF))
VC = 1.0/(1.0-SQRT(VC))
KF8 (1o 0~KV)*KF

KMB = {1.0-KF)¥(1.0-KV}

CF = KFB/KF

CM = KMB/(1.0-KF)

KIES EQUATION

IF(VCF(1,5}) .EQs 0.0) GO TO 675

P o= SARTL4.0/PTEN*(KFB**{VCF{1,5)))
€15 TF(VCF(1,5) «NEs 0.7) GO TO 6886

68

P = SJQRT{4.0%KFB/PIE)*VCF {2 ,5)
€8C A = CM¥EM22%{ 1o O~-NUFL2*NUF21) JICF*EF223% (1. 0-NUMLZXNUM21})
B o= NUMIZHRCMEEM22% (1. D-NUFL2%NUF21) 7 ICFREF22% (1. U~NUMLI2%NUM21)})
S1 = (1.0=(NUL21*Pk (NUF12-B) ) 1% (1.0/EL22)%5L22
S2 = (1.0/ELLL)*{P*{NUFL2-B)~NUL12)*SL1])
S3 = {1.D2/(1,0+Pk{A-1.C))I*(S51+S2)
S = (SL22/EL22)-(NUL12*SLI1/ELLL)
[F (ABS(S4) = C.9) 681, 681, 682
€81 MF22 = 1.0
GO TO €83
€8z MF22 = S3/54
IF (MFz2 LT, 1.9) GO TO 684
GO TO €83
6€4 MF22 = 1.0
€83 VMF(1) = MF22%VvC
DANNIELS EQUATION
S1 = SQRT{PIE/KFB)
S1 = (81-2.0Q)
SI = 0.,83%851%S51-1,35%51+1.73
MF22 = S1%{1.0-NUM23¥NUM32)*(EL22/EM22)
MF22 = MF22%V(
VMF(2) = MF22
KIES 1-D MAGNIFICATION FACTOR
P = SQRT(4.O0¥KFB/PIE)*VCF {2,5)
S1 = CMXEM22/(CF*EF22)
S1 = 1.0-P%{1.(C-51)
MF22 = 1.0/51



1040

cl

c2

FF22 = MF22%VC

VMF(5) = MF22

IF (VCF({1l,&) oEWQe U.0) GIJ TO 695
P = KFB®%{L,3/VCF(1,6))

IF (VCF(Ll,€) oNEs G.0) GO TO 72C
P = SARTL 4. 0%KFB/PLIE)®VCF (2,61}
S1 = (CM*EML2/(CFXEFL2))

S3 = LeU~{P%{1.3-St))

MFL2 = 1.0/53

IF (VCF{1,7) EQ. CoT) GO TO 721
Po= KF3¥® (1. 0/VCF(L,7})
IFGVCF(Ll, 1) NE. U.0) GO T 702
Po= SQARTL 4 3%KFB/PIEIRVCF (2 47)
SI = CMXEM223/(CF*EF23)

S3 = Z2.0%{leu—P)+( (2. 0%P~1,0)%S1)
MFz3 = 1.0/83

VMF(6) = MF12%VC

VMF(T) = MF23%VC

PLI43,J) = VMF(53)
PL{44,d) = VMFL{2)
PL{45,J) = YMF (1)
PLEGOJ)Y = VMF(3)
PL(4TsJ) = VMF(6)
PL(48B,J) = VMF(T)
RETURN

END
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2

SUBRGUTINE COMSA (M)

COMPUTES STRAIN AND STRESSES IN

THE LAYERS GIVEN THE PRESCRIBED

EDGE FUORCES,LAYER TEMP.AND CURVATURES

REAL KLLIZ2,NS,LVasMS

O IMENSION AIN(3¢3) oNS{3)9RLI(343),ALI3),FL1343),
20E( 636 )2CEINTG6,6) yLV(B) DISVIS) 4MS(3),

TSLCZ), TS2(3)+SIGL(3) ,EPSL(3)
LOGICAL TLINP,CSANB.BIDE.RINDYV

€7S FORMAT{1HI)

&80

FORMAT(/)

€81 FORMATL//)
€82 FORMAT(//6H DISP.s34X,294 DISPLACEMENT FORCE RELATICNS 43X,

2

TH FORCES)

EB2 FORMATIZ2X )A6:4X33E14.491X33E1444,15X,A6)

€84 FORMAT(

(3:23

€86

€51

2
2
2

2
2
Z
2
2
2
2
2

REAL

E12:498BX93E14e4 91 Xy3E14e4 93X E1G04)
NLFL2,NUF23,NUFL3,,NUFZ]1 s NUF32,NUF31,

NLLL2oNUL23¢NULYI3  NULZL s NUL32 yNUL3L,
NLML23NUMZ 3, NUML3 3, NUM21 o NUMB2 ¢ NUM3L
LSCyMLR NBSyMBSy KVLyKFLyNSDT,MSDT

COMMON

EMZ2EMLLeEMZ23,EMLI2 yNUM2L o NUMLZ o NUM23,
EFZ2,EF L1yEFZ3,EF 12 ,NUF21 ¢NUFL2,NUF23,
EM3I2 G NUML3 KHOMECM(343) 3EML3 o VAM(3) JAXC{3,4) 4 FLC{343 ),
EF23,NUF1L3,RHIF JECF (3431 4EF13,VAF(3),
BET(Ze8) oNBSU3913) 9 PLLTL53) ¢ WXXA3) 4LSC(E) 4 PCI54),CHC(3y 3),
CHKU344) yBTAL4) s TLINP,DIAF ,NFPE,PLE,
MBS(3410) RAC(3,3),DISVLIILDsh),
CSANByNPLeNLyNSUT(3) o VUF {2 310) oNUM32 ,BIOE,MSDT (3) 4RINDV

COMMUN /GPCOM/RESF(6),DISP (5}

CALL INVA(3,AXC,AIN)
O 685 I = 143

MSEI) = MBS({I,M)
NS{I)Y = NBSUL.™)
CC=0.%

DO 678 I= 1,3

CC = AMAXI(CC 4ABSIMS(I)))
D 668 1 = 143 .

DD w38 J = 1,3

CE(I,4) AXC (I}

JP3 = J :
1Ps = 1
CE{(I,JP2) CPC(l,J}

CECIP 343 CPCI(I,d)
CECIP2,0P2) = FLC(I,J)
CALL INVA{6&9yCEZCEIN)

IF ( ,NCT. RINDV) GO TO 677
DO €73 J = 146

4 + i
[SSIRe V)

Ho#

= DISVIG) = DISVL{M,J)

GO TO €S5

CUNTINLE

DO 686G 1 = 1,3

LVOID) = NSCL) + NSDT(i}

IP3 = | + 3

LVIIP2) = MS{I) + MSDT(I)
)

DISVII) = G.0

DO 691 K =
DISVIL) =D



€SG5 CONTINLE
DO 692 I = 1,3
IP3 = 1 + 3
€S2 WXX{1) = DISVIIP3)}
WRITE(€,676)
WRITE(E&,682)
WRITE( é5680)
DO 686 1 = 1,3
WRITE{¢,6801)
€8¢ WRITE{€E:683) DISP(L)(CEINIL sJd) 9d = 1 46)+RESF(I)
WRITE({€,680)
DO 687 1 = 4,6
WRITE(¢,680)
EET WRITE(E4683) DISPUI)(CEIN(IyJ)yd = 136)RESF(I)
IF {RINDV) GO TO 696
DO 690 I = 1,6
DISVI) = 0.0
DO é69C J = 1,6
€GC DISVII) = DISVII) + CEIN(LI, J)*LV{D)
GO TO €58
€S¢é CONTINLE
CALL INVA{6&+CEIN,CEIN)
00 697 1 = 1,6
LVITI) = 0.0
DO 697 J = 1,6
€ST7 LVII) = Lv(lYy + CEIN(I,J)*DISV{J)
CALL INVA{6,CEIN,CEIN)
€58 CONTINUE
WRITE(€,681)
WRITE(€,682)
WRITE(€,680)
DO €93 1 = 1,3
WRITE( 6,680}
€63 WRITE(E5;684) DISVII) (CEIN(LI ¢J)od = 14601 LV
WRITE( €,680)
DD 694 I = 4,6
WRITE(€,680)
€94 WRITE(6:684) DISVII), (CEIN{Iod)sd = 1486),LVII)
BEGIN 1 - LOOP
DO 79C I = 1,NL
TH = PLIL4,y1)

RL(2y2) = COS(THI*COS(TH)
RL{Ly1) = COSITHI*COS(TH)
RL(1py2) = SIN{TH}*SIN(TH)
RL{Z,1) = SIN(THI®RSIN(TH)

S1 = SIN{2.0%TH)
RL{2Z2y3) = -0,5%S§]

RL({1s3) = 0,5%§]1
RL{3s1) = =81

RL{3,2) = Sl

RL(3,2) = COS(2.03%TH)
ALCLY = PL(24,1)
ALL2) = PL(25,1)
AL{3) = 0.0

DO 715 J = 1,3
DO 715 K = 1,3
715 EL{J.K)
EL({1le1)
EL( 2+ 2)

1. 0/PL(31,1)
1.0/PLL32,51)

HoR o
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126
125

3¢
13¢

74C
745

148

150
155
€9¢%

61

703

705
100

EL{3,2) = 1.0/PL(36,1)
EL{1,2) = -PL{38,1)/PL(32,1]}
EL{2s1) = -PL{37,1)/PL{31,1}

CALL INVA(3,EL,EL)

IF {RINDV} GO TO 699

IF (CC NEe. 0.0} GO 7O 699
DO 725 4 = 1,3

S1 = 0.0

DO 720 K = 1,3

S1 = SI1#CPC(JsKIENWXXI{K)
TS1(J} = NS{JI+SL+NSDT(J}
DO 7135 4 = 143

S1 = £.,0

D0 730 K = 1,3

S1 = SI1XAIN{JKI*TSL(K)
TS2(J) = S1-PL{L11,IY%uWXX{J)
DO 745 4 = 1,3

S1 = C,0

DO 74C K = 1,3

S1 = S1+RL{J,K}*TS2(K)
EPSL{J) = S1

DG 748 J = 1,3

TS1{J) = EPSLUJ)=(ALLNI*PL(50,1))
DO 755 J = 1,3

S1 = 0.0

DO 75C K = 1,3
S1 = SI+EL(J,KI*TSL (K)
SIGLIJS) = 51

GO 10 700

CONTINLE

DO 701 J = 153

TSIUJ) = C.0

TS1¢Jd) = TS1{d) + DISVIJ) + PL{LL,I)*DISV(J+3)
DO 703 J = 1,3

EPSL{J) = D.0

DO 702 K = 1,3

EPSLUJ) = EPSL(J) # RLU{J,K}*TSL(K)

DO 705 Jd = 1,3

SIGL{JY = 0.9

TS2€u4 ) = EPSL(J) - PLA{5D,11%AL{J)

DO 705 K = 1,3

SIGL(J) = SIGL(J) + EL{JKI®TS2(K)
CONTINUE

CONSTRLCT LAYER,COMBINED STRESS LIMIT STRENGTH CRITERION
SIGLLY SIGLtL)

SIGL2 SiGL(2)

SIGL3 SIGL(3)

PLIT = PLULls1}

PLZ2I = PL{2+1)

IF  (ABS({SIGL1) .EQ. 0.0} SIGLL = 0001
CALL GSMF{SIGL1,SIGL2.SI6L3,1.0,PL1I,PL2I,1)
CALL GLLSC{l)

IF ((SIGL{1}*SIGL(2)) .LT. 0.,0) GO TG 765
IfF (SIGL{1) .LT. 0.0) GO TO 760

KL12 = BET{1,7}

S1 = PLiSL,I}

52 = PLIS4,41)

[F(SIGL{2) oLEs UsD) GO TO 757

S2 = PLI{54,1)

H

[ 1]



151
16C

1¢€5

17C
175

TEC

15¢C

155

€GC
&05

GO 1O 780
IF {SIGL{1) .GE- 0.0) GO TO 765
KL12 = BET(2,8)

S2 = PLI55,1)
S1 = AMINL(PL(52,1)4sPL{53,1))
GO YO 180

IF ({SIGL{1)*SIGL(2)) .GE. 0.0) GO TO 780
IF (SIGL{1) -LT. G.0) GO TO 775

KL12 = BET(1,.8)

S1 PL(51,I)

$2 = PL(55,1)

IF (SIcL{2) .GE. 0.0) GO TO 770

S2 = PL{55,1)

GO TO 780

IF {(SICLU1) .GE. 0.0) GO TO 780

KL12 = BET(2,7)

[}

§2 = PL{54,+1)
SI = AMINL(PL(52,1),PL(53,1))
GO TO 7180

KL12 = KL12%PL(61,1)

§1 = SIGL(1)/51

S2 = §SiGL(2)/52

§3 = SIGL(3)/7PL (5641}

S4 = (S1%S1)-(KL12%S1%82) +(S2%52)+{53%53)

PL{62y1) = 1.0~54

S1 = AMINI(PL(52,13,PL{53,1))

S2 = PL{51,1)%*S1

S3 = PL{S4,1)*PL(55,1}

82 = ([ SIGL{LI*SIGL(1)~SIGL(L) *SIGL{2)+(S1-PL(5L, 1} )}*SIGL{1)})/S2
$3 = (SIGL{2)I%SIGL(2)+(PL(55,1)-PL{54,1))*S1GL{2})/S3

PLITYIs 1) = La0-(S2¢S3+(SIGL(3)*SIGL{3)}/PLI56,1M/PLI5651)))
IF {1 JE. 1) GO TO 785
IML = I~1

S1 = SIN{2.0%TH)—SIN{2.0%PL(14,IML})
S3 = COS(2,0%TH)I-COS(2.0%PL(1&,IML))

$3 = 1S2(2)-TS2(1)

S4 = C.5%(SL¥S3+S2%TS2(3) )

PLITGy 1) = S4

PLI63y1) = {PLI60,1)-ABS{S4))/PLI6O,I)
PL(64,I) = EPSL(L)

PLI65, 1) = EPSL(2)

PL{66, 1) = EPSL(3)

PLI67,1) = SIGL(1) b
PLIGB,1) = SIGL(2)

PLI69, 1) = SIGL{3)

IF (.NOT. CSANB )} GO TO 790
IF (I NE. 2) GO TO 785
CONTINLE
END I-LOQP
GO TO 805
DO B8CQ I 62 NPL
DO 80OC J 3eNL,2
PLIIsd) = PLLLIL}
JP1l = J+1
IF {(4P1 .GT. NL) GO TO 800
PL{I,JdP1l) = PL{I,2)
CONTINUE
CONTINUE
RETURN
END

nou
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£4 1420 1

APPENDIX C

SAMPLE CASES

Unidirectional Composite

EF11,EF22,EF 23, NUF12,NUF23,NUF13 ,EF12,EF23,EF13 ,EML11,EM22,EM33,NUMLI2,NUM23 NUM13,EM12,EM23,EM13
0.20000E 00 O0.13000E Q7

0.50000E 08
0.57000E 06
VCF
0.40000€ 01
[ 2
VAF
-0,55000E-06
VAM
0.42800E~04
CHK
0.58000E 03
0.
BTA
0.10000€ 01
PIE

0.31416E O1
TL INP
F

CSANB
F

BIDE
F

RINDV
F

0.10000E 07 0.10000E 07
0.57000E 06 0.36000E 00

04200008 01 0.40000E 01
0. 0.

0.56000E~05 0.56000£-05
0.42800E-04 0.42800E~04

0.58000€ 02 0.58000E 02
0.22500E 00

0.10000E 01 0.10500¢ 01

THCS ,RHOF,RHCMy DIAF

.
KL
0.

KFL

0.500006 00
THLC

Q.

TL
0.80500E~02
PTEMP
-0.30000€ 03

BET

C.83000E 00
0.50000E 00

LsC
0.23000E (6

NBS
0.50000E 04

0.500008 02

DIsvl
Q.

74

0.59000E-01 0.44300E-01
0. 0.

0.50000E G0 0.50000€ 00
O. 0.
0.80500E~02 0,80000E~02
~0.30000E 03 -0,30000E 03

0.10000E 01 0.26000E 00
0.13300E 02 0.31900E 05

0.21000E 05 0.,20000E-01

[ 0.
0. 0.
0. 0.

0.20000E 0)
0.36000E 00

0.20000E 01
0.

0+17000E 00

0.10500E 21

0;260006~03
0.

0.50000E 00
0.
0.80000£~02
-0+30000E 03

0.27000€ 22
0.10000E 01

0.50000E~01

0.
0.

0.
0.

0.

0.
0.
0.
0.
~0.

28
0.

0.

25000€ 22
36000E 00

10000E 01

12500€ 01

50000€ 02

80000€-02

O

0.
0% 10000€ 01

0.12500€ 01

0.
0.50000€ 00
0.
0.80500£-02

O,

0.
0.10000E 01

0,12500E €1

0.
0.50000E 00
G,

0.80500E~02

0. TOO00E 06
e

0.23560E 01
0.

0.25000E 00

[+
0,50000E 00
[

0.80000€E-02

30000€ 03 -0.30000& 03 -0.300C0E 03 ~0,30000€ 03

17000€ 02
13000€& 01

45000£-01

0.16500€ 02
0.10000E 01

0.45000E-01

0.10000E 01

3-D <COMPOSITE STRAIN STRESS TEMPERATURE RELATIONS - STRUCTURAL

0.39556-07  ~0.9941E-08
-0.9941E~08 0.1042E-05

~0.9941E~08 ~0.4266E-06

[ /%
0. 0.
0. 0.

-0.9941E~-08
~0.4266E-06

0.1042E-05

Q.

-0
[
042937E~05
O

0.

0.
-0,
O

0.

0.2937E-05 G.

0.

0.10000E 01

AXES
G. -
-0
0.
G.
0.1578E-05

0.13030E 07

0.
0.

0.

0.45500E-01

0.6138E-07
0.2334E-<04
0.2334E-06
0.
0.

0.

3.57303E 0%

0.
J.

2.10000E 01



3-D COMPOSITE STRESS STRAIN RELATIONS - STRUCTURAL AXES
0.2549E/ 08 0.4118E 06 0.4118E 06 =0, “0e ~0
0.4118E 06 0,1160E 07 0.4787€ 06 =0. -0. C.
0.4118E 06 0.4T87E 06 0.1160€ 07 -0, -0 ~0.
-0 -0, “0e 0.3405€ 06 -0. =0
~04 ~0. ~0. -0, 0+3405E 06 =0,
=0. 0. -0. -0 -0 0.6339E 06
COMPOSITE PROPERTIES — VALID ONLY FOR CONSTANT TEMPERATURE THROUGH THICKNESS
LINES 1 TO 21 3-) COMPOSITE PROPERTIES ABOUT MATERIAL AXES
LINES 33 TO 54 2-D COMPOSLTE PROPERTIES ABOUT STRUCTURAL AXES
1 RHOC 0.5165E~01
2 TC Ce 6400E~01
3 CC1l 0.2549E 08
4 %09 ¥4 O0.4118E 06
5 cc13 C.4118E 06
6 ccz2 0.1160E OT
7 cca3 0.4787E 06
8 €C33 C.1160E 07
9 €C44 0.3405E 06
10 CC55 0.3405€ 06
11 CC66 0.6339E 06
12 CTELL -~ 0.6l 38E-07
13 CTE22 0+ 2334E-04
14 CTE33 0.2334E~04
15 K1l 0.2906E 03
16 K22 0.3715€ 0}
17 HK 33 0.37)15E Q1
18 HHC 0.2043E 00
19 EC11 0.2528E 08
20 CEC22 0.9597€ 06
21 EC33 0.9597E 06
22 £C23 0.3405E 06
23 £C31 C.3405E 06
24 EC12 0.6339E 06
25 NUCL2 0.2514E 00
26 NUC21 0.9541E~02
27 NUC13 0.2514E 00
28 NUC31 €.9541E-02
.29 NUC23 0.4094E 00
30 NUC32 0.4094E 00
31 ZCGC 0.+3200E~01
32 B2DEC [
33 CCLi 0.2535E 08
34 cClz 0.2418E 06
35 ccl3 ~Qa
36 cc22 0.9620E 06
37 cc23 0.
38 CC33 C.6339E 06
39 EC11 0.2528E 08
40 €C22 C.9597E 06
41 EC12 0.6339E 06
42 NuC12 0.2514E 00
43 Nucz21 0.9541E-02
44 CSN13 ~0.
45 CSN31 -0.
46 CSN23 =0
47 CSN32 0.
48 CYELL ~0.61386-07
49 Cre22 0.2334E~04
50 CTEL2 Ce
51 HCLL 0.2906E 03
52 HK22 0.3715€ 01
53 K12 ~0e
54 HHC 0,2043E 00
FORCES FORCE DISPLACEMENT RELATIONS DISPL
NX 0.1622E 07 0.1548E 05 -D. 0.2441E~03 0.1907E-05 -0. ux
NY 0.15488 05 0.6157€ 05 0. 0.2384E-05 0.5722E-05 O, VX
NXY -0 0. 0.4057E 05 -0. O. 0.5722E-05 VXPUY
MX 0.2441E~03 0. 2384E~05 ~0 0.5531E 03 0.5283€ 01 -0 WXX
MY 0.1907E-05 0.5722E-05 0. 0.5283E Q1 0.2102€ 02 0. WYY
Mxy ~0. 0. 0.5722E-05 ~0. 0. 0.1385F 02 WXY
REDUCED BENDING REGIDITIES
0.55369E 03 0.52825F 0@ -0. N.52825E 91 0,21016E 02 0. -0, 0.

THERMAL FORCES

~0.7843E 02
~0.4308E 03

-0

~0s1430E-D7
~0.5950E-27

~0.

0.13847€ 02

5



RECUCED STIFFNESS MATRI X

0.16221E 07

DISP .

uXx
VX

VXPLUY

WXX
WYY

WXY

0iseP.

G.31C8E-Q2
~0.77I8E=L2

0.

