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by Christos C. Chamis 

Lewis Research Center 

SUMMARY zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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, 
macromechanics, 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 FORT IV corn- 
piler language 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 described extensively. Required input data to the code for various 
fiber-matrix composites a re  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- 
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serve University, Cleveland, Ohio. 



INT ROT)UCTION 

The importance and need of a multilevel analysis in designing structural components 
with multilayered fiber composites are documented in reference zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA 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 

The multilevel analysis presented in reference 1 consist 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 o r  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 FORTEEAN 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 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA€3. Sample cases for 
bending, stretching, coupling, and lamination residual stresses are also included. 

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 Output. 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 FORTRELN 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 PV to XIII (currently acceptable for the analysis of several fiber compos- 
ites) provide for immediate use of the code. The inclusion of the compiled FORT 
lsting (appendix B) with the sample trial cases (appendix C) should further amplify the 

The format of the program is described in the section M and follows zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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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. 

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 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3) 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. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7). 

to the initial zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAFORTRAN IV CODE which resulted into the CODE described herein. 

It is noted that the global storage of the composite and ply properties is very impor- 

Mr. Tom Delivuk, then with the same center, converted the original ALGOL CODE 

SYMBOLS 

R 
A, 

Dcx 

D, 

DV 

df 
Ef Ecf 

Ecz 

E f l l ,  etc. 

R 

composite axial stiffness 

reduced axial stiffness 

Boolean-true i f  interply effects are included 

composite coupling stiffness 

string with force variables 

string with displacement variables 

Boolean-true i f  membrane and axial symmetry exists 

composite flexural rigidities 

reduced bending rigidities 

displacement vector 

filament equivalent diameter 

filament elastic constants 

ply elastic constants 

matrix elastic constants 

fiber normal modulus 

ply normal modulus 

3 



E m l l ,  etc. matrix normal modulus 

%12, etc. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
6112, et c. 

Gm127 etc. matrix shear modulus 

fiber shear modulus 

ply 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 

kc 

hC 

1, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAj 

'C11, C22, C33 

CYY 7 CXY zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Kf 11 

KZ11 

'm11 

kf 
km 

kv zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
9 
- 

actual matrix volume ratios 

ply apparent fiber volume ratio 

ply apparent void volume ratio 

array of limiting conditions 

applied moment 

$1 

Mcx 
Mc ATx  thermal moments zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
rn load condition index 
- 

applied membrane loads NCX 

Nf 

N2 

. NZc 

NPC 

Nc ATx  thermal force 

number of fibers per end 

number of plies 

number of load conditions 

string PWPC length 

* 4  



t 2  
T LINP zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
a! 

C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
a!f 

I 

m 

'e, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA' e  

'h zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
'S 

'V zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
6Z 

a! 

a! 

ECSX 

€2 

'CS 

' 2 i p  ' ~ c  

'f12, etc. 

212, etc. V 

V 

7r 

m12, etc. 

string PROP length 

composite properties ar ray 

ply properties array 

string P m P C  

string PROP main program 

indices to print out string PROP 

transformation matrix 

Boolean-TRUE true i f  displacements are known 

ply limit stresses 

ply thickness 

FALSE i f  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 
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filament and matrix weight density 

ply stresses 

matrix strain magnification due to  ply strain 

material reference axes 

UPEHS MANUAL 

The mechanics required to use this code for the analysis of multilayered fiber com- 
posites are 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 FORT 

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 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 in symbolic form. 

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: 

The physical arrangement of the code is illustrated in figure 2. The numbers given 

(1) Obtain the code. 
(2) Make it operational in the user's computer facility. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
(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 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

. 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 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7044/7094 direct couple 

6 



system. Once the deck of cards has been assembled zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAas is shown in figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 (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 wil l  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 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3. 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 
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 s 

istings of input data for several composite systems appear in tables 
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 easily prepared. This is done by 
selecting a related system from those in tables 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- 

(1) Composite system card. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- The composite system title is punched on this ca 

(2) Data control card. - The number of plies Nl, number of ply properties N 

quential order of the entries in each card group is given in table I. 

The title can be 55 characters long including blanks. 

Pl’ 
ber of composite properties N the number of f ibers per end Nf, and the number of 
load conditions N are entered in this card. The number of ply properties and the 
number of composite properties are always the same: they are N 
The others have to be entered according to the composite system and the load conditions. 

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

num- 

PC’ 
PC 

= 71 and Npc = 54. 
Pl 



rix. Enter only extension moduli, oisson's ratios, and zero values for shear moduli 
when the constituent material is isotropic. For example, in a glass/epoxy system, 

Ef33 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= Ef22 = Efll and ~ f 2 3  = ~ f 1 3  = vf12. The shear moduli GfZ3 = Gf13 = 

computed internally. 

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

The second entry in this card group is Ph, which is the correlation coefficient for 
the ply shear moduli Gl12 and GZl3. The third entry is zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0; which is the correlation 
coefficient for Gz13. The fourth entry is pm which is the correlation coefficient for the 
ply thermal coefficients of expansion. The next three entries, P,, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAP k ,  and f l y ,  are cor- 
relation coefficients for strain magnification factors (py22, vPI2, and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA~ ~ 2 3 ,  respec- 
tively. These coefficients are entered as zeros. Experience with several composite 
systems has shown that the correlation coefficients P, are not needed. However, they 
are provided for possible future use. 

The coefficient Pt 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 Pt is the ratio of 
ply-thickness per end or tow-ply width. The value for Pt is obtained from electron 
photomicrographs or indirectly as described in reference 5. Entries zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 and 
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 Pm and are to be used 
if the Pm coefficients do not provide the desired correlation. Note that when a Pm co- 
efficient is used, the corresponding ym coefficient is entered as zero and vice versa. 

Entries 15 to 1'7 are for the coefficients y,, which are alternates to coefficients P,, 
Note that when a P, 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. 

Gf12 are 

(4) Correlation coefficients for ply elastic constants, expansion coefficients, and 

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

.) 
(5) Fiber thermal coefficients of expansion. - The coefficients afll, and 
are entered on this card. If the fiber is isotropic, then = = afll. 
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(6) Matrix thermal coefficients of expansion. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- The coefficients Cyml1, am22, and 
are entered in this card. When the matrix is isotropic, am33 = am22 = amll. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(7) Constituent heat conductivities and heat caDacities. - The first four entries in 
m33 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa 

this group are fo r  the fiber heat conductivities zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAKfl Kf22, Kf33, and heat capacity hcf. 
The next four are for the corresponding matrix properties. The next three are zero 
entries, and the last one is the heat conductivity for air. (See card group 7 of 
table I. ) 

(8) Correlation coefficients for heat conductivities. - The four entries in this card 
are for the correlation coefficients phv7 ph1, Ph27 and Oh39 respectively. These co- 
efficients are as follows: for KZl1, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBApk2 for zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAKz22, 
and pk3 for Kz33. They are selected as was described in pm in card group (4). 

is for  matrix with voids, pk 

(9) Constant n-. - The value for zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAr 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 i f  the ply thickness is computed internally. 
(11) Boolean for membrane and bending symmetry. - The letter T is entered in this 

card i f  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 a re  desired; otherwise, the letter F is 
entered. 

displacements are inputs; otherwise, the letter F is entered. 

composite angle (angle between composite material 1-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 11. ) 

(16) Ply fiber volume ratio. - The ply fiber volume ratio is entered in this group of 
cards. The first entry is for the f i rst  ply, which is the bottom o r  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 11. ) 

(17) Ply orientation angle. - The ply angle (measured from the composite material 
1-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 

(13) Boolean for input displacements. - The letter T is entered in this card i f  the 

(14) Composite angle, constituent densities, and fiber equivalent diameter. - The 
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. - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAThe 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 11. ) 

th ference between cure or processing temperature and i 
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 11. ) 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 ATU: equals the difference 

(b) The zero temperature effects case where ATli = 0. 
(c) The no residual stress case where ATzi equals the difference between ith ply 

(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 Pm in card group zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(4). 
The first two entries are the coefficients zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAP, and PmT, which are for the ply 
longitudinal-tensile strength. The third entry is P22T7 which is for ply transverse- 
tensile strength. The fourth entry P,,, is for the ply intralaminar shear strength. The 
fifth entry P23s is for  the ply transverse shear strength. The sixth entry fidel is for 
interply delamination limit strain. Entries seven and eight a r e  the coefficients K ~ ~ Z T T  
and Kf12TC, which are for ply combined-stress strength in the tension-tension and 
tension-compression quadrants, respectively. Entries 9 and 10 Pfc and Pmc are for 
the ply longitudinal compressive strength. Entry 11 P,,, is fo r  the ply transverse com- 
pressive stress. Entries 12 and 13 al and a2 are coefficients for an alternate method 
to compute the ply longitudinal compressive strength (see section Subroutine GLLSC(J)). 

5 is entered as unity. This field is allocated for possible future use. Entries 15 
a r e  for ply combined-stress strength in the compression- 

(19) Ply temperature difference. - The ply temperature difference ATzi (the dif- 

ply temperature) is entered in 

between cure or process temperature and room temperature. 

temperature and room temperature. 

. and l6 Kt12CT and Kil2CC 
tension and compression-compression quadrants , respectiirely. (See tables I and II. ) 

ed in these two cards. The six entries are, sequentially, in-situ fiber bundle ktrength 
SfT7 in-situ matrix compressive strengths Smc7 in-situ allowable matrix transverse 

in-situ allowable matrix transverse compressive strain ernPC, tensile strain E 

(21) Constituent strength properties. - ';be constituent strength properties a r e  enter- 

mpT 
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in-situ allowable matrix torsional strain 
mpS’ 

in-situ allowable matrix shear strain zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
. (See also tables I and ‘rnpTor zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(22) Membrane loads. - The membrane (in-plane) loads are entered in these cards. 
The first entry is the value for Rwr for the first load condition. The second entry is 
the value for flm for the second load condition, and so on until Nlc values for zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAN,, 
have been entered. Continue with Nlc values for  and after that with Nzc values 
for Ray. A total of 3Nzc 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 

, and Ray have to be entered even if code. Note also that zero values for R,, 
the displacements are read in. This is the case when IRTNnV equals T (TRUE). (See 

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

and E ) 
CXY 

(24) Displacements. - The local reference plane strains (eCsm, cCSyy, 
and webxy) are entered in these cards. The first six and curvatures (wcbmr’ w 

entries are for the first load condition and are entered sequentially starting with cCSm 
and ending with 
(See tables I and 
fields are interpreted to be zero values by the code. 

are inputs. This is the case when the Boolean (RI[NDV) equals T (TRUE). 

- 

CYY 

- 
NcYY 

CbYY’ 

The next six entries are for the second load condition, and so on. 
o blank fields are permitted in the displacement cards. Blank 

Note that zero values are to be entered for the displacements even when the loads 

Input Ply Properties 

There could be cases when the user would prefer to supply some of his own ply prop- 
ert ies 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 ATzi (card group (19)). The physical location for these statements is described 

in the section MAIN FROG 
listing (see appendix B). 

and by a comment (after DO loop 155) in the compiled 

output 

The program output consists of printing out zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(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 ar ray PC, (4) the composite constitutive equa- 
tions about the structural axes, (5) the reduced bending and axial stiffness, 



(6) displacement -force relations, (7) the current load or displacement condition, and 
(8) the ply properties generated in ar ray PL. 

lines of printout (see table 
The printout of the input data is preceded by its code name. The first and second 

for corresponding FORMATS) are 

THORNEL -50/E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
c,  NFBE, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANLC 

8 71 54 1420 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 

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

N STRESS REL NS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- STRUCTURA 

The matrices [Ec],' and ( ( ~ l ~ ) ~  in the equation 

are printed out in F TS 454 and 45'9 of subroutine GACD3. 

NS - STRUCTU ES 

The m a t r k  [Eels in 

is printed out W A T S  456 and 458 in GACD3. The subscript s in the preceding 
equations indicates that the relations are written about the structural zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAaxes. It is noted 
that these properties are only local to subroutine D3. They can be made global if 
needed. 

the heading 
The output of the composite properties, generated in ar ray zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC! are printed under 

PROPERTIEB - VAL NSTANT TEMPE 
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LINES zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 TO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA31 3-D COMPO~JTE PROPERTIES ABOUT MATERUE 

LINES 33 TO 54 2-D @QNIP)BSITE PROPERTIES ABOUT STRUCTURAL 

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

PC(12) to PC(14) 

PC(19) to PC(30) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
pc 

tC  

"Cl 

Ecll '  Gc92' "c12 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
- 

PC(3B) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAZ 

PC(39) to PC(4T) 
* C H '  "c12 

weight density 

thickness 

three -dimensional stress -strain relations 
about material axes 

three-dimensional coefficients of expansion 
about material axes 

three -dimensionall heat conductivities and heat 
capacity along material axes 

three -dimensional constants about material 
axes 

distance to reference plane from bottom of 
composit e 

blank 

two-dimensional s t ress -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 Cm2: Headings FO 

The output for the composite constitutive equations are printed under the heading 
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RCES FORCE DISPLACEMENT RELATIONS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBADISPL THERMAL FORCES 

The elements of matrices A,, C,, NcATx, and McATx are printed out. The 

ATS are 220 and 330 in GPCFD2 and STRING RESF in BLOCK DATA. 
The output for the reduced bending rigidities is printed under the heading 

EDUCED BENDING RIGIDITIES 

The elements of D, R are printed out in one line. The corresponding 

and 360 in GPCFD2. 
ATS are 355 

The output for the reduced axial stiffness A: is printed out under the heading 

UCED STIFFNESS MAT 

The corresponding FORMATS are 364 and 360 in GPCF'D2. 
The inverse of the constitutive equations is printed out under the heading 

DISP DISPLACEMENT FORCE RELATIONS FORCES 

The elements of this inverse are printed out. The FQRMATS 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 

CASE MBS (X,.Y, XU-M) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIS 
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- - - - - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
and are printed out under 

Mcy’ ,Y 
The current values of N,, Ncy, Nay, M,, 

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. 

heading 
The output of the ply properties generated in ar ray PL are printed out under the 

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( I1 , zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI) 

PL(12,I) 

PL(13,I) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAe cs 

e Z  

ply void content 

ply apparent fiber content 

ply actual fiber content 

ply apparent matrix content 

ply actual matrix content 

ply weight density 

ply layer thickness 

ply and interply layer thickness 

interply layer distortion energy coefficient 

distance from bottom of composite to ply 
centroid 

distance from reference plane to ply 
centroid 

angle from structural axes to composite 
material axes (same for all plies), fig. 2 

angle from ply material axes to composite 
material axes (fig. 2) 
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PL( 14, I) 

5,I) to PL(23,I) 

PL(24, I) to PL(26,I) 

PL(27, I) to PL(29, I) 

Pk( 30 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI) 

PL(31,I) to PL(32, 

PE(43, I) to PL(48, I) 

PL(49 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 I) 

PL( 50, I) 

PL(51, I) to PL(60, I) 

PL(61, I) 

PL(63, I) 

PL(64, I) to PL(69, I) 

PL(70, I) 

PL(70, I) 

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 s t resses 

adjacent ply relative rotation 

Hoffman's failure criterion 

The FQRMAT for this output is 25 and STRING P P in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAMAIN PRO 

PROGRAM DESC 

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. 

in the code a r e  not included here. However, they are described in the references cited. 
It is suggested that the interested user have these references available to him. 

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

see appendix A): 
The global variables are given in the following list (for substitution and definition, 

Boolean TLINP, CSANB, BIDE, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBARINDV 

String arrays 

The subroutines a r e  as follows: 

INVA inverse of an ar ray  

GLLSC 

GACD3 

generates ply stress -limit conditions 

generates composite three-dimensional elastic and thermal properties 
and the two-dimensional thermal properties 

CK DATA DIS P (string) and RES F (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- 
stant s 

GSM F 

COMMA 

generates ply strain magnification factors 

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 

Read in according to format zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 in MAIN PROGRAM 

PROP internally defined; PLHD, PLF, PLL output 

RESF internally defined; FDRHD, FDRF, FDRL output 

DISP internally defined; FDRF, MDRL output 

PROPC internally defined; PCHD, PCF, PCL output. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
cS 

‘e1 

‘e2 

pCP 

The strings and arrays P are printed out in the main program, and Cel, Ce2, 
ZP 

and Pcp are printed out in subroutine GPCFD2. All other input-outputs are operated 
by standard FORTFUN formats. 

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

SUBROUTINE DESCRIPTION 

Subroutine INVA(N, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA, C) 

This procedure computes the inverse of a square matrix A by Gauss elimination 
and stores it in C. The check 
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is made and, if satisfied, the program continues; otherwise, the message zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA"SINGULAR 
MATRJX" is displayed. The subroutine inputs are N, A order and array,  respectively. 
The output is 

A'l zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- C 

Subroutine GLLSC (A) 

This subroutine generates the simple limit s t ress of the single-ply. The limit 
th stresses for  the i ply a re  generated from the following equations: 

'ZllT ='fT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 fT $+pmTEm 

The second part of the preceding equation was proposed in reference 8. 

SZllCD = "1Sz12s + "2 
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%22c zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= p22c EZ22 

‘Z23S = ’23s ‘223 

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 SzllT - Sz23s 
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: 

are stored in and qpdel 

Lsc = [’ft, ‘mC9 ‘mpT’ ‘mpC’ ‘mptor 1 

’fT7 ’mT7 ’22Tj ’12S, ’23Sj ’del’ Kh2TTKh2TC 
BET = 

’f@, ’mC7 ’22C7 a 1’ “2’ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA’ S 9  Kt12CTKilZCC 

The fiber and matrix moduli are input data. The ply moduli zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAEz22, GZl2, GZZ3 and the 
products zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAO v q p  are stored in P (32,I), PL(36,I), PL(34,I), and PL(43,I) to PL(48, 
respectively. The ply moduli and the strain magnification factors are generated in sub- 
routines GECL and GSMF. 

Subroutine GACD 3 (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 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 is meas- 
ured from x of the structural axes system. (See fig. 5.) In figure 5 replace xx etc. 

1 etc. , 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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The arrays {ac} and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA{a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA} in the preceding equations are given by zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
zi 

T 
{" c) = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBALa zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAcxxa cyya czz a cyz aczxa cxy_l 

and 

{a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI1 .} = I" I1 la122"133 0 0 OJT 

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

cyy' and 
the composite structural axes are the same as am, a! 

{ac) for the three-dimensional case. 
The matrices [E,], [Eli], [R 1, and [S.] are given by 

li zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAJ 

e21 V 
-- 1 - 

Ec11 Ec22 

1 - "c12 - -  
Ec11 Ec22 

'c13 'c23 - -  -- 
Ec11 Ec22 

0 0 

0 0 

0 

'c31 -- 
Ec33 

- 'c32 -- 
Ec33 

1 - 
Ec33 

0 

0 

0 0 

Ec23 

0 

0 

0 

0 

0 

0 

1 

Ec31 

0 

- 

a in the array 
CXY 

0 

0 

0 

0 

0 

1 - 
Ec12 
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Note that for the case of an anisotropic material, the elements (1,6) (2,6) (3,6) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(4,5),  and 
their symmetric parts will not be zero. 

PJ1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 

1 - 
Elll 

"I1 2 

Elll 

Elll 

-- 

"21 3 -- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 

0 

0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

"22 1 

E122 

E122 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
E122 

-- 

1 - 

"123 -- 

0 

0 

0 

2 sin 8 

2 
COS e 

0 

0 

0 

sin 28 

"Z3 1 

E233 

"132 

-- 

-- 
El33 

El33 

1 - 

0 

0 

0 

0 0 

0 0 

1 0 

0 

0 

0 

1 

E223 

- 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

E131 

- 

0 

0 

0 

0 

0 

0 

1 - 
E1121 

1 - sin 28 
2 

- - 1 sin 28 
2 

0 

0 COS e sin 8 0 

0 -sin 8 cos 8 0 

0 0 0 COS 28 . 

where 8 = 8 . for properties about the composite material and 8 = 8 + 8 for prop- 
21 li cs 

erties about the composite structural axes (see fig. 5). 
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1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 

[Sj] zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2 sin 2ei - sin 20i-1) 

2 .(sin 2ei - sin 2ei-1) 

0 

0 

0 

-[(sin 2ei - sin 2ei-1) 

x (COS 2ei - COS 2ei-1)~ 

(sin 2ei - sin 2eiJ 2 

0 

0 

0 

[(sin 2tli - sin 2eiel) 

x (COS 2ei - COS 2eiql)l zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
where i > 1 and denotes the ply index. The angles zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

e . = e  + e  
1 Zi cs 

ei and 

[- (sin 2ei - sin 26'i-1) 

X(COS 2ei - COS 

[(sin 2Oi - sin 2ei,l) 

X(COS 2 5  - COS 2ei-1)] 

0 

0 

0 

(COS 2ei - COS 2ei-1) 2 

Oi-l (fig. 5) are given by 

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

and tc is given by 

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

N. 
2 

- &  

KC,1 = I tli(KZl1 cos 8 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI? + K122 sin 
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” zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 
tZi(Kll1 sin e zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAl? + zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAK~~~ cos el? 

The angle e is measured from the material axes (fig. 5). 

axes are given by (see ref. 9 for the transformation equations) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 
The composite two-dimensional heat conductivities along the composite structural zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 tzi KZll cos e -+ Kl?22 sin2 8) 

2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANZ 
KcYY - - t 1 tzi(Kzl1 sin e + Kl?22 cos2 e)i 

c i=S. 

N. 

The angle 8 in the last set of equations is measured from the composite structural axes 

Hj, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA{azi},  hli, and {KZi} which are all global. The variable NZ is input data. The 
remaining quantities are either generated o r  are transferred from information stored in 
PL( l l , I ) ,  PL(13,I), PL(15-23,1), PL(8,I), PL(24,I) to PL(26,I) PL(30,1), and PL(27,I) 
PL(29,I). The outputs are tc and the arrays are [Ec]-’, {ac), [Ec], hc, and {Kc}. 
The composite thickness tc is stored in PC(2). The arrays [EC]-lp (ac}, and [E,] 
for both composite material and structural axes are printed out under the headings: 

and is equal to OCs + BZ. The inputs to the subroutine are Nz, z ~ + ’ ,  zli, CJcs, ea, [Eil, 

STRESS TEMPERATURE RELATIONS - STRUCTUFUL AXES 
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and 

POSITE STRESS STRAIN RELATIONS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- STRUCTU 

The composite material axes properties [Ec] and {ac} a r e  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  FC(54). Note 
that the heat capacity is a scalar quantity and is independent of the reference axes. 
Therefore, PC(54) equals PC(18). 

Subroutine zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBABLOCK DATA 

In this block, the strings Cel and Ce2 which are printed out with the composite 

The string Ce2 contains the notation for the 
constitutive equations are defined. The str ing Cel contains the resultant force notation 

my’ N,, %y’ Nmy’ 
corresponding displacements. 

Mcy , and M 

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: 

The generic equations for the elements in the arrays zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA[A,], [Cw], [D,], INcATx), and 

P C A T X )  are 
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N, N,-1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
i= 1 j = l  

The arrays {azi}, [Rzi], [Ezi], zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAand [S.] are 
J 

1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- sin 28 
2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 sin 8 

2 1 
2 

cos 8 - -s in  28 

-sin 28 sin 28 COS 28 ~ 1 
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-- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA"121 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAn 1 - - 
E z l l  E122 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

0 1 - "112 

E z l  1 %22 

-- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 0 0 - 

Gzl 2 i 

SjZ2 = Sjll = 1 (sin 20i - sin 28i-1)2 

SjZl = Sj12 = - Sj l1  

1 
'j32 = Sj23 = (sin 20i - sin 20i-l)(cos 2ei - cos 2ei - 

= - 1 (cos 2ei - cos 26i-1)2 
'j33 

Here Bi equals the eCs +. O1 in figure 5. The reduced bending rigidities (ref. 6) are 
generated in this procedure according to the equation 

The reduced axial stiffnesses a r e  generated in the procedure according to the equation 

The two-dimensional composite elastic constants a re  generated from the following equa- 
tion (assuming ATzi = AT for i = l(l)Nl): 
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where 

N Z  

tzi  t =  
C 

i= 1 

The inputs to this subroutine a r e  tzi, ATzi, Oi (relative to composite structural axes), 
H., and the ply elastic constants. These quantities a r e  global and a re  located, respec- 
tively, in PL(7,1), (50,1), (14,I), (9,1), and (31,I) to (42,I). The arrays [RziIT[Ezi]- 
[RZi)' and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA[S.] and the dimensions zzi are generated within subroutine. 

the global ar rays ACX = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA,, reAC = A,, CPC = C,, FLX = D,, RDC = D,, NSDT = 

Nc ATx, and MSDT = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAM, ATx. These are printed out under the heading 

J zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 

The outputs a r e  the force-deformation-temperature relations, which are stored in 
R R 

LACEMENT 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 MAT= 

The inverse of the constitutive equations 

P a l  I [C,I' 

[C,I I P,I. 
-------- 

I 

are printed out under the heading 

-1 

DISP DE3PLACEMENT FORCE RELATIONS FORCES 
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are stored, respectively, in PC(31), PL(lO,I), and PL(11,I). The distances Zc, zzi, zzi 
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 a r e  stored in PC(48) to PC(54) as is 
described in the section Subroutine GACD3. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

- 

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

This subroutine is used to calculate the ply conductivities K222 and K233. The 
specific equation programmed in th is subroutine is 

where zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa! takes the values 2 and 3. The subroutine is called from subroutine GECL. 
The subroutine input variables CF, CM, R, and Q and the output variable C P  are defined 
in the call statement in GECL. They denote, respectively, fiber conductivity 
matrix conductivity Ems, (modified for void effects), actual fiber volume ratio zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5, cor- 
relation factor P k a ,  and the computed conductivity Kzaa 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 

- 
kf = (1.0 - kJkf 

- 
km = (1.0 - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA%)(1 - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkf) 
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(7rNf/445)1f2 df i f  Boolean TLINP zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 

t1 ={  Read in value if Boolean TLINP = T(TRUE) 

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

and 

The arrays in the last two equations are given by 

and 

"131 -- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAl'12 1 -- 1 - 
E z l l  E122 E133 

"132 -- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 - "112 -- 
E1ll E122 E133 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 - "123 - -  "11 3 -- 
1 E122 E233 ~ 

The arrays [E1], [Ef], and [E,] are generated locally in the arrays ECL, ECF, and 
ECM, respectively. The arrays [Cfl] and [Cml] and the constants in them are given by 
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0 

and 

0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 
‘rn 

0 0 

where 

B =  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Cf = Pf 

c,= - P,=( l -$)P, (?) 

1 - 
‘rn zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Pf = 1 . 0  
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l/VCF(l, 1) 
i f  VCF(1,l) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAf 0 

Pm = 

The variables VCF(1, l )  and VCF(2,l) are empirical (adjustment) factors and are read in. 
ere 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 Pf could be selected to be different from unity i f  addi- 
tional adjustment is needed. 

The elements in the arrays [E,,] and [Em2] are generated by substituting zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
N 

Pf = 1.0 

1/VCF( 1 4) 
if VCF(1,4) # 0 

N 

Pm = 

(VCF(294) if VCF(2,4) = 0 

The equations programmed to generate the shear moduli are 

- ‘m13 

Gm13 - km zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAk, -I- - 
%13 = 

and 
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- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGm2 3 

'm23 - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkm 
G2.23 = 

k, +- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 

ci2Gf23 C;2 

where 

and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
P i  = 1.0 

l /VCF(l,  2) 
if VCF(1,2) # 0 
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l /VCF(l, 3) 
if VCF(1,3) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA# 0 

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

and 

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

CHK = 

511 $22 5 3 3  Hcf 

Km22 Km33 HC, 

0 Kv zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 0 

The small  subroutine GPHK(CF, CM, R, Q, CP) preceding subroutine GECL is used for 
programming convenience to compute the variables Kb2 and K133. 

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, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAv ,  G, P, Hc, K, 
Q!)f,m, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANf, df, VCF, BTA, TLINP, and (kv, $)i (where i = l ( l )Nz and Nz 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 Gf, Em, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAP I ,  tt (if 
TLINP zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= FAME), and 61) 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, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI) to PL(23, I); the ply thermal 
coefficients of expansion, heat conductivities, and heat capacity, which are stored in 
PL(24, I) to PL(30, I), and the ply moduli and Poisson's ratios, which are stored in 
PL(31,I) to PL(42,I). 

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 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 0 ~ ~ ~ '  qp12, and 
vp23 for  constructing zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASg2,  S l I 2 ,  and SQ3, respectively. 

Three methods are employed to compute (0p22 :  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 method is selected to construct Sg2 in the current program. 
However, either of the other methods and even new ones (as they become available) could 
be chosen i f ,  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 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Pv = 1.0 

and 
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Strain magnification factor zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAp 22. - The three methods used to  compute the strain 

(1) Kies's two-dimensional method: 
magnification factor zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAcp are given in the following: 

P22 

f 

"122 "112"ll 1 
€222 = - - 

E122 E l l  1 

(2) Daniel's indirect method: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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2 
ka zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 0.83  - 1.35 - 

0.35 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI Ef I O .  75 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
P - PL(44, J) ‘PI22 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAv 

(3) Kies’s one-dimensional method: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
e 1 . 7  i 

1 
‘pp22 = 

cop22 P v - PL(43,J) 

Note that PL(46, J) is blank for any other method that might be of interest. 
Strain magnification factor qPl2.  - 

P - PL(41,J) ‘pp12 v 

Strain magnification factor ( ~ ~ 2 3 .  - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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Inputs to subroutine GSMF are the ply applied stresses (azl1, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0122, aZl2, and oD3), 
the void and apparent fiber content, the ply index, and ply, fiber and matrix elastic con- 
stants. The stresses oZl1, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAaa2, and az12 are transferred from PL(67, J) to PL(69, J), 
respectively. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(3 denotes ply index in this case.) The stresses a123 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 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAP, 
are in VCF as follows: 

The outputs of subroutine GSMF are the magnification factors stored in PL(43-48,3) 
as previously described. It is important to note that the magnification factor ipp22 de- 
pends on the applied stress level; therefore, GSMF is called from the stress analysis 
subroutine COMPSA. 

Subroutine COM PSA(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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- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA{azi} + ZIRG1 Iwcbx 

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

when one or both of the membrane force and the moments are given. 
The strains are generated locally in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAEPSL and SIGL, respectively, and are stored in 

PL(64,I) to PL(69,I). The matrices [RG] and [Eli] are generated locally from informa- 
tion transferred from PL(14, I) and PL(31, I) to PL(42, I). The distance zzi and the ply 
temperature ATG are transferred from PL(11, I) and PL(50, I), respectively. The re- 
maining matrices are 

Am -ACX 

c, - CPC 

- NSDT Nc ATX 

- 
N, -NSB, 

- 
M, -MSBm 

w -wxxm (local curvature from bending analysis) cbx 

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. 
this case the ply strains are given by 

th where ply strains along the structural axis, {cCsX} are the reference 
plane membrane strains, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAz is the distance from the reference plane to the centroid of 

th the i ply, and {wcbx} are the local curvatures. They a r e  read in the array Dvm 
where m denotes the load condition. 

The corresponding ith ply stresses are given by 

are the i 

where {oZi} are the ith ply stresses along the material axes, [Ezi] are the ith ply elas- 
tic constants about the material axes, [Ra] is the transformation matrix of the ith ply, 

are the ith ply strains along the structural axes as given by a previous equation, 
ATzi is the temperature of the ith ply, and {azi} are the thermal coefficients of expan- 
sion of the ith ply along the material axes. 

The displacement force relations are printed out under the title 

Displacement Displacement force relations Forces 

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. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
(1) Modified distortion energy zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

- PL(62,I) 2lla 5 2 2  (' 

-+ - Kl12p 
Isz11a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 15222 I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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The parameters zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAQ! and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAP are specified as follows: 

p=E "122 "z22=zo zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA< O 

'122T P = T  { P = c  
%22Q! = 

%22c 

The multiplyer of K i lZQ!~ was generated in subroutine zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGLLSC and is stored in PL(61,I). 
The constants K;2Q!~ constitute theory-experiment correlation factors. 

(2) Hoffman's criterion (ref. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9): 
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G1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- uzll'z22 + $22 + 'ZllC - 'Z11T zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAu-4 4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
,511 

I1 lCsZl 1T ' 222Cs Z22T 'I1 1 C' Z l  1T 

- PL(71,I) 'Z22C - 'Z22T 

' 122s  Z22T 
u222 + 

+ 

F = l -  

F > 0 no failure 

F = 0 incipient failure 

F < 0 failure 

The interply delamination criterion for the f h  interply layer at the mth load con- 
dition is governed by 

1 -  -. PL(63,I) when i > 1 

or  as given by the displacement force equation described previously. 
The inputs to the subroutine are the ply angle measured from the structural axes 

(ei from PL(14,I)), the distance from the reference plane to centroid of the ply (zzi from 
1, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI)), the ply temperature (ATzi from PL( 50, I)), the interply delamination limit 

from PL(60,I)), and the ply thermoelastic properties stored in PL(24 to 26, -I) ('Vdelj 
and PL(31 to 42,I). The ply extensional and coupling rigidities A, = ACX and C, = 
CPC; the local curvatures wcbx = WXX; the adjustment constants K i 1 2 ~ ~  = BET(I, 7), 

Kilzcy= BET(2,7), K f 1 2 ~ ~  = BET(1,8), and Ki12CC = BET(2,8); and the load condi- 
tions N, = NBS(m). 