0.9C52E-C1
~0+2275E-01

~0wW

FOR ThHIS CASE NBS{XsY XY~M}

FOR THIS CASE MBS{X3 Y XY~M)

LAYER PROPERTIE S,

1 KV

2 KF

3 KER

4 KM

5 KMB

6 RHOL

7 L

8 UELTA

9 fLoc
1o 8
11 60
12 THCS
13 THLC
14 THLS
15 SC1Lt
16 sCc12
17 SC1l3
18 522
19 SC23
20 SC33
21 SC44
22 SC 55
23 5L66
24 CYELL
25 CTE22
26 CTE33
21 HCL
28 FK22
29 HK 33
30 HCL
31 ELLL
32 EL22
33 EL 33
34 GL23
35 GL13
36 Giz
37 NUL 12
38 NULZL
39 NULL3
40 NUL 31

Js154T6E 05 0. 0.15476E 05 0.61569E 05 0. ~0. . 0+40558E 75
DISPLACEMENT FORCE RELAT TONS FORCES
0s61BC0E-06  =0.1553E-06 9. -0,2723E-12 0.5466E-13 =0, NX
-0.1553E-Co 0.1628E-04 -0, T.64064E-13  ~0,4429E-11 0. NY
-0, O 0,2465E-04 0, -0 -0.1019E~10 NXY
=0e2723E-12 0.5466E-13  ~0. 0.1810kE~02  ~D,4551E-03 0. MX
U.4064E-13 ~U0.4429E-11 0. -0,4551E~03 0,47T0E~0L  ~0. My
0. 0. -0,1719€E-10 0. 9. 047222801 MXY
DISPLACEMENT FORCE RELAT [ONS FORCES
Us61 80E=06  ~04s1553E-06 0. ~0.2T23€=12 0.54666-13 -0, 0.4922E D4
-0:1553E- 06 0.1628E-04 -0, 0.4064E~13  -0.4429E-11 0. -0.4308€ 03
-0. 0. 0.2465E-04 0. -0 0. 1N19E~1D =0,
~042723E-12 0.5466E~13 -0, 0.1810E-02 =0.4551E~03 0. 0.5000E 02
0. 4064E-13  ~0.4429E-11 0. -044551E-03 0.477CE~01  -0. -0.,5960E=07
0. 0. =0+ [U19E~10 0. 0. 0, 7222£~01 =0,
Is 5000. 3. O
s 50, 0. 0.
ROnS-PROPERTY s COLUMNS~LAYER
0. 0. 0. 0. 0. 0. n. 0.
0. 5000E 00 0. 5000t 02 0453302E Q0 0.5030€ 00 0.5100E GO 0. 50006 00 7. 5200E 0 0.5203F 22
). 50006 Q) 0+ 5000€ 09 0.5000F 00 0.5039E 00 0.5000E 00 0.5000E 0N 3, 57008 92 Dv5390F 37
2. 50008 OV 0.5000€ N0 J.5%30E 00 0.5020E 00 0.5000E 0N 050006 00 2, 5N00E 27 2.5)79%€ 72
2. 50008 00 0.5000E 80 0.5070F 00 0.5000€ 00 0.5000€ 00 0.5000 00 0, 50008 03 2.5399€ 52
0.51636~0L 0. 5165€-01 0.5165E~01 D.51656-01 0.51656~01 0.51656-01 0,51658~01 NJ51658=21
0+ 800)E~D2 0. 3000E =02 0.803IE-02 0.B0J0E-02 0.8000E-02 0.8000E-02 0.8000E~02 0,83N0E~)2
Q¢ 6580E~04 0.6586E-0% 046585E=04 0.6586E-04 0.6586E~06 0.6586E=04 0.6586E-0% 0.56586E-04
~G.DOCOE~19 0. 0. 0. 0. 0. 0, 0.

U 4000E =02 D4 1200E~01 0.2000E~01 0.28)0E-01 0.3600E~01 0.4400E-01 0.5200E~01 0.63008-31
=242800E~01  -0.2000E~01  =0.1233E=D1  -D.4020E-02 0.40C0E~02 0.12002-01 0, 200DE=91 0.2800€-31
0. O 0. 2. 0. O 04 Js ’

J. [ [N 0 0. 0. 0. 0.

0. 0. 0. 0. 0. . 0. Ce 2.

Vs 2549E 03 042549E 08 0.2549E 08 3.2549E 08 0.2549E 08 0.2549E 08 N.2549E 08 N,2549E OR
0.4118E 06 0. 41 18E 06 0.4114€ 6 0.4l18E 76 0.4119€ 06 0.4118 06 D, 4118 25 72,4118 06
J.4118E 06 0.4118E 06 0.4118E 06 0.4118E 06 0.4118E 06 0.41188 06 0.4118E 05 J.4118E N6
0.1169% 0f 0.1160E 07 0.1162E 07 0.1160€ 07 0.1160€ 07 0.11860E 07 e 1160E N7 Dw11A0E 37
0.4T8TE 06 0.4787E 06 0.4787E 06 0.4737E 06 0.4787E 06 0.47875 NG 0. 4787E 06 0,4787F D&
0.1163E 07 0.1160E 07 0.1162F 97 2.1160E 07 0.1160E €7 0.1160E 07 0.11606 07 D.1167F 27
0. 3405 D6 0.3405E 06 0.3405€ D6 0.3435€ N6 0.3405E 06 0.34058 06 0.3405€ 05 0.3405E 26
0.3405E 06 0.3405E 06 0.3403F 05 0:34)5€ 06 0.3405E 06 0.3405 0% 0.3405€ 06 2.3475€ 26
C.6339E 06 0.56339E 06 0.6339E 06 0.6339E 06 0.6339E 06 0.6339 06 0.6339E 05 D.5339E J6
-~0.6138E-07 -0.4138E~07  ~D.6138E-0T  ~0.6138E=07 ~0.6138E-07 ~0.6138%5-07 ~0.5138E=N7  =0.5138E~IT
042334E~006 042334E-04 0.2334E-04 3.2334E-04 0.2334E-04 0.2334£-04 0.2334E-0% 0.2334€-7%
0.2334E-04 0423 34E~04 0.2334€-04 0.2334E-04 0.2334E-04 0,2334-0¢4 0.2334E~0% 0.2334E-74
0. 2996E 03 0. 2906E 03 0. 29U5E 03 0.2926E D3 0.2906E 03 0,2906E 03 N.2906% 33 0.2906€ 23
043715 OL N3715E 01 0.3715E 01 0.3715E 01 0.37158 01 0.3715€ C1 0.3715€ 01 3.3715F 01
0.3715E 01 0.3715€ 01 0.3715€ 01 0.3715€ 01 0.3715€ 01 0.3715E 01 0.3715€ 01 2.3715€ 01
J+2043E 00 0.2043E 00 0.2043€ 00 0.2043E N0 0.2043E DO 042043E 00 0.20%3E 00 0.2743E 20
0.2523t 08 0.2528F 08 3.2523E n8 04+2528F 08 0.2528E 08 0.2528E 08 0.2528E 08 0,2528€ 08
0.9597€ 05 0.9597E 06 0.9597E 06 0.9597E 06 0.9597€ 06 0.9597E 06 0.9597E 06 0.,9597F 76
0.9597E 06 Q.9597E 06 0.9597E 06 0.9597€ 06 0.9597E N6 0.9597€ 06 0, 9597 D% N,9597€ 26
0434058 06 0.3405E 06 0.3405E 06 043435E 06 0.3405€ 06 0.3405E NG 0.34N5€ 05 0.3405E 26
0.6339E 06 0.6339E 06 0.6339E 06 0.6339€ D6 0.6339€ 06 0,6339E 06 0.6339E 05 0.6339E 06
0.6339E 06 0.6339E 06 0.6339E 06 0.6339E 06 0.6339€ 06 0.6339E 08 0.6339€ 7% 04.6339F 25
0.2514E 00 0.2514E DO 0.2514E 20 0.2514E 00 0.2514€ 00 0.2514E 00 0.2514E 10 0.2514E 09
0.9541E-02 0. 9541E=02 0.9541E=02 0,954 1E~02 0.9541E-02 0.9541E~02 0. 9541E~02 9.9541E-32
N.25L4E 00 042514E 06 242514E€ 90 0.2514E 00 0.2514E 00 0.2514E 00 0.2514E 00 0.2514€ 02
U.9541k-02 0.9541E-02 0.9541E~02 0,954 1E~02 0.9541E-02 049541E=02 729541E-02 0.9541E=02



4l NUL23 0.4094E 00
42 NUL 32 0.4094E 00
43 SMFK 22 0.15228 01
44 SMED 22 0.19L8E 01
45 SMFS22 0.1537¢ 01
46 SMFC22 ~ 0, 0000E-19
47 SMFS12 0.3024E 01
48 SMES23 0.1396E 01
49 ILMEC -0.0000E-19
50 TEWPD ~0.3000E 03
51 LSC11T 0. 9676E 05
52 LSC11C 0.5333E 05
53 LSC11D d.6578E 05
54 Lsczar 0.3248E 04
55 tscaac 0.1561lE 05
56 LsclL2 0.2547E 04
57 L5C23 0.,1866E 04
58 Lscca23 -0.0000E~19
59 LSCC13 -0,0000€-19
60 LSCOF ~0.,0000E-19
61 KL L2A8 0.1371E O
62 MDEIE 0.9789E Q0
63 RELROT -0.0000E~19
64 EPSL1 0. 5736E-03
65 EPS22 -0, 7141E~02
66 EPS12 0.

67 SIG)1 0.14C7E 05
68 sig22 0.,4826£-03
69 SiG1z Q.

70 DELFI ~0s 0000E~19
71 HFC 0.1080E 01

THORNEL=5C/LPOXY

NEL yNPLyNPCy NFPE 4 NLC
8 7L €4 1420

1

0.4094E QU
0. 4094E Q0
0.1522€ 01
0. 1918E 01
0.1537€ 01
-0.0200E-19
0.3024E Q1
0.1396E 01
Q. T060E 02
~0,3000€ 03
0.9676E 05
0.5333E 0%
0.6578E 05
0.3248E 04
0.1561E 05
0.2547E 04
0.1866E 04
- 0. QO00E-19
- 0.0000E-19
0.1052E-01
0.1371€ 01
0.8879E OO
0.1000E O1
0.1298E~02
-0.7323E-02
0.
0.3239E 05
0. 4845E~03
0.
0.
0.1069E O1

0.4094E Q0
0.4094E 00
0.1522E 91
0.1918BE 01
0.1537E 01
-0.200)E~19
0.3024E 01
0.1396& 01
0.7062E 02
-0.3202EF 03
0.9675E 05
0.5333€ 05
D.6578E 05
0.3248E 04
0.1561E QS
0.254TE 24
0.1865€ 04
-0.0230E-19
=0.0002€-19
0.1252E-01
0.1371E 01
0.7254E€ 00
0.1002€ 01
0.2022€E-02
-0.759%5E-02
Q.

0.5070€ 05
Je4692E-03
0.

0.

0.9285E 00

0.+4094E 00
0.4094E 00
0.1522€ 01
0.1918€ 01
0.1537€ 01
~0.00)CE~-19
0.3024E 01
0.13%96E 01
Q.7060E 22
~0.3000€ 03
0.96T6E 05
0.5333E 05
0.6578E 05
0.3248E 04
0.1361E 05
0,2547€ 04
0..1866F 04
~0.0000E-19
-0.00)0E-19
0.1052E-01
0.1371E 01
0.4913E 00
0.1000E 01
0.2746E~02
-0 47687E-02
0.
0.6901E 05
0.4654E~-03
0.
0.
046579E 00

0.4094E 00
0.4094€ 0O
0.1522€E 01
0.1918€ 01
0.1537€ 01
~-0.0000E-19
0.3024€ O}
0.1396E 01
0.7060NE 02
-0.3000E 03
0.9676E 05
0.5333€ 05
0.6578E 05
0.3248E 04
0.1561E 05
0,2547E 04
0.1866€ 04
~0,0000E~-19
~0.,0000E-19
0..1052E-01
0.1371E 01
0.1855E 00
0.1000E 01
0..3470E-02
~0.7869E-02
-0.

0.8732E 05
0.5188E~03
0.

0.

0.2572€ 00

Angle Ply Composite

0.4094E 00
0.4094E 00
0.1522E 01
N.1918¢ 01
0.15376 01
-0.0000E-19
0.3024E 01
0.1396E 01
0.7060E 02
-0.,30008 03
0.9676E 05
0.5333E 05
0.46578E 0S5
0.3248E 04
C.1561E 05
0.2547c 04
0.1866E 04
-0.0000E-19
-0.0000c-19
0.1052:-01
0.1371E 01
-0.1918E 00
0.1000¢ 01
0.4194E~02
~0.8051E~C2
=0
0.1056E 06
0.45T9E-03
0.
O.
-0.2734E 00

EFL11¢EF22,EF 23, NUF L2 yNUF 23 ) NUFL34EF124EF23 ¢EFL34EM1L1,EM22,EM33,NUML2,NUM23 NUM13,EMI2,EM23,EML3

0500008 03  .12000E
0.57C00E Vo  0.5T000E

VCF
044CCCOE 01 1. 2000LE
0. Ne

VAF

~0«55CC0E-C6 0. 56000E~

V.AM

0.42800E=-04 0.42800E-

0.580006 03 0.5800CE
Q. 0.225CCE
aTa

0.10000E 01 .10000E
PIE

0.31416E 01

TL INP
3
CSANB
3
BICE
F
RINDV
£

THCS sRHOF JRHCM, D 1AF

0. Je5900CE~
KVE

0. Ja
KFL

0.%0000E 09 0.50000F
THLC

0.3CC00E Q2 -J.200C0E
T

0.805008-02 0J.BI5G0E~

PTEMP
~0«300008 03 -9,30000E

BET

C.82C00€ CQ0 0.10000E
(0.50C008 GO 413300

LSC

C.23000E Q¢ 0.Z1000F
NBS

0.,500006 04 Q.
MBS

0.50000E 02 Q.

OIsvi
[ 0.

07 9.10000E 07
U6 0.36000F 00

0l 0.400008 O}

0.

[

05  0.56009£-05

04  0.42800E-04

02 0.58yCOE 02

00

01  0.10500F 01

01 0.,44300t-01

0.

00 0.50000E 00

02 0.30000E 02

02 0.80000E-02

03 -0.,30000E 03

0l C.2600CE 00
02 0.31900F 05

05 0.2000U0E-01

0.

04203000€ 23
Ue 36000 20

0w 1TOONE 00

0,50000E 0)
-0.30000E 02
0,80000E-227
-0,30000€ 03

0.27000E 20
0.120033E 21

2.50000E-01

0,20000E 01 0.
0.10000€ 01

0.10500E J1

0.26000E-03

0.

0.25000E 27
0.36000E 02 O,

0.12500E 01

0.50000F 02

-0.30000E 02

J.80000E-02

-0,30000E 03

0.17000E 00
0.10020€ 01

0.45000E-01

0.

0420000 00

0.12%00E O1

2+50000E 00

0.80500E-02

0.16500E 02
0.10020E Ol

Ou

0. 0.
0.10000E 01 0.,100006 01 0.

0.

0.45000E-01

C.80500E-02

0.13000E 07 0.70000%

C.

0.23560E

0.12500E 0L 0.250008

0.

0.50000E 00 C.50000E

0.30000€ 02 -0.30000E 02 0.30000E

0.100CO0E 01 0.10000E

Q. 80000E~

0.4094E 00
0. 4094E 00
0.1522€ 01
d.1918 01
0.1537€ 01
-0, 0000E-19
0.3024E 01
0.1396E Ol
0. T060E 02
~0,3000% 923
0. 9676E 05
0.5333F 35
D.4578E 05
0.3248E 2%
0.1561E 05
0. 254TE 0%
0.1866E 04
~0. NNONE-1S
~0.0000E~19
0.1052E-01
2.1371€ 01
~0,64 088 00
0. 1000 01
04491 9E-D2
-0.8233E-02
-0.
0,1239E 0%
0.5188£~03
O
O
-0.9339E 00

06 0.13000E 07

o1 0.
0.

00 0.

00

02

02

-0+ 30000E 03 -0.30000E 03 -0.30000E 03

Ol 0.%6500€-01

0.4094E 090
D.4394E 0)
0.1522€8 21
0.1918E 21
0.,1537F 21
=0.2270E-13
0.3324E 01
0.1395F 21
0.7360F 02
~0.3200€ 32
N.357%E 05
0.5333F )5
0.5578E 95
0.3248E D4
0.1561E 05
0.2547F D4
0.1866E 24
-0.3300€-19
=0.7333E-19
J.1252€-01
0.1371E D1
-0.1161€ 31
0.1200E 31
0.5643E-02
-0.B415E-02
=0
D.1423E 06
0,4425€-33
0.
0.
-0.1724€ 23)

3.5700E 26

0.
Ve

2.1)33)E 01

77



78

3-D COMPOSITE STRAIN STRESS TEMPERATURE

O+ 1430E~-06 ~0.2449E-06 0.4471E-07 0. O. 0.
~0+2449E-00 0. 7909E-06 ~0.2246E-06 ~0W -0, ~0a
0e44TLE~0QT7 ~0.2246E~06 0.9353E-06 0. 0. Qe
O Ca 0. 0.2937€~05 0. Ce
O. 0. 0. 0. 0,2937€~-05 O«
[*1% 0. O. 0. (oY 0.2000E-06
3-D COMPOSITE STRESS STRAIN RELATIONS ~ STRUCTURAL AXES
0.1504E 03 0.4TT9E 07 0.4285E 06 =0 -0.
0.4 T79E 07 0.2875E 07 0.4620E 06 =0. ~0.
0.4285E 06 0. 4620E 06 0.1160€ 07 -0, -0. -
=0, =0. =0. 0.3405E 06 =04 -
~0. =0. ~0. ~0. 0.3405E 06 -
Qo C. =0 =0 =0

COMPOSITE PRUPERTIES ~ VALID ONLY FOR CONSTANT TEMPERATURE THROUGH THICKNESS

LINES 1 710
LINES
1 RHOCL
2 TC
3 CCll
4 cCl2
5 cCl3
6 cc2z
7 cca3
8 CC33
9 CC44
10 CCss
11 CcCo6
12 CTELL
13 CTE22
14 CTE33
15 K1l
i6 K22
17 HK 33
18 HHC
19 ECLL
20 EC22
21 EC33
22 £C23
23 EC31
24 EC12
25 NUCL2
26 NuC21l
27 NUCL3
28 NUC31
29 NUC23
30 NUC32
31 ZCG6C
32 B2DEC
33 CC1l
34 cC1e2
35 cC13
36 cc22
37 €ca3
38 CC33
39 EC11
40 £C22
41 EC1l2
42 NUCl2
43 NUC21
44 CSN13
45 CSN31
46 CSN23
47 CSN32
48 CTELL
49 CTE22
50 CTEL2
Sl HK1L
52 HK.22
53 HK12
54 WHC

0.5165E~01
0.640CE~01
0. 1504E 08
C.4779E 07
C.4285E 06
0.2875E 07
C.4620E 06
0.1160E 07
C.3405E 06
0.3405E 06
C«5001F 07
=0+3131E~-05
0.1199E-04
0,29 33E-04
0.2189E 03
G 75448 02
0.3715€ 01
0.2043E 00
0.69892E 07
C.1264E 07
0.1086% 07
C. 3405 Qb
0.3405F 06
C.5001E 07
0.1712€ 01
0.3096E 00
~0.3126E 00
~0.4780E-01
0.283%E €0
0. 2401E 00
0.32006-01
0.
U.1488E 08
0.4608E 07
Ce
0.2691E 07
C.
0.5001E 07
0.6992E 07
0.1264E 07
0.5001€ 07
0.1712E 01
0.3096E 00
-C.
-0
-0
0w
=0.3131E~05
0.1199E-04
~0.
0.2189€ 03
047544 02
=0
0.2043E 00

21 3-D CUOMPOSITE PROPERTIES ABOUT MATERIAL AXES
33 YU 54 2~0 COMPOSITE PROPERTIES A80UT STRUCTURAL AXES

RELATIONS - STRUCTURAL AXES

-0+3131E-05
0.1199E=04
0.2933E-0%

~0

-0,

-0,

0.
0.
0.
0.
0.
0.5001E 07



FORCES

NX
NY

NXY

MX
MY

MXY

0.9525€ 06
04.2949E 06

0.

0.1221E-03
0.4578E~04

0.1068E~03

REDUCED BENDING REGIDITIES

0. 2949E 06
0.1722E 06

O.

0. 4578E-04
0, 2289804
0.3815E-04

0.22513E 03 0.10067& 03 0.639008 02

RECUCED STIFFNESS MATRI X
0.95252E 06 0.29494E 06 -0.49233E-10

DISP.

ux
X

VXPUY

WXX
WYY

WXY

DisSP.

0.1211E-01L
=0+2273E-01

-0.,4003E~10

0.3415E 0C
-0.5518€ 00
~-0.8561E~01

FOR THIS CASE NBS({XyYXY-M)

FOR THIS CASE MBS{XyY,XY-M)

LAYER PROPER TIE S,

1 Kv

2 KF

3 KFB
4 KM

5 “M8
6 RHOL
T T

8 DELTA
9 ILDC
10 iB
11 16C
12 THCS
13 THLC
14 THLS
15 SC11
16 sC12
17 SC13
18 sc22
19 sc23

FORCE DISPLACEMENT RELATIONS

0.
0.

0.3200E 06

0.1068E-03
0.3815E~04

0.3052E~04

0.10067E 03

0429494E 06

0.1221€-03
0+4578E—-04

0.1068E-03

0.325LkE 03
0.1007E 03

0.6390E 02

0.58793E 02 0.22595& 02

0. 45T78E-04
0.2289E-04

0.3815E-04

0.1007€ 03
0.5879€ 02

0.2260E 02

0.63900E 02

DISPL
0.106BE~03 ux
0.3815E~04 vX
0. 3052E~04 VXPUY
0.6390E 02 WXX
0.22608 02 WYy
0.1092E 03 WXy

0.22595€ 02

0.17225€ 06 -0.19281E-10 ~0.49233E-10 ~0.19281E~10

THERMAL FORCES

-0.1656E 03
~0.3427E 03

0.