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

3 

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 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7, 1970, 
129-03. 
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F CODE IDENTIFIERS 

Engineering 
symbol 

Comment FORT 
symbol code 

ACX composite axial stiffness; generated in sub- 
routine GPCFD2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

R 
A, €?.AC reduced axial stiffness; computed in sub- 

routine GPCF’D2 

TRUE if interply effects are included; input 

composite coupling stiffness zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA; generated in 
subroutine GPCFD2 

Boolean 

CPC 

B zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
c, 

RES F string with force variables in BLOCK DAT 

DISP string with displacement variables in 

TRUE i f  membrane and bending symmetry 
exists; input 

Boolean 

St ring composite title; MAIN P R Q G W  format 4 

FLC composite flexural rigidities; generated in 
subroutine GPCFD2 

R 
D, reduced bending rigidities; computed in 

subroutine G P C FD 2 

displacement vectors; DISVI is either read 
in MAIN PRQGRANI, or is generated in 
subroutine CQMPSA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAmc 

df 

Ef Ecf 

DIAF 

ECF 

filament equivalent diameter; input 

filament elastic constants; generated in 
subroutine GECL 

ECL ply elastic constants; generated in sub- 
routine GECL 

matrix elastic constants; generated in sub- 
routine GECL 

Em, Ecm ECM 
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Engineering 
symbol 

FORTRAN 
symbol code 

Comment 

EF11, EL11, EM11 filament, ply, and matrix normal moduli; 
filament and matrix moduli input 

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

EF12, EL12, EM12 Gf12,112, m l l  

interply distortion energy coefficient; gen- 
erated in MAIN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAPROGRAM 

array of constituents heat conductivities; 
input 

and PC(54) 
composite heat capacity stored in 

index, generally ply or interply 

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

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

CHK Hkc 

hC 
HHC 

f ,  j 

K c l l ,  c22, c33 

1, J 

HK11,22,33 

HK11,22,33 

CHK 

KF, V 

see Hkc 

apparent fiber and void volume ratios; input 

actual fiber and matrix volume ratios KFB, MB 

KFL, VL ply apparent fiber and void volume ratios; 
input 

ar ray of limiting conditions; input 

kfl, vz 

LSC 

MSDT 

MSB 

M 

NBS 

NSDT 

thermal moments; generated in GPCFDZ 

applied moment; input 

load condition index 

applied membrane loads ; input 

thermal force; generated in GPCFD2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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Engineering 
symbol 

Nf zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
NZ 

NIC 

NPC 

NPZ 

P C  

pCP 

m v  

‘211T 

T LINP 

@ C  

FORTRAN 
symbol code 

NFPE 

NL 

NLC 

NPC 

NPL 

PC 

PL 

PROPC 

PROP 

Boolean 

PL(51 to zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA59,I) 

TL 

Boolean 

wxx 

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 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 
fiers in GDCF’DB 

string PROP; ply properties identifiers in 
MAIN PROGRAM 

indices to print out string PROP 

transformation matrix; GAcD3, GPCFDB, 

T(TRUE) i f  displacements are read in; in- 

COMPSA 

Put 

ply limit stresses; generated in GLLSC 

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

F(FALSE) i f  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) 
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Engineering FORTRAN 
symbol symbol code 

VAF, AL, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBABM 9, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAZ, m 

%SX zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
€2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
%S 

‘ ~ i 7  ‘ ~ c  

l”f12,112, m12 

IT 

Pf,m, 2 

VCF 

BTA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
ux 

EPS, PL(64 to 66, I) 

THCS 

THLC 

NUF12, L12,M12 

PIE 

RHOF,M, L 

SIGL, PL(67 to 69,I) 

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 N, 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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C 
C 
C 
C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
C 
C 
C 
C 
C 
C 
C 
C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

AP zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
COMPILED LISTING 

MULTILAYERED FILAMENTARY COMPOS1 TE ANALYSIS 
A COMPUTER CODE FOR THE LINEAR ANALYSIS OF T I L A Y  ERE0 F I  BER 
COMPOSITES. THE ANALYSIS U T I L I Z E S  MICROMECH CSI MACROMECHAMICS, 
AND LAMINATE THEORY. THE ANALYSIS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI S  RESTRICTED TO MEMBRANE, PLATE 
AND THIN NALLED SHELL TYPE STRUCTURES. THE INPUTS ARE CONSTITUENT 
MATERIAL PROPERTIES, CORRELATION COEFFICIENTS AND COMPOSITE GEOMET zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
K Y .  THE LOAD CONDITIONS ARE EITHER FORCES OR DISPLACEMENTS AND 
TEMPERATURE A T  THE DESIRED SECTION, THE OUTPUTS ARE STRESS/STRAIV 
/TEMPERATURE RELATIONS AND THE1 R I NVERSEp OTHER THERMAL 
PROPERIIES, STRENGTH PROPERTIES, STRESS ANALYSIS RESULTS AND 
THE MARGIN OF SAFETY. 
MFCA - M A I N  PROGRAM 
LOG IC A L 
INTEGER Q I  SQSIQPVQRPQF 

R EAC 

T L I N  P zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 G SA NE3 ,B I DE 9 R I ND V 

N L.F 1 2  r NUF 2 3 p N U F l 3  P NUF2 1 I) NUF32 sNUF3 1 9 

2 NUL12,NUL23,NUL13 ,NUL21 rNUL32 ,NUL31 I 

2 N ~ H 1 2 , ~ U M 2 3 , N U M l 3 , N U ~ 2 1  rNUM32 rNUM3L 9 

2 L SC 9 MLK 9 Nt) S p MB S 9 K V  L 9 KF L p NSD T 9 MS DT 9 KV L J v K F L J 
CUM N3 N /M4 GE /J  
COMMON 

2 EM229EMll,EM23,EM12 , N U M 2 l ~ N U M l 2 , N U M 2 3 ~  
2 EF22,EF 119EF23,EF12 rNUF21 vNUF12rNUF23 9 

2 E M 3 3 ~ N U M l 3 ~ ~ H ~ M ~ E C M ~  3 9 3  1 rEM13 9 V A M ( 3  1 r A X C ( 3  9 3 I t FLC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(39 3 1 9  

2 E F ~ ~ ~ N U F ~ ~ , R H O F I E C F  ( 3 9 3 )  oEF139VAFt3)  9 

2 B E T [ Z r 8 1 p N B S ( 3 , 1 O ) r P L ~ 7 1 ~ 5 0 ) ~ W X X ( 3 1  p L S C 8 6 )  ( P C ( 5 4 ) r C P C ( 3 (  3 
2 
2 
2 C SANB t N  PL NL 9 NSDT [ 3 9 VCF ( 2 I 10 9 MUM32 , B I  DE MS DT t 3 1 R I NDV 

CHK( 3941  9BTA (41 ~ T L I N P ~ D I A F I N F P E I P ~ E ,  
H B S ( 3 9  10) pRAC ( 3  931 ,DI S V l ( 1 0  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 6 )  9 

U IMENS ION KVL (50) p K F L ( 5 0 )  r THLCl50 )  r T L ( 5 0 )  r MLR ( 3  r l D  1 (PROP(? 1 1  
4 FORMAT(55H 1 

3 CONTINbE 
READ( 5 9 4 )  
WRITE( 6,151 
WR I T E  ( 0 9 4 )  
WR I T E  ( 0,301 

REAO( 5 9 5 )  NLINPC~NPCINFPE (NLC 
5 FORMAT( 51 5 )  

IO FORMAT(5I 51  
I1  FORMA 14 2 OH N L  r NPL I NPC 9 NF PE 9 NLC 

WRITE( 6,111 
MR I T E  t 910) N L  r NPL rNPC r NFPE 9 NLC 

READl5 .35 )  EFll~Ef22,fF33~NUFL2,NUF23rNUF239NUFJ.3rEFlZt EF23r  EF13r  
2 E M l l r E M 2 2 , E M 3 3 r N U M 1 2 ~ N U M 2 3 9 N U M l 3 ~ € M l 2 ? & M Z 3 ,  EM13 

WR I TE ( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6r 7 0 1 
WR I T f  6 9 3 7  1 

DATA(PROP(1) 9 I = l o 7 1 ) / 6 H K Y  9 6H KF r6HKFB 96HKM t 

E F l l r E F 2 2  9EF33 rNUF12 vNUF23 rNUF13 9 EF129 EF239 E F l 3 r  
E M l l p E M 2 2  ,EM33 9NUM12 ,NUN23 pNUM139 EM129 EM239 EM13 2 

2 6HKMB 96HRHOL 96HTL 
2 6HDE LTA *:HI LDC 96HZB gbHZGC (6HTHCS T 

2 6HTHLC 96HTHLS r 6 H S C l l  t6HSC12 v6HSC13 p6HSC22 0 

2 bHSC23 r6HSC33 gbHSC44 96HSC55 96HSCb6 p 6 H C T E l l  p 

2 6HCTE22 96HCTE33 96HHK11 r6HHK22 r6HHK33 r6HHCE 9 

2 6 H E L I 1  p6HEL22 vbHEL33 96HGL23 rbHGL13 t 6 H G L l 2  9 
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2 bHNUL12 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAt 6HNUL21 r 6 H N U L l 3  96HNUL31 t6HNUL23 96HNUL32 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 

2 6H SMFD 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 * 6H S zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAMF 52 2 9 6H S CF C2 2 9 6HS M FS 1 2 t 6HS M FS 2 3 9 

2 
2 6WLSC22C,6WLSC12 p6MLSC23 76HLSCC23 r6HLSCC1396HLSCDF t 

2 6HKL IZABt6HMDEIE rSHRfLROT,6HEPSl l  r6HEPS22 96HEPS12 t 6 H S I G l l  
2 6HSIG22  96HSiG12 96HDELFI p6HHFC / 

6H SM FK 2 2 
6H ILYFC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 6HTENPD zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAp 6H L S t l l T  96H L S C l l  C r6HLSCl  I. D v6HLSC2 2T1 

1 5  FORMAT( 1H11 
20 FORMAT(//47H LAYER PROPERTIES, ROWS-PROPERTY9 COLUMNS-LWER) 
2 5  F O R M A T ( I 3 r 3 X o A 6 r 2 X v B E 1 4 . 4 1  
30 FORMAT(/ / I  

37 FORMAT( lOE13.5) 
4 1  FORMAT14H VCF) 

WRITE( €941)  
READ459351 ( ( L C F ( I 9 J ) r J  = 1 t l C i ) r I  = 192) 

WRITE( 6 9 3 7 )  4 (VCF ( 1  r J 1  r J  l r 1 0 )  9 1  = 1 9 2 )  

WRITE( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 9 4 0 )  
READ4 5,351 ( V A F 4 I  1 t i  = 193)  

WRITE(Cv37)  ( V A F ( I ) t I  = 1 9 3 )  

WRITE( 6 9 4 5  
( W A M t I I p I  = 193)  

W R I T E ( 6 r 3 7 )  ( V A M ( I I p I  = 1 9 3 )  

35 FOR MA T 4 5E 1 5  a 8 1 

40 FORMAT(4H WAF) 

45 FORMAT44H V A M I  

5 0  FORMAT( 59H THERMAL CONDUC T I  V I  T I E S  AND HEAT CAPACIT IES  DF CONST I T U E  

55 FORMAT(4H CHK) 
WRITE( C1551 

R E A D ( S t 3 5 )  ( ( C H K ( I , J )  vJ = l r 4 ) t I :  = 1 9 3 1  
W R I T E ( 6 r 3 7 )  ( ( C H K ( I 9 J ) r J  = l t 4 ) t I  = l r 3 )  

WRITE(6,60) 
READ( 5 t 3 5 J  (BTA(  I )  9 1  = 194) 

W R I T E ( t r 3 7 )  ( B T A ( I 1  P I  = I t41  
0 5  FORMAT(4H P I E )  

WRITE( 0,651 
READ4 5 ,351  P I E  

WRITE( 6,371 P I E  
FOR MA T ( /9 6H 

2NTS 1 

6 0  FORMAT(4H BTA) 

70 E F 1 1 9 E F 22 9 E F 3 3 s NUF 1 2 , NUF23 F NUF 13 t E F 12 t E F2 3 T EF13 9 EM 1 1 9 E 
2M22rEN339 N U ~ ~ 2 , N U M 2 3  NUMl3 rEMlZ  (EM23 ,EM131 

80 FORMAT(16H T L I N P )  

75 F O R ~ A T ~ l 6  
READ( 5 9 7 5 )  T L I N P  

W R I T E (  69751  TLlNP 

WRITE4 (5985) 
READ( 5 9 7 5 )  CSANB 

WRITE( e t 7 5 1  CSANB 

E5 FORMAT(/6H CSANB) 

87 FORMAT(/5H B l D E l  

WRITE( C.75) BIDE 

WR ITE4 6 9 8 8 )  
READ( 5 9 1 5 )  R I N D V  

WRITE ( 6 ~ 7 5 1  RINDV 

MR I T E (  6 9 9 0 1  

8 8  FORMAT(/6H RINDV) 

90 FORMAT1/20H THCSpRHOF pRHOM,DIAF 1 
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READ( 5 9 3 5 )  THCSVRHOF pRHOMtDIAF 
WR I T E { 6 9 3 7 )  THCSrKHOF ,RHOM,DIAF 

WRITEIB, 9 5 )  
READ( 5 9 3 5 )  ( K V L ( 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI t 1  = 1 PNL)  

W R I T f ( t r 3 7 )  I K V L ( I I r 1  = 1 r N L )  

WRITE( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAtr100) 
READ( 5 s  3 5  1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( K F L (  I 1  r l  = 1 ,NLI 

W R I T E ( 6 r 3 7 )  ( K F L ( I b r 1  = l r N L  J 

WRITE( 6 9 1 0 5 )  
READ(f: ,35) ( T H L G ( I I r 1  I T N L )  

WRITE(6937)  ( T H L C ( I 1 , I  1,NL) 

WRITE( 6 9 1 1 0 )  
READ( 5,351 ( T L I I  1 , I  = 1 r N L I  

WRITE(C937)  I T L ( 1 ) r I  = 1rNl . I  
111 FOKMAl(6H PTEMPI 

WRITE( 6 r l l l t  
R E A D ( S r 3 5 )  I P L 1 5 C ) r l )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAv I = l r N L )  
W R I T E ( t , 3 7 )  (PC(50pI) 9 I = l , N L )  

1 1 5  FORMAT(/4H BET)  
WRITE(6 ,115)  

READ( f ,351 ( f B E T ( 1 , J ) r J  = 1 9 8 1 ~ 1  = 1 1 2 1  
WRITE(L5t371 ( ( B E T ( I t 3 I r J  = 1 t 8 ) t I  = 1 9 2 )  

WRITE( E 9 1 2 0 1  
READ( 5 ~ 3 5 1  ( L S C ( I 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi I  = 1 9 6 )  

W R I T E ( 6 r 3 7 )  ( L S C 1 I ) r I  = 1 9 6 )  

W R I T E ( t r l 3 0 ) .  