~0.2235E~07
~0+29B0E-0O7

0.2980E-07

0.10924E 03

0.32003E 06

OISPLACEMENT FORCE RELAT IONS FORCES
0.2235E~05 -0.3827€-05 0.1132E~21 -0 43456 E~12 0.,6409E-12 =0.7792E-12 NX
-0.38276~05 0.1236E-04 0.1559€-21 0.62256-12 -0.2756E-11 -0.3680E-12 NY
O.1132E~21 0.1559E~21 0.3125E-05 ~0.8006E-12 ~005443E~12 ~0.2920E-12 NXY
~0e3456E~12 0.6225€~12 -0.8006E-12 0.6830E-02 -0.1104E~01 ~0.1712€-02 MX
0.6409E~12 ~0s2756E-11 ~0.5443E-12 -0.1104E-01 0+3631E~01 -0.1055€-02 MY
~0.T7T92E~12 -0.3680E-12 ~0.2920E-12 ~0.1712E-02 -0.10558-02 0.1037€E-01 MXY.
OUSPLACEMENT FORCE RELAT IONS FORCES
0.2235€E-05 -0.3827€-05 0.1132E~21 -0.3456E-12 0,6409E-12 -0.7792E~-12 0.4833E 04
-0.38276-05 0.1236E~04 0.15596-21 0.6225E-12 ~0.2756E-11 =0.3680E~12 ~0.3427€ 03
0.1132E-21 0.1559E~-2% 0.3125E-05 -0.8006E~12 ~0.5443E~-12 ~0.2920€~12 0.
-0.3456E-12 0.6225E-12 -0.8006E~12 0.683)E-02 -0.1104E~-01 ~0.1712E-02 0.5000E 02
0.6409E-12 -0.2756E-11 -0.5443E-12 ~0.1104E~-01 0.3631E-01 -041055E~02 ~0.2980E-07
=0, 7792E~12 ~0.3680E-12 =0.2920E-12 ~0.1712E-02 ~0.10556~C2 0.1037E~01 0.2980€-07
is 5000. 0. 0.
is 50. D 0.
ROWS-PROPERTYy COLUMNS-LAYER
0. 0. 0. Qe Q. 0. 0. 0.
0.5000E 00 0. 5000E G0 0.5000E 00 0.5000E 00 0.5000E 00 0.5000E 00 0.5000E 00 0.5200F 22
0. 5000E 00 0.5000E 0O 0.5000E 00 0.5000€ 00 0.50Q0E 00 0.5000E QO 0.5000E 00 0.5000E 00
0.5000E 00 0.5000€ 00 0.5000E 00 0.5000€ 00 0.5000€ 00 0.5000E 00 0.5000E 03 0.5200E 29
0.5000E 00 0.5000E 00 0.5000E 00 0.5000€ 00 0.5000E 00 0.5000E 00 0. 5000€ 00 0.5000E 00
0. 51658-01 0.5165E-01 J0.5165E~01 0.5165€6-01 0.5165E-01 0.5165E~-01 0.5165E~01 0.5165€8-01
0. 8000E-02 0.8000E-02 0.800)E-02 0.8000E-02 0.8000E-02 0.8000E-902 0. 8000E-02 0.3300€-02
0.6586E-04 0.6586E~04 0.6586E-04 0.6586E-04 0.6586E~04 0.6586E-04 0.6586E-04% 0.6586E-04
-0.0000E-19 0. . 0. 0. 0. 0. 0.
G. 4000E~-02 0. 1200E-01 0.2000€-01 0.2800E-01 0.3600E-01 0. 4400E-01 0.5200£~-01 0.5000E~01
-0.2800E-01 ~0+2000E-01 ~0.1200€~01 -0..4000€E~02 0 .40Q0E-02 0.1200E-01 0. 2000E-D1 0,2800E-01
0. O 0. Oe 0. [ 0. 0.
0.5236E 00 -0.5236E 00 0.5236E 00 ~0.5236E 00 -0.5236E 00 0.5236E 00 ~0.5236€E 00 0.5236E 03
0.5236E 00 =0.5236E 00 0.5236E 00 ~0.5236E 00 -0.5236E 00 0.52368 00 ~0e5236E 20 0.5236E 3D
0. 2549 08 0.2549E 08 0.2549E 08 0.2549E 08 0.2549€ 08 0.2549E 08 0.254%E 08 0.2549€ 08
0.4118E 06 0.4118E 06 0.4118E 06 0.4118E 06 0.4118E 06 0.4118E 06 0.4118E 06 0.4118E 06
0.4118E 06 0.4118E 06 0.4118E 06 0.4118E 06 0.4118E 06 0.4118E 06 0.4118E 06 0.4118E 06
0.1160E OT 0.1160E 0T 0.1160E 07 0.1160E 07 0.1160E 07 0.11608 07 0.1160E 07 0.1160F 07
0.4787E 06 0.4T78TE 06 0.4787E 06 D.47T87E 06 0.4787E 06 0.4787E 06 0.4787E 06 0.4787TE 06



20 SC33
21 5C44
22 SC55
23 SC66
24 CTELL
25 CTE22
26 CTE33
21 HK1l
28 HK 22
29 HK33
30 HCL

31 EL1l
32 €L 22
33 EL33
34 GL23
35 GL13
36 GL12
37 NUL12
38 NUL21
39 NULL3
40 NUL31L
41 NUL23
42 NUL32
43 SMFK 22
44 SMFD 22
45 SMFS22
46 SMFC22
47 SMFS12
48 SMFS$23
49 ILMFC
50 TEMPD
51 LSC11T
52 LSClicC
53 LsciLl1o
54 Lscaar
55 Lsczzc
56 LsCi2
57 LSC23
58 Lsceas
59 LSCC13
60 LSCOF
61 KL 12AB
62 MDE1E
63 RELROT
64 EPS11
65 EPS22
66 EPS12
67 $1611
68 S1G22
69 SIG12
70 DELF 1
T FFC

0.1160E 07 0.1160E 07
0.3405E 06 0+3405E 06
0,3405E 06 0.3405E 06
0.6339€ 06 0.6339E 06
~0.,6138E-07 ~0.6138E~07
0.2334E-04 0.2334E-04
0.2334E-04 0. 2334E-04
0. 29068 03 0.2906E 03
0.3715€ 01 0.3715E 01
0.3715E 01 0.3715E 01
042043E 00 0.2043€ 00
0.2528E 08 0.2528E 08
0.9597E 06 0.9597€ 06
0.9597E 06 0. 9597E 06
0. 34C5E 06 0.3405E 06
0.6339E Co 0.6339E 06
0.6339E 06 0.6339€ 06
0.2514E 00 0. 2514E 00
0.9541E-02 0. 9541E-02
0,2514E 00 0.2514E Q0
0.9541E~02 0.9541E~02
0.4094E 00 0.4094E 00
0.4094E 00 0.4094E 00
0.1522€ 01 0.1522E Ol
0.1918E 01 0.1918€ 01
0. 1344E 01 0.1342E 01
-0.0000E-19 ~0.0000E-19
0.3024E 01 0.3024E 01
U 1396E 01 0.1396E 0Ol
-0.00C0E-19 0. 7060E 02
~0,3000E 03 ~0.3000E 03
0.9676E 05 0.9676E 05
0.5333E 05 0.5333E 05
0.6578E 05 0.6578E 05
0.3714E 04 0.3718E 04
0.1786E G5 0.1788E 05
0.2547E 04 0.254TE 04
0.1866E 04 0.1866E 04
-0.0000E~19 ~0.0000E-19
-=0. 0000E-19 -0.0000E~19
-0.0000E~19 0.1052E-01
0.1371E 01 0.1371€ 0L
~0.2387 01 =0.1400E 02
-0.0000E-19 0.9605E 00
0.1132e-02 0.2974E-03
=04 5860E~02 ~0.67T08E~02
~0.7315E~02 0.1556E-01
0,2787E 05 Q. T346E 04
0.1368E 04 0.3495E 03
-0, 4637E 04 0. 9862E 04
-0+,0000E-19 ~0.4159€-03
-0.2542E 01 ~0.1402E 02

THORNEL~50/EPOXY

NL oNPLyNPC o NFPE ¢NLC
8 71 €4 1420 1

0.1163E 07
0.3%05E 06
0.3405E 06
0.6339E 06
~0.6138E-07
0.2334E~04
0.2334E-04
0.2906E€ 03
0.3715€ 01
0.3715E 01
0.20643E Q0
0.2528E 08
0.9597€ 06
0.9597E 06
043405E 06
0.6339E 06
0.6339E 06
0.2514E 00
0+9541E-02
0.251%€ 00
0.9541E-02
0.4094E 00
0.4094E 00
0.1522E€ 01
0.1918E 01
0.1408E 01
-0.,0003E~19
0.3024E 01
0.1396E 01
0.706J0E 02
-0.3090€ 03
0.9676E 05
0.5333E 05
0.6578E 05
0.3544E 04
0.1704E 05
0.25%7TE 04
0.1865E 04
-0.0000E-19
~0.0000E~19
0.1052E-01L
0.1371E 01
~0.2529€ Q2
0.2757E 00
0.2429E-02
~0.1052E-01
~0.2038E-01
0.6117E 05
—0.2804E 04
-0.1292€ 05
-0.7617E-~02
-0.2445E 02

0.1160E 07
0+3405E 06
0.3405E 06
0.6339E 06
~0.6138E-07
0.2334E-04
0.2334E-04
0.2906E 03
0.3715E 01
0.3715E 01
0.2043€ 00
0.,2528E 08
0.9597E 06
0.9597E 06
0.34)5E€ 06
0.6339E 06
0.6339E 06
0.2514€ 00
0.9541E-02
0.2514E 00
0.954 1E-02
0.4094E 00
0.4094E 00
0.1522€ 01
0.1918€ 01
0.1420E 01
~0.0000E-19
0.3024E 01
0.1396E 01
0.7060F 02
-0.3000E 03
0.9676E 05
0.5333E 05
0.6578E 05
0.3564E 04
0.1713€E 05
0.2547E 04
0.1866E 04
-0.0000€-19
-0+.0030E-19
0.1052E~01
0.1371E 01
~0.4584E 02
-0.2131€ 20
0.2781E-02
-0.1256€E-01
0.2725E-01
0.6917E 05
~0.467TTE 04
0.1727€ 05
0.1276€-01
-0 .4472E 02

0.1160€ 07
0.3405€ 06
0.3405E 06
0.6339€ 06
-0.6138E-07
042334E- 04
0.2334E-04
0.2906E 03
0.3715E 0L
0.3715€ 01
0.2043E 00
0.2528€ 08
0.9597E 06
0.9597E 06
0.3405€ 06
0.6339E 06
0.6339E 06
0.2514E 00
0.9541E-02
0.2514E 00
0,9541€-02
0.4094E 00
0.,4094E 00
0.1522¢€ 01
0.1918E 01
0.1399E 01
=0.0000E-19
0.3024E 01
0.1396E 01
0.7060E 02
-0.3000E 03
0.9676E 05
0.5333€ 05
0.6578E 05
0.3566E 04
D.1714E 05
0.2547E 04
0.1866E 04
-0.0000E~19
~0.0000E-19
0.1052€-01
0.1371E 01
~0.686BE 02
-0.9518E 00
0.4023E-02
-0.1548E-01
0.3310€~01
0.1001E 06
~0.T190E 04
0.2098E 05
0.,2053E=01
=0,6733E 02

0411608 0T,

0.3405€ 06
0.3405E 06
0.6339E 06
~0.6138E-07
0.2334E-04
0.2334E=04
0.2906E 03
.3715 01
0.3715E 01
0.2043E 00
0.2528E 08
0.9597E 06
0.9597€ 06
0.3405 06
0.6339E 06
0.6339€ 06
0.2514E 00
0.9541E-02
0+2514E 00
0.9541E-02
0,4094E 00
0.4094E 00
015228 01
0.1918E 01
0.1397E 01
~-0.0000E~19
0+3024E 01
0.1396E 01
0. 7060 02
=0.3000E 03
0.9676E 05
0.5333& 05
0.6578E 05
D.3572E 04
0.1717E 05
0,2547E 04
0.18665 D4
~0.0000€E-19
-0.0000E-19
0.1052E~01
Q0.1371€ 01
-0.1003E 03
-0.3178E 01
0.4375E-02
~0.1752E=01
~0,3997€~01
0.1084E 06
~0.9062E 04
~0.2534E 05
~0.4394E-~01
~0.9883E 02

Angle Ply Pseudoisotropic Composite

EF11,EF22,EF 23, NUF12,NUF23,NUFL3 ,EF12 4EF23,EF13 ,EM11,EM229EM33,NUML2,NUM 23 NUM13,EM12,EM23,EM13

0.50000E 08
0.57000E 06
VCF
0.40000E O1
0.
VAF
-0+ 55000~ 06

VAM
0.42800E~04
CHK
0.58000E 03
0.
BTA
0.10000E 01
PIE
0.21416E 01

TLINP
E

CSANB
F

8IDE

F

RINDV
3

0.10000E 07
0457000 06

0.20000€ 01
0.

0.56000E- 05
0.42800E- 04

058000 02
0.22500E 0OC

0+10000E O1

THCS+RHOFyRHCM, D IAF

0.

80

1, 5900CE- 01

0.100006 07 0.20003E 30
0.36000E 00 0.36000E 20

0.40000€ 01 0.20000E 01 0.

O O.
0. 56000E~-05

0, 42800E~04

0.58000E 02 0.17000€ 00

0.10000€ O1

0.10500E 01 0,.10500& 01

0.44300E~01 0.26000E-03

0.25000E 03
0.36000E€ 00 0.

0.12500E O1

0.12500€ 01

o)

0. [+
0.10000E 01 0.10000E C1 O,

0.12500E 01

O.

0.1160E 07
0.3%05E 06
0. 3405E 05
0.6339€ 06
-0.6138E-37
0.2334E-04
0.2334E-0%
0. 2906E 03
0.3715€E 01
0.3715E 01
0.20%3E 00
0.2528E 08
0. 9597E 06
0.9597E 06
0.3405E 0%
0.6339E 06
0.6339E 06
0.2514E 00
0,9541E-02
0. 2514E 00
0.95%1E~02
0.4094E 00
0.4094E 00
0.1522E 01
0.1918E 01
0.1399E 01
-0, 000N0E~19
0.3024E 01
0.1396E 01
0.7060E 02
~0.3000€ 03
0.9676E 05
0.5333E 05
0.6578€ 05
0.3568E 0%
0.1715E 05
0. 2547E 0%
0.1866E 0%
~0.0000E~19
- 0.0000E~19
0.1052E-01
0.1371E 01
~0.1282E 03
~0.9446E 01
0.6506E~02
~0,2133E-01
0,4479E-01
0.1619E 06
~0.1222€ 05
0.2839E 05
0.1099E 00
-0.1271€ 03

0.200008 00 0.13000E 07 ©0.70000E 06 0.13093E 07

0.235608 01 0.

0w

0.25000E 00 O.

0.1160E 27
0.3405E 06
0.3405E 06
0.5339€ 06
~0.5138E-)7
0.2334E-04
0.2334E-D4
0.2906E 03
0.3715€ 01
0.3715E 01
0.2043E 00
0.2528E 08
0+9597E 06
0.9597€ 06
0.3405€ 06
0.5339E J6
0.6339E 06
0.2514E 20
0.9541E-02
0.2514E 00
0.9541€-02
0.4294E 00
0.4094E 00
0.1522E 01
0.1918E 01
0.1395€ 31
~0.3300E~19
0.3024E 01
0.1396E 31
0.7060F 02
~0,3000€ 23
0.9676E 05
0.5333E 35
0.5578E 35
0.3576E 04
D.1719E 25
0.254TE 04
0.1866E 24
~0.)300€-19
=0.3000E-19
0.1052E-01
0.1371€ 01
~0.1774E 03
~0.820%E 01
0.5672E-02
“0.,2218E<01
~0.5303E-01
0.1398€ 36
~0.1323E 05
=0.3362E J5
~0.,9682E-01
~0.1761E 23

J.57J00E 26

0.
0.



Kvt
0.

KFL
0.50000&
THLC
Oa
TL
0.80500E~
PTEMP

~0.30000€ 03 ~0.30000E 03

BET
0.83C00E
0.50000E

LSC
0.23000E

NBS
0500008

MBS
0..50000€

oIsvi
0.

00

02

00

00

06

04

02

0. 0.

0.

0.5000CE 00 0,50000E 00 0.50000F 00

0.450006 02 -0.45000E 02 (.90000EF 02

0.80500E~C2 0.80000E-02 0.80000E-)2

-0.30000E 03 -0.30000E 03

0.10000€ 0L 0.260C0E 00 ©0.27000E 00
0.13300E 02 04319008 05 0.10000& 31
0.21000E 05 0.20000E-01 0.50000€-01
0. 0.
0. 0.
O. 0.

3-p COMPOSITE STRAIN STRESS TEMPERATURE

0.1078E-06  ~0.3319€E-07 -0.2866E-07

~0e3319E-07 0.1078E-06 -0.2866E-07

~0+2866E-07 ~0.2B66E-0T 0,8844E-06

~0. 0.

-0, Q.

=0.

“0.

~041893E-12 0.6595E~12 ~0.1954€-12

3-D CCMPOSITE STRESS

0.1041E 08
0.3323E 07
0.44352E 06
~0.
=0
~0.4T30E 00

0.3323E 07
0.1041€E 08
0.4452E 06
-0 -
-0 -
~0.2181lE 02

0.

0.50000E 02
3.90000€ 02
0.80000£~02
~0+30000E 03

0.17000€ 0)
0.10000E 01

0«45000E-01

C.
~0.

0.

0. 0.

9,50000E 00 0.50000CE 00

~0.45000E 02 0.45000E 02

0.80500E-02 0.80500E-C2

Ne

. 500008 00

O.

C. 80000E~02

~0.30000E 03 ~0.3000CE 03 ~0.30000E 03

0.165006 02 0.10000E C1

0.10000E 01

0.45000E-01

0.2937E-05 0.

0.

O

0.4452E 06
0.4452E 06
0.1160E 07
0.
0.
0.6121E~01

‘-0, -0.

COMPOSITE PROPERTIES - VALID ONLY FOR CONSTANT TEMPERATURE THROJGH THICKNESS
LINES 1 T0
LINES 33 TO 54 2-D COMPOSITE PROPERTIES ABOUT STRUCTURAL AXES

1 RHOC
2 T
3 cclit
4 CCl2
5 CC13
6 cC22
7 cc23
8  (CC33
9 CCh4
10 CC55
11 CC66
12 CTELL
13 CTE22
14 CTE33
15 M1l
16 K2z
17 K33
18 HHC
19 EC11
20 Ec22
21 EC33
22 Ec23
23 EC31
24 EC12
25  NUCl2
26 NUC21
27 NUCL3
28 NUC31
29 NUC23
30 NUC32
31 Ic6C
32 B2DEC
033 ccll

0,5165E~01
0.6400E-01
0.1041E 08
0.3323€ 07
0.4452E 06
0.1041E 08
0,4452E 06
0.1160t 07
0.3405E 06
0.3405E 06
0.3545E 07
0.9901E-06
0.9901E~06
0.3219E-04
0.1472E 03
G.1472€ 03
G.3715€ OL
0.2043E 00
0.9273E 07
0.9273€ 07
Q0.1131E 07
C.3405E 06
C€.3405E 06
0.3545E Q7
0.3078E 00
0.3078E 00
0.2658€ 00
0.3241E-01
0.2658E 00
0.3241E~0L
0.3200E-01
0.
0.1024E 08

31 3-D COMPOSITE PROPERTIES ABOUT MATERIAL AXES

0. ~0,1893E~
~0. 0.6595€~
O. ~0.1954E~
C.
0.2937E-05 0.
0. 0.2821E-
STRAIN RELATIONS ~ STRUCTURAL AXES
-0. -0,
—0. -0
=0. -0
0.3405E 06 =0
-0. G.3405€ 06

0.10000F 01 0.46500€-01

RELATIONS —~ STRUCTURAL AXES

12 0.9901E-06
12 0.9901E-06
12 0.3219E~04
0.
[: 8
06 0.1097€-10
~0.4730 00
-0,2181E 02
0. 6121F-01
-0,
~0.
0., 35458 07

0. 10000 01

81



82

34 cci2

35 13
36 cc22
37 ccas
38 CC33
39 EC11
40 EC22
41 EC12
42 NUClL2
43 NuC21
44 CSN13
45 CSN 31
46 CSN23
47 CSN32
48 CTEL]
49 CTE22
50 CTE12
51 BKL1
52 W22
53 HK 12
54 HHC
FORCES

NX

NY

NXY

MX

MY

MXY

RECUCED BENDING REGIDITIES
0.38550E 03

0.3153& 07
=C.4807E 00
0.10248 08
~0.2182E 02
0.3545¢ 07
0.92726 07
€a9272E 07
J.3545¢ C7
C.3078E 00
0.3078E 00
D4 LTHGE~CS
0,6725€-06
-0.6113E~05
-0.23376-05
CeI9CIE~ 06
C.9901E~06
0.1097€~10
0.1472E 03
Oul472E 03
0a2794E-03
0.2043k 00

J.6555€ 06
0.2018E 06

~0.3076E~01

0.36626-03
0.1955E~ 04

0.2289E-04

0.56952E 02

RECUCED STIFFNESS MATRIX
0.,€5554E 06 0.20179E 06 =0.30762E~01

oise.

ux
VX
vXPyY

WXX
1344

WXY

ISP,

0.8129E~02
~Q2289LE~0Q2
-0+1811E-07

0.1443E 00
~0.8665E6~01
-0.2C83E-Cl1

0.20l8E 06
0. 6555€ 06

~0.1396E€ 01

0. 2861E-04
~0.1087€E-03

0. 2289E-04

0.24909E 02

FORCE DISPLACEMENT RELATIONS

-0.3076E-01
~0,.1396E 01

0+2269E 06

0.2289E-04
0,2289E-04

0.3052E-04

0.56952F 232

0.20179€ 0%

0.3662€6~03
0+ 2861E-04

0.2289€~04

0.3855E 03
045695€ 02

0.2497€ 02

0.85868E 02

0.1955E-04
-0.1087E-03

0.2289E-04

0+5695€E 02
Q.8587€ 02
0.2497€E 02

0.24969€ 02 0.2496% 02

BISPL

0.2289E-04 ux

0.2289€-04 vX

0. 3052E-04 VXPUY
0.2497E 02 WXX
0. 2497€ 02 WYy
0.,6552E 02 WXY

0.24969E 02

0.65554E 06 -0.13965E Ol -0.307626-01 -0,13965€ 01

OLSPLACEMENT FORCE RELAT IONS
0.1685E-05 ~0.5187E~-06 ~0+2964E-11 ~0+1567E-11 ~0.6338E~13 0.2138E-12
~0.5187E~06 0.1685E~05 0.1030E-10 0,7352E-13 042620E-11 ~0.1434E-11
<0.2964E~11 0.1030E-10 0.4408E-05 ~0.5423E-13 ~0.61626~12 ~0.1798E-11
~0.1553E-11 0.1092E~12 ~0.5423E~13 0.2886E-02 ~0.1793E~02 ~0e41656~03
-0.2719€~12 G.26%9E~-11 ~0.6162E-12 ~0,1793 £-02 0.1421E-01) ~0.4733E-02
0.2880E~12 ~0.1463E-11 ~0.1798E-11 “0+4165E-03 ~0.4T33E6-02 0.1723€-01
DISPLACEMENT FORCE RELAT IONS
0.1685E~05 ~0.5187E~06 “0.2964E~11 ~0+1567E~11 -0,63386-13 0,2138E-12
~0. 5L 87E~06 0.1685E~05 0.1030E-10 0.73528-13 0.2620E~11 ~0.1434E-11"
~062964E-11 0.1030E-1D 0.4408E-05 =0+5423E~13 ~0.6162E~12 ~0.,1798E-11
~0.1553E-11 0.1092€-12 ~0.5423€E-13 0.2886E-02 ~0.1793E-02 ~0.4165E-03
~042719E-12 0.2659E-11 =0.6162E=12 -041793E~02 0.1421E-01 -0+4733E~02
0.2880E-12 “0+1463E~11 ~0.1798E~11 ~0.41656~03  ~0.4733E~02 0.1723E-01

THERMAL FORCES

~0.2546E 03
~0.2546€ 03

=0.3226E-03

0.1%90E-07
~D.7451E-07
0.1118E-07

0.65517€ 32

0.22688E 06

FORCES

NX
NY
NXY

MX
ny

MXY

FORCES

0.4745E 04
~0.2546E 03
~0.3226E~03

0.5000& 02
~0e T451E-07
0.1118€-07



FOR THES CASE NBSEXaYeXY-M) IS

500C.

FOR TF1S CASE MBS(XyYeXY-M) IS 50.