95 FORMAT(4H K V L I  

100 FORMAT(4H K F L )  

105 FORMAT (5H THCC I 

110 FORMAT(3H TLI 

120 FORMAT4 /4H L SC I 

130 FORMAT(44H N B S )  

R E A D f S r 3 5 I  I I N B S { I r J 1 , J  = 1 r N L C ) t I  = 1 9 3 )  
WRITE(6937)  ( ( N B S ( 1 t J ) p J  = 1 r N L C ) t I  = l r 3 1  

131. FORMAT(/4H M B S I  
WR I TE ( 6,131 1 

READ(5935)  ((MBS(1 r J 1  t J  = 1 i N L C ) r I  = l r 3 )  
WRXTE(6937) ( ( M B S ( 1 r J ) r J  = I r N L C J r I  = l r 3 J  

WR I TE I t T 1 32) 
R E A D f 5 r 3 5 )  ( ( D I S V L ( I , J ) r  J = l r b ) r  I =  1 r N L C )  
WRITE(69371  ( I D I S V L I I  t J ) v  J= 1 r b ) r  I =  1 r N L C I  

1 3 2  FORMAT(/6H DISWL) 

140 CaNTINCrf 
142 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA00 1 4 5  J = 19NF 

PL4 I r J I  = K V L ( J 1  
P L (  2,J 1 = KFL(  J )  
P L ( 7 r J )  = T L ( J I  
P L (  1 2 r J )  = THCS 
P L ( 1 3 r J S  = THLCfJ )  
P L I  14, JO = THCS*THLC( J) 
P L ( l 3 r J )  = P L ( 1 3 r J 1 * P I E / 1 8 0 . 0  
P L (  14rJ )  = P L ( 1 4 t J ) * P I E / l 8 0 s 0  
K V L J  = KVL(J1  
K F L J  = K F L ( J 1  

1 4 5  CALL GECL I K V L J t K F L J )  
DO 1 5 5  J = 29NL 
P L . ( 9 r J  1 = 0.0 
INE = J-1 
I F  { * N O T .  B I D E )  GO TO 1 5 5  
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P L ( 9 r J )  = P l ( 8 t J ) + P L ( 8 t I N E )  
P L ( 9 r J )  = P L ( 9 t J ) * P L ( 9 r J )  
P L ( 9 r J  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( 2 . 0 * P L ( 8 v J ) * P L ( 8 r I N E ) ) / P L ( 9 r J )  
P L ( 9 , J J  = 0.0186 * ( 1 , 0 - P L ( 9 r J ) ) * E M 1 2  

1 5 5  PL(  499 J )  = O o 0 0 9 3 / I P L ( 8 r J )  + P L ( 8 r X  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANE) 1 
C READ I N  DESIRED PLY PROPERTIES HERE. SEE FORMAT 111 AND ?HE 
C FOLLOWING THREE CARDS FOR SAMPLE INPUT. 

CALL GACD313.0) 

DO 1 5 5  M = 11NLC 
CALL GPCFD2 

CALL C C M S A ( M  1 
161 FORMAT(//33H FOR THIS  CASE NBS[X*YtXY-M) IS 9 3F10.0) 
162 FORMATC//33H FOR THIS  CASE MBS(XtYtXY-M) IS 3 F l O e 3 )  
163 FORMAT(//79H FOR THI S CASE THE DISPLACEMENTS D I S V t  ECSXXvECSYYv ECSX 

2Y,WCBX%,WCBYY,WCBXY) ARE ,/1H I 6E15.5) 
W R I T f ( E t 1 5 )  

WRLTE(C,161) (NBS(1 ,M l r  I = l r 3 1  
W R I T E ( C p l 6 2 )  (MBS(19MIv I = 1 1 3 1  
GO TO 166 

WRITE( f r 1 6 3 )  ( D I S V 1  ( M t  J) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAv J = 1 9 6 )  

W R I T E 4  6 ~ 2 0 )  
WRITE( 6,309 

I F  4 RINDV)  GO TO 1 6 5  

1 6 5  CONTINUE 

166 CONTINLE 

Q F  = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 
Q I  = 0 
QR = 0 
QP = 0 
QP = N L / 8  
QR = MODINLp8) 
IF (QP .LT. 1) GO PO 185 
DO 1 7 5  Q S  = 1,QP zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Q E  = ( Q S - l ) * 8 + 1  
QF = QS*8 
DO 17C I = l r N P L  

1 7 0  W R I T E ( t p 2 5 )  I I P R O P ~ I ) , (  P L ( 1 r J f r J  = QI,QF) 
1 7 5  WR I T E f 6 r  15) 

I F l Q R  sLEe 0 )  GO TO 1 8 5  
Q I :  = NL-QR+1 
QF = NL 
DO L 8 C  I = l r N P L  

1 8 0  W R I T E I 6  9 2 5 )  IePRUP(1 1 , ( P L ( I  ,J1 , J  = Q I I Q F I  
1 8 5  I F  ( (  QP .NE. 0) .ORs (QR *LE. 011 GO T O  195 

Q I  = 1 
QF = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAQR 
DO 1 S C  I = 1 t N P L  

1 9 G  W R I ? E ( 6 * 2 5 )  I ,PROP(IJ  , ( P L ( f o J f r J  = Q I t Q f )  
1 9 5  CONTINLE 

WRITE4 6,151 
GO TO 3 

EN D 
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NE INVA(NpApC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
c CALCULATES INVA I N  C 

DIMENSION A(N,N) rC(N9N)  r B ( 6 t b I  t O ( 6 9 6 )  
LOGICAL TLINP,CSANBIBIDEIRINDV 
REAL N C F ~ ~ ~ N U F ~ ~ ~ N U F ~ ~ , N U F ~ ~ P N U F ~ ~ ~ N U F ~ ~ ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

M LL 1 2 ,NUL23 ,NUL1 3 ,NUL2 1 ?NUL32 t NUL31 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAII 

N L M l 2 t N  UN23 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 NUMl3 tNUMZ1 t hiUM32 t RUM31 9 

L S C t  MLR ,NB StMB S 9 KVLI KFL SNSDTt MSDT 

2 
2 
2 
COMMON 

2 EM22rEM l l r E M 2 3 r E M 1 2  rNUM21 rNUM12tNUM23r 
2 EFZLpEF l l p E F 2 3 ~ E F 1 2  rNUF21 (NUF121NUF23 9 

2 EM3 3 rNUM13,RHOM ,ELM ( 3  93 b ,E M 1 3  1 V A M ( 3  1 9AXC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(3  r 3  1 t FLC (39 3 1 9  

2 EF33tNUF13tRHOFtECF f 3 t 3 )  , E F l 3 v V A F ( 3 )  9 

2 BET ( 2 9  8 1 ,NB S 4 39 10 1 9 PL ( 71950) 9 WXX 13 1 9 LSC (6 1 9 PC( 54.1 9 CPC ( 3 ~ 3  1 P 

2 
2 M B S ( 3 r l O ) r R A C [ 3 r 3 )  rOISV1(1096) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAp 

2 CSANBrNPLtNLtNSDT(31 r W C F ( 2 r Y . O )  r N U M 3 2 , 8 1 D E t M S D T ( 3 ) t R I N O V  

CHK I 3 9 4 1  (BTA (4) p TLE NPIOIAF I NFPE i P I E ,  

DO 3 6 5  I = 1 r N  
00 365  J 1 r N  
B ~ I I J )  = A ( 1 r J )  

I F  ( I .NE .J 1 GO TO 3 6 5  
C ( I t J )  = 0.0 

C ( I t J )  = 1.0 
3 6 5  CONTINLE 

N 1  = N-1  
DO 395  I = T,N1 
DO 3 8 0  K = I r N  
I F  ( B ( K 9 I )  .EQ. 0.0) GO TO 380 
S 1  = B ( K i 1 )  

DO 37C J = I , N  
370 B ( K r J I  = B ( K p J ) / S l  

DO 3 7 5  J = 1 r N  
3 7 5  C ( K e J  1 = C(K, J ) / S 1  
380 CONTINGE 

I P 1  = I + 1  
DO 395 K = l P l i N  
I F  ( B ( K v f 1  .EQ. 0.01 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGO TO 395 
DO 385 J = 1 r N  

00 39C J = 1 r N  
? 8 5  k3fK.J 1 = B ( K T J ) - B ( I  , J )  

390 C I K q J )  = C ( K t J ) - C l I r J )  
795 CONTINLE 

C LOOP * ** 
S1 = B(NvN1 
I F  ( S 1  e E Q .  0.0) GO TO 405 
BININ) = B ( N t N ) / S l  
DO 40C J = I r N  

400 C ( N , J I  = C ( N , J ) / S l  
405 I F  ( S I  ,NE. 0.0) GO TO 4 1 5  
4 1 C  FORMAT( 16H SINGULAR WATRI X l  

WR I TE # t5r410) 
GO TO 430 

4 1 5  DO 420 I I = 2 r N  
I=N+2- I 1  
I M 1  = 1-1 
DO 4 2 0  K K = l r I M 1  
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C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAEND UPPER T R I A N G L E  R E D U C T I O N  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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SUBRObTINE GLLSC( J l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
C GENERAlfS L I M I T  STRESS CONDITIONS FOR SINGLE LAYER 

LOGICAL 
R E A L  

TLINP ,CSANB zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA* R I D E  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 R I  NDV 
NCF 12,NUF 2 3 t N U F l 3  pNUF2 1 rNUF32 9 NUF31r 

2 NLL12rNUL23VNUL13 ,NUL21 *NUL32 ,NUL31 9 

2 NUM12rNUM23pNUMl.3 rNUM21 rNUM32 tNUM319 
2 L SC 9 MLR N 6 S 9 MB S 9 KVL t KF L 9 NSD T t MSDT 

COM MD N 
2 
2 
2 
2 
2 
2 CHK(394)  r B T A ( 4 1  (TLINPIDIAFINFPEIPIE~ 
2 M B S ( 3 r l O )  rRAC(393)  , D I S V 1 ( 1 0 9 6 )  9 

2 

EM22,EM l l r E M 2 3 r E M l Z  tNUM21 tNkM12tNUM23 9 

EF22rEF  l l r E F 2 3  rEF12 rNUF21 tNUF12rNUF23 9 

EF33 ,NUF 13rRHOF ,ECF 4 3 93 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAr E F l 3  r VAF 13 ) 9 

fM33rNUM139 RHQMpECM ( 3  93 1 9EH13 s V A t l l ( 3  1 rAXC(3 9 3 1 r F L C ( 3  e 3 f I 
BET( 2r8 B , N B S (  3 r l O )  ,PL171950)  9 WXX (3) r L S C  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( 6 )  p PC154 1 tCPC(39 3 1 9  

CSANB,NPL~NL,NSOT(31 ,VCF ( 2 , 1 0 1  VNUM~~,S IOEIMSDT(~  f rR INDV 
P L (  519 J )  = L S C I l ~ * o ; [ B f T ( l ~ l ~ * P L ( 3 r J ) + ~ B E T ( l r 2 ~ * P L ( 5 r  J ) * E M l l / E F l l I )  
P L (  52, J) L S C ( ~ ) * ( ~ E T ( ~ T ~ ) * P L ( ~ , J ) + ( B E T ( Z ~ ~ )  * P L ( 3 r  J ) * E F l l / E M l l )  1 
P L ( 5 4 9  J )  = B E T ( l p 3 ) * 1 L S C 1 3 ) / P L ( 4 5 r  J) 1 * P L ( 3 2 p J )  
P L ( 5 5 r J )  = B E T ( ~ T ~ ) * ( L S C ( ~ ) / P L ( ~ ~ ~ J ) ~ * P L ( ~ ~ ~ J )  
P L ( 56 1) J 1 * ( L SC ( 5 f 1 P L ( 4 7 t J 1 1 * P L f 3 6 p J 1 
P L I 5 3 r J )  = B E T ( 2 9 4 ) * P L ( 5 6 , J )  + BET(295)  
P L (  57,  J)  = B E T ( 1 , 5 ) * ( L S C ( S ) / P L ( 4 8 ,  J) ) *PL(34 ,J1  

S 1  = P L ( 2 r J l * ( - 1 . 0  + EM12/EF12) + l e 0  

= B E T # 1 9 4 

C F O Y f ' S  LONGITUDINAL COMPRESS1 VE STRENGTH METHOD 

S 1  = EM12i'SL 
S 3  = P L ( l r J ) / ( l e O  - P L ( 2 r J ) )  
s 2  = 1.0 + s3 
53 = 1.0 - 2*0*s3  + s3*s3  
s4 = Sl*S3/S2/3.0 

I = s 2  
P L (  KtJ) = AMKNl (PL(  I * J ) , S I )  
I F  ( J  .LE. 1 )  GO TO 445 
P L ( 6 0 ,  J l  = B E T ( l r 6 ) * ( l S C ( 6 ) / P L ( 4 9 r  J) 1 
J M L  = J-1 
S 1 

C END FOYE'S METHOD 

= P L ( 1 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAt J M  1 i + ( 0.5* P L ( 7 t J M 1 )  1 

S 2  = 0 e25* t PL 4 8 9 J I -PL  89 JM111 +PC (31 1 
ZJ = Sl tS2 

S 4  = P C ( 3 1 )  

5 4  = P C ( 2 ) - P C ( 3 1 l  
44C S3  = ( S 4 * S 4 ) - ( Z J * Z J l  

I F  ( Z J  .GE. 0.0) GO TO 4 3 5  

435  I F  1LJ . L T e  0.01 GO TO 440 

4 4 5  S1 = f 1.0+(4.O*PL ( 3 7 9  J) ) - P L ( 3 9 9  J ) ) * P L ( 3 2 ,  J) 
5 2  = ( l e O - P L ( 4 1 t J ) ) * P L ( 3 l , J )  
5 3  = 2 .O+PL( 379 J l  + P L ( 3 7 r  J l  
S3 = S ? * (  2.O+PL(38,J)+PL(41,J))  

S3 = S ? * P L ( 3 1 r J ) * P L ( 3 2 r J l  
S3 = SQRT(S3) 
S 4  = S l + S 2 ) / S 3  

RETURN 
END 

45C P L ( 6 l r J )  = S 4  
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I e F T C  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGACD3i  DEBUGtOECK 

SUBROLTINE GACD3lC 1 
C GkNERAJE S zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3-0 A X I A L  AND THERMAL CONSTANTS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

D IMENC ION 

L 0 G IC AL 
R EAL 

E L (  6 ~ 6 )  ,R ( 6  9 6 )  r R T ( 6  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA96 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBArS (6  9 6 )  t D l ( 6  9 6 1  t D 2 (  696 1, 
2 E C ( b t 6 ) r E C I ( 6 p 6 )  pCTL(61 rCTC(6 )  gCTD(6) 

T L  I NP 'I C SA NB r B  I DE 9 RL ND V 9 6 hEC 1 
N LF 1 2 tN  UF 2 3 9 NUF 1 3 I NUF 2 1 9 NUF 32 I NUF3 1 e 

2 ~ L L ~ ~ ~ N U L ~ ~ T N U L ~ ~ , N U L ~ ~  rNUL32 rNUL31 r 
2 N UM12 pNUM23 9 NUMl3 9 NUMZ 1 t NU N32 r NUM31t 
2 L zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASCT HLR r NB S p M B  S I  KVLIKFL i N S D T q  M S O T  

COMMON 
2 E M ~ ~ ~ E M ~ ~ ~ E M ~ ~ ~ E M ~ ~ ~ N U M ~ ~ ~ N U M ~ ~ T N U M ~ ~ ~  
2 EF22rEF l l e E F 2 3 r E F l Z  rNUF21 tNUF lZ tNUF23  
2 
2 E F ~ ~ , N U F ~ ~ ~ R H O F I E C F ( ~ , ~ )  r E F 1 3 t V A F ( 3 )  
2 R E T ( 2 , 8 ) r N B S ( 3 , 1 0 1 , P L ( 7 l ~ 5 O ) , W X ~ ( 3 ) r L S C ( 6 ~ ~ P C ~ 5 4 ) , C P C ( 3 ~ ~ ~ ~  
2 
2 
2 

EM33 rNUM13vRHOM ,E CM ( 3 93 1 ,EM13 tVAM(3 1 P A X C  (3 9 3 t 9FLC(3,3 1 9  

CHK ( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 9 4 )  ,BTA (4) e TLI  NPt  D I A F  r NF PE ,PI E P 

M6s( 3 'I 10 1 TRAC (3 93)  tD 1 sV1(10 r 6 )  9 

CSANB,NPLINLPNSDT(~) rVCF ( 2 r 1 0 )  pNUM32 ,BIDErMSDT(3)9RINDV 
4 5 4  FORMAT( / /27Xt69H 3-D COMPOS1 TE STRAIN STRESS TEMPERATURE RELATIOY 

2s  - STRUCTURAL A X E S / / )  

2L A X E S / / )  
456  FORMAT1//33Xp 56H 3-D COMPOS1 TE STRESS STRAIN RELATIONS - STRUCTURA 

457  
45 8 

FORMA T ( / 1 1 X  t 6E 1 4 0  4 1) 5X 9 1 E 1 4 e  4 1 
FORMA 7 ( / 2  1 X t 6E 1 4 . 4 )  

459 FORMATl lHZ l  
BWEC1 = .TRUE. 

4 6 1  DO 455 I = 1 9 6  

CTLt I ) = O e O  

CTC( I f=O.,O 
CTD4 I )=Os0 

DO 455 J t 1 9 6  
455 EC(  I p J  1 = 0.0 

SRC = 0.0 
ST = 0.0 

DO 462 I = 1 5 r 1 8  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 6 2  PC( I )  = 0.0 

If ( *NOT*  BWEC1) GO TO 464 
DO 463 I = 5 1 ~ 5 4  

4 6 3  PCI  I )  = 0.0 
4 6 4  CONTINLE 

DO 50C J = l r N L  
ST = ST+PL(7,J) 
SRC = S R C + ( P L ( 6 t J l * P L ( T g J )  
E L ( l s 1 )  = P L t 1 5 r J )  
E L ( l ~ i 1  = P L ( l 6 o J )  
EL(1,3), = P L ( 1 7 r J )  

E L ( 2 t S )  = P L ( 1 9 r J I  
E L ( 3 9 I )  = PL(2 (39J )  
ELC494)  = P L [ 2 1 , J )  

E L ( 5 p S )  P L ( 2 2 r J )  
E L ( 6 9 6 )  = P L ( 2 3 r J )  
C T L ( 1 )  = P L 4 2 4 r J I  
C T L ( Z )  = P L ( 2 5 r J t  
C T L (  2 1 = P L ( 2 6 v J )  
TH P L I  1 3 r J )  

ELIZ,~)  = p L ( i a p J )  
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B I B F T C  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAB L O C K 1  D E C K t L I S T  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
BLOCK C A T A  
COVMDN/GPCOM/RESF 161 r D I  S P ( 6 1  
D A T A (  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 ISP ( I )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 I = 1 7 6 )  l6HU)X v 6 H V Y  96HVXPUY 9 6 H W X X  9 

DATA( RESF ( 11 I I = 1 9 6 )  /6HNX 9 6HNY P zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 H NXY 9 6 HMX 1 

2 bHWYY r6HWXY / 

2 6HMY 9 6 H M X Y  / 
E N D  
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SUBRUUl I N €  GPCFDZ 
C GENEKAlES THE REQUIRED SECT1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC &  PROPERTIES FOR L INEAR BENDING 
C THEORY OF MULTILAYERED FILAMENTARY COMPOSITE 

REAL M T p N T  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
D IHEN S zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAION EL ( 39 31 r R  ( 3  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 3 )  9 R T  ( 3  93 1 9 S  ( 3  r 3  I r EC ( 3  9 3 ) 9 CC ( 39 3 I t 

2 
2 CTL(  ~ ) r P R O P C ( 5 4 ) , R O C ( 3 r 3 )  

FC( 3 ~ 3 )  r D l ( 3 r 3 )  p D 2 l 3 r 3 )  , 9313931  9 3 4 ( 3 )  1MT13) r N T ( 3 ) r  

L 0 G I C  A L 
REAL 

T L I N  P 9 C SA NB t i3 I DE 9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAR I NO L 
N LF 1 2  9NUF23 PNUFL 3 rNUF2 1 9 RUF32 9 NUF31 t 

2 NUL12rNUL23rNUL13 ,NUL2 lpNUL32  *NUL31 v 

2 N UM 1 2 t N UM2 3 9 NU M13 t NU M2 1 9 NUM32 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 NUM3 1 I 
2 L SC 9 MLR 9 NB S 9 ME3 S 9 KVL 9 KFL q NSD T 9 MSUT 

COM MO N 
2 EM229EMl l rEM23rEM12 qNUM21 rhUMlZrNUM23t  
2 EF22rEF 119EF23rEF12  rNUFZ1 rNUF12rNUF23 t 
2 EM33 pNUMl3eRHOM pECM(3 93)  ,EM13 rVAM(3)  vAXC(3 r3  1 r F L C ( 3 ~ 3 1 9  
2 EF33rNUF139RHOF 9ECF ( 3 1 3 )  vEF13 t V A F ( 3 )  t 
2 BET( 2 9 8 ) 7 N B S / 3 9 1 0 )  , P t ( 7 1 r 5 0 ) r W X X ( 3 )  , L S C ( S ) q P C ( 5 4 ) e C P C ( 3 r 3 ) (  
2 C H K ( 3 t 4 )  rBTA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(41 ~TLINPIDIAF,NFPEIPIEI 
2 M B S 1 3 ~ 1 0 1  rRAC13r3 )  , 0 1 S V l ( 1 0 9 h )  t 
2 CSANB,NPL,NL,NSDT(S) ,VCFt2,10) rNUM32,BIDEvMSOTI3) rRINDV 

CflM#ON/GPCOM/RESF(6)~DISP(6) 
D A T A (  PROPC ( I  1 ,  I = 19543 /6HRHOC r6HTC ? h H C f , l l  t6HCC12 9 

2 6HCC13 96HCC22 96HCC23 r6HCC33 76HCC44 i6HCC55 r6HCC66 * 
2 6 H C T E l l  r6HCTE22 (6HCTE33 t 6 H H K l l  96HHK22 9 

2 6HHK33 7lSriHHC 96HECl1  r6HEC22 s6HEC33 9 

2 6HEC23 gbHEC31 r6HECl.2 ~ 6 H N t C 1 2  r6HNUCZ1 r6HNUC13 t 

2 6HNUC31 r6HNUC23 p6HNUC32 16HZCGC t6HB2DEC ( 6 H C C l l  9 

2 6HCC12 96HCC13 96tiCC22 o6HCC23 r6HCC33 r 6 H E C l l  r6HEC22 9 

2 6 H f C  12 r6HNUCl2  eSHNUC21 qbHCSN13 96HCSN31 r6HCSN23 t 

2 6HCSN32 ,6HCTE11 96HCTE22 96HCTE12 r 6 H H K l l  V6HHK22 96HHK12 p 

2 6HHHC / 
205 FORMAT ( A 6  94x9 3E 1 4 e 4 q l X  9 3 E  14.4 ( A 6  r l E 1 4 . 4 )  
210  FORMAT(/) 
215  FORMAT(/ / )  
216  F O R M A T { l H l )  
22C FORMAT( / / 7 H  FORCE Sp34X,29H FORCE 01 SPLACEMENT RELAT IONS, 

2 2 9 X t 6 H  DISPLr7%,15H THERMAL FORCES) 
225 FORMAT(/ /77H COMPOSITE PROPERTIES - VALID ONLY FGR CONSTANT TEMPER 

226  FOWMAT(60H L IMES L TO 3 1  3-0 COFPOSITE PROPERTIES ABOUT MATERIAL 

227 FORMAT(b3H L I N E S  3 3  TU 54 2-D CCflPCSITE PROPERTIES ABOUT STRUCTUR 

2ATURE THROUGH THICKNESS) 

2 A X E S )  

2AL AXES) 
cz  = 3 . 0  
DO 23C J = l t N L  
CG IS TAKEN A T  THE GEOMETRIC CENTER 
cz = CZ+PL(7 ,J )  

PC( 3 1 )  = CZ/2.Q 
2 3 6  P L l  10.J)  = CZ-(Oa5*PL17,J ) )  

ZBC = PC( ,711 
DO 235 1 = 19NL 

2 3 5  P L (  1 1 ,  I J  = P L ( 1 O r I  I-ZBC 
C END CALCULATIONS FOR C G  

DO 246  K = l q 3  
M T ( K )  = 0.0 

2 4 0  RIT(K1 = 3 . 0  
DO 245 K = 1 9 3  
00 2 4 5  L = 1 r 3  

C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

B 
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32C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAFORMA T ( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 3 x 9  A 0 , E  14.4 I 
W R I T E (  t p 2 1 C )  
WR I TE ( t t  2201 
W R I T E (  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACv220) 

DO 335 I = 1.3 
W R I T E I :  6 , 2 1 0 )  

336 f O R M A T ( 2 X ~ A 6 ~ 4 X ~ 3 E l 4 . 4 1 1 X 1 3 E l 4 e 4 v 3 X t A 6 t 4 X ~ E l 4 ~ 4 )  

3 3 5  W R I T t ( t r 3 3 0 )  R E S F ( I I r ( E C ( I 9 J l r J  = I t 3 1  r ( C C ( I t J 1 q J  = 1 9 , 3 1 9  

2 U I S P f I ) * N T ( I )  
W R I T E (  C t Z 1 0 )  
DC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA34C I = 496 

W R I T E {  6 9 2 1 0 )  
IM3 = 1-3 

3 4 C  W R I T t ( t r 3 3 0 )  R E S F ( I I , ( C C ( J , I N 3 ) r J  = 1,3Iv(FCIIM3rJ)tJ = 1 ~ 3 ) ~  
2 D ISP ( I  1 r M T (  IM3)  

C A L L  I N V A  3rEC ,EC 1 
DO 3 4 5  I = 1 9 3  
DO 3 4 5  J = 1.3 
FC( I I J  I = U.0 
DO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA345 K = 193 
OU 345 L = 193 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3 4 5  F C (  I r J )  = F C ( I t J ) + C C 1 I , K ) * E C ( K , L ~ * C C ( t r J )  
DU 3 5 3  I = 1 9 3  
Dfl 3 5 C  J 1 9 3  

W R I T E  ( t r  2 1 5 )  

W R  I T f  ( C c  3 5 5 )  
W R I T E (  fr2101 

W R I T t ( C v 3 S O )  ( ( R D C ( I 9 J ) r  J = 1 9 3 )  9 I = 1 9 3 )  
W R I T E (  t 9 2 1 5 1  
00 3 6 1  I = 1 9 3  
DO 3 6 1  J = 1 i 3  

361  F C ( I , J )  = FLC(IvJ1 
C A L L  I N V A  ( 3 1 F C  rFC 1 
DO 3 6 2  I = 1,3 
DO 3 6 2  J = 1 9 3  
D 3 (  IIJ 1 = 0.0 
DO 3 6 2  K = 1 , 3  
DO 362 L = 1,3 

00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 6 3  I = 1 1 3  
DO 3 6 3  J = l r 3  

W R I T E (  6 , 2 1 5 )  

W R I T E i C , 3 6 4 )  
W R I T E ( C r 3 6 0 )  ( ( R A C t I t J I t J  = 1 ~ 3 ) r I  = 1 . 3 )  
W R I T E (  6 , 2 1 5 )  
RETURN 
EN 0 

35C R D C ~ I I J )  = F L C ( 1 , J )  - F C I I v J 1  

3 5 5  F O K M A T I 2 7 H  R E D U C E D  B E N D I N G  KkGlD IT IES)  

3 6 C  F O R M A T  ( 9E 1 3 . 5  1 

3 6 2  0 3 1 1 1 J )  = D 3 t I f J )  + CC(I ,K)~FC(KIL)*CC(L ,J )  

3 6 3  K A C ( I , J )  = A X C ( I r J 1  - D 3 ( I , J )  

364 F f l K M A T ( 2 5 H  R E D U C E D  S J I F F N & S S  M A T R I X )  

62 



SUBROtJ 7 I N €  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAG P H K t C F  9CN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA,R,Q,C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAP I  
REAL R 
LOGICAL 
REAL NLFLZ,NUF23,NUFI3 rNUFZl,NUF32 rNUF319 

N LL 1 2  ,N UL23 ,NUL1 3 ,NUL21 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI NUL32 T NUL31 9 

N W l 2  tNUM23 rNUY13 rNUM2 1 T NUN32 P NUM31r 
L 5C p MLR VNB S ,MB S, K V L  r KF LINSDTI MSOT 

TL INP ,C SANB zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, B I D E  r R l  NDV 

2 
2 
2 
COMMON 

2 EM22pEMl l ,EM23rEM12,NUM21 rNUM12tNUM23r 
2 E F 2 2 9 E F 1 1 9 E F 2 3 9 E F 12 p NUF 2 1 9 N UF 1 2 P NlJF 2 3 9 

2 EM339NVM139 RHOM pECM zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( 3  93 1 rEM13 9 VAM(3 1 r AXC ( 3  t 3 1 r F L C ( 3 9 3  1 
2 fF33rNUF13,RHOFpECF ( 3 ~ 3 )  t E f l 3 r V A F l 3 )  9 

2 
2 
2 MBS(391'3) e R A L : ( 3 , 3 )  t D I S V L I 1 0 1 6 )  v 

2 

B E T (  298)rNBS{3910) ,PL(71951))  r W X X ( 3 )  r l S C 1 6 )  ,YC(54)vCPC(3, 3 ) .  
CHK 4 3 9 4 )  98 TA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(4) p T L I  NPv 01 AF 9 NF PE ,P I E 9 

C S A N  I3 9 '4 PL NL p NSD T (3  1 9 VCF ( 2 T 10 ) T NiJM32 9 81 DE T MS DT ( 3 1 v I7 I NDV 

C G E N f R A l E S  PLY HEAT CONDUCTIVITIES 
S 1  = ( IeG-CY/CF) 
S2 = i J *SdRT(Rl  
s 1  = ( l . D / S Z ) - S i  
I F ( S 1  . G T . O . O )  GO TO 5 2 5  

C2C FORMAT(23H 5 E T A  TP)O LARGE I N  GPHK) 
W R I T E (  6 ,520)  

525 IF ( S I  .LE. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.C) GO T O  5 3 0  
CP = 1 . 0 - S 2 + ( 1 . 0 / 5 1 ~  

5 3 0  CP = CP*CM 
RETURN 
END 

63 



C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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= EL23  
= E L 1 3  
= EL23  
= EL12 
= V A L ( 1  
= VAL(2  
= VAL(2  
= E L 1 1  
= EL22  
= EL33  
= EL23 
= EL12 
= EL12 
= NUL12 
= NUL13 
= NUL21 
= NUL21 
= NUL23 
= NUL23 

P 4 ( 3 0 r J )  = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(CHK(1,41*RHOF*KFB+CHK(Z T ~ ~ * R H O M  *KMB) /PL(6r  J )  
DO 665 L = 1.3 
S l  = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 e O *  BTA(l)*CHK(ZrLl+CHK(3r4) 
S2 K L * ( C H K ( ~ T L ) - C H K ( ~ T ~ )  1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

6 6 5  CNK( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 r L  1 = CHK( 2 ,L ) * (  Sl-2.O*S2) / (-S2+ S l / B T A (  1 )  1 
PL 27 T J 1 
DO 67C L = 2 9 3  

CHKlL = C H K ( l r L 1  
CHK3L = CHK(3.L) 
L P l  = L + l  
BTAL = B T A ( L P l 1  
CALL 

= 6 TA ( 2 1 *KFB*CH K ( 1 T 1 1 + ( 1 e 0-KF 1 *CHK ( 3 t 1 1 

L 2 6  = 26+L 

GPHK 4 CHKlL rCHK3L T KF13 9 B TALI PLL26 J 1 
6 7 0  P L ( L 2 6 e J )  = P L L 2 6 J  

RETURN 
END 
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E L ( 3 r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= l o O / P L ( 3 6 r I  1 
EL -P L ( 3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 t zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 1 /P L f 32 I I i 
E L ( 2 . 1 1  = - P L ( 3 7 r I ) / P L ( 3 1 r I )  
CALL IhVA (3pELgEL)  

I F  (CC a N E a  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.0) GO TO 6 9 9  

DO 725 J = 1 9 3  
s 1  = 0.0 
DO 720 K = 1 9 3  

1, 2 1 = 

IF ( R 1 N D V d  GO TO 699 

72C Si = S I + C P C ( J s K ) * W X X ( K )  

7 2 5  T S l ( J  1 = N S ( J I + S l + N S D T ( . J )  
DO 735 J = 193 
S 1  = C a O  
DO 7 3 0  K = 1 1 3  

730 S1 = S J + A I N ( J I K ~ * T S ~ I K )  
7 3 5  TS21J 1 = S l - P L ( L 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi i  ) * W X X (  J l  

DO 745 J 1 9 3  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
5 2  = c.0 
DO 74C K = l e 3  

7 4 C  S 1  = S i + R L ( J * K I * T S 2 ( K )  
7 4 5  EPSL( J )  = S1 

DO 740 J = l r 3  

DO 7 5 5  J = 1 ~ 3  
S I  = 9.0 
DO 75C K = 1 9 3  

7 4 8  T S l ( J )  = E P S L ( J 1 - ( A L ( J ) ~ P L ( S @ , I )  1 

7 5 0  Sl = S I + E L ( J * K ) * r S l  ( K )  
7 5 5  S I G L l J )  = 51 

GO TO 70Q 
695 CONTIIVLE 

DO 701 J = 1 9 3  
T S l t J  l = C a O  

7 0 1  T S 1 I J )  = J S 1 I J )  + 3 1 S V ( J )  + P L ( l l r I ) * U I S V ( J + 3 )  
00 703 J = 1 9 3  
E P S L t J  I = i3.0 

DO 703 K = 1 ~ 3  

DO 7 0 5  J = 1 9 3  
S I G L i J  1 = 0 . 3  
T S Z ( J 1  = EPSL(JJ  - P L ( S O , I ) * A L ( J )  
DO 705 K = 1 9 3  

7 0 3  EPSL( J = E P S L ( J )  t K L ( J , K ) * T S L  [Kl 

7 0 5  S iGL(  J l = S I G L ( J 1  + E L ( J 9 K ) * T S 2 ( K )  
700 CDNTINCE 

C CONSTRLCT LAYERICUMBINED STRESS L I  M I  T STRENGTH CRITERION 
SIGL l  = S I G L f l l  

S I G L 2  = S I G L ( 2 )  
S IGL3  = S I G L ( 3 1  
P L l i  = P L ( L , I )  
P L 2 I  = P L ( 2 , I )  
I F  ( A B S ( S I G L 1 )  m E Q .  0.01 S I G L l  = e 0 9 0 1  
CALL GSMF ( S I G L l r S I G L 2  r S I G L 3  o O S P L 1  I r P L 2 I  V I )  

I F  I ( S I G L ( i ) * S I G L ( Z ) J  eLT. O o O )  GO T C  765 
IF  ( S I G L (  1) eLT. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 .0 )  G O  TO 760 
K L 1 2  f B E T ( 1 9 ? )  
s1 = P L t 5 1 , I )  
5 2  = P L 4 5 4 9 1 )  
f F ( S I G L ( 2 1  ,LE. O e O )  GO TO 757 
S2 = P L 1 5 4 , I )  

CALL GLL SC f I 1 
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APPENDIX C 

SAMPLE CASES 

Unidirectional Composite zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
THORNEL-501EPOXY 

NL rNPL. NPCvNFPE iNLC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8 7 1  54 1420 1 

EF11. EF22rEF231 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANW 12rNUF23eNUF13 r E F l 2  9EF23 1EF13 r E M l l  . E M Z Z ~ E H ~ ~ . N U M ~ Z I N U H ~ ~  NUM13r EM 12rEM23eEM13 
0.50000E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA08 0.10000E 07 0.10000E 07 0.20300E 03 0.25000E 33 0.20000E 00 0.13000E 07 0.70000E 
0-57OOOE 06 0.57000E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOb 0.3bOOOE 00 0.36000E 03 0.36000E 00 0. 0. 0. 