LAYER PROPER TIE Sy

1 Kv

2 KF

3 KF8

4 KM

5 KMB

6 RHIL

7 T

8 CELTA
9 ILoc
10 8

11 26C

12 THC S
13 THLC
14 THLS
15 SC1l
16 sC12
17 sC13
18 sc22
19 sLe3
20 SC33
21 SC44
22 SC55
23 SCé6
24 CYELL
25 CTE22
26 CTE33
21 HKLL
28 H 22
29 H33
30 HCL

31 EL11
32 £L2z
33 EL 33
34 GL23
35 GL13
36 G612
37 NUL 12
38 NUL21L
39 NULL3
40 NUL 31
41 NUL23
42 NUL 32
43 SMFK 22
44 SMFD22
45 SMFS22
46 SMFC 22
47 SMFS12
48 SMFS23
49 ILMFC
50 TEMPO
51 LSC11LY
52 LSC11C
53 LSCi1D
54 Lsczat
55 Lsc22c
56 LsC12
57 LsC23
58 LSCC23
59 LSCC13
60 LSCDF
61 KL 12AB
62 MDEILE
63 RELROT
64 EPS11
65 EpS22
66 EPS12
67 SIGL1
68 s1G622
69 siGi2
70 DELFI
71 HFC

0.
0.50008 00
0. 5CO0E 00
0. 5000E 00
Jo 5000E Q0
0.5165E-01
0. 8000E~02
0. 6586E~04
-0.0000E~19
0, 40CIE-02
~0.2800E-01
0.
Qe
0.
D.2549E 08
Deall8k 06
Je4118E 06
0. 11608 07
0. 47878 06
de 11608 07
0.3405E Oo
0.34C5E 06
Q. 6339E 06
= 6138E-07
0e2334E-04
Qe 2334E-04
0026068 03
V.3715E 0L
0.3715E 01
U. 2G43F 00
2.2523E 08
U, 95976 06
0. 9597E 96
0. 34058 05
0. 6339E Qb
0, 6339 06
0. 2514 O
Ue9541E~-02
Je2514E 00
0+ 9541E-02
0+ 4094E 00
G.4094E O
0.1522& 0Ol
0.1918¢ O}
0.1358E 01
- Us BOODE~19
0.3024E 01
0.1396E 0l
~Ge 0GO0E-L9
~3«3000E 03
Ve 96 76E 05
0+ 53338 05
J. 65738E 0%
Ds 3674F 04
J.1767E 05
0.2547E 04
Je 1866E 04
=0+ 0003E~19
-2, 0000E~19
~Js U000E-19
J. 137LE 01
=0+ 1262E 01
-3+ Q000E-19
U.4088E-02
=Je 3804E-03
0.5831€-03
0.9948E 05
0. 7354E 04
0.3696E 03
=0.0000€~19
~0.2378E Ol

RUOWS-PROPERTY y

0.
0.5000£ 00
9.5000E 09
0.5000E 00
0. 5000E 20
Qe 5165E-01
0.8000E -02
0.6536E~04
0.
0. 1200E-0L
~042000E-01
0.
0.7854E 00
0. 7854k 00
Ue2549E,08
0.4118E Oo
0.4118E 06
0.11692E Q7
0. 4787TE 06
0.F160E 07
0.3405E Qo
0.3405E 06
0.6339E 06
=0.6138E-0T
042334E-04
0s2334E-04
0. 2906E 03
0.3715E 01
0+3715€ 01
0. 2043E 00
0.2528F 08
0. 9597 06
0.9597F 06
0.3405€ J0
0.6339C 06
0.6339F 06
0.2514E 0D
0. 954102
0.2514E 09
0. 9541E-02
0. 4094E €4
0.4094E 00
0.1522E 01
0+ 1918E 01
0.1371E 0}
=0.N000E~1Y
0.3024E 0L
0e1396E 01
0. TUGOE 02
~0.3000E 03
0.9676E 05
0.5333E 05
0.6578E 05
0. 3640F 04
0.1750E 05
0.2547E 04
0. 1866E 04
~0.0000E~-LY
-0.0000E~1%
0.1052E~-01
0.1371E 01
-0.5995E Ot
0.7082E 00
0.228L1E-02
0.1864E-02
~0.6340E-02
2.5894E 05
0.9076E 04
-0.4019t 0%
0¢3069E-02
=-0.4831E 01

COLUMNS~LAYER

0.

0.5230E 00
0.5300€ 20
0.5300F 00
0.5%00E 00
045165E-01
0.8201E-02
0.6586E-04
0.
0.2007E-01
-0.12035-01
0.
-0.7854E Q0
-0.7854E 00
0.2543E 08
0.4118E 06
0.4118E 06
0.1162E 07
G.473TE 06
0.1160E 37
0.3405€ 06
0.3405E 06
0.6333F 06
=J.6138€E~07
0.2334E-04
0.2334E-04
0.2905€ 03
0.3715E 01
0.3715F 01
0.2043€ 00
0.2528E 08
0.9597E 06é6
0.9597E 06
0.3405E 06
0.6339E 2A
D.6339E 06
0.2514E 0N
0.9541E-02
0.2514E 00
N.9541E-02
0.4094E 00
0.4094E 00
0.1522E 01
0.1918€ 01
0.1372¢ 01
-0.J002E-19
0.3024F 01
041395E 01
2.T063E 92
~0.3303€ 03
0.9675E 05
0.5333E 05
0.6578E 05
0.3638E 04
2.1749E 05
0.2547E 04
0.1855E 04
~0.J000E~19
~0.0200E-19
3.,1252E~01
7.1371€ 01
~0.8342E 01
0.3240E 00
D+ 2165E-02
0.,2416E-02
0.8212E-02
0.5658E 05
0.9579E 04
0.5205E 04
-3.7133€-02
-0.6743E 01

0.
0.5000F 0O
0.5030E 00
0.5000€ 00
0.5000€ 00
0.5165E-01
0.8000E-02
0..6586E~04
0.
0.28308-01
=0.4000€-22
0.
0.1571E 01
0.1571E 01
0.2549€ 08
0.4118E 06
0.4118E 026
0.1160E 07
0.4787E 06
0.1160E 07
0.3435E 06
0.3405E 06
0.6339E 06
~0.6138E-07
0.2334E-04
0.2334E-04
0.2906E 03
0.37T15€ 01
0.37T15E 31
0.2043E 00
0.2528€ 08
0.9597F 06
0.9597E 26
0.3435E D6
0.6339E 06
0.6339E 06
0.2514E 00
0,954 1£-02
0.2514E 00
0.9541E~02
3.4094E 00
0.4094E 00
0.1522E 01
0.1918E 01
0.1388€ 01
-0.,0000€~19
0.3024F 01
0.1396E 01
J.7060E 02
-0.3330€ 03
0.9676F 05
0.5333E 05
0.6578E 025
0..3596E 04
0.1729E 25
0..2547E 04
D .1866E 04
~0.0000E~-19
~0.0000E-19
0.1052E-01
0.1371E 01
-0.2019€ 02
J.1925E 00
=0.2532E-02
0.7951E-02
~0.8321E-04
-0.6236E 05
0.1338F 05
~0.5275¢ 02
0.8492E-02
~0.6270E 01

0.
0.5000F 00
0.50C00E 00
0.5000€ N0
0.5000E 00
0.5165€-01
0.8000E-02
0.6586E-04
O
0.3600E-01
0.4000E-02
0.
0.1571E 01
C.1571E Cl
G.2549E 08
0.4118E 06
0.4118E 06
0.1160€E 07
0.4787€ 06
0.1160E 07
0.34C5E C&
0.3405E 06
0.6339€ 06
=0.6138E-07
0.2334E~-04
0.2334E-04
0.2906F 03
0.3715€ Ol
0.3715€ 0L
0.2043E 00
0.2528E 08
0.35397E 06
0.95G7E 06
0.3405F 06
0.6339E 06
0.6339E 06
0.2514E 00
0.9541E-02
0.2514E 00
0.9541E-02
G.4094F 09
0.4094E 00
0.1522€ 01
0.1918€ 01
0.1389E 01
=0.,0000E~19
0.3024E 01
0.1396E 01
0.7060E 02
~0.3000E 03
0.9676E 05
0,5333E 05
0.6578E 05
0.3593E 04
0.1727€ 05
0.2547€ 04
0.1B66E N4
-0.0000E~19
-0.0000€-19
C.1052€-01
0.1371FE Ol
~0.2522E 02
0.9916E 0D
-0.3249E-02
0.8706E-02
0.8341E~04
-0,7930E 95
0.14328 05
0.5287€ 02
0.BT84E~04
-0.7568E 01

0.
0.5000E 00
0.5000E 00
0.5000E 0O
0.5000E 00
0.5165E-01
0.8000E-02
Ne6586E-04
0.
Ne4400E-01
0,1200z-01
0.
-0.7854E 00
~-0.7854F 00O
0.2549E 08
0.4118E 06
0.4118E 06
Q.1160E 07
0.4787€ 26
0.11608 N7
0.3405E 06
0.3405¢ 06
0.6339E 06
-0.6138E-07
0.2334E-04
0.2334E-04
0.2906E 03
G.3715E 01
0.3715€ 01
0,2043E 00
0.2528E 08
0.9597¢ 06
0.9597E 06
0.3405E 06
0.6339¢ 06
0.HA339E 06
0.2514E 00
0.9541E-02
0.2514E 00
0.9541E-02
044094 0O
0.4094E 00
0.1522¢ 01
9.1918E 01
0.1368E 01
-0.0000E-19
0.3024E 0}
0.13968 01
0.7060E 02
-0.3000E 03
0.9676E 05
0.5333€ 05
0.6578E 05
Ce3647% 04
0.1753€E 05
Ne.2547€ 04
0.1866E 04
~0.00C0E-19
~0.00C0E~19
N.10528-01
0.1371E 01
~0.1613E 02
9.9633E 00
0.3072E-02
0.,28228-02
C.1383E-01
0.8119€ 05
0.1019E 05
087642 04
=0,3862E-03
-0.1511E 02

0.
0.5000E 20
0.52700E 00
0+5000E 20
0. 52008 90
0.5165€-01
0. BONOE-02
0, 6586E-0%
0.
0.5200E~-01
0. 20005-01
Ce
0.7854E 00
0.7854E 02
0.2549E 98
0.4118E 76
0.4118E 05
0.1160E 07
e 4787E 06
0.1160E 07
0.,3405%E 05
0.3405€ 06
Ce6339E 06
-0. 6138E-07
0e2334E-0%
0, 2334E-04
0.2906E 03
M.3TL5E 01
23715 01
0.2043E 20
Q.2528€ N8
0.9597€ D6
0.,9597€ 06
C.3405€ 05
0.6339¢ 06
0.6339E 05
0.2514E 00
0e9541E-02
0.2514E 920
0.9541£~02
0. 4094E DD
0. 4094E 00
0.1522E 0Ol
0.1918E Ol
0. 1370E 01
-0, 0000E~19
0.3024E 01
0.1396€ 01
0.7060€ 02
-0.3000E 23
N. 96 TH6E 05
0.5333E 25
0.6578E 05
0.3643E 0%
0.1752E 05
0.2%47E 0%
0.1866E 4
~-0.,0000E~19
- 0. 0000E-19
0.1052E~01
0.1371E OL
~0.2031€ 02
0.5454E - 0D
0.2957E-02
043374E-02
-0.1570E-01
N, 7686 05
0. 1069€E 05
-0.9951E 04
0.4TT8E=-02
-0.1872E 02

0.
0.5000E 23
0.5202€ 20
D.5370€ 22
0.5332€ 30
0.,5165€-01
0.830%€~02
0.6586E~34
0.
0.5000€~31
0.28%13€-21
0.
0.
0.
0.2549€ I8
D.4118E 06
0.4118E 06
0.1160E 37
2.4787€ 26
0.11608 27
0+3405E 06
0.3435E€ 26
0.,633%E 06
-0,.5138E-37
0+2334E-34
0.2334E-)4
0.2906F 03
0.3715E 01
3.3715€ 01
0.2343E 03
0.2528F 08
0.9597TE 26
0.9597€ 24
0.34N5E J6
D.6339E 04
J1:6339E )6
0.2514€ 239
0.3541€-22
0.2514E 02
0.9541€-32
0.4394E 22
0.4394E 20
0.1522€ 71
0.1918E 21
0.1277E 01
~042220€~-19
0.3224E 21
0.1396E 21
J.TIEIE D2
~0.3303E 23
0.95675E 15
0.5333E 25
N.65T8E 05
D.4532EF J4
0.2227E 9%
3.254TF J4
0.18586E 04
-0.3)00E~-198
~0.232JE-19
0.1352€-01
0.1371€ 01
~0.5998E J1
0.9364%€ J0
0.1217€-01
“N.5401E=22
-0.5832E~-03
0.31N5€E 06
0.4478E 04
-0.3695E 23
0.5586E~03
-0.1578E 72
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THORNEL~5C/EPUXY

NLeNPLoNPCy NFPE 4NLL
8 71

54 1420 1

EF114EF224EF 33, NUF129NUF 23 ,NUFL3 ,EF12 yEF23 yEFL34EML1 EM225 EM33, NUM12, NUM 23 NUM13,EM12,EM23,FM13

0.50000€
0.57C00E
VCF
0.40000E
[+ 29
VAF

~0+550006-C6 0.56000E~05
VAaM

08
06

01

0.10000E 07 0.10000E 07
0+57000E 06 0.36000E 00

0.20000E 01
0. 0.

3-D CUMPOSITE STRAIN STRESS TEMPERATURE RELATIONS =

0.40000E 01

0.20000E 0)
0.36000E 02

74 20000E 01
0.

0.56000F -05

0.42800£~04 0.42800E-04 0,42800£-04
C+58000E 03 0.58000E 02 0.58000E 02 U.17000E 00
0. 0.22500E 00
aTa
0,10000E O1 0.10000E 01 0.10500& 01 U.10500€ OL
PIE
0.31416E 01
TLINP
F
CSANB
F
B81DE
F
RINDYV
[3
THCSyRHOF ;R HCMy D EAF
0. 0.59000E-01 0,44300E~01 0.26000E-03
KVl
C. 0. 0. (4%
KFL
0.50000E 00 0.50000€ 00 0.500006 00 0.50000E 00
THLC
0. 0.90000E 02 O, 0.90000E 02
TL
0.80500€~02 0.,80500E-02 0.80000E-02 0.80000E-22
PTEMP
-0.,30000E 03 ~0.30000E 03 -0.30000E 03 -0.30000& 03
BET
0.83000€ 00 J.10000E 01 0.26000E 00 O0.27000€ 23
0.50000£ 00 0413300E 02 0.31900E 05 0.10000E 01
LsC
0.23000E 06 0.21000E 05 0.20000E-01 0.50000E-01
NBS N
0.50000€ 04 O. 0.
MBS
0.50000E 02 O 0w
DIsvl
0. 0. 0. 0.
05 T604E~07 ~0.1392E-08 -0, 2866€~2
-0.1392E-08 0, 7604E-07 -0.2866E-0
~0.2866E-07 ~0.2866E~-07 0.8844E-0
0. 0. -0.
0. 0. =0.
J+2400E=13 0.5238E-11 -0.2187€-1

84

0.1333E
Oe4118E
0.4452E
=0.
-0.

=0.9527E

o8
06

Q6

0.4118E 06
0.1333E 08
0.4452E 06
-0

-0

0.,25000€ 0)
0.36000E 00

0%
0.10000E 01

0.12500€ 01

0.

0.50000E 00

0.90000€ 02

0.80000£-02

~0.30000E 03

0.17000€E 0J
0.10000E 01

0.45000E-01

0.2000NE 00

0. Ou
0. 0.
0+ 10000E 01 0.10
0.12500E 01 0s12
0. 0.
0.50000E 00 0.50

[

0.80500E-02

0.13000E 07

0.90000E 02
0.805006-02

0. 70000E 06

Ce
C.23560E 01
000t 01 O.
500 01 0.25000E 00
0.
00CE 00 0.50000E 00

[+
0. 80000E~02

-0+30000E 03 -0.30000E C3 ~-0.30000€E 03

0.16500€ 02 0.10
0.10000F£ 01

0445000E-01

STR

000E 01 0.100008 01

UCTURAL AXES

7 [ 2% [« 0.2400E-13
7 -0, -0. 0,5238E-11
6 0. 0. ~0.2187E~-11
0.2937E-05 0. O.
0. 0.2937€~05 Q.
1 Q. 0. 0.1578E-05
3-D COMPOSITE STRESS STRAIN RELATIONS - STRUCTURAL AXES
0.4452E 06 =0 ~0. =0.9527€ O
0.4452€ 06 ~0. =0, ~0.4363E 0
0.L160E 07 -0 -0 0.1225E ©
-0 0.3405E 06 =0 =0,
-0 0. 0.3405€ 06 ~0s
0.1225€ 0¢ “0. ~0. 0.6339%E ©

00

-0.4363E 02

0.13030€ 07

0.
0.

[«

0. 46500€-01

0.9901€-06
0,9901E~06
0.3219E-04
0.
0.

0.1228E~D9

0
2
0

6

J3+57720E 06

Je
s

0.13302E 21



COMPOSITE PROPERTIES - VALID ONLY FOR CONSTANT YEMPERATURE THROJGH THICKNESS
LINES 1 TO 31 3-) COMPOSITE PROPERTIES ABOUT MATERIAL AXES
LINES 33 TO 54 2~0 COMPOSITE PROUPERTIES ABOUT STRUCTURAL AXES

1 RHOC 0.5165E-01

2 TC C.6400E-01

3 cc1lL C.1333E 08

4 cClz 0.4118E 06

5 ¢C13 0.4452E 06

6 ccz2 0.1333€ 08

ki €C23 Co4452E C6

8 cC33 0.1160E 07

9 CC44 0.3405E Q6

10 LS5 0.3405€ 06

il CCé66 0.6339E 06

12 CTELL €+9901E~06

13 CYE22 €. 9901E~06

14 CTE33 0.3215E-04

15 HK11 0.1472E 03

16 FK22 0.14728 03

17 HK33 C.3715E OL

18 HHC 0.2043€ 00

19 ECLl 0.1315E 08

20 EC22 0.1315E 08

21 EC33 0.1131E 07

22 EC23 C.3405E 06

23 EC31 C.3405E 06

24 EC12 C.6339E 06

25 NUCL2 0.1831E-01

26 NUC21 9.1831E-01

27 NUC13 0.376SE 00

28 NUC31 Q.3241E-01

29 NUCz23 0.,3769E 00

30 NUC 32 0.3241E-01

31 2C6C C.32G0E-01

32 B2DEC Co

33 CCll 0.1315€ 08

34 <cl12 0.2418E 06

35 CCi3 -C.1003E 0L

36 cc22 0.1315E C8

37 €Cc23 ~0.4368E 02

38 €C33 C.6339E 06

39 EC11 0,1315E 08

40 EC22 0.1315E 08

41 EC1l2 0.6339E 06

42 NuCl2 Ue.1838E-01

43 NUC21 0,1838E-01

44 CSN13 ~0+3161E-06

45 CSN 31 ~0.1524E-07

46 CSN23 ~G.6887E~04

47 CSN32 -0.3320E-05

48 CTELL 0.99C1E-06

49 CYE22 0.9901E~06

50 CTEL2 0.1228E-09

51 HCLL 0.1472E 03

52 K22 C.14728 03

53 12 0.5594E-03

54 FHC 0.2043E 00

FORCES FORCE DISPLACEMENT RELATIONS DISPL THERMAL FORCES
NX 0.8419E 06 0.1548BE 05 -0.6421E-0} 0.3662E-03 0.2384E-05 0. 1091E-10 ux -0.2545€ 03
Ny 0.1548€ 05 0.8419E 06 ~0.2795€E 01 N.1907E-05 0.4387E-04 0. 3492E-09 VX -0.2546€ 03
NXY -0.6421£-01 =0.2795€ Ol 0.405T7E 05 0.1091E-12 0.4657E-09 0.5722E~05 VXPUY -0.6455E-03
MX Cu3662E-03 0. L907E-05 0.1291E-10 0.3872E 03 0.5283E 01 ~0.1370E-04 WXX =0.7451E-08
MY 0.2384E-05 0.4387E-04% 0.4657E-09 0.5283E 01 0.1875€E 03 ~045963E~03 WYY =0..7451E-07
MXY 0.1091E-10 0.3492E-09 0.5722E-05 -0.137E-04 -0.5963£-03 0.1385E 02 WXy 0.8527€-13

REDUCED BENDING ReGIDITIES
0.38723E 03 0,52825C 0L ~0.13698E-04 0.52825E 01 0.18748E 03 ~-0.59633E-03 -0.13698E-04 -0.59633E-03 0.13847E 02

RELUCED STIFFNE SS MATRIX
0,84185E 06 0.15476E 05 -0.64211E-01 0.15476F 05 0.84185E 06 -0.27953E 01 ~0.64211E~01 ~0,27953E Ol 0.40558E€ 05

DISP. VISPLACEMENT FORCE RELAT IONS FORCES
ux O.1188E~05 -0.2184E-07 0.3756E-12 -0.1124E-11 0.2167€-13 -0.7195E-18 NX
VX -0.2184E-07 C.1188E~05 0.8184E~10 Ue1860E~13 ~042783€-12 ~0.75T4E-16 NY
VXPuYy Q. 3756E~12 0.8184E-10 0.2465E-04 -0,2750E-18 ~0+1128E=15 -0, 1019E-10 NXY
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WXX
WYY

AXY

O1ISP.