0.40000E 01 0.20000E 0 1  0.40000E 01 0.ZOOOOE 01 0. 0. 0. 0.23560E 
0. 0. 0. 0. O.lOOOOE 01 0.10030E 01 0.10000E 01 0. 

WCF 

VAF 
-0.55000E-Ob 0.56000E-05 0.56000E-05 
W AM 

0.42800E-04 0.42800E-04 0.42800E-04 
C HK 

0.58000E 03 0.58000E 02 0.58000E 02 0.17000E 00 0.12500E 01 0.12500E 0 1  0.12500E C 1  0.25000E 
0. 0.22500E 00 

0-10000E 0 1  O.1OOOOE 01 0.10500E 0 1  0.10500E 3 1  

0.31416E 0 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBABTP 

P I E  

TL INP 
F 

06 0.13030E 07 1.S7303E 05 

01 0. 0. 
0. 3. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

00 0. 0. 

CSANB 
F 

BIDE 
F 

R INDV 
F 

THCS~RHOFIRHCM~OIAF 
0. 0.59000E-Of 0.44300E-01 0.26000E-33 

K VL 
0. 0. 0. 0. 0. 0. 0. 0. 

K FL 
0-50000E 00 0.50000E 00 0.50000E 00 0.50000E 03 0.50000E 03 0.50000E 00 0.50000E 00 0.5000OE 00 

f HLC 
0. 0. 0. 0. 0. 0. 0. 0. 

TL 
O.BO5OOE-02 0.80500E-02 0.80000E-02 0.80000E-32 0.80000E-02 0.80500E-02 0.80500E-02 0.80000E-02 

PTEMP 
-0.30000E 03 -0.JOOOOE 03 -0.30000E 03 -0.30000E 03 -0.30000E 03 -0.30000E 03 -0.300COE 03 -0.30000E 03 

BET 
C.83000E 00 0.10000E 01 O.Zb000E 00 0.27000E 33  0.1700OE 03 0.16500E 02 0.10000E 01 0.10000E 01 0.45500E-01 3.13303E 3 1  
0.50000E 00 0.13300E 02 0.31900E 05 11.10000E 01 0.1300OE 01 0.10000E 01 

L sc 
0.23000E 06 0.21000E 05 0.200OOE-01 0.50000E-31 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.45000E-01 0.45000E-01 

N B S  .. 
0.50000E 0 4  0. 

0.50000E 02 0. 
MBS 

0. 

0. 

D I S V l  
0. 0. 0. 0. 0. 0. 

3-0 COMPOSITE STRAIN STRESS TEMPERATURE RELATIONS - STRUCTURAL AXES 

0.395 5E-07 -0.9941 E -08 -0.9941 E-38 0. 0. 0. 

-0.9941E-08 0.1042E-05 -0.4266E-Ob -0. -0. -0. 

-0.9941E-08 -0.4266E-Ob 0.1042E-05 0. 0. 0. 

0. 0. 0. 0.2937E-OS 0. 0. 

0. 0. 0.2937E-OS 0. 0. 0. 

0. 0. 0. 0. 0. 0.1 578E- OS 

-0.b138E-07 

0.2334E-04 

0.2334E-04 

0. 

0. 

0. 
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3-0 COMPOSITE S T R E S S  STRAIN RELATIONS - STRUCTURAL AXES 

0.2549€/08 0.4118E 0 6  0.4118E 06 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-0. -0. -0. 

0.4118E 0 6  0.1160E 0 7  0.4787E 06 -0. -0. 0. 

0.411ME 0 6  0.4787E 0 6  O.ll6OE 07 -0. -0. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-0. 

-0. -0. -0. 0.3405E 06 -0. - 0. 
- 0. -0. -0. -0. 0.3405E 06 -0. 

-0. 0. -0. -0. -0. 0.6339E 0 6  

COWOSITE PROPERTIES - VALID ONLY F O R  CONSTANT TEMPERATURE THRDUGH THICKNESS 
L INES 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAT3 ? 1  3-5 COMPOSITE PROPERTIES AMOUT MATERIAL AXES 
L INES 3 3  TO 5 4  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2-0 COMPOSITE PROPERTIES ABOUT STRUCTURAL AXES 
1 RHOC 0.5165E-01 
2 TC 
3 C C l l  
4 CCl2  
5 CC13 
6 CC22 
7 CC23 
8 c c 3 3  
9 c c 4 4  

L O  c c 5 5  
11 CC66 
1 2  C T E l l  
1 3  CTE22 
14 CTE33 
1 5  H(11 
1 6  K 2 2  
1 7  t K 3 3  
1 8  HHC 
1 9  E C l l  
2 0  EC22 
21 EC33 
2 2  EC23 
2 3  E 3 1  
2 4  ECl2  
2 5  NUCl2 
2 6  NUC2l 
2 7  NUC13 
28 NUC31 
2 9  NUC23 
30 NUC32 
3 1  ZCGC 
3 2  BZOEC 
3 3  C C l l  
3 4  cc12 
3 5  CC13 
3 6  CC22 
3 7  CC23 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
38 c c 3 3  
3 9  E C l l  
4 0  EC22 
4 1  ECl2 
4 2  NUClZ 
4 3  NUCZl 
4C CSN13 
4 5  CSN31 
4 6  CSN23 
4 1  CSN32 
4 8  C T E l l  
4 9  CTE22 
50 CTEl2  
5 1  H(11 
52  M(22 
53  m 1 2  
5 4  HHC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

0 .  6400E- 01 
0.2549E 08 
0.4118E 0 6  
0.4118E 0 6  
O.ll6OE 0 7  
0.4787E 06  
C.ll6OE 0 7  
0.3405E 06 
0.3405E 0 6  
0.6339E 0 6  - 0.61 3ME-07 
0.23 J4E-04 
0.2334E-04 
0.2906E 03  
0.3715E 0 1  
0.3715E 0 1  
O.ZO43E 00 
0.2528E 08 
0.9547E 06 
0.9597E 0 6  
0.3405E 0 6  
0.34058 0 6  
0.6339E 0 6  
0.2514E 00 
0.9541E-02 
0.2514E 00 
0.9541E-02 
0.4094E 00 
0.4094E 00 
0.32OOE-01 
0. 
0.2535E 08 
0.2418E 0 6  

-0. 
O.962OE 06 
0. 
0.6339E 0 6  
O.2528E 08 
C.9597E 06 
0.6339E 0 6  
0.2514E 00 
0.9541E-02 

-0. 
-0. 
-0. 

0. - 0.61 386- 0 7  
0.2334E-04 
C. 
0.2906E 03 
0.3715E 01  

0.2043E 00 
- 0. 

FORCES I-ORCE OISPLACEMENT RELATIONS 

NX 0 . 1 6 2 2 ~  07  0 . 1 5 4 8 ~  05 -0. 0.244lE-03 0.1907E-05 

NY 0.1548E 05 0.6157f 05 0. 0.2384E-05 0.5722E-05 

NXY -0. 0. 0.4057E 0 5  -0. 0. 

M X  0.2441E-03 0.2384E-05 -0. 0.5537E 03 0.5283E 0 1  

M Y  0.1907E-05 0.5727.E-05 .0. 0.5283E 0 1  0.ZlOZE 0 2  

MXY - 0. 0. 0.5722E-05 -0. 0. 

REDUCE0 BENDING REGIOITIES 

0.55369E 03 0.52825F 01 -0. 7.52825E 11 0.21016E 02  0. -0. 

0 1  SPL 

-0. ux 

0. vx 

0.572tE-05 VXPUY 

-0. wxx 

0. WYY 

0.1385F 02  WXY 

0. 

THERMAL FORCES 

-0.7849E 32 

-0.4308E 0 3  

-0. 

-0.14XlE-37 

-0.5 95 3 E -2 7 

-0. 

0.13847E 02 
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RECUCEO STIFFNESS MATRIX 
0.16221E 07  J.Ib47bE 05 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 0 .  0.1547hE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA54 0.61569f  05 0.  -0. '1. 0.40558E 75 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

O I S P .  OISPLACtYtNT FORCE RELIT IUNS FORCES 

ux 

v x  

VXPUY 

U.618CE-Ob -0.1553E-06 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 .  - o . z ~ z ~ E - ~ z  0 .5466~-13  -0. 

-0 .1553t-Cb 01167dE-04 -0.  1.4064E-13 -0.4479E-11 0. 

-0. 0. 0 .2465~-04  n. -0. -0 .  i o i 9 ~ - 1 0  

NX 

NY 

NXY zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
w x x  

wyy 

wxy 

-0.2723E-12 0.5466E-1.3 - 0 %  U.1813t-02 -0.4551E-03 0. 

U.4064t-13 -0.4r29F-11 0. -0 .+551~-03 n .4770~-01  -0. 

U. 0. - o . ~ ~ ~ v E - I o  n. 0. n . 7 ~ 2 z ~ - o i  

M X  

Y Y  

MXY 

D I S P .  DISPLALEMENT FOUCE RELAr IONS FORCES 

0. -0.2723 E- 12 0.5466E- I 3 -0. 0.49222 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 4  

-0. 0.4064E-13 -0.4429E-11 0 .  -0.4308E 0 3  

0.2465E-04 0.  -0. -0. lO19E-lO -0. 

0.3 1C8F-02 0.61 8OE-06 

-0.1553t- Ob -0.7 7 78E- L2 

0 .  -0 .  

-0 e 1553F-Ob 

O-lh ZRE-04 

0. 

0.9c52t- c 1  -0.2723t-12 

0.4364E- 1 3  -0 .  2 2 75E- 01 

-0. 0. 

-0. O.18lOE-02 -0.4551E-03 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0. 0.5333E 32 

0. -0.4551E-03 0.477CE-01 -0. -0.596OE-07 

-0.1019E-IO 0. 0. 0.7222E-01 -0. 

0.54b6E-13 

-0.4429E-11 

0. 

F O t  I t - I S  L A S E  UflS(XqY.XY-M1 1 5  

FOK T h l S  C A S E  N~S(XIY,XY-MI I S  

5000. 

5 0 . 
7 . 
3. 

0 .  

0 .  

LAYtR PAhPEKTlt S, AUnS-PAOPERTY t CULUMNS-LAYER 

K V  0.  
KF '7.59dOt 30 
KF R I.SU00E 0 ,  
KM J.5003t 00 
K Y  8 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI. S O O l t  05 
RnnL 0.5 1 6 3 f  - 01 
TL O . d O U > t - J c !  
UtL T A  O.658ot-04 
IL  ac - ( r . O O C O E - 1 3  

L t i  O.4000E-02 
2°C - 3.280Jt- 01 

rnLc 3.  
THL 5 0. 
S L l t  J.2549E Od 
sc 12 'J.4l l t lE 06 
S C l J  J . 4 l l i l E  1 6  

riic s a. 

0. 
0.5U00t 03 
0.5000E 03 
0.5U00E ? O  
O.5r)r)OE 30 
0.5lo5E-01 
0. JOOJE-32 
0.6 5 8b E -0 4 
0 .  
. l . I703E-01 

- J. 2OOOE4 1 
0. 
J. 
0. 
0.L549E J d  
0.411Rt Ob 
0.4118E 06 
O.l lbJE 0 7  
9.47R7E Ob 
U.l l6OE 07 
0.3405E 06 

0. 
0.5J7qE 0 0  
0.5DlnF 00 
3.513r7E 00 
0.5J73E 03 
0.5 Ibj E-0 1 
O.an33F-92 
3.6555 E-04 

0 .  0 .  0. 0. 0. 
3.50JOE 00 0.5'100E 03 0.500OE 00 9.579OE 31 0.5107F 3 ?  

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
1 2  
1 3  
1 4  
15 
1 6  
1 7  

19 
20 
2 1  
2 2  
2 3  
2 4  
2 5  
2 b  
27 
2 8  
29 
30 
3 1  
3 2  
33 
34 
3 5  
36 
3 1  
5 8  
39 
40 

i n  
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43 . 
0.2300E-01 

-3.1231 E-31 
0. 
0. 
0. 
0.2547E 08 
0.411YE J 6  
0.411RE 06 

0 .  
0.283 0 E-O 1 

-3.4010E-02 
3.  
0. 
0 .  

0. 
0.3600E- 0 1 

0.  
0 .  
0 .  

0.411YE 0 6  
0.4115E 0 6  
O.l l6OE 0 7  
0.4787E 0 6  
0.1160E C7 
0.3405E 0 6  
0.3405E 06 
0.6339E 06 

-0.61 38E-07 

0.2334E-06 
0.2906E 03 
0.3715E 01 
0.3715E 01 
0.2043E '30 
0.252RE 08 
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0. 
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C. 
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9. 
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0.411Rt  1 6  
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sc 22 O.l lb?E 0 1  
SC2.3 0.47RTE O b  
sc 33 O. l l6JE 07 

0.11b15 07 
0.4787E 9 6  
O. l l63E 1 7  

O.ll611E 0 7  
0.4757E 0 6  
3.1160E 0 7  
0.3435E Ob 
C.3435E 0 6  
0.6339E 5 6  

- @  .6138E-U7 
3.2334E-04 
O -2334E-04 
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0.3715E 0 1  
0 . 3 7 1 5 ~  n i  

0.1160E 0 7  9. l l6OF 1 7  
P.4797E 0 6  
O. l l 60E  07 
0.9405E 35 sc 44 0.3405t 96 

SL 55 3.3405E 06 
SL6b C.6139E '36 
C T E l l  - J . b l 3 E E - O 7  
LT E2 2 3.2334E-04 
CTE33 U.2334E-04 
m t l l  U.29JbE 03 
rK22 0.3715E 01 

0.3405E 96 
0.3405E 06 
0.6339E Ob 

-0 .51 M E - 0 7  
0.2 3 34E-Oh 
0.2334E-04 
0.2906E 03 
0.3715E 01 

0.340jF 0 5  
0.6339t  0 6  

4 . 6  1 3 8  E-37 

0.3405E 06 
0.6339E "6 - 0.61 3aC- I1 7 
0.2334E-04 
n .233 4t - n c 
0 .2906~  03 

o . 9 7 1 5 ~  n i  
0.3715E 01  

n.3405~ 06 
0.6339E 05 - 0.51 38E-n7 
0.2334E-94 
0.2334E-04 
n . 2 9 0 6 ~  33  
3 . 3 7 1 5 ~  n i  
0.3715E C l  
0.2D+3E 0 3  
%25?8E 0 8  
0.9597E 06 
fL9597E 05 

9 .3495E '36 
13.5379E 3 6  

- 3 . 5  139E- I7  
0.2334 E-04 
3.2 3 3 4 E-04 
0.29d5E 0 3  
0.3715E 01  

0.2314E-14 
0.23 34E-14 
O.29OhF 31 
3.3715F 01  
3.3715E @I 
0.2143E 30 
0.257BE 73 
0.9597F I h  
0.3597E 3 6  

HK 3 3  0.3715E 01 O.3715E 0 1  
bC L 5.2043E 00 0.2043E 0 0  
EL 11 0.252dt OR 0.2528F 08 
ELL2 0.95972: 0a 0.9597E 0 6  

1.3715E 01  
3.2041E 00 
3.2528E 9 8  
0.9597E O b  
0.95Y7E Ob 
U.3435E 0 6  
0.6331E 0 6  
0.6339E 36 
0.2514E 0 0  
0.9541E-02 
3.25146 00 

0.2043E 10 
0.2528F 05  
0.9597E 0 6  
0.9597E 0 6  
0.3435E 3.6 
0.6339E 3 6  
0.6339E 0 6  
0.2514E 00 
0.954 1E-02 
0.2514E 0 0  

0.2043E 00 
0.2528E 08 
0.9597E 0 6  

EL 33 0.9597E 0 6  
GL 23 id.3405E Ob 
GL 13 0-6339E 06 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
u 12 0.633YE O b  
NUL 1 2  0.2514E 00 
NULL1 0.Y541t-02 
NUL 1.3 0.7514E 00 
NUL31 U.954l t -  02 

0.9597E Ob 
0.3405E 0 6  
0.6339E Ob 
O.b339€ 0 4  
O.2514E 011 

0.9541E-02 
0.2514E U G  

0.9597E ? 6  
0.3405E n 6  
C.6339E 0 6  
0.6339E 116 

0.3405E 06 
0.6339F 0 6  
0.6339E Oh 

0 . 3 4 0 5 ~  n5  

0.63396 75 
0.6339E 0 5  

3.3405E 36 
0.5379E 36 
3.53'30E ? 5  
0.251CE 0 3  
3.954 1E-7 2 
'l.2514E 53 
0.7 5 4  1E-7 2 

O.2514E 00 

9.2514E 00 
n .954 LE- nz 

0.2514E 00  
0.9541i-C2 0.2514E 00 

0.9541E-Ct 

O.2514E 1 0  
0.954 1 E  -02 
0.2514E 03 
0.9541E-02 0.954). E-02 0 -954 1E-02 0.954lE-02 



'* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 
4 2  
4 3  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
44 
45  
4 b  
47 
4 8  
4 9  
50 
5 1  
52 
53 
54 
55 
56 
57 
58 
59 
6 0  
6 1  
62 
63 
6 4  
6 5  
6 6  
67 
6 8  
6 9  
70 
7 1  

NUL 2 3 
NUL32 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
SM FI( 22 
SM FU 22 
SMFS22 
SYFC22 
SMFSIZ 
SMFS23 
ILMFL 
TEYPO 
LSCI IT  
LSCl lC 
LSCl lO 
LSC22T 
LSCZdC 
LSC12 
LSC23 
LSCC 23 
LSCC13 
LSCOF 
KL 12AB 
MVt lE 
RELROT 
E P S l l  
EPS72 
EPS12 
51611 
SIG22 
SiG12 
DELF zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
ClFC 

0.4094E 00 
U.4094E 00 
0.1522C 01 
0.191dE 01 

0.1537E 01 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-t i .  000SE-19 

0.3024E 01 
0.139bE 01 

-0.OCOOE-19 
-0.300Uk 03 

Q.9676E 05 
0.5333E 05 
0.6578E 05 
0.3248E 04 
0.1561t 05 
0.2547E 04 
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-0.0000E-19 
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0.1537~ n i  

0.1522E 01 
fl.1918E 01 
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0.9676E 05 
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@.3248E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 4  
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0.186bE 3 4  

-0. 1 103 E-I9 
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3-0 COMPOSITE STRAIN STRESS TEMPERATURE RELATIONS - STRUCTURAL AXES 

0.1430E-06 -0.2449E-06 O.4471E-07 0. 0. 0. 

-0 -2449E-06 0.7909E-06 -0.2246E-06 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-0. -0. -0. 

0.4471E-07 -0.2246E-06 0.9353E-06 0. 0. 0. 

0. 0. 0. 0.29 37E-05 0. 0. 

0. 0. 0. 0. 0.29376-05 0. 

0. 0. 0. 0. 0. 0.2000E-06 

- 0 ~ 3 1 3 1 E - 0 5  

0.11 99E-04 

0.2933E-04 

-0. 

-0. 

-0. 

3-0  COMPOSITE STRESS STRAIN RELATIONS - STRUCTURAL AXES 

0.1504E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOd 0.4779E 0 7  0.4285E Ob -0. -0. 0. 

0.4779E 0 7  0.2875E 0 7  0.4620E Ob -0. -0. 0. 

0.4285E 06 0.462OE Ob O. l l6OE 0 7  -0. -0. -0. 

- 0. -0. -0. 0.3405E Ob -0. -0. 

-0. -0. -0. -0. 0.340% Ob -0. 

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

COMPOSlTk PRUPtRTI t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS - VAL10 ONLY FOK CCNSTANT TtMPERATURE THKOJGH THICKUESS 
L I N E S  1 T3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA<I  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7-0 CUMPOSITE PKOPtQTIES ABOUT MATERIAL AXES 
L I N E S  33 TU 54 7-0 COMPOSITE PROPERTIES A80UT STRUCTURAL AXES 
1 RHUL 0.5165E-01 
2 TC 
3 C C l l  
4 CC lL  
5 CC13 
6 CCZ2 

8 c c 3 3  
9 c c 4 4  

1 0  c c 5 5  
11 CC66 
12  C T E l l  
1 3  C T E Z Z  
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1 9  E C l l  
20  EC22 
2 1  EC33 
2 2  EC23 
2 3  EC31 
24  EClZ 
2 5  NUC12 
2 6  NUCZl 
2 7  N U C l J  
28 NUC31 
2 9  NUC23 
30 NUC32 
3 1  ZCGC 
32 820EC 
33  C C l l  
3 4  CC lL  
35  CC13 
3 6  CC22 
37 CC23 
38  c c 3 3  
3 9  E C l l  
4 0  EC22 
4 1  EC12 
4 2  NUCl2 
4 3  NUCZl  
4 4  CSN13 
4 5  CSN31 
4 6  CSN23 
4 7  CSNjZ 
4 8  C T E l l  
4 9  CTE22 
50 CTEl2  
5 1  M(11 
52 HKZZ 
5 3  I N 1 2  
54 WHC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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0.64DCE-01 
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0 . 2 8 7 %  07 
C.46ZGE O b  
O.ll6OE 0 7  
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0.3405E O h  
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- 0 . 5  1 3 1E- 05 
0.1199F-04 
0.L933E-04 
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G.7544F zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA02 
0.3715E 0 1  
O.2043E 0 0  
0.6992E 0 7  
C.1264E 0 7  
O.lO6YE 07  
C.5405E 0 6  
0.3405F 06 
C.5001E 0 7  
0.1712E 0 1  

-0.3126E 00 
- 0.4780E-01 

0.2401F 00 
0.3200E-01 
0. 

0 . 3 0 9 6 ~  00 

0 . 2 8 3 9 ~  on 

0.148eE 08 
0.4608E 0 7  
0. 
0.2691E 07  
C. 
0.5001E 0 7  
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- C .  
-0. 
-0. 

0. 
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FORCE OISPLACEMENT RELATIONS 01 SPL THERMAL FORCES FORCES 

N X  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.9525E 06 0.2949E 06 0. 0.1221E-03 0.45786-04 0.106EE-03 UX -0.1656E 03  

N Y  0.2949E 06 0.1722E 06 0. 0.4578E-04 0.2289E-04 0.3815E-04 VX -0.3427E 03  

NXY 0. 0. 0.3200E 06 0.1068E-03 0.3815E-04 0.3052E-04 VXPUY 0. 

MX 0.3221E-03 0.4578E-04 0.10688-03 0.3251E 03 0.1007E 03 0.6390E 02 WXX -0.2 23 5 E-07 

nr 0.4578E-04 0.2289E-04 0.3815E-04 0-1007E 03 0.5879E 0 2  0.2260E 02 YYY -0.29 80 E-07 

MXV 0.1068E-03 0.3815E-04 0.3052E-04 0.6393E 0 2  0.2260E 02 0.1092E 03 WXY 0.2980E-07 

R E W C E O  BENDING R E G I O l T I E S  

0.32513E 03 0.10067E 03 0.63900E 02 0.10067E 03 0.58793E 0 2  0.225951 0 2  0.63900E 0 2  0.22595E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA02 0.10924E 03 

RECUCEO S T I F F N E S S  M A T R I X  
0.95252E 06 

O I S P .  

ux 

vx  

VXPUY 

WXX 

WYY 

WXY 

D I S P -  

0.12 11 E- 0 1  

-0.2273E-01 

-0.4003E- 10 

0.3415E 00 

-0.5518E 00 

- 0.8 5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 1E- 0 1 

0.29494E 06 -0.49233E-10 0.29494E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA06 0.17225E 06 -0.19281E-10 -0.4923%-10 -0.19281E-10 0.32003E 06 

OlSPLACEMENT FORCE RELAr  IONS FORCES 

0.2235E-05 -0.3827E-05 0.1132E-21 -0.3456E-12 0.6409E-12 -0.7792E-12 

-0.3827E-05 0.1236E-04 0.1559E-21 0.6225E-12 -0.2756E-11 -0.3680E-12 

O. l i32E-21 0.1559E-2 1 0.312%-05 -0 .ROO6 E-12 -0 -5443E- 12 -0.2920E-12 

-0.3456E-12 0.6225E-12 -0.8006E-12 0.6830E-02 -0.1104E-01 -0.1712E-02 

0.6409E- 12 -0.2756E-11 -0.5443E-12 -0.1104E-01 0.3631E-01 -0.1055E-02 

-0.7792E-12 -0.3680E-12 -0.2920E-12 -0.1712E-02 -0.1055E-02 0.1037E-01 

NX 

NY 

NXY 

MX 

MY 

MXY 

OISPLACEMENT FORCE RELAr  IONS FORCES 

0.2235E-05 -0.3827E-05 0.1132E-21 - 0 - 3 4 5 6 5 1 2  0.6409E-12 -0.7792E-12 0.4833E 3 4  

-0.382 7E-05 0.1236E-04 0.1559 E-21 0.6225E-12 -0.2756E-11 -0.3680E-12 - 0 . 3 4 2 7 ~  03 

0.1132E-21 0.1559E-21 0.3125E-05 -0.8006E-12 -0.5443E-12 -0.2920E-12 0. 

-0.3456E-12 0.6225E-12 -0.8006E-12 0.6833E-02 -0.1104E-01 -0.1712E-02 0.500OE 02 

0.6409E-12 -0.2756E-11 -0.5443E-12 -0. l t04E-01 0 . 3 6 3 1 E - 0 1  -0.1055E-02 -0.2980E-07 

-0.7792E-12 -0.368OE-12 -0.2920E-12 -0.1712E-02 -0.1055E- C2 0.1037E-01 0.2980E-07 

FOR T H I S  CASE NBSIXVYIXY-MI  1 5  5000. 0. 

FOR T H I S  CASE MBSIXIYSXY-MJ I S  50. 0. 

LAYER PROPERTIE  S v  ROWS-PROPERTY, COLUMNS-LAYER 

1 KV 0. 0. 0. 
2 KF 0.5OOOE 00 0.5000E 00 0.5000E 00 
3 KFB 0.5000E 00 0.5000E 00 0.5000E 00 
4 KM 0.5000E 00 0.5000E 00 0.5000E 00 
5 KMB 0.5000E 00 0.5000E 00 0.5000E 00 
6 RHDL 0.51 65E-01 0.51 65E-01 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 -5165 E-0 1 
7 TL 0.8000E-02 0.8000E-02 O.8OOlE-02 
8 DELTA 0.6586E-04 0.6586E-04 0.6586E-04 
9 I L O C  -0.0000E-19 0. 0. 

10 Z B  0.4000E-02 0.1200E-01 0.2003E-01 
11 ZGC -0.2800E-01 -0.2000E-01 -0.1203E-01 
1 2  THCS 0. 0. 0. 
1 3  THLC 0.5236E 00 -0.5236E 00 0.5236E 00 
14 THLS 0.5236E 00 -0.5236E 00 0.5236E 00 
1 5  S C l l  0.2549E 08 0 ~ 2 5 4 9 E  08 0-2549E 08 
1 6  SC12 0.4118E 0 6  0.4118E 06 0.4118E 06 
1 7  SC13 0.4118E 0 6  0.4118E 06 0.4118E 0 6  
18 SC22 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAO . l l 6 O E  07 O.ll6OE 0 7  0.1163E 0 7  
19 SC23 0.4787E 06 0.4787E 0 6  0.4787E 06 

0. 

0. 

0. 0. 0. 
O.5030E 00 0.5000E 00 0.500E 00 
0.5000E 00 0.5000E 00 0.5000E 00 
O.SODOE 00 0 . 5 0 0 0 ~  00 n.5000~ no 
0.5000E 00 0.5000E 00 0.50PoE 00 
0.5 16 5 E-0 1 0.5 165E- 0 1 0.51 6 5E- 0 1 
0.8000E-02 0.8000E-02 0.8000E-02 
0.6586E-04 0.6586E-04 0.6586E-04 
0. 0. 0. 
0 . 2 8 3 0 ~ - 0  1 o . 3 6 0 0 ~ - 0 1  0 .4400~-01 

-0.4030E-02 0.4000E-02 0.1200E-01 

-0.5236E 00 -0.5236E 00 0.5236E 00 
-0.5236E 00 -0.5236E 00 0.5236E 00 

0.2549E 08 0.2549E 08 0.2549E 08 
0.4118E 0 6  0.4118E 06 0.4118E 06 
0.4118E 0 6  0.4118E 06 0.4118E 0 6  
O. l l6OE 07 O.ll6OE 0 7  O. l l60E 0 7  
O.4787E 0 6  0.4787E 06 0.4787E 06 

0. 0. 0. 

0. 
0.50OOE 03 
0.5000E 07 
0.5000E 03 
0.50ODE 00 
0.51 65E-01 
0. eonnE-02 
n. 6 5 8 6 ~ - 0 4  
n. 
0.5200E-01 
0.200DE-31 
0. 