0.5€44E-02
-0.4062E-03
~0+3457€-07

0.1262E 0O
—0 «3£640E-02
~0.28%6E-07

FOR THES CASE NBSIXsY,XY-M} IS

FOR THiS CASE MBS{X,Y,XY-M) IS

LAYER PROPERTIE Sy

1 KV

2 KF

3 KE8

4 K

5 KM

6 RHOL

ki T

8 DELTA

9 ILoc
10 8

i1 2G6C

12 THCS
13 THLC
14 THLS
15 SC11
16 sC12
17 SC13
i8 sC 22
19 sC23
20 S§C33
21 SC44
22 SC55
23 sCo6
24 CTELL
25 creze
26 CYE33
27 HK11
28 HK22
29 HK33
30 HCL

31 EL11
32 EL22
33 EL 33
34 GL23
35 GL13
36 GL 12
37 NUL12
38 NuL21
39 NUL13
40 NUL 31
41 NUL23
42 NUL 32
43 SMFK 22
44 SMFD22
45 SMF522
46 SMFC22
47 SMFSi2
48 SMF§23
49 ILMFC
50 TEMPD
51 LSCLLT
52 Lsclic
53 LSC11D
54 Lsc221
55 Lsc22c
56 1s¢i2
57 LsC23
58 LSCC23
59 LSCC13
&0 LSCOF

—0.57926-09

-0.1124E~11 Qe 1714E-13 =0.584TE~18 0.2583€E~02 ~0.7279E-04 MX
- 0e246%E~13 ~-0.2783€-12 ~0.9746E-16 ~0.7279 E~04% 0,5336€E-02 0.2297E-06 MY
~0.4057€~18 0. 8573E~16 ~0.1019€=10 ~0+5792E~09 0.,2297€~06 0.7222€8-01 MXY
OISPLACEMENT FORCE RELAT IONS FORCES
0,1188E~05 ~0.2184E-07 023756E~12 -041124E-11 0.2167E~13 ~0. 7T195€-18 D4 T45E D4
~0.2184E~07 0.1188E-05 0.8184E~10 0.1860E-13 -0.2783E-12 =N T5T4E-16 ~0.2546E 93
0.3756E~12 0.8184E-10 0.2465E-04 ~042750E~-18 -0+11288~15 -0.1019€-10 ~0.6456E-03
~0.1124E~11 0+1714E~13 ~0.5847E-18 0.2583€~02 =0, 72766~ 04 -0+ 5792FE~09 0.5300€ 12
042469E~13 -0.,2783E~12 =0.9746E~16 =04 7279E-04 C.5336E~02 0,2297E~06 -0.7451€-07
~0.4057E~18 ~0.8573E-16 ~0,1019E~10 -0.,5792E~09 042297~ C6 0.7222E~01 0.8527€-13
5000+ [+39 0%
50. s O.
ROWS~PROPERTY, COLUMNS-LAYER
¢ 1 0. [V (U 0. 0. 0. 0.
0. 5000E 00 0. 5000 00 2.50300€ 00 0.5030E 00 0.5000E 00 0.5000E 00 2. 5000E 00 0.5990€ 3D
V. 5000E 00 0.5000E 02 0.5300E 00 0.5030E 00 0.5000€ 0C 0.5000E 00 N.5000E 00 0.500%€ 30
0.5000t 00 0.5000E 00 0.5030E 00 0.5030€ 00 025600 00 0.5000E 00 0.5000€ 00 0.5310F 23
0+ 5000E 00 0.5000E €0 0:5000E 00 0.5000E CO 0.,5000€ 00 0.5000E 00 0.5000E 03 0.5000E 20
Cu5165E~CL 0. 5165E-01 0.5165E~01 0.5165E~01 0.51656-01 0.516%E~01 0.5165E-01 0.5165E<)1
0. 8000E~02 0.8000€-02 0.8000€-02 0.800DE~-D2 0.80008~02 0.,B000E-02 0. 8002E-02 Q.330)FE=D2
0. 6586E~-04 0.6586E-04 0.6585E-04 0.6586E~D% 0.6586E~04 0.6586E-04 0s 6586E-0% 0+5586E-04
~0.0000E-19 0. 0. 0. 0. 0. e 0.
0.4000E-02 0.,1200E~01 0.2000E-01 0.2800E~-01 0.3600E-01 0.44C0E-01 0. 5200E~01 N.6)00E-21
~0,2800E~0L ~0.2000E-01 -0.1227E-01 -0 .4000E-02 0+4000E~02 0.12008~01 0. 2000E-01 De237IE-D]
Q. 0. Os Ce 0. 0. . 0.
[N 0.1571E 01 0. 0.157T1E 01 0.1571E 0L 0. 0.1571E 01 0
0. 0.1571E 01 0. 0.1571E 01 0.1571E 01 [« D1571€ 01 04
0.2549E 08 0.2549E 08 0.2549E 08 0.2549E 08 0.2549E 08 0.2549 "8 0.2549€ 08 0.2549€ 28
0.4118E Qb 0.4118E 06 0.4118E 06 0.4118€ 06 0.4118E 06 0.4118E 06 2.4118E 0% 0.4118€ 06
J.4118E 06 0.4118E 06 0.4118E 06 0.4118E 06 0.4118E 06 0.4118E 06 7.4118E 05 0.4118€ 26
0.1160E 07 0.1160€ 07 J.1160€ 07 0.1160E 07 D.1160E 07 0.,1160E 07 0.1160E 07 0.1160€ 237
Q0. 4787E 06 C.4T8TE 06 0.,4787T€ Q6 0-4787E 06 0.4787E 06 0.4787E 06 0.47872 06 0.478TE 0¢€
0.1160E 07 0.11608 07 2.1162E QT 0.1160E 07 C.1160€ 07 N.11608 07 Q.11460E 07 D.1160€ 27
0. 3405€ 06 0.3405E 06 0+3405E 06 0.3405€ 06 0.3405E Q6 0.3405€ 06 0.3405€ 05 0.3405E 3¢
0. 3405 06 0.3405€ 06 0.34035€ 06 0.34)5€E 06 0.3405€ 06 0.34056 06 0. 3405E 05 D43405E D6
0.6339 06 0.6339€ 06 0.6339€E 06 0+6339€ 06 0.6339E Cé 0.6339 06 0.6339E 06 0.5339E 36
~0.6138E~07 ~046138E-07 -0.6138€-07 -0.613BE-07 ~0.6138E~07 -0.6138E~07 ~0.6138E~-07 -0.5138E~07
(0e2334E~04 0.2334E-04 0.2334E-04 0:2334E-04 0.2334E-04 0.2334E~04 0.2334E~04 0,2334E~24
0. 2334E-04 0.2334E-04 0.2334E-04 0.2334E-04 0.2334E-04 0423345~04 0.2334E~0% 0.2334E-0%
0.29C68 03 0. 2906E 03 0.,2905€ 03 0.29)6E 03 0.2906E 03 0.2906E 03 0. 2906 03 0,2905¢ 33
0.3715E 91 0.3715€ 01 3.3715F 01} 0.3715E 01 0.37T15E 01 0.3715E 01 0.,37158 0L N.3715€ 01
0.3715E 01 0.3715E 01 2.3715€ 01 043715€ 01 0.3715€ 01 D.3715¢ 01 0,3715E 01 Q.3715€ 01
0. 2C43E 00 0.,2043E 00 0.2043€ 00 0.2043E 00 0.2043E 00 0.2043E 00 0.2043E 29 2.2043E 00
0.2528E 08 0.2528€ 08 0,2528E 08 0.2528E 08 0.2528€ 08 0.2528E 08 0.2528E 28 0.2%28F 08
0.9597€ 06 0. 9597 06 0.9597E 06 0.9597€ 06 0.9597E 06 0.9597€ 06 0.9597E 06 0.3597€ 06
0.9597& 06 0.9597E 06 0.9597TE 06 0.9597E 06 0.9597€ 06 D.9597E 06 Q. 9597 05 0.3597€ 06
0. 34058 06 0.3405€ 06 0.3405E 06 0.3405E 06 0.3405E 06 0.3405E 06 0.3435€ 06 0,3%95E 2¢
Q.6339E 06 0.6339E 06 3.6339€ 06 0.6339E 06 0.,6339E 06 0.6339E 06 0.6339€ 06 0.5339E %6
0.63396 06 0.6339€ 06 0.6339E 06 0+6339E 06 0.6339E 06 0.6339E 06 0.6339E 06 0.6339EF J6
0.2514E 00 0.2514E 00 0.2514E 00 0.2514E 00 0.2514E 00 0.2514E DO 0.2514E 00 0.2514€ 29
0+9541E-02 0. 9541E-02 0.9541E-02 04954 LE~02 0.9541E~02 0.9541E~02 0.9541E-02 0.9541€~22
0.2514E 00 0.2514E 00 0.2514E 00 0.2514E 00 0.2514€ 00 0.2514E 00 0.2514E 20 0.2514E€ 99
0.95418~02 0.9541€-02 0.9541E-02 0954 1E-02 0+9541E~-02 0.9541E=-02 0. 9541E-02 0,9541E-32
0.4094E 00 0.4094E 00 0.4094E 00 044094€ 00 0.4094E 00 0.4094E 00 0. 4094 00 0.4094E 00
0.4094E 00 0.40%94E 00 0.4094€ 00 0.409%4E 00 0.4094€ 00 0.4094E 00 0.4094E 00 0.4094€ 09
0.1522E 01 0.,1522€ 01 0.1522E OL 0.1522€E 0Ol 0.1522€ 01 0.1522E 01 0.1522€ 01 0.1522€ O1
0.19188 0L 0.1918E OL 2.1918E 01 0.1918€ 01 0.1918€ 01 0.1918E Ol 0.19186 91 9.1318€ 01
0.1369E OL 0.1382E ol 0.1357E 01 0.,1382E 01 0.1382E 01 0.1337€ 01 0.1382E 01 0.1324%4E 21
~0.0000E~19 ~0+0000E-19 =-0.2300€E-19 ~0.0000€~19 ~0.,0000E~19 ~0.000CE~19 =0.M000E-19 ~04J200€E-19
0.3024E 01 0.3024€ 01 043024E 01 0.3024E 01 0.3024E 01 0.3024E 01 0.3024E 0} 0.3324E 91
Q. 1396E 01 0. 1396E 01 0.1396E 01 0.1396E 01 0.1396E 01 0.1396E 01 0.1396E 01 0.1396F 31
-0.2000E-19 0.7060E 02 0.706JE 02 0.7060E 02 0,7060E 02 0.7060E 02 0. TN60E 02 0.,706%E 02
~0.3000c 03 ~0.3000E 03 -0.300)E 93 -0+ 3000E 03 -0.3000E 03 <043700E 023 -0.3000€ 03 ~0+.3J00E 33
0.9676E 05 0. 9676E 05 0.9675E 05 0,9676E 05 0.9676€ 05 Q.9676E 05 D 96T6E 05 0.9675E D5
0.5333E 05 0.5333€ 05 0.5333E 05 0.5333€ 05 0.5333E 05 0.5333E 05 0.5333E 05 0,5333E 25
0.6578E 05 0.6578E 05 0.6578E 05 0.6578E 05 0.6578E 05 0.,6578E 05 0. 6578E 05 0.557BE 25
0.3644E 04 0.3610E 0% 0.3679E 04 0.3610E 04 0.3611E 04 0.3731E 04 0.3610E 0% 0.3768F J4
0.1752E 05 0.1736E 05 0s1769E 05 0.1736E 05 0.1736E 05 0.1794E 05 C.1736E 05 0,1812€ 05
0.2547E 04 0.254TE 04 0.2547E 04 0.2547E 04 0.254TE 04 0.2547E 04 0,2547TE 0% 0,2547€ 24
0.1866E 04 0.1866E 04 0+1865E 04 0.1866E D4 0.1866E 04 0.1866E 04 N.1866E 04 0.1866E€ 24
~0.0000E~19 =0.0000E-19 ~0.0033E~19 ~0.D0000E~19 ~0.0000E-19 ~0,0000E~19 =0, 0000E~19 ~0,3320E~19
~0. 0000E-19 -0.0000E-19 ~0.,0003E~-19 ~0.0000E~19 ~0.,0000E-19 -0.0N00E-19 -0, 0000E-19 =0.3200E~10Q
=0.0000£-19 0.1052€-01 0.1052E-01 041052E~01 0.1052e~01 0.1052E~01 2.10526-01 0.1352€-01



61 KL 12A8 0.1371E OL 0.1371E 0Ol 0.1371E€ 01 0.1371E 01 0.1371E 01 0.1371E 01 0.137iE O1
62 MDEIE ~0,1514E OL -0.6581E Ol -0.1208€ 01 ~0.1002€ 02 ~0..1185€ 02 -0.1650E 01 ~0.1638E 02
63 RELROT ~0.0000E~19 0.1000E 01 0.1000E O1 0.1000E 01 0.1000E 01 0.1000E 01 0.1700E 01
64 EPSL1 0.2027E-02 =0,3334E~03 0.4094E-02 ~0.3917€~03 -0.42C8E~03 0.T194E-02 = 0. 4T90E-03
65 EpS22 =0+3043E~03 0.3061E-02 ~0¢3626E~03 0.5128E~02 0.6161E-02 ~0,4499E-03 0.8228E-02
66 EPS12 ~0.3416E-07 0.5927E~07 ~0.3462E~07 0.7531E-07 0.8333€-07 ~0.3532E-07 0. 9936E~07
67 SIGL1 0.5131E 05 ~0.7299E 04 0.1057E 06 ~0.8739E 04 ~0.8199E 04 0.1851E 06 -0,1102E 05
68 slg22 0. 6929E 04 0.9595E 04 0.7372E 04 0.1157€ 05 0.1256E 05 0.8038E 04 0.1453€ 05
69 §i612 ~0,2165E-01 0.3757€E~01 ~0.2195€E-01 0.4774E~01 0.5282E-01 ~0.2239E-01 0462 98E-01
70 DELFI -0.0000E-19 ~0.3564E~07 -0.1009E-07 =0+4186E-0T 0.4249E-08 -0.8689E-07 -0.5031E-07
T1 HFC -0.1267€ 01 =0.2659E 01 ~0.2548E 0L -0.3783E 01 «0+4372E 01 -0.6462E 01 ~0.5704E 01

THORNEL~50/EPOXY

NL yNPLyNPCyNFPE yNLC
71 54 1420 1

Bidirectional Composite Residual Stresses Only

EFLLoEF22,EF 23, NUF12,NUF23,NUFL3 ,EF12 yEF23 EF13,EML1 ,EM22,EM33,NUM12,NUM23 NUML3, EM12,EM23,EM13

0.50000E 08
0.57C00E 06

0.10000E 07
0.57000E 06

CF
0.40000E Ol 0.20000E 0L

0. 0.
VAF
-0.55000E-06 0.56000E~05
VAM

0,42800E-04 (.42800E-04
HK

0.58000E 03 0.58000€ 02
Q. 0.22500E 00

TA

0.10000E 01
PIE

0.31416E 01

0.10000E 01

TLINP
F

CSANB
F

BIDE
F

RINDV
F

THCS +RHOF sRHCM, DIAF
Q. 0.59000E~01
KVL
0.
KFL
G.5C000E 00 0,.50000E 00
FHLC
G.
Tw
0.805006~02 0.80500E-02
PTEMP
~0+30000E 03 ~0.30000€ 03

0.

0.960005 02

BET
0.83000& 00 0.10000E 01
0.50000€ 00 0.13300E 02

LscC
0.22000E 06 0.21000E 05
NBS
0. 0.
MBS
0. 0.
olsvi
G. [

0. L0000E 07 0.20000E 2D
0.36000E 00 0.36000E 00

0.40000E 01 0.20000f& OL
0. 0.

0.56000E~05
0.42800E-04

0.58000E 02 0.17000E 00

0.10500E 01 0.10500E 01

0.44300E-01 0.26000E-03

Qo 0.
0.50000E 00 0.50000E 00
O 0.90000E& 02
0.80000E-02 0,80000€-22

~0.30000E 03 ~D.30000E 23

0.26000E 00
0.31900E 05

0.27000E 00
0.10000E 21

0.200008~-01 0.50000E-01
0.

0.

O. 0.

0.25000E 0)
0.36000€ 00

0.
0.10000E€ 0L

0.12500E 01

0.
0.50000E 00
0.90000E 02

0.80000E-02

-0+30000€ 03

0.17000E 0D
0.12000E 01

0.45000E-01

0.20000E 00 0.13000E 07
0. 0.

0. O.
0.10000E 01 0.10000e 01

0.12500E 01 0.12500€ C1

0. 0.

0.50000€ 00 0,50000E 00
0. 0.90000E 02

0.80500E-02 0.805C0E-02

0.70000E 06 0.13)30E 07

0.

0.23560E 0L 0.
0. 0.
0.25000E 00 0.

0.
0.50000E 00
0.
0. 80000E-02

-0.30000€ 03 —0.30000E 03 ~0.30000E 03

0.16500€ 02 0.10000 01
0.10000€ 01

0.45000E-01

0.10000E 01 0.46500E-01

0.1371F 01
-0.2525€ 21
0.100%€ 21
0.9261£-32
~0.5082€-03
~0.3578E-D7
0.2379€ 06
0.8482E 04
~0.2268E-71
~0.1535F=06
<0.1041€ 32

J.573092E 06

0.
J.

0, 10000E 01
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COMPOSITE PRCPERTIES -

LINES 1 T
L INES
1 RHOC
2 TC
3 1l
4 ccle
5 CC13
6 ccae
7 €23
8 CC33
9 CC44
10 CcCs5
ii CCés
12 CTELL
13 CTE22
14 CTE33
L5 HK11
16 HK22
17 MK 33
18 HHC
19 EC1L
20 £Czz
21 EC33
22 £C23
23 EC31
24 ECl2
25 NUCL2
26 NUE21
27 NUC13
28 NUC 31
29 NUC23
30 NUC 32
31 2C6C
32 B2DEC
33 1l
34 [0 ¥4
35 cC13
36 cLaz
37 ccas3
38 €33
39 EC11
40 EC22
41 ECl2
42 NUCL2
43 NUC21
44 CSN13
45 CSN31
46 CSN23
47 CSN32
48 CTELL
49 CTe22
50 CTEL2
51 K1l
52 K22
53 HK12
5% HHC

3-D COMPOSITE STRAIN STRESS TEMPERATURE RELATIONS =

~0.2866E-07
=0, 2866E-07
J.8844E-06
~Q.
=0.
=0.2187E-11

D

-0
0.
042937E~05
0,

O.

0.

-0

0.

Qe

0.2937E-05

0.

0.2400E~13

0.5238F~11
~0.,2187E-11

0o

0.

0,15786~05

3-D CCOMPOSITE STRESS STRAIN RELATIUNS - STRUCTURAL AXES

“0s

-0«

0. 7604E~07 -0.1392E-08
-0.1392E-08 Qe T6U4E-OT
~0.2866E~07 ~0.2866E~07

[ Qs

0. 0.

362400E<13 0.5238E-11

0.1333E u8
0.4118t 06
0.4452E 06
-0
=0,
~0.9527E 00

0.4118E 06
0.1333E 08

D.4452E 006

0.4452E 06 “0. -0 -
0.4452E 06 ~0. -0 -
0.1160F 07 -0 “0o
-0. 7.3405E 06 ~0. -
~0. -0 0.3405E 06 -
0,1225E 00 -0 -C.

~0.4363E 02

33 FO 54 2-D COMPOSITE PRUPERTIES ABOUT STRUCTURAL AXES

0.5165E~01
Ceh400E- 01
0.1333E 03
0.4118E 06
0.4452€ 06
0.1333E 08
0.4452E 06
0.116C€ O7
C.3405E Q6
O 3405E 06
C.633% 06
C.99CiE~06
0.9901E-06
0.,32196~04
C.1472E 03
Q.1472E 03
G.3715E O
0.2043t CO
C.1315E 08
0.1315E 08
C.li31lE 07
C.3405E 06
£e3405¢ 06
C.6339E Q6
0.1831E-01
9,1831E-01
0.3765% 00
Ce3241E-01
0.3769 00
J.3241€-01
C.3200€~01
0.
U.1315¢ 03
G.2418E 06
~0.1003F 01
0.1315E 08
= C.4368E 02
0,6339E 06
0.1315€ 08
0.1315¢ 08
(.6339E 06
2.1838E~0L
0.1838&~01
=0.3161E-06
-0.15248~07
~0.5887E~04
=~ Ce3320E-05
0.9901E-06
0+.9901E-06
Ce1228E-09
0.1472E 03
0.1472E C3
Ca5594E~03
0. 2043E 00

VALID ONLY FOR CONSTANT TEMPERATURE THROJGH THICKNESS
2L 3-2 COMPOSITE PROPERTIES ABOUT MATERIAL AXES

STRUCTURAL AXES

0.9527E
0.4363E
0.1225F
Q.
0.

0. 6339E

0,9901F-0%
0.9901E-"6
0.3219E-04
0.
0.

C.1228F~09

00

02

06



FORCES

NX
NY

NXY.

MX
My

MXY

0.8419E Q6
0.1548E 05

~0.6421E-01

0.3662E-03
0.2384E-05

0.1091E-10

RELUCED BENDING REGIDITIES

0.38723E C3

0.1548E 05
0. 8419E 06

-0.,2795E 01

0. 1907E-05
0.4387E-04

0.3492E-09

0.52825E 01 ~0,13698E-04 0

RELYCED STIFFNE SS MATRIX
0.84185E 06 0.15476E 05 -0.64211E-01 o

FORCE DISPLACEMENT RELATIONS

-0.6421E-01
-0.2795€ 01

0.4057E 05

0.1091E-10
0.4657E-09

0.5722E~05

252825E 01

+15476E 05

0.3662E-03
0.1907€-05

0.1091E~10

0.3872E 03
0.5283E 01

-0.1370E~04

0.2384E-05
0.43876-04

0,4657€-09

0.5283E 01
0.1875€ 03

-0.5963E-03

DISPL

0.1091E-10 ux

0.3492E-09 VX

0.5722E-05 vXxpuy
~0.1370E-04 WXX
~0.5963E-03 WYY

0.1285E 02 WXY

0.18748F 03 -0.596336-03 -0.13698E~C4 -0.59633E-03

0.84185E Q6 -0,27953E 01 -0.64211E-01 ~(Q,27953E Ol

THERMAL FORCES

-0.2546E 03
~0.2545E 03

~0.6456E-03

~0.7451E-D8
~0.7451F-07

0.8527E-13

0,13847E 02

0.40568E 15

DISP. DISPLACEMENY FORCE RELAT IONS FORCES

ux 0.L188E~05 -0.2184E-0T 0.3756€~12 -0.1124€-11 0.2167E-13 ~0.71956~18 NX

VX ~0.2184E-07 0.1188E-05 0.,8184E~10 0.1860E~13 -0.2783E~12 -0.7574E-16 NY

VXPUY 0.3756E~12 0. 8184E-10 0.2465E-04 ~0.,27506-18 -0.1128&~15 ~0.1019€~10 NXY

WXX - 0.1124E-11 0. 1T14E~13 ~0.5847€~18 0.2583E~-02 ~0.7279E-04 =0,5792E~09 MX

WYY 0e24€9E~13 ~0.2783&-12 ~0.9746E-16 -0.7279E-04 0.5336E~02 0.2297€-06 MY

WXY - 0.4057E~18 -0. 8573E~16 ~0,1019E-10 =0 .5792E-09 0.2297E-0¢ 0.7222E~01 MXY

DIspP. DISPLACEMENT FORCE RELAT TONS FORCES
~0.2970E~03 U.1188E-05 ~0.,2184E-07 0.3756E-12 ~0.1124E~11 0.21676-13 -0, 7195£~18 -0.2546E 13
-0.2970E6-03 -0.2184E-07 0.1188E-05 0.8184E-10 0.1860E-13 -0.2783E-12 -0, T5T4F~16 ~0.2546E 03
~0.3€85E-07 0.3756E-12 0.81B4E-10 0.2465E-04 -0.2750E-18 ~0.1128E-15 -0.1019E-10 =0.6456E-03
0.2680&~09 ~0.1124E~11 0.1714E-13 ~0.5847E-18 0.2583E-02 ~0.7279E-04 ~0.5792E-09 -0, T451E-08
~0.3324E- 0S5 0.2469E-13 -0.2783E-12 -0.9746E~106 -0.,7279E-04 0.533¢6F~02 0,2297E-06 -0.7451E-07
0.1756E~13 -0.4057E~18 -0.8573E~16 ~0.1019E-10 ~045792E-09 Ge22976-06 0.7222E-01 0.8527E-13

FOR THIS CASE NBS{XyYsXY-M) IS Q. 0. [V

FOR THIS CASE MBS{XsY,XY-M) IS . 0. O
LAYER PROPER TIE Sy ROWS-PROPERTY, COLUMNS-LAYER

1 Kv Qe Q. 0. 0. 0. 0. Qs 0.

2 KF Q.5000E 00 0. 5000€ 00 0.5000E 00 0.50)0E 00 0.5000E 00 0.5000E 00 0.5000E 9) 0.5220€ 22
3 KF8 0. 50006 00 0.5000E 00 0.5000€ 20 0.5000E 00 2.5000E 00 0. 5000E 00 0. 5000E 00 D.5203E ID
4 KM 0. 5000E 00 0.5000E 00 0.5000E 00 0.5030E 00 0.500CE 00 0.50008 00 0.5000E 20 0.5300€ 2D
5 KMB 0. 5000t 00 0.5000€ 00 0.5000E 00 0.5000E 00 0.5000€ 00 0. 50008 00 0.5000E 07 0.5000€ 00
6 RHOL 0.5165E-01 0.5165E~01 0.5165E~01 0.5165€-01 0.51656-01 0.5165E~-01 0.5168E-01 0.5165E-01
7 TL Us 8000E~02 0. 8000E-02 0.8003E-02 0.8000E-02 0.8000E-02 0,8000E~22 0. 8000E-02 0.8000€-02
8 DELTA 0.6586E-04 0.6586E-04 D.6586E-04 0.6586E-04 0.6586E~04 0.6586E-04 0.6586E-04 0.6586E-04
9 iLoc =0, 0000E~-19 0. 0. 0. 0. Qe 0. 0.

10 B 0. 4000E-02 0.,1200E-01 0.2032E-01 0:2800£-01 0.3600E-01 0.4400E-01 0. 5200E-01 0.5200€~D1
11 Z6C -0, 2800E~-01 -0, 2000E-01 -0.120)E-01 -0.4020£-02 0.4000&-02 0.1200E-01 0.,2000€-01 0.2800E-01
12 THCS 0. 0. 0. 0. 0. 0. 0. 0.

13 THLC O. 0.1571E 01 Qe C.157T1E 01 0,1571E 0L (Y 0.15T1E 01 0.

L4 THLS Q. 0.1571E 01 Q. 0.1571E 01 0.1571E 01 0. 0.1571E 01 O,

15 SC1l 0.2549E 08 0.2549E 08 0.2543E 08 0.2549E 08 0.2549E 08 0.2549E 08 0.2549E 08 0.2549€ 08
16 sC12 U.4118E 06 0.4118E 06 0.4118E 06 0.4118E 06 0.4118E 06 0.4118E 06 0.4118E 05 0.4118E 06
17 SC13 0.4118E 06 0.4118E 06 0.4118E 96 C.4118€ 06 0.4118E 06 0.4118E 06 0.4118E 06 0.4118E 06
18 sc22 0. 1160E 07 0.1160E 07 0.1162€ 07 0.1169€ 07 0.1160€ 07 0.1160E 07 0.1160F 07 0.1160E 27
19 sC23 0.4787E 06 0.4787E 06 0.4787E 06 0.4787E 06 0.4787E 06 0.4787E 06 D.4787E 06 C.47B7E D6
20 SC33 0. 1163E 07 0.1160E OF 0.1160F 07 0.1160€ 07 0.1160E 07 0.1160E 07 0.1160E 07 0.1160E 27
21 SC44 0. 34056 Qo 0.3405E 06 0.3405€ 06 0.3405E 06 0.3405E 06 0.3408% 06 0.3405€ 0% 0.3405E D6
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22 SC55
23 SCe6
24 CTELL
25 CTE22
26 CTE33
27 HKL11
28 HK22
29 K33
30 HCL

31 EL 11
32 EL 22
33 EL33
34 23
3% GL13
36 GL12
37 NUL 12
38 NUL21
39 NUL 13
40 NUL31
41 NUL23
42 NUL 32
43 SMFK 22
44 SMED22
45 SMFS22
46 SMFC 22
41 SMFS12
48 SMFS23
49 ILMFC
50 TEMPD
51 LSC1LT
52 LSCL1iC
53 LSClL1D
54 Lsczer
55 Lscz2c
56 £scr2
57 Lsc2s
58 LSCC 23
59 LSCC13
60 LSCOF
61 KL 1248
62 MDELE
63 RELROT
64 EPS11
65 ERS22
66 gPs12
67 Siuil
638 1622
69 slG12
70 DELF I
71 FFC

0. 3405 06 0. 3405€ 06
0.6339E 06 0.6339E 06
~0.6138E~-07 -0.6138BE-07
0. 2334E~04 0.2334E-04
0.2334E-04 0.2334E-04
0.2906E 03 0.,2906€ 03
0.37i5¢ Ot G.3715€ ¢l
0.3715E Ol 0.3715E 91
0.2043E 00 0.2043E€ 00
0.2528E 08 0.2528E 038
0.9587E 06 0. 9597F 06
0.9597E 06 0.9597€ 06
0.3405E 06 0.3405€ 0%
0.6339E 06 0.6339E 0o
0.6339 06 0.6339E 06
0.2514E 00 0.2514€ 90
0.9541E-02 049541E-02
0.2514E 00 0.2514F 00
De9541E-02 0.9541E-02
0. 4094E 00 0.4094¢ 00
0.4094E 00 0.4094E 00
0.1522E 01 0.1522€ 01
D.1918E 0L 0.1918E 01
0+1383¢ Ol 0.1383€ Ot
<0, 000%E~13 ~0+0000E-19
0.3024% 0L 0. 3024E 01
0.1396E 01 0.1396E 91
-0.C000E~19 0. 7060E 02
=0.3000E 03 ~0.3000E 23
0.9676E 05 0. 96THE 05
0.5333t 05 0.5333¢ 05
0.6578k 05 0.6578E 05
Je 36UYE 04 V. 3609E 04
01735 05 0.17358 05
0 2547€ 0% 0. 254TE 04
0. 1866E 04 0.1866E 04
~0.0000E~19 =0.0000E-19
=0, 0000E=19 -0.,0000E-19
~V.0000E~19 0.1052E-01
D41371E 01 0.1371E 0Ol
~0.2422E OL -0.24228 01
~040000E~19 0.1000E& 01
~0.2970E~03 ~0.2970E-03
~0s 29T0E-03 =0v2970E-03
~Ue3685-07 0.36856-07
~-D.6374E 04 ~0.6374E 04
De 63748 04 0. 6374E 04
~042336E-0L 0.2336E-01
~0.0000£=-19 =0.1278£-08
-0.1117€ 01 =2.,1117e 01

0.3405E 06
0.6339E 06
=0.6133€-07
0.2334E-04
0.2334E-04
0,2905E 03
0.3715€ 01
Q«3715E 01
0. 2043E 00
0.2528¢ 08
0.9597E 06
0.9597E 06
0.3405E 06
0.6339E 26
0.6339€ 06
0.251%E 00
0.9541E-02
D.2514E 00
J3.9541€-02
2.4094E 00
0.4994€ 0C
0.1522€ Q1
0. 1918E 21
0.1383€ 01
~0.022JE-19
043024k 01
J.139%E 01
0.706)E 02
~0.3000E 03
0.9676E 05
0.5333E 95
0.6578E 05
0.3623E 04
0.1735%E 05
0.2547E D4
0.1856€ 04
-0,3J0%E~19
=0.0003E~19
0,1062€~01
0.1371E O
=0.2422F 01
0.1030E 01}
~0.2970E~03
~0.2972€-03
=0¢3685E-07
~0.6374E 04
V.6374E 04
=042336E~01
-0.1278E-08
“0.1117€ Ol

0.3435E 08
0.6339E N6
~0.6138E-07
0 .2334E~D4
0.2334E-04
0.29)6F 23
0.3715€ 01
0.3715€E 01
0.2043E 00
0.2528E 08
0.9597E 06
0.9597E 06
0.3405€E 06
0.6339E 06
0.6339E 06
0.2514E 20
0.954 1£-02
0.2514E 00
C.9541£-02
0.4094E 00
0.4034E 00
041522E 01
0.1918E 01
0.1383€ 01
~0+000CE-19
043024E 01
0.1396E 01
0.7060E 02
=0.3000E 03
0.9676E 05
0.5333E 05
0.6578E 05
(143639E 04
0.1735€ 05
U42547€ 0%
0.1866E 04
~0,0000€E~19
=0.0080E=-19
D.12528=01
0L.1371E 01
~0.2422€ 01
0.1000E 01
-0.2970€-03
~0+2970E-03
(143685E-07
~0.63T74E 0%
2.63T4E 04
0e2336E-01
-0 .1278E-08
~0.1117€ 01

0.3405€ 06 0.3405E 06
0.6339€ 06 0.6339E 06
~0.6138E~-07 ~0.6138E~07
0.2334E-04 042334E-04
0.2334€E-04 0+2334E-N4
0.2906€E 03 0.2906E 03
0.3715€ 01 0.3715 01
0.3715€ €1 0.3715E 01
0.2043E 00 0.2043E 00

0.2528E 08
0.9597€ 06
0.9597E 06
0.3405€ 06
0.6339E 06

0.2528E 08
0.9597E 06
0.9597€ 06
0.3405E 06
0.6339E 06

0.6339E 06 0.6339E 06
0.2514E 00 D.2514F 00

0.9541E-02
0.2514E 00

0.9541E=-02
0.2514E 00

0.9541E~02 0,9541E~02
0.4094E 00 0.4094E 00
0.4094E 00 0.4094E ON
041522 01 0415228 01

0.1918¢ 01
0.1383€ 1
-0.0000E-19 -

0.1918E 01
0.1383F 01
0+00C0E~19

0.3024E 0L 0.3024 N1

0.1396€ 01

0.1396E 01

0.7060E 02 0.7060E 02
~0.,3000E 03 ~0.30C0E 03
0.9676€ 05 0.9676E 05
0.5333E 05 0.5333E 0S5
0.6578E 05 0.6578BE 05

0,3609E 04

0436098 04

0.1735E 05 0.1735E 05

002547 04

0.2547E D4

0.1866E 04 N.1866E N4
-0.0000E~19 ~0.0000E-19
~0.0000E~19 ~0,00005~19

0.1052E=01 1.10528-01
0.1371E O1 0+1371E 01
~0.,24228 0} ~0.2422€ 01
0.1000€ 21 0410008 01
=0.2970E-03 ~0.,297NE~03
-042970E-C3 ~0.29702-03
0.3685E-07 -N,3685€~07
~0.6374E 04 ~0.6374E 04

0.6374E 04 0.6374E 04
042336E-01 -0.,2336E~01
~0.1278E-08 ~0.1278:-08

~0.1117¢ 01 -

0.11178 01

0.3405€ 0%
0.6339E 05
“0,6138E~07
0.2334E~04
0.2334E 064
0.2906E°23
0.37158 01
0.3715¢ 01
0.20643E 00
0,2528¢ 08
0. 9597E 06
0.9597E 06
0.3405€ 05
0.6339E 06
0.6339 06
0.2514€ 00
0,9541E~02
0.,2514E 00
0. 9541E~02
0.4094E 00
0,4094E 00
0.15228 01
0.1918E 0L
0.1383€ 01
-0,0000E~19
0.3024E 01
0.1396E 01
0.7060E 02
~0.30008 93
0,96 76E 05
0.5333¢ 05
0.6578E 05
0,3609€ 74
0.1735E 05
0.254TE D%
0.1866E 74
-0, 0000E~19
-0, Y000E~19
0.1052E-01
0.1371E 01
<0.2427E 01
0.1000€ 01
-0, 2970€~03
-0.2970E-03
0, 36856-07
-0.637T4E 04
0.63T4E T4
0.2336€-31
-0.1278E-08
-0.111 7€ ©1

0.3495E 06
0.5339€ 26
~0.5138E-27
0.2334E-04
0.2334E-04
0.29056E D3
0.3715E 01
0.3715€ 01
0.2043€ 3D
0.2528E 28
0.9597E 06
0.9597€ 0¢
0,3405€ 06
0.5339E J6
0.5339E 06
0.2514€ 00
0.9541F-02
0.2514E 00
0,9541E-02
0.4994E D)
0.4094F 02
0.1522F J1
0.1918E J1
D+1383E 01
~0+))00E~19
043224E 01
0.1395€ 21
D.7360E J2
~0.3000F 23
0.9676E 05
0.5333E 05
0.6578E 05
0.3509E D4
0+.1735€ D5
0.2547€ 6
J.1846E 4
~0.2390€E-19
~0.3220€E-19
3,19652€E~01
0.1371E O}
=0.2422E 01
0.17179€ 21
~0.2370E-03
~0e2372E-23
—043685€~07
~Ne5374E D4
0.5374E 04
-0.2336E-01
=0.1278E-08
-0.1117€ 01

Bidirectional Composite with Bending-Stretching Coupling; Residual Stresses Only

THORNEL-50/EPOXY

NLyNPL,NPCyNFPE 4NLC
8

71

£4 1420 1

EFLLyEF22,EF 23y NUFL2,NUF23 JNUF134EF12 JEF23 yEFL3EML 1 ,EM22, EM33,NUM12, NUM 23 NUML13,EM12,EM23,EM13

0.50000E 08
0.57000E 06
VCF
0.40000E 01
Q.
VAF
-0.55000€~06
VAM

0.426800E-04%
HK
0.58000€ 03
.
BTA
0,.,10000E O1
P1iE
G.31416t Ol

TLINP
E

CSANB
F

BICE
E

RINDV
£

90

0. 10000 07
0+57000E 06

0.20000€ 01
Qe

0. 56000E-05
0+ 42800E-04

0.58000E 02
0.22500E 00

0.10000€ 0l

0.10000E 07
0. 36000€ 00

0.40000E 0L
0.

0.56000E-05
0.42800E~04

0.58000E 02

0.10500E 01

0.20000E DO
0.36000& 00

0.20000& 01

Oa

0.17030E 00

0.10500€ 01

0,250D0€ 02
0.36000E 00 O.

0.
0.10000E 01

0.12500F 01

0.20000E 00 0.13000E 07

0.

0. 0.
0.10000E 01 0.10000E 01

0.12500E 01 0.12500€ Cl

0. TOOOOE 06
O

0.23560E 01
Oe

0.25000E 00

0.13000€ J7

0.
0.

J3.57330F 06

0.
Je



THCS+RHOF 4R HOMy D IAF
[+ 0.59000E~01 0.44300E-01 0.26000€-03

KvL

0.
KF
THLC

0.
TL

0.80500E~02

L
0.50000 00

PTEMP

=0,30000E 03 ~0.30000E 03

BET

0.83000E G0
0.50000E 00

LSC

0.23000E 0¢

NBS
0.

MBS
Q.

DESVL
0.

0. 0.

Ow

0+50000E 00 0.50000E 00 0,50000E 00

0. O

0.

0.80500E-02 0.800006-02 0.80000E-02

~030000E 03 ~0,30000£ 03

0.10000E 01 0.26000E 00 0.27003E 32
0+13300E 02 0.31900E 05 0.10000E 91

0..21000€ 05 0.20000E-01 0.50000€-01

Q. 0.
0. 0.
0. 0.

0.

0.

0.50000E 00
0.90000E 02
0.80000E~-02
~0,30000E 03

0,17000E 0D
0.10000E 01

0.45000€-01

0.

0.

0.

0.50000E 00 0.50000F CO

0.90000E 62 0.90000€ 02

0.80500E~02 0.805CCE~02

0.
0,50000E 00
€. 20000F 02

0. 80000E~02

~0+430000E 03 ~0.30000E Q3 -0.30000E 03

0.16500E 02 0.10000E C1
0.10000E 01

0.45000E~01

0.10000E 01 0.46500E-01

3-D COMPOSITE STRAIN STRESS TEMPERATURE RELATIONS - STRUCTURAL AXES

0.7604E~07 ~0.1392E-08 -0.2866E-27

0.1392E-08 0. 76 04E-07 ~0.2866E-07

0.2866E-07  «0.2866E-~07 0.8844E-06

Qe [+

0. Os

0.2400E~13 0.5238E-11 ~0.2187€-11

0.1333E 08
0.4118E 06
0.4452E 06
~0s

~0e

0. 0. 0.2400E-13 0.9901E-06
0. -0. 0.5238E~11 0.9901E~-06
0. 0. ~0.2187E-11 0.3219€E-04
=0. 0.2937E-05 0. 0. 0.
“0. [ 0.2937E-05 0. 0.
0. 0. 0.1578E-05 0.1228E-09
3-D COMPOSITE STRESS STRAIN RELATIONS - STRUCTURAL AXES
0.4118E 26 0.4452E 06 ~0. =0. ~0.9527€ 00
0.1333E 08 0.4452E 06 -0, -0, -0.4363E 02
0.4452E 06 0.1160E O7 =0. ~0. 0.1225€ 00
~0. -0. 0.3405€ 06 -0, -0.
-0 ~0. ~0. 0.3405€ 06 ~0.
~0.4363E 02 0.1225€ 00 -0, -0. 0. 6339E 06

~0.9527E 00

COMPOSITE PROPERTIES - VALID ONLY FOR CONSTANT TEMPERATURE THROUGH THICKNESS
1 Y0 31 3D COMPOSITE PROPERTIES ABOUT MATERIAL AXES
LINES 33 TO 54 2-D COMPOSITE PROPERTIES ABOUT STRUCTURAL AXES

L INES
1 RHOC
2 TC
3 CCil
4 CCi2
5 CC13
6 CC22
T cc23
8 (C33
9 CCa4
10 CC55
11 CC66
12 CYELL
13 CTVE22
14  CTE33
i5 1l
16 W22
17 HK 33
18 HHC
19 €11
20 €C22
21 EC33
22 EC23
23 EC31
24 EC12
25  NUCl2
26 NuCz2l
27  NuCl3
28  NuC3l
29  NUC23
30 NUC32
31 ZCGC
32 B2DEC

0.5165E~01
0+6400E~01
0.1333E 08
0.4118E 06
0.4452E 06
0.1333E 08
0.4452E 06
0.1160E Q7
03405 06
0.3405E 06
0.6339E 06
0.9901E-06
0.9901E~06
00 3219E~04
0.1472E 03
0.1472E 03
C.3715E 01
0.2043E 00
0.1315€ 08
0.1315E 08
C.1131E 07
0.3405E 06
0.3405E 06
0.6339E 06
0.1831E-01
0.1831E-01
0.3769E 00
0.3241€-01
0.3769E 00
0.3241€-01
0.3200E~01
Q.

J.13200€ Ol

91



33 CC1l

34 CCl12
35  CC13
36 CC22
37 CC23
38 CC33
39 ECIL
40 EC22
41 ECI12
42 NUCL2
43 NUC21
44 CSN13
45 C3N31
46 CSN23
47 C3N32
48 CTELL
49 CYE22
59 CTEL2
51 Hll
52 HG22
53 K12
54 FHC
FORCES

NX

NY

NXY

Mx

MY

MXY

0.1315E 08
0.2418E 06
~0.1003¢€ 01
C.1315E 08
-0.4368E 02
C+6339E 06
C41315E C3
Q.1315€E 08
Cs6339E 06
C.1838E-01
041838E-01
~0431€LE~06
-0.1524E=07
~0.6887E-04
-0+33206-05
Cy9901E-06
GeI9CLE-06
04 1228BE~09
0.1472E 03
N.14726 03
Ce5594E~03
U.20438 00

0.8419 06 0.1548E 05
0.1548E 05 0. 8419E 06

~0,6421E~0L -0.2795¢ 01

~3.1248E 05 =0, 9537E-06
0.333BE-05 0.1248E 05

- Cal027E-02 -0+4472E-01

RECUCED BENDING RESIDITIES

0.10215€ C3

D.18778E 0l -0.24961E-04%

RELUCED STIFFNESS MATREX

0.29%26t 06

O15P .

Ux
VX

VXPUY

WXX
WYY

WXY

DIsP.

~0.1245E~02
~0.1245E-C2

=0 3355k~ 07

=0.65C9E-Cl
0.65C9E-C1

~0.4771E~Ce

92

0.55014E 04 ~0.73129E-01

C.3343E-C5 -0.6145E-07
~0.01456-07 0. 3343E-05

Ce4735E-11 0.7012E-10

0.14526-03 -0.5684E~13
CobTT0E-13 ~0.1452E~03

C.2794E-09 0.7851E~09

0e3343E-05 ~0.6145E-07
~0.6145E-07 0.3343E-05

0.4735E=11 0.7012E~1C

0.1452E-03 ~0.5684E-13
G. 6770E-13 ~0.1452E-03

0.2794E-09 0.7851€E~-09

FORCE DISPLACEMENT RELATIONS

~0+6421E-01
-0.2795E 01

2.4057€ 05

~0.1027E-D2
~0,4472E-01

0.5722€-05

2.18778€ 01

0.55014E 24

~0.1248E 05
~0.9537E-06

~0.1027€-02

0.,2874€ 03
0.5283E 01

~0.2192€-04

DISPLACEMENT FORCE RELAT TUNS

0+4735E~11
0.7012E~10

0,2465E-04

0.2794E-29
0.7851E~09

-0.,9905E-11

0.1452E-03
-045592E-13

0.2794€-09

049793E-02
—-0.1800E=03

041387E-07

DISPLACEMENT FORCE RELAT IONS

0+4735E-11
0.7012E-10

Ne2465E-04

0.2794E-09
0.7851E-09

-0.9905E-11

DISPL

0.3338E~0C5 -041027E-02 Ux

0.1248E 05 ~G,4472E-01 vX

~0.44726~Cl 02 5722€-05 vXPUY

0,5283E 01 =0,2192E~04 WXX

0.2874E C3 ~0.9541€-03 WYY

-0.9541E-C3 0.1385€ 02 WXy

0.29926E 06 -0.85231E 00 -0.73129E~01 ~C.85231E 00

~Nel137E-12 0. 2794F-09

~0,1452E-07% 0.7851E-09

0. 7851E-09 ~0.9905e~11

-0+ 1800E-03 0.1387E-07

0.9793E-02 0.2054E-06

0.2054E~Cé€ 047222€-01

0.1452E-03 =0.1137€~12
-0,5592E-13 ~0.1452E~03

0.2794E-09 0.7851E~09

0,9793E-02 -0.1800E~03
-3.1800E-03 Ce97G93E~02

0.1387€~07 0.2054E~Ce

0. 2T94E-09
0. 7851E~09

~0.9905E-11

0.1387E-07
0.2054E=06
0. 72226-01

THERMAL FORCES

~0.2545E 03
=D+ 2546E 03

~0.6456E~03

~0.2818E J1
0.2818E 01

=N.1033E-04

0.10215E 03 ~0.29092E-03 -0.24961F~04 -0.29092E-03 0.13847& 02

0.40568E 05

FORCES

NX
NY

NXY

Mx
My

MXY

FORCES

-0+ 2546E 33
~0+2546E 03

~0.6456E~03

“D.2818E 01
0.2818E 01

~0.1033E~04



FOR THIS CASE NBS{XsYyXY-M} 1S C.

FOR THIS CASE MBSEXsY,XY-M)

LAYER PROPER TIE Sy

1 KV

2 KE

3 KFB

4 KM

5 KMB

6 RHOL

7w

8 DELVA

¢ 1DC
10 8

11 st

12 THCS
13 THLC
14 THLS
15 SCli
16 SC12
17 sci3
18 sc22
19 sc23
200 SC33
21 SC44
22 SC55
23 sCoe
24 CTELL
25  CTE22
26 CTE33
27 WK1l
28 rK22
29 HK33
30 HL
31 ELLL
32 EL22
33 EL33
34 GL23
35 -GL13
36 Q12
37 NUL12
38 NUL21
39 NUL13
40 NUL31
417 NUL23
42 NUL32
43 SMFK22
44 SMFD22
45 SMFS$22
46.  SMFC22
41 SMFS12
48 SMF523
49 ILMFC
50  TEMPD
51 LSCL1T
52 LSCLIC
53  LSC1iD
54 LSC22T
55 LSC22C
56  LSC12
57  LSC23
58  LSCC23
59  LSCCI3
60  LSCDF
61l  KL12A8
62 MDELE
63  RELROT
64 EPS11
65 EPS22
66  EPSI2
67  SIG11
68 51622
69  SIG12
70 DELF]
Tt HFC

0.
0. 5000 00
0.5000E 00
0. 50008 093
0. 50N00E 00
04 5165E~0L
0. 8000E~02
0+6586E~04
~0.0000E-19
0.+ 4000E-02
~0.2800E~0L

04 2549E 08
O.4113E 06
0. 4118E 06
0. 11608 07
0.4T87E 06
0411608 07
0. 3405 Q6
0+3405E 06
0.6339E 06
~0.6138E-07
Uy 2334E-04
0.2334E-04
0, 29066 03
0.3715E 01
0.3715E 01
0..2043E 00
0,2528E 08
0.9597€ Qo
0.9597t Qo
0.3405E 06
0.6339E 06
0.6339E 06
0.2514E 09
0,9541E-02
0,2514E 00
Q.9541E-02
0. 4094E 00
0. 4094E Q0
0.,1522E Ol
0.16188 Ol
0.1386& 01
~0.0000£-19
0. 3024E 01
0.1396E 0l
-0.0000E~19
-0,3000E 03
0.9676E 05
0.53338 05
0. 65788 05
J.3601E 04
0.1731E G5
0.2547E 04
0.1866E 04
=0, 0000E~19
=3, 0000E~19
~0.0000E-19
Q.1371E QI
~0. 70388 0L
~0.,0000E-19
-0.,11726-02
0,2473E-02
-0.5351E~07
~0.2787E 05
0488278 04
~0e33926-01
-0, 0000E-19
~0.2624E O1

1s Q.

0.
0. 5000E 07
0.5000E 00
0. 5000E 30
0. 5000 00
0..3165E~01
Q. 8000E~02
0. 65B6E~04
[«
0.1200E~0L
~0+2000E~-0L

0.2549€ 08
0.4118E 26
0.4118E 06
0.1160E 07
0.,4787E 06
0.1160€ 07
0.3405E 06
0.3405E 06
0.6339E 06
~0.6138E~07
0.2334E-04
0.2334E~04
0.2906€ 03
0.3715€ 01
0.3715€ 01
0.2043E QO
0.2528E 08
0.9597E 06
0.9597E 06
0.3405€ 06
0.6339E 06
0.6339€ 06
0.2514E 00
0.9541E-02
0.2514E 00
0.9541E~02
0.4094E 00
0.4094E DO
0.1522E 01
0.1918E 01
0.1384F 01
-0+ 0000E~19
0.3024E 01
0.1396E O}
0.7060E 02
-0.3000E 03
0.9676E 05
0.5333€ 05
0.6578€ 05
0.3607E 04
0.1734E 05
0.254TE 0%
0.1866E 04
-0.0000E~19
~ 0. 0000E-15
0. LOS2E~0L
0.137LE 01
~0.5461E 01
0.1003€ 01
-0.65106-03
0.1953E-02
~0,4969E-07
-0.1480E 05
0.8452E 04
-0.3150E-01
~0,4752E-08
-0.2190E 01

ROWS~PROPERTY,y “COLUMNS~LAYER

[

0.5D00€ 00
0.5002€ 00
0,5000€ 20
0.5020E 00

045165E~01

0.803)E-02
0.6585E-04
0.
0.2000E~01
=0,1233E-01
O.

0.

Q. -
0.2543F 08
D.4118E 06
0.4118E 06
0.1163E 07
0.47BTE 06
0.1162E O7
0.3405€ 0%
0«3405E 06
0.633%E 06
~0.6138E~07
0.2336£-04%
0.2334E-04
3.2906E 03
0.3715E 01
0,3715€ 01
0+2043E 00
0.2528E 08
0.9597E 06
0+9597E 06
0.3405E 06
0.6333E 06
D.6339E 06
J.2514E 00
0.9541E-02
0.2514E Q0
0.9541E-02
0.4094E 00
D.4094E 00
0.15228 01
0.1918TC 01
0.1382E 91
-0.0002E~19
043324E 01
0.1396E 01
0.7060F 02
-0.300%& 03
0.9675& 05
0.5333E 05
0.6578E 05
0.3612E 0%
0.1737E 05
0.254TE 04
0.1866E 04
=0.0000E~19
~D,2032E-19
0.1052E-01
J2.1371F 0L
-0.4103E Ol
0.1000E 01
=~0.1302€E-03
0.1432F-02
~0.4587E-07
~0.1729E€ 04
0.8377E 04
~0.,2908E~01
~0.4093E~-09
-2.1829E 01

3

0.

0.5000E 09
0.5000E 00
0.5030€ 00
0.5000€ 00
0.5165€-01
0.8000E~02
0.658 6E-04
0.
0.2800€-01
~0.409NE-02
0.

0.

c.

0.2549€ 08
0.4118E 06
0.4118E 06
0.1160E 07
0.4787F 06
0.1160FE 07
©.3405€ 06
0.3405E 05
0.6339F 06
~0.6138E-07
2.2334F-04
0.2334E~04
0.2906E 03
0.3715E 01
0.3715E 01
0.2043E 00
0.2528€ 08
0,959 7€ 06
0.9597E 06
0.3425E 06
0.6339€ 06
0.6339E 06
0.2514E 00
0.954 1E-02
0.25L4FE Q0
0.954 1E~0.2
0.4094€ 20
D.4D94E 0O
0.1522E O1
0.1918€ 01
0.1379€ 01
-0.0300E-19
0.3024€ 01
0.1396E 01
0.7060E 02
-0.3000E 93
0.9676E 05
0.5333E 05
0.6578E 05
0.3619E 04
0.1740€ 05
0.2547E 04
0.1866F 04
-0 .0000E~19
-0.0000E-19
0.1052E-01
0.1371E O1
-0.3201E D1
0.103CE 01
0.3905E-03
0.91126-03
044206807
0.1134E 05
0.7732E 04
~0.2666E-01
0.1839E-08
-0+ 1540E 01

0.
0.5000E 00
0450008 00
0.5000E 0N
0.50COE 00
0.51656-01
0.8000E-02
0.6586E~04
0.
0.3600E~01
0,40 0DE-02
0.
0.15T1E C1
0.1571E 01
0.2549€ 08
0.4118E 06
0.4118E 06
0.1160€ 07
0.4787E 06
0.1160E 27
0.3405€ 06
0.3405€ C6
0.63398 06

~0.61386-07
0.2334E-04
0.2334E-04
0.2906E 03
0.371SE 01
03715 01
0.2043E 00
0.2528€ 08
0.9597E 06
0.9597E 06
0.3405E 06
0.6339E 06
0.6339E 06
0.2514E 00
0.9541E-02
0.2514E 00
0,9541E-02
0.4094E DO
0.4094E 00
0.1522€ 01
0.1918€ 01
0.1379€ 01

~0.0000E~19
0.3024E 01
N.1396€ 01
0.T06QE 02

-0.3000E N3
0.9676E€ 05
0.5333F 05
0.6578E 05
0.3619E 04
0.1740% 05
0.2547E N4
0.1866E 04

~0.0000E-19

~0.00C0E-19
0.1052E~01
0.1371F 01

-0.3201E C1
0.1000€ 01
0.39056-03
0.,91126-03
0.4206E-07
0.1134E D5
0.7702E 04
0.2666E-01
0.3581E~C8

-0,1540E €1

0,
0.500CE 00
0.5000E 00
0.5000E 00
0.4.500CE 00
0.5165€-0C1
0.8000E-02
0. 6586E~04
O
0. 4400E-01
041200E-01
D
C.15718 01
0,157l 01
7.2549E 08
0,4118E 06
N.4118% 16
0.1160% 07
0.4787E 06
0.11608 0T
0,3405E né
0.3405€ N6
0.6339E 04
~0.6138E-07
0. 2334E-04
0.2334E-04
0.2906E 03
0.3715E 01
0,3715E 01
0.20438 00
3.2528 08
0.9597E 26
0.9597E 06
0.3405E 06
0.6339E 06
0.6339E 06
0.2514E 00
0.9541E-02
0,2514E 90
0,9541E-"2
0.4094 N0
N.4094E N0
0.15228 0L
0.1918E 01
0.1382E 0Ol
-0.,00006-19
0.3024E 21
G.1396E 01
0.7060E 02
-0.3000% 03
Q.96T6E NS
0.5333E 05
0.6578E 05
0,3612F 04
0.1737 05
0.2547C 04
0.1866E 04
-0.0000E-19
~C.NN00E-19
0e1052E-01
0.1371E 01
~0.4100E 01
0.1000E 21
-0,1302E-~03
J.14325-02
0..4587E-DT
=0.1729E 04
8.8077E 04
0.2908E-01
~0.,3070E~09
-0.1829 01

0.
0.5000E 20
0.5007E 0Q
0.5C00E 02
0.50008 09
De5165E~01
0. 8000£-~02
N.6586E~06
n.

0. 5200E~01
0.200NE~01
0.
0.1571E Ol
0.15715 01
0.2549€ 08
D.4118E 08
0.4118E 06
0.1160E o7
0.4787E 06
0.1160E 0T
0.3605S 06
N.3405E 26
0. 6339E 06
~0s613RE~DT
Q. 2334E 04
N4 2334E~04
0. 2906E 23
0,37156 01
N.3T15€ 0L
0.20%2E 0O
0, 25285 08
0.9597€ nb
0.9597€ 06
0.3405E 06
N, 6339E 06
0.6339E 96
0.2514E 00
0. 9541E-02
0,2514€ D2
04 9541E=~02
0.4094E 09
0.4094E 20
N.1522E 01
0.19188 Nl
0.1384E 01

-0,00005-19
0,302%E 01
0.1396E D1
0.7360E 02

-0.3000E 03
N, 9676E 05
0.5333E N5
0.6578E 05
0.3607E 04
0.1734E 95
0,2547¢ 0%
N, 1866E 04

-N.0000E-19

~0,0000E-19
0.1052E~-01
n.1371€ 01

~0.5461E 01
0.1000E 01

-0.6510E-03
0.1953E~02
0.4965E~07

-N.16480F 03
0.8452E 0%
0.3150E~01

-0.2927E-08

-0.2190E 01

0.

345200E 02
0.5000E 20
0.5000€ 20
N.5000E 20
0.5165E-)1
0.BINDE=N2
0.5586€-04
Oe
0.6200F-01
0,2892€-71
0.

0.1571E 21
D.1571E D)
N.2549E 08
0.%118E 26
0.41)18F 0§
0.1167E 27
0.4787F 06
N.1160€ 27
0.34N5E 26
0.3408E 24
0.533%E 26
~0+513RE-07
0.2334F-04
0.2334E~)6
0.2906% 03
0.3715€ 31
0.3715F 01
042243 MO
0.2528F 08
0.9597€ 26
0.9587F D6
0.3405€ %6
0.6339E 6
Ve56339E 26
0.2514€ )
0.9541E-22
0.2514E 0
0,93541E-C2
0.4294E N0
D.4294F 00
2.1522F 21
0.19]18E O}
2.1386F 01
~0.0020E-19
0.3324E 01
0.1306F 21
0.7060F 22
=0.3D003F )3
0.9676€ 05
0.5333F 25
J.65T78F 25
0.3601€ 04
0.1731E 25
Ce2567TE D4
0.1865€ D4
=0eIDNMIE-19
~0.3002E-1%
0.1052E-N1
0,1371E 21
-0.7238€ 01
0.1300E 21
~0.1172€~02
0.2473E-22
3,5351E-07
~3.278TE J5
0.8827€ 24
0.3392E-01
-0.5793E-28
~D.2524E 01
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THORNEL-50/EPOXY
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TABLE II. - MULTILAYERED FIBER COMPOSITE ANALYSIS INPUT DATA SAMPLE

71 54 1420

.50000E+08
. 20000E+00
.57000E+08
.000Q00E+00

.40000E+01
. 000 00E+00
.00000E+00
.10000E+01

-.B5000E-08

.4 2800E ~04

.58000E+03
.12500E+01
. 00 000E+00C

. 10000E+01

.3141B8E+01

1

.10000E+07
.13000E+07
.57000E+06
.00000E+06

.20000E+ 01
. 00000E+00
.00000E+00

10000E+01

.56000E~05
. 42800E -04
. 5800 0E+02
.12500E+01

.22500E+00

.10000E+01

.10000E+07
. 70000E+0686
.36000E+00
. 00000E+00

.40000E+01
.10000E+01
.0 000 OE+00
.00000E+00
.56000E~05
,42800E -04
.58000E+02

. 25000E+00

.10500E+01

.20000E+00
.13000E+07
.36000E+00

. 20000 E+ 01
.00000E+00
.00000E+00
.O0000E+00

.170Q00E+00
. 000C0E+0 O

.10500E+01

. 25000E+00
.57000E+086
.36000E+00

. O0O000CE+00
.Q0000E+00

. 10000E+00

.00000E+00

.12500E+01
.00000E+00



o

TABLE II. - Continued. MULTILAYERED FIBER COMPOSITE ANALYSIS INPUT DATA SAMPLE

. 00000E+00 .05900E+00 . 044 30E4+00 .000286E+ 00

. 00000E+00 .00000E+00 .00000E+00 .00000CE+00 .00000E +00
.00000E+00 .00000E+00 .00000E+00

. 50 000E+ 00 .5 0000E+00 .50000E+00 .50000E+00 .50000E+00
.50000E+00 .50000E+00 .50000E+00

.00000E +00 .45000E+02 .45000E+02 .90000E+02 .90000E+02
-.45000E+02 .45000E+02 .00000E+0CO

.00805E+00 .00805E+00 . 00805E+00 .00805E+00 .00805E+00
.00805E+00 .00805E+00 .00805E+00
-.30000E+03 -.30000E+03 -.30000E+03 -.30000E+03 ~.30000E+03
-.30000E+03 -.30000E+03 -.30000E+03



100

TABLE II. - Concluded. MULTILAYERED FIBER COMPOSITE ANALYSIS INPUT DATA SAMPLE

+ 830 00E+00
.18500E+02
.50000E+00
.16000E+01

.23000E+06
. 04500 E+00

.50000E+04

.10000E+ 03

.00 000E+00O
.00000E+00

.10000E+00Q

.10000E+01
.13300E+02

. 215 00E+ 05

.00000E+00

.O0000E+00

.00000E+00

. 2B6000E+00

. 10000E+01
.31900E+05

.02000E+00

. 0000 OE +00

.00000E+00

. 00000 E+00

.27000E+00

.04650E+00
.10000E+01

. 050 00E+ 00

.00000E+ 00

. 1700 0E+ 00
.10000E+01
.10000E+01

.04500E+00

.00 000E+00



TABLE III. - INPUT DATA FOR BORON/ALUMINUM COMPOSITE

BORON/ALUMINUM

mmm™n

8 71 54
«60000E.08
«20000E.00
«10000E.08
+00000E.00
«40000E.01
«00000E«00
«00000E.00
«10000E.01
«28000E~05
«12900E~04
222300E.02
«10040E .04
«00000E.00
«10000E.01
«31416E.01

«00000E 400
0+00000E 00
0+00000E«00
0+50000E400
0+50000E.00

+00000E+C0
~e45000E402

«0050VE e 00

«00500E « 00

-030000E.03
~0.90000E.03

«56000E400
«29200E.01
«34300E.00
«10000E.01
«46000E4.06
«00905E.00
+50000E .04
+10000E.03
0.00000E.00
0,00000€.00

1 1

«60000E-08
«00000E-00
+10000E.08
+00000E-00
220000E.01
«00000E+00
«00000E-00
+10000E-01
+28000E-05
212900E~04
022300E602
+10040E.04
«22500E00
«10000E.01

+08500£.00
0.00000E.00
0.00000E.00
0.50000E.00
0+50000E.00
«45000E.02
«45000E4.02
«00500E400
«00500E000

~0+90000E-03
-0290000E.03

«10000E-01
«10000E-01
«83300E.01

252000€.05
2+00000E.00

<000Q0E«00
0.00000E+00

+60000E.08
+00000E.00
+33000E.00
«00000E.00
+40000E.01
«10000E+01
+00000E-00
+00000E=00
«28000E~05
212900E-04
¢22300E.02
223000E.00

«10000E.01

+09800E.00
0+00000E+00
0+00000E«00
0¢50000E.00
0.50000E4+00
~e45000E.02
+«00000E-00
«00500£+00
«00500E.00

~0e90000E-03
—0+90000E.03

+31300E.00
»10000E.01
«52000E.05

«00520E.00
«00000E-00

+00000E-00
0+00000E.00

«2000VE.0Q0
+00QUOE.00
+33000E.00
«20000E.01
«Q0Q00E.00

+00000E.00
«00000E-00

«31000E.00
+Q0000EL00

«10000E.01

«00400E.00
0+00000E.00

0e50000E.00
2900V0E.02

«0050VELQ0

~0+90000E.03

246200E.00
+10000E.01
«10000E.01

«00520E.00

0.00000E.00

+20000E.00
+10000E+08
+33000E.00
«00000EsCO
200000E00

210000E.01
«00000E.Q0

«10040£.04
+00000E-00

0+00000E«00
0.50000E-00
+90000E-02

+00500E400

-0090000E03

+30000E.00
+«10000E.01
+10000E+01

«00905E.00

0.00000E 00

101



102

TABLE IV. - INPUT DATA FOR BORON/EPOXY COM POSITE

BORON/EPOXY

mmm™T

8 71 54
+60000E.08
«20000£,00
«56000E 06
+00000E .00
+40000E.01
«00000E.00
«00000E .00
«10000E.01
+»28000E-05
+32000E~04
222300E,02
»17000E.01
+00000E-00
«10000E401
¢31416E.01

«00000E.00
«UU000E.O0
0.00000E.00
0.50000E.00
0.50000E.00
+00000E.,00
~e45000E,02
«00500E.00
«00500E.00

~0+30000E.03
~0+30000E.03

+84000E.00
«16500E.,02
012200E.01
«10000E.01
+46000E.06
«05300E.,00
«50000E .04
«10000E.03
0.00000E.00
0.00000E.00

1 1
«60000E-08
«00000E«00
+56000E+06
+00000E-00
«20000E.01
+00000E.00
+00000E-00
+10000E.01
+28000E-05
+32000E~04
¢22300E.02
«17000E.01
222500E.00
«10000E.01

+08500E.00
+00000E <00
0+00000E.00
0¢50000E-00
0¢50000E4.00
+45000E.02
245000E602
+00500E.00
+00500E.00

-0¢30000E.03
~0+30000E+03

«10000E.01
«10000E.01
+13300E.02

«25000E.05
«00000E-00

+00000E.00
0.00000E.00

«60000E.08
+00000E+00
+35000E.00
«00000E.00
+40000E.01
+«10000E.01
+»00000E.00
«00000E.00
«28000E-05
+32000E-04
¢«22300E.02
+25000E.00

+10000E.01

+04400E+00
«00000E .00
0.00000E.00
0+50000E+00
0+50000E.00
~e45000E.02
«00000E.00
«00500E.00
«00500E.00

~0¢30000£.03
~0+30000E.03

+90000E.00
+10000E.01
«31900E.05

+02700E.00
+00000E.00

+00000E 00
0+ 0U0000E00

«20000E .00
«00000E .00
¢35000E.00
220000E.01
«00000E.00
+00000E .00
«000V0E.00

«31000E.00
+VU0000E .00

2 10000E.01

+00400E .00
«000U0E .00

0+50000E400
+90000E.02

«00500E.00

~0e300U0E.03

«15000E.01
+12000E.00
+10000E,01

+07000E.00

000000E.,00

+20000E+00
+56000E 406
«35000E .00
«00000E-00
«00000E«00
«10000E-01
«00000E.00

«17000E401
«00000E.00

+00000E.00
0+.50000E.00
+90000E.02
»00500E.00

=0+30000E403

«10500E-01
+«10000E.01
«10000E.01

+05300£.00

0.00000E.00



TABLE V. - INPUT DATA FOR E-GLASS/EPOXY COMPOSITE

E-GLASS/EPOXY

mMmTmm

8 71 54
«10600E.08
+«22000E.00
+50000E.06
+00000E.00
+40000E.01
«00000E.00
+00000E .00
+10000E.01
228000E~05
«32000E~04
+75000E.01
+15000E.01
«00000E .00
«10000E.01
¢31416E.01

«00000E .00
+00000E.00
0.00000E.00
0.50000E.00
0.50000E.00
~oe45000E.02
-s45000E.02
«00800E.00
«00800E400

~0230000E.03
—0.30000E.03

+82000E.00
¢16500£.02
211000€.01
210000E.01
+36000E.06
»03500E.00
+50000E 404
«10000E+03
0.00000E.00
0s00000E.00

204 1

«10600E.08
«00000E.00
«50000E.06
200000E-00
+20000E.01
«00000E-00
«00000E.00
«10000E.01
«28000E-05
«32000E-04
«75000E.01
+15000E.01
«22500E.00
+10000E.01

«09000E.00
+00000E-00
0.00000£.00
0.50000E.00
0+50000E-00
«45000E+.02
+45000E+02
+00800E.00
«00800E.00

-0230000E+03
~0430000E.03

+10000E.01
+10000E.01
«13300E.02

225000E.05
+00000E.00

«00000E.00
0.00000E200

¢ 10600E-08
«00000E .00
«35000E.00
+00000E.00
«40000E-01
+10000E.01
+00000E.00
+00000E.00
«28000E-05
+32000E-04
«75000E.01
+25000E.00

«90000E.00

«04000E.00
+00000E.00
0.00000E.00
0.50000E.00
0¢50000E.00
+00000E.00
+00000E .00
«00800E.00
+«00800E.00

~0¢30000Es03
~0+30000E.,03

+55000E.00
+10000E.01
«31900E.05

«02000E.00
+00000E.00

+00000E.00
0¢00000E«00

«22000E.00
»000U0E .00
«35000E.00

«20000E,01
«00000E.00

«00000E.00
+00000E.00

«17000E.00
+00000E.00

+90000E.00

+36000E~03
«00000E .00

0+50000E.00

+00800E,00

-0+30000E.03

«86000E.,00
«33000E.00
«10000E.01

+05000E,.00

0+00000E.00

222000E.00
+50000E.06
«35000E.00

+«00000E.00
2+00000E.00

«10000E.01
+00000E«00

«15000£.01
«00000E.00

+00000E.00

0.50000E.00

+00800E .00

~0630000E.03

+82000E.00
«10000E.Q1
«10000E.01

«03500E.00

0+00000E 00
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TABLE VI. - INPUT DATA FOR S-GLASS/EPOXY COMPOSITE

S—GLASS/EPOXY

mm T

8 71 54
«12400E,.08
¢22000E .00
«50000E.06
«00000E.00
«40000E.01
«00000E-00
+00000E .00
«10000£.01
228000E-05
«32000E-04
2 75000E.01
¢17000E,01
«00000E4+00
+10000E.01
231416E.01

«00000E-00
+00000E.00
0.00000E,00
0.50000E.00
0.50000£,00
«00000E.00
-+45000E.02
201290E.00
+01290E.00

~0+30000E,03
—0030000E003

«10000£.01
«16500E.02
¢17000€.,01
+10000E.01
«36000E.06
+03500E.00
+50000E.04
+10000E.03
0.00000E.00
0.00000£.00

204 1

212400E.08
«00000E.00
«50000E 06
«00000E.00
«20000E.01
+00000E.0Q0
2 00000E.0Q0
«10000€E.01
+28000E-05
©32000E-04
« 75000E.01
«17000E.01
+22500E.00
»10000E-01

+09000E .00
s 00000E-00
0.00000€.00
0.50000E.00
0+50000E.,00
«+45000E.02
«45000E.02
«01290E.00
»01290E+00

*0030000E-03
—0-300005003

«10000E.01
«10000E.01
«13300E.02

«25000E405
«00000E.00

+00000E400
0.,00000E400

«12400E.08
«00000E.00
¢35000E+00
+Q0000E»00
«40000E.01
2 10000E.01
+00000E« 00
+00000E.00
+«28000E-05
¢« 32000E~04
e 75000€E.01
¢25000E00

2 90000E.00

+04000E.00
«00000E .00
0-U0000£.00
0+50000E.00
050000E.00
~245000E.02
«00000E-00
«01290E+.00
«01290E.00

=0+30000E.03
—0+30000E«03

+66000E+00
« 10000E«01
¢31900E.05

«02000E-00
+«00000E-00

«00000E-00
0.00000E-00

+22000E,00
«00000E,00
+35000E+,00
«200008.01
«00000E Q0

+00000E.00
«00000E.00

»17000E.00
«00000E .00

«90000E.00

+36000E~03
200000E .00

0.50000E.00
»90000E.02

«01290E.00

-0e30000t.03

«13000E.01
«55000E,00
+100V0E.0Q1

«05000E .00

Q+00000E.00

+22000E.00
«50000E406
«35000£.00
«00000E« 00
«00000E.00

+10000E.01
+00000E.00

+17000E.01
+00000E.00

«00000E 00
0.50000£+00
+90000E«02

+01290E.00

'=0230000E403

«11000E.01
+10000E+01
+10000E+01

+03500E.00

0+00000E.00



THORNEL~25/EPOXY

mmTTm

TABLE VII. - INPUT DATA FOR THORNEL-25/EPOXY COMPOSITE

0+00000E.00

8 71 54 1440 1
225000E.08 220000€.07
«20000E.00 220000E007
+54600E.06 +54600E.06
+00000E 00 «00000E-00
«40000E.01 +20000E.01
«00000E .00 +00000E.0Q0
«00000E-CO +0QUO0E 00
2 LUUQOEWUL «10000E.01

-«55000E~06 »56000E—-05
«42800E~04 »42800E~-04
+58000E.,03 «58000E»02
212500E.01 «12500E.01
2+00000E.CO 222500E.00
+10000E .Ul +10000E401
231415E.01
+00000E.0Q «05200E400
«00000E.00 «00000E00

0+00000E.00 0.00000E.00

0.50000E,00 050000E.00
050000E.00 N<50000E-00
2 UOUQUE VO «45000£.02
~e45000E .02 +45000E.02
»01300E.00 «01300E.00
«01300E.00 201300E+00
~0e30000E.03 ~Ds30000E.03
~0e30000E,03 ~0+30000E.03
«10000£,01 +10000E.01
+16500E.02 «10000E.01
«49000E.00 +13300E.02
«10000E.01
+18000E.06 «21000E-05
*04500E.00
«50000E.04 200000E«00
+10000£.03 «00000E.00
0.00000E.00 0e00000E-00

« 20000E.07
+80000E.06
«36000E.00
+00000E-00
+40000E,01
+10000E.01
«00000E .00
«UQOO0E QL
«56000E-05
«42000E~04
«58000E402
«25000E400

«10500E.01

+04430E.00
«00000E-CO
0+00000E.00
0250000E.00
0+50000E.00
—«45000E002
+00000E«00
201300E400
+01300E.00

-0+30000£.03
~0e30000E.03

«50000E-01
+10000E.01
«31900E+05

+02000E.00
»00000E«00

+00000E.00
0+ 00000E-00

«20000E.00
«200V0E.Q7
»36000E.00
2200V0E.01
«UOUUOELQO

«0000L0L 00
2 UQUUUE « Q0

«17000E.00Q
«Q00VOE .00

+10500E.01

«00029E.00
+000V0E.00

0+500U0E.00
+900U0L .02

«01300E.02

—-0.30000E.03

«480UV0E .00
+120V0E.00
«10000E.0Q1

«U5000E.00

0.00000E.0Q0

+25000E.00
+54000E 06
«36000E.00

+10000E.01
+00000E .00

+10000E.01
+00000E.00

012500E.01
+00000E.00

0+50000E.00
290000002

+01300E,02

~0+30000E.03

»38000E.00
+10000E.01
+10000E01

«04500E.00

0.00000E400
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THORNEL=-40/EPOXY

mmTm

TABLE VIII. - INPUT DATA FOR THORNEL-40/EPOXY COMPOSITE

8 71 54 1440 1
«4000VE.08 211000E+07
+20000E.00 +15000E.07
«50000E.06 «50000E.06
+00000£ .00 «00000E.00
«40000E,01 «20000E.01
«00000ELCC «00000E<0QV
«00000E.00 +00000E.00
+10000E.01 «10000E.01

-+ 55000E-06 +56000E~05
2 42800E~-04 »42800E-04
+58000£.03 «58000E<02
«12500E.01 «12500E.01
+00000£.00 «22500E+.00
«10000€,.01 210000E.01
«31416E.01
«00000E .00 +05600E.00
«0000VEL0O «00000E-00

0.00000E.00 0.00000E.00

0.50000E.00 0e50000E+00
0e50000E.00 0+50000E4.00
s0U000E-00 +45000E02
~e45000E.02 «45000E.02
»00900E .00 «00900E£.00
»00900E.00 «00900E.00
‘0-300005003 -0230000E.03
—0030000E-03 -00300005-03
+84000E.00 + 10000E«01
¢ 16500E.02 +10000E«0Q01
«50000E.00 +13300E.02
»10000E401
«25000E.06 +21000E+05
«04500E.00
«50000E+04 +00000£+00
+10000E.03 «00000E-00
0.00000E.00 0000000E QO
0.00000E.00

+11000£.07
«80000E.06
«35000E.00
+J0000E .00
+40000E.01
»10000E.01
«U0000E. Q0
«U0000E-00
«56000E-05
«42800E~-04
+58000£402
+25000E.00

+10500E.01

2 04430E.00
«00000E.00
0.00000E.00
0¢50000E4+00
0+50000£.00
-+45000E+02
+00000E.00
2 00900E.00
+00900E.00

~0+30000E03
~0e¢30000E403

«08500E.00
« 10000E-01
231900E.05

«02000E.00
+00000E-00

«U0000E«00
0+00000E-00

«200V0E 00
215000E.07
#35000E.00
+000U0E .00

«U00VUEL. 00
+000V0E.00

«17000E.00
«000VVE. Q0

+10500&E.01

«00027E.00
«UQUUOE QO

0s500U0E 00
+ 90000k .02

«009V0E 00

_003OOUOE003

«460UV0E QO
«080UVE.Q0
«100U0E .01

«05000E4.00

0.V00UUE.QO

225000E.00
+50000£+06
«35000E+00
+00000E+00
«00000E.00
«10000E.01
«00000E+00

+12500E.01
+00000E+00

«00000E+00
0+50000£.00
+90000E.02

»00900E 00

~030000E.03

227000k 00
«10000E.01
»10000E+01

«04500E+00

0«00U00E00



THORNEL-50/EPOXY
54 1420 1

MM

TABLE IX. - INPUT DATA FOR THORNEL-50/EPOXY COMPOSITE

8 71
«50000E.+08
+20000E.00
«57000E 06
»00000E.0O0
+40000E.01
«00000E 00
+00000E 400
«10000E.01
+55000E~06
«42800E-04
+58000E403
«12500E.01
+00000E +00
«10000E.01
¢31416E.01

«00000E.U0
«00000E.00
000000E.00
0450000E.00
0.50000E.00
«00000E.00
~e45000E002
+00805E£.00
2+00805E.00

~0630000E.03
~0s30000E03

+83000E.00
+16500E.02
+50000E.00
»10000E.01
«23000E.06
«04500E.00
+50000E.04
«10000E.03
0.00000E.00
0,00000E.00

«10000E.07
«13000E.07
«5T000E-06
s 00000E-00
+20000E.01
«00000E«Q0
+00000E.CO
«10000E.01
«56000E-05
«42800E-04
«58000E.02
+12500E.01
«22500E.00
«10000E.01

«05900E.00
«00000E-00
0+00000E-00
0+50000E-00
050000E.00
+45000E002
«45000E02
«(00805E.00
«00805E.00

~0230000E.03
=0030000E.03

«10000E.01
«10000E.01
213300E.02

221000E.05
»00000E00

+00000E-00
0.00000E.00

»10000E.07
+ 70000E.06
«36000E.00
«00000E-00
240000E+01
«23560E401
+00000E4.00
«00000E« 00
«56000E~05
«42800E~04
«58000E+02
225000E.00

»10500E.01

+04430E.00
+00000E .00
000000E«00
0+50000E.00
0¢50000E.00
-e45000E.02
«00000E.00
«00800E.00
«00800E.QQ

—0¢30000E403
~0+30000E.03

«26000E.00
+10000E.01
«31900E.05

«02000E.00
+00000E.00

+00000E.0Q0
000000E.00

«20000E.00
«13000E.07
«36000E.00
«20000E.01
+Q00UV0E.00

«00000E.00
+00000E.Q0

«170V0E«00
«000V0E .00

+10500E.01

200026E.00
«VQUUUE«QO

0.50000£.00
«50000E+02

«U0BUCE QO

-0¢30000£,03

«27000E .00
«04650E.00
«100U0QE.01

«05000E.,00

0+000U0E-Q0

+25000E.00
»57000E.06
+36000E+00
«00000E.00
+«00000E+00

«10000E«01
«00000E-00

¢12500E.01
«00000E£400

«00000E 00
0450000E.00
«90000E.02
«00800E-00

-0030000E003

«17000E.00
2 10000E.0L
«10000E.01

«04500E+00

0.00000E.00
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TABLE X. - INPUT DATA FOR MODMOR-I/EPOXY COMPOSITE

MODMOR-1/EPOXY

T

8 71
«60000E,0U8
«20000E.00
«50000E,06
»QU000E VO
«40000€.,0U1
«00000E 400
+00000ELV0
«10000E.01

-e55000E-06
«42800E-04
+58000E.,03
2 12500E,01
«00000E.00
» 1U00UE. UL
«31416E.01

+00000E.CO
«0U000E VU
0.00000E400
050000E,00
0.50000E.,00
«UV000E .00
~e45000£,02
«01190E.U0
«01190E,00

~0¢30000E.U3
~0+30000E.03

« lUO0UELUL
¢ 16500E.02
«65000E.00
«10000E,01
225000E,06
«04500E400
«50000E .04
+ 1000VE.U3
0+0UC0UE. 0O
0.00000E.00

5410000 1

«09000E.07
«11000E-07
+50000E.006
«V0000E Q0
2 20000E.01
«00000E.00
«00000E+00
«10000E.01
«56000E~05
«42800E~C4
«58000E.02
212500E.01
«22500E+00
«10000E«D1

«07200E.00
«00000E.0Q0
0200000E+00
0+50000E QU
0+50000E400
+45000E.02
+45000E.02
«01190E.00
201190E.00

~0+30000E.03
~0e30000E£+03

+ 10000E.01
»10000E+01
«13300E+02

+21000E+05
«U0000E-00

«00000E 00
0s00000E.00

+09000E.07
« 70000E 06
+35000E.00
+00000E.00
«40000€.01
+ 10000E-014
«UOOBOE.0D
«00000E+00
+56000E-05
«42800E-04
«58000E.02
+«25000E.00

+10500E.01

2 04430E.00
»00000E«00
0e00000E-00
0450000E400
0+50000E.00
~e45000E002
+00000E.00
«01190t.00
«01190E.00

~0¢30000£.03
~0¢30000E«03

+50000E .00
»10000E4.01
31900E.05

+02000E 00
+00000E-00

«00000E-00
0.00000L 00

«20006UE <00
+110U0E«07
+35000E .00
«20000E 401
«000UUE «00
+0QUUUE 400
«00000E <00

«170V0E.00
s B00UVEL Q0

«105VUE .01

«V0030L 00
s U00VUE 00

0.5000UL 00
«90000E«02

«U119UE W00

~0e300uUUE.03

e910uVUL «00
«U92VUE 00
«10000E.01

«050VUE .00

Qe LQUVLE QU

«25000E.00
+50000E+06
«35000E+00
+00000£.00
+«00000E« 00

2+ 10000E.01
'OOOOOE.OO

+12500E401
«Q0000E-00

«Q0000t 00
0+50000E+00
+90000L .02

0119000

~0¢30000E+03

50000k 00
«10000E.01
« 10000E«01

+04500E«00

0«Q0000E400



MODMOR~I1/EPOXY
5410000 1 :
»11000E.07

mm ™M

TABLE XI. - INPUT DATA FOR MODMOR-II/EPOXY COM POSITE

8 71
«38000E.08
+20000E.00
+50000E 06
.00000E .00
+4U000E .01
«00000E+00
«00000E +00
«10000E .01

~e55000E-06
«42B00E-04
+58000E.03
»12500E«01
200000E 00
«10000E +01
+31416E.01
<00000E«00

«00000E .00
+«00000E-C0
050000E.00
0.50000E.,00
«00000E.00
~e45000E.02
«01190E,00
«01190E.00

~0e¢30000E.Q3
~0030000E.03

+84000E.00
«16500E.02
«70000E.0Q
«10000E£,01
+35000E.06
«04500E4.00
«50000E .04
«10000E03
0.00000E.00
0.00000E«0Q0

+15000E.07
«50000E«Q6
«00000E.Q0
+20000E.01
«00000E«00
«00000EQ0
» 10000E.01
+56000E-05
0 42800E-04
+58000E.02
212500E401
»22500E+00
+10000Ee01

206300E-00

»00000E.00
+00000E-00
0450000E400
0+50000E-00
«45000E.02
«45000E.02
«+01190E.00
«01190E4.00

~0.¢30000E-03
-0e30000E.03

»10000E.01
«10000E.01
«13300E.02

»21000E.05
+00000£.00

+00000E<00
0,00000E.00

«11000E.07
«80000E.06
+35000E.00
«Q0000E-00
«40000E.01
+10000E+01
«00000E.0Q0
+«V0000E.00
«56000E~05
«42800E~04
«58000E402
+25000E.00

«10500E.01

2 04430E.00

+00000E-00
«00000E.00
0.50000E.00
050000E.00
—¢45000E+02
+00000E-00
«01190E.00
«01190£.00

~0430000E.03
—0-30000E003

s+ 70000E.00
«10000E.01
«31900E.05

«02000E.00
«00000E.00

«00000E.00
000000E+00

«200V0E.0Q0
2 150UV0E .07
«350U0E-Q0
«200UVELO1L
«+000UOEL00

«Q00U0E .00
2 UQLUUE .00

2 17000E.00
s 0QUUVUELOO
«10500E.Q1

+00030E.00

«000U0E .00
050000E.00
«9300U0E.02

+01190VE.00

~0¢300U0L.03

¢137U0E.Q1
2160UQE.0QO
+100U0E.QL

2 050V0E .00

0.00000E.00

¢25000E.00
+50000E+06
«35000E+00
«00000E.00
+00000E .00

«10000Ee01
+00000E«00

«12500E401
»00000£.00

+00000E.00
0.50000E.00
«90000E602

+01190E.00

=0.30000E.03

+80000E+00
«10000E01
«10000E.01

+04500E.00

0.00000E.00
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BERYLLIUM/EPOXY

mmmT™m

TABLE XII. - INPUT DATA FOR BERYLLIUM/EPOXY COMPOSITE

8 71 54
«44000E.08
«10000E. GO
«52000E.06
«U0000E .00
«40000E.01
«0000UVEL 00
+00000E .00
«10000E.01
+64000E-05
+32000E-U4
«10440E.04
«17000E.01
+00000E-00
«10000E-01
e31416E4+01

2+ 00000E.00
«00000E.00
000000EL00
0+50000E.00
050000E.00
«Q00V000ELLO
~245000E402
«0050UVE-00
«00500E.00

~0+30000E.03
~030000E.03

¢10000E,01
«16500E4,02
«90000E.00
+«10000E.01
213300E.06
»05300E.00
+50000E.04
+10000E.03
0+,00000E.00
0.00000E.00

1 1
+44000E.08
«00000E-00
+52000E.06
«00000E.00
«20000E+01
«00000E.00
«00000E.00
«10000E.01
+64000E=05
«32000E~04
«10440E«Q4
«17000E.01
«22500E.00
+10000E.01

+05700E.G0
«00000E.0Q0
0.00000E+00
0+50000E-00
0.50000E+00
+45000E.02
«45000E.02
«00500E.00
«00500E.00

-0230000E.03
-0+30000E.03

+«10000E.01
+10000E.01
+13300E,02

+25000E.05
+00000E«00

«00000E+00
0.00000E«00

244000E.08
+U0000E«00
+«35000E.00
2+ 90000E .00
«40000E.0D1
«10000€.01
«00000E .09
+U0000ED0
oé“OOOE‘O5
*«32000E~04
2 10440E.04
¢« 25000E.00

+10000E.01

s 04400E¢00
+00000E.00
0.00000E-0Q0
0+50000E+00
0+50000E400
~e45000E.02
+«00000E-00
«00500E.00
+00500E.00

~0«30000E.03
=0+30000E%03

«53000E+00
«10000E.01
©«31900E.05

«02700E.00
+00000E«0Q0

+00000E.00
0. 00000E£00

+«10000E.00
«00QVUVE 0O
+»35000£ .00
«200UVE.01
«000VOE « QO
«000V0E.0Q0
«UOUVUEL QO

«45000E«00
«UQ0UUVEL. 0D

+«10000E.0Q1

+B0500E .00
+00000E.QO

0+500U00E.00
«900UCE .02

« 00500t .00

~0+30000E.03

«14000E.01
«05200E,400
+10000E.01

«Q7000E 00

0:00000E.00

«10000E.00
+52000E 406
«35000E.00
«00000E»00
«00000E.00

«10000E-01
«00000E 00

«17000E.01
+0C0000E 00

«00000E.00
0+50000E400
«90000E+02

+0C500£400

~0¢3C000E.03

«10500E.01
«10000E.C1
+10000Es01

+05300t+00

0+00000E.00



TABLE XIII. - INPUT-OUTPUT FORMAT IDENTIFICATION FOR INPUT DATA

Card first entry

Format statement number

(see compiled listing)

Comments

Output | Read | Write

heading
THORNEL 50/EPOXY ——— 4 4 Composite system
NL 11 5 10 Integers

EF11
EM11
VCF

' VAF
VAM
CHK
BTA
PIE
TLINP
CSANB
BIDE
RINDV
THCS
KVL
KFL
THCL
TL
PTEMP
BET
1SC
NBS
MBS
DIsv1

70 35 37

41 35 37
40 35 37
45 35 37
55 35 37
60 35 37
65 35 37
80 75 75
85 5 5
87 5 75
88 75 75
30 35 37
95 35 37
100 35 37
105 35 37
110 35 37
111 35 37
115 35 37
120 35 37
130 35 37
131 35 37
132 35 37

Fiber and matrix elastic constants

are read in one statement
Correlation coefficients for thermoelastic
Fiber thermal coefficients of expansion
Matrix thermal coefficients of expansion
Constituent heat conductivities and capacities
Correlation coefficients for conductivities
Constant 7
Boolean for thickness
Boolean for bending symmetry
Boolean for interply layer effects
Boolean for load conditions
Load angle, densities, equivalent fiber diameter
Ply void content
Ply fiber content
Ply orientation angle
Ply thickness
Ply temperature
Adjustment factors for limit conditions
Limit conditions - stress, strain
Load conditions - membrane forces
Load conditions - bending moments
Displacements
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(a) Fiber, Properties needed: Ef1] 22, 3% {b) Matrix. Properties needed: Epiy 22 3%
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K11, 22,33 Het, pf, Nis dg Sgy. Km11, 22, 3% Hems Pms Smer mpb €qpes
€mps mpTOR-
Piy
orientation
angle,
90~ deq z
r\\l,\‘,\ (\ l" (“\
o AN
X
~Fiber < Matrix 3 —lg

e e N e e

o P e eiintedintoanf ity y
___________________ }\2 K

(c) Ply. Input: Fiber and matrix properties: Bg, B, Bs. (d) Composite. Input: Ply properties; 6 Hj, KlllZuB; ch’ Mcx or
AT. Properties computed: Ezu, 22 3% V12, 23,13 U.,, W_,. Output: {e..b=[E Ho.}+ARat; 7% K . He,
61z, 23,1 a1y, 22, 3% Kay, 22,33 Hey, P11 8 N A e u{ o) ,\E‘]{ o} a7t B Komy. o Ho
SQIT, 11¢, 221, 226, 125, 285; Kli2. Stress analysis: {_cx}{ X cﬂ {cx}+{ chr} and the inverse, Apggy
€11, 22,17 ouy, 22,1 1.0 - F(0,5,Kqp0) Mex) [CoxPex] WexS  Mexar el

Figure 1, - Typical multilayered fiber composite and some basic definitions.
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Input data

Composite stress analysis 11
{COMPSA)

Strain magnification factors |ijg
(GSMF) {

Ply properties {GECL)

Ply heat conductivities 8
(GPH)

Two-dimensional composif 7
properties (GDCFD2)

Name-strings 6
(BLOCK DATA)

Three-dimensional composite {{!/5
properties (GACD3)

Uniaxial strengths
(GLLSC)

Matrix inverter (INVA) 113

Main program (MFCA) Z

Control cards

Figure 2, - Code physical arrangement,

12
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Interply layer energy
contribution boofean:

one card,

Membrane and bending
symmetry boolean:
one card, one entry

s ———
Displacements
GNzc
l 5=t 1} cards, 24
6Ny entries
s —
Bending moments:

N
Q—BE + 1) cards,
3Ny entries

0
Thickness boolean: N;i‘mbrane loads:
one card, one entry 10 __5_15 +1 cards, 22
r entries
Constant # value: Constituent materials
one card, one entry strength properties:
9 two cards, six entries
A=
Correlation coefficients: s;;:f?gitgngrrelaﬂon
one card, three entries four cards, 16 entries
Constituent materiais ature difference:
heat conductivities and 1 Ay temper ! 19
heat capacities table: G-H 1) cards, N; entries
three cards, 12 entries MUN 5
Matrix thermal Ply thickness:
coefficient expansion: 6 i .
one card, three entries < +1] cards, Ng entries
Fiber thermal coef- Ply orientation angles: }
ficient of expansion: ; |y
onecard, three entries 5t 1) cards, Ng entries
Correlation coeffi~ Ply fiber content: “
clents table: 4 1 . e
four cards, 20 entries ' <5+ 1) cards, Ny entries
e ———)
Constituent materials Ply void content
elastic properties: 3 1 R
four cards, 18 entries Amm 5 + 1f cards, Nj entries
| mﬂﬂ
Data control card: Composite angle and
one card, five entries 2 constituent densities:
one card, four entries

Composite system card: 1
one card, 55 characters

=
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Input displacements
boolean:
one card, one entry

Figure 3, ~ Physical arrangement of input data cards;
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1
Bootean, real, array, and

string declarations

1
Array dimensions and
integer declarations

C gad and write

T
array dimensions

1
Read and write ‘
input data

Kvij~ Paj

Kij~ Py

ty~ Pyj

B~ Pay

87~ Pr13;
Pr1aj=Praz; +Puazs
Pll3j = Pll3j 7/180

lej = Pll4j 7180

Plgj = 0. 0186 E 12
20:8;_
[1 -y
(5j + 5}_1)
o L0093
9 5] + 51_1
{6 stored in Py

[end j--LOOPl

L

If ply properties are supplied,
read them in at this location

Call GPCFD2
m = {IINg,
Call COMPSA

Write load
condition

NCX

Write ply
properties

Subroutine GLLSC

Subroutine GACD3

Block data

Subroutine

Subroutine GPH

Subroutine GECL

e

Subroutine GSMF

Eubrouti ne COMPSTI

Figure 6, - Code MAIN PROGRAM flow chart,

NASA-Langley, 1971 — 32

Read and write __@
additional input data
Subroutine INVA

E-5611
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