-0.5236E 30 
-0.5236E 30 

0.2549E 05 
0.4118E O b  
0.4118E 06 
O. l l60E 0 7  
0.4787E 06 

0. 
0.5330E I 3  
0.5300E 03 
0.530'lE 'I? 
0.5000E 33 
0.5 1656-3 1 
0.5100E-32 
0.6586E-34 
0. 
0.5000E-01 
0.2800E-01 
0. 
0.5236E 33 
0.5236E 35 

O.4118E 06 
O.4118E 0 6  
0.1160F 3 7  
0.4787E 06 

0 . 2 5 4 9 ~  oe 
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20 
2 1  
22 
2 3  
24 
25 
26 
2 7  
28 
29 
30  
3 1  
32 
33  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
34 
35 
36  
37  
38  
3 9  
40 
4 1  
42 
4 3  
44 
45 
46 
4 7  
48 
49 
50 
5 1  
52  
53  
5 4  
55 
56  
5 7  
58 
59 
60 
6 1  
6 2  
63 
6 4  
6 5  
66 
6 7  
68 
69 
70  
7 1  

sc33 
sc44 
sc 55 
SC66 
C T E l l  
CTE22 
CTE33 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
w ( l 1  
M(22 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
M( 33 
E L  
EL11 
EL 22 
EL 33 
GL23 
GL 13 
u 12 
NUL 12 
NUL21 
NUL 1 3  
NUL 3 1 
NUL23 
NUL 62 
SMFK22 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
SM FO 22 
sMFS22 
SMFC22 
SMFS12 
sNFS23 
ILMFC 
TEMPO 
L S C l l T  
LSCl lC 
LSCl lO 
LSC22T 
lSC22C 
LSCl2  
LSC23 
L SCC 23 
LSCC 13 
LSCOF 
KL l2A0 
MUElE 
RELROT 
EPS11 
EPs.22 
EPSIZ 
SI611 
SIG22 
SIG12 
OELF I 
tFC 

O.ll6OE 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 
0.2043E 00 
0.2528E 08 
0.9597E 06 
0.9597E 06 
0.34C5E 06 
0.6339E 06 

0.1160E 0 7  
0.3405E 06 
0.3405E 06 
0.6339E 0 6  

-0.61 38E-07 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0.2334E-04 
0.2334E-04 
O.2906E 03 
0.3715E 01  
0.3715E 0 1  
0.2043E 00 
0.2528E 08 
0.9597E 06 
0.9597E 06 
0.3405E 06 
0.6339E 06 

0.1163E 07 
0.3405E 06 
0.3405E 0 6  
0.6339E 06 

-0.6 138 E-07 
0.2334E-04 
0.2334E-04 

O.ll6OE 0 7  
0.3405E 0 6  
0.3405E 0 6  
0.6339E 0 6  

-0 -6138E-07 
0.2334E-04 
0.2334E-04 
0.2936E 0 3  
0.3715E 9 1  
0.3715E 0 1  
0.2043E 00 
0.2528E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA08 
0.9597E 0 6  
0.9597E 0 6  
0.3435E 0 6  
0.6339E 0 6  

0.1160E 0 7  0.1160E 0 7  
0.3405E 0 6  

0.1160E 07 
0.3405E 06 
0.3405E 05 
0.6339E 06 

-0.61 38E-37 
0.2334E-04 
0.2 3 3 4E -34 
0.2906E 03 
0.3715E 01 
0.3715E 01 
0.2043E 00 
0.2528E 08 
0.9597E 06 
0.95978 06 
0.3405E 05 
0.63396 06 

O.ll6OE 3 7  
0 . 9 4 0 5 E  36 0.3405E 06 

0.3405E 06 
0.6339E 06 

-0 -6138E-07 
0 e2334E- 04 
0.2334E-04 
0.2906E 03 
0.3715E 01 
0.3715E 01 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0.2043E 00 
0.2528E 08 
0.95978 06  
0.9597E 06 
0.3405E 06 
0.6339E 06 

0.3405E 0 6  
0.6339E 0 6  - 0 e 61 3 8E- 0 7 
0.233 4E- 04 
0.2334E-04 
0.2906E 0 3  
0.3715E 01  
0.3715E 01 
0.2043E 00 

0.9597E 0 6  
0.95978 0 6  
0.3405E 0 6  
0.6339E 0 6  
0.6339E 0 6  
0.2514E 00 
0.9541E-02 
0.2514E 00 

0 .2528~ ne 

0 ; 3 4 0 5 ;  0.63396 06 06 

-0.5 1 38 E-3 7 
0.2334E-04 
0.2334E-34 
0.2906E 33 
0.3715E 01  
0.3115E 0 1  
0.2343E 00 
O.2528E 08 
0.9597E 36 
0.9597E 0 6  
0.3405E 06 
0.6339E 36 

-~ 
0.2906E 03 
0.3715E 01 
0.3715E 0 1  
0.2043E 00 
0.2528E 08 
0.9597E 0 6  
0.9597E 0 6  
0.3405E 06 
0.6339E 06 
0.6339E 06 
0.2514E 00 
0.9541E-02 
0.2514E 00 
0.9541 E-02 
0.4094E 03 

0.6339E 06 0.6339E 06 
0.2514E 00 0.2514E 00 
0.9541E-02 0.9541E-02 

0.6339E 0 6  
0.2514E 00 
0.954 1E-02 
0.2514E 00 
0.9541E-02 
0.4094E 00 
0.4094E 00 
0.1522E 0 1  
0.1918E 0 1  
0.1430E 01 

-0.0000E-19 
0.3024E 0 1  
0.1396E 0 1  
0.7060E 0 2  

-0.3000E 0 3  
0.9676E 0 5  
0.5333E 0 5  
0.6578E 0 5  
0,3564E 0 4  
0.1713E 0 5  
0.2547E 04 
0.1866E 04  

-0 .OOOO E- 19 
-0.0030E-19 

0.105 2E-0 1 
0.1371E 0 1  

-0.4504.E 02  

0.6339E 0 6  
0.2514E 00 
0.9541E-02 
0.2514E 00 
0.9541E-02 
0.4094E 00 

0.6339E 06 
0.2514E 00 
0.9541E-02 
0.2514E 00 
0.9541E-02 
0.409% 00 
0.4094E 03 
0.1522E 01 
0.1918E 01 
0.1399E 01 - 0.000OE-19 
0.3024E 01 
0.1396E 01 
0.7060E 02 

-0.3000E 03 
0.9676E 05 
0.5333E 05 
0.6570E 05 

0.2514E 00 
0.9541E- 02 
0.4094E 00 

0.2514E 00 
0.9541E-02 
0.4094E 00 
0.4094E 00 
0.1522E 01 
0.1918E 01 
0.1342E 01 

0.3024E 01  
0.1396E 01 
O.lO6OE 02 

-0.3000E 03 
0.9676E 05 
0.5333E 05 
0.6578E 05 
0.3718E 04 

0.2547E 04 
0.1866E 04 

-0.0000E-19 
-0.0000E-19 

0.1052E-01 
0.1371E 01 

-0.1400E 02 
0.9605E 00 
0.2 9 74E -0 3 

0.1556E-01 
0.7346t 04 
0.3495E 03 
0.9862E 04 

-0.41 59E-03 
-0.1402E 02 

- o . ~ o o o E - ~ ~  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
o . i ? m  05 

-0.6708~-02 

0.9541E-02 
0.4094E 00 
0.4094E 00 

0.1918E 01  
0.1397E 01 

-0.0000E-19 
0.30248 01 
0.1396E 01 
0.7060E 02 

-0.300flE 03  
0.9676E 05 

0 . 1 5 2 2 ~  n i  

0.954 1E-02 
0.4394E 03 
O.4394E 00 
0.1522E 0 1  
0.1918E 0 1  
0.1395E 31 

0.4094E 00 
0.1522E 01 
0.1918E 01 

0.4094E 00 
0.1522E 01 
0.1918E 0 1  
0.1408E 0 1  

-0.3333E-19 

0.4094E 00 
0.1522E 01 
0.1918E 01 

0.1344E 01 
-0.0000E-19 

0.1399E 01 
-0.0000E- 19 

0.3024E 01 
0.1396E 01 

-0.00COE-19 
-0.3000E 03 

0.9676t 05 

0.3324E 01 
0.1396E 01  
0.7063E 02 

-0-3333E 03 
0.9676E 05 

fl.3024E 61 
0.139hE 01 
0.7060E 02 

-0.3000E 03 
0.9676E 05 

0.53336 05 
0.6578E 05 
0.3714E 04 
0.1786E 05 

0.5333E 05 
0.6578E 05 
0.3544E 04 
0.1704E 05 
0.25I7E 04 
0.1865E 04 

-0- 0 000 E- 19 
-0.0 003 E-19 
0.1052 E-01  
0.1371E 01 

-0.2529E 02 
O.2757E 00 
0.2429E-02 

-0.1052E-01 
-0.2338E-01 

0.6117E 05 
-0.2804E 04 
-0.1292E 05 
-0.7617 E-02 
-0.2446E 02 

0.5333E 05 
0.6578E 05 
0.3566E 04 
0.1714E 05 
0.2547E 04 
0.1866E 04 

-0.OCOOE- 19 
-0.0000E- 1 9  

0.1052E-01 
0.1371E 01 

0.5333E 0 5  
0.6578E 05 
0.3572E 04 
0.1717E 05 
0.2547E 04 
0.1866E 04 

-0.0000E-19 
-0.0000E-19 

0.1052E-01 
0.1371E 01 

-0.3118E 01 
0 .437K-02 

-0.1752E-01 - 0.1997E-01 
0.1084E 0 6  

-0.9062E 04 
-0.2534E 05 - 0.439 4E- 01 
-0.9883E 07 

-0.in1-13~ 03 

0.5333E 35 
0.5578E 35 
0.3576E 04 
0.1719E 35 
0.2547E 3 4  
0.1866E 3 4  

-0.3300E-19 
-0.9303 E-1 9 

0.13 52E-01 
0.1371E 01 

-0,17748 33  
-0.8205E 31 
0 -5672 E-02 

-0.2218E-31 
-0.5303E-01 

0.1398E 76 
-0.1323E 0 5  
-0.3362E 35 
-0 968ZE-Dl 
-0.176lE 33  

0.3568E 04 
0.1715E 05 
0.2547E O'r O.2547E 04 

0.1866E 04 
-0. OOOOE- 19 
-0.0000E-19 
-0.0000E-19 

0.1371E 01 
-0.2387E 01 
-0.0000E-19 

0.1 I32E-02 
-0.5860E-02 
-0.7315E-02 

O.2707E 05 
0.1368E 04 

-0.4637E 04 
-0.0000E-19 
-0.2542E 01 

0.1866E 0'r 
-0.3000E-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 Ob 

-0.6860E 02 
-0.9518E 00 

0.4023E-02 
-0.1548E-01 

0.3310E-01 
0.1001E 06 

-0.7190E 04 
0.2098E 05 
0.2053E-01 

-0.6733E 02 

-0.2131E 30 
0.278 1E-02 

-0.1256E-01 
0 -2725E-0 1 
0.6917E 0 5  

-0.4677E 04 
0.1727E 05 
0.1276E-01 

-0.4472E 0 2  

-0.1222E 05 
0.2839E 05 
0.1099E 00 

-0.1271E 03 

Angle Ply Pseudoisotropic Composite 

THORN EL- 5O/EPOXY 

NL rNPL1NPCtNFPE tNLC 
0 71  54 1420 I 

EFl l tEF2Z.EF?3, NUFl2,NUF23,NUF13 ,EFl2 ,EF23 .EF13 , E M l l . E M 2 2 r E M 3 3 r N U M 1 2 ~ N U ~ 2 3  NUM13.EM12rEM23rEM13 
0.50000E 08  0.10000E 07 0.10000E 07 0.20003E 30 0.25000E 03 0.20000E 00 0.13000E 07 0.70000E O b  0.13033E 07 

0.36000E 00 0.36000E 33  0.36000E 03 0. 0. 0. 
3.57300E 36 

0.57000E 06 

0.40000E 01  
V C F  

0.57000E 06 

0.ZOOOOE 01 
0. 

0.56000E-05 

o . 4 2 n o o ~ -  04 

0.58000E 02 
0.22500E 00 

0.10000E 01 

0.40000E 01 0.20000E 0 1  0. 0. 0. 0.23560E 01 0. 
0. 0. 0.10000E 01 0.10000E 01 0.10000E 01 0. 0. 

0.560UOE-05 

0.4ZBObE -04 

0.58000E 02 0.17000E 00 0.12500E 01 0.12500E 01 0.125OOE 01 0.25000E 00 0. 

0. 
0. 0. 

VAF 
-0.55000E- 06 
V AM 

0.42800E-04 
C HK 

0.58000E 03 
0. 

ETA 
0.10000E 0 1  

P I E  
0.31416E 01 

0. 

0.10500E 0 1  0.10500E 01 

TL  INP 
F 

CSANB 
F 

BIDE 
F 

R INOV 
F 

T HCS 1 RHO F ,R HCM. 0 IAF 
0. n. 5 9 0 0 ~ -  01 
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KVL 
0. 0. 0. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0. 0. 0. 0. 

t FL 
0.50000C 00 0.5000CE 00 0.50030E 00 fl.50000F 03 0.50000E 03 0.50000E 00 0.5000GE 00 0.5OCO9E 00 

THLC 
0. 0.45000E 02 -0.45000E 02 0.90000E 02 0~90OOOE 02 -0.45000E 02 0.45000E 02 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0. 

TL 
0.80500E-02 0.80500E- 02 0.80000E-02 0.80000E-32 0.80000 E-02 0.80500E-02 0.80500E- C Z  0. ROOOOE-02 

PTEHP 
-0.30000c 03 -0.30000E 03 -0.30000E 03 -0.30000t 33 -0.30000E 03 -0.30000E 03 -0.30000E 03 -0.30000E 03 

BET 
0.83COOE 00 0.10000E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA01 0.26OCOE 00 0.27000E 00 0.17000E 03 0.16500E 02 O.10OGOE 01 0.1POOOF 01 0,  
0.50000E 00 3.13300E 02 0.31900E 05 0.10000E 31  0.13003E 01 0.1000OE 01 

L sc 
0.23COOE 06 0 - Z I O O O E  05 0.20000E-01 0.5OOOOE-01 0.45000E-01 0.45000E-01 

NBS 
0.50oao~ 04 0. 0. 

nes 
0.50000E 02  0. 0. 

D I S V l  
0. 0. 0. 0. 0. 0. 

3-0 COMPOSITt STRAIN STRESS TEMPERATURE RELATIONS - STRUCTURAL A X E S  

0.1078E-06 -0.3319E-07 -0.2866E-07 0. 0. -0.1893E-12 0 . 9 9 0 1 ~ - 0 6  

0.9901E-06 -0.3319E-07 0.1078E-06 -0.2866E-07 -0. -0. 0.6595F-12 

-0 .2866~-07 -o .z866~-07 0 .8844~-36 0. 0. -0.1954E- 12 0.3219E-04 

-0. 0. -0. 0.2937E-05 0. 0. 0. 

-0 .  0. -0. 0. 0.2937E-05 0. 0. 

-0.1893E-12 0.6595E-12 -0.1954E-12 0. 0. 0.2821E-06 o . i n 9 7 ~ - 1 0  

3-0 CCMPOSITE STRESS STRdIN RELATIONS - STRUCTURAL A X E S  

0.1041E 08 0.3323E 07 0.4452E 06 -0. -0. - 0 . 4 7 3 0 ~  no 

-0.2181E 02 0.3323E 0 7  0.1041E 08 0.4452E 06 -0. -0. 

0.4452E 06 0.4452E 0 6  O.ll6OE 0 7  -0. -0. 0.6121F-01 

- 0. -0. -0. 0.3405~ 06 - 0 .  -0. 

-0. -0. -0. -0. 0.3405E 06 -0. 

-0.4730E 00 -0 .Z181E 02 O.6121E-01 -0. -0. 0.3545F 07 

4 CCl2 
5 CC13 
6 CC22 
7 CC23 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8 c c 3 3  
9 cc44 

10 cc55 
11 CC66 
1 2  C T E l l  
1 3  CTE22 
14 CTE33 
1 5  H(11 
1 6  H(22 
1 7  M 3 3  
1 8  HHC 
1 9  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAECll 
20 EC22 
2 1  EC33 
22 EC23 
23 EC31 
2 4  EC12 
2 5  NUCl2 
26 NUC2l 
27 NUClJ 
28 NUC31 
29 NUCZ3 
30 NUC32 
3 1  ZCGC 
32 BZDEC 
33 C C l l  

Oaf-01 0.10000E 01 

COMPOSITE. PROPERTIES - VALID ONLY FOR CONSTANT TEMPERATURE THROJGH THICKNESS 
LINES 1 TJ 3 1  3-0 COMPOSITE PROPERTIES ABOUT MATERIAL AXES 
LINES zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA33 TO 54 2-0 COMPOSITE PROPERTIES ABOUT STRUCTURAL AXES 
1 RHOC 0.5165E-01 
2 TC 0.6400E-01 
3 C C l l  0.1041E 08 

0.33238 07  
0.4452E 06 
0.1041E 08 
0.445ZE Ob 
0.1160E 07 
0.3405E 0 6  
0.3405E 0 6  
0.3545E 07 
0.9901E-06 
0.9901E-06 
0.3219E-04 
0.147ZE 03 
0.1472E 03 
0.3715E 01 
O.2043E 00 
0.9273E 07 
0.927% 07 
0.1131E 0 7  
C.3405E 0 6  
C.3405E 06 
O.3545E 07 
0.3078E 00 
0.3078E 00 
0.2658E 00 
0.3L41E-01 

0.3241E-01 
0.3ZOOE-01 
0. 
0.1024E 08 

0 . ~ 6 5 8 ~  00 

81 



34  CClL zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 . 3 1 5 3 t  07  
35  CCl3 -C.4007E 00 
36  CC22 0.1'124E OR 
37 ccz5 -0.21u2t 02 
38  cc33 0.3545E 07 
39  E C l l  O.YL7ZE 07  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
40 EC7Z C.9L72E 0 7  
41 ECI2 0.3545t c 7  
4 2  NUL12 C.3078E 00 
43  W C L I  0.3'378E 00 
44 CSN13 I.1759E-C5 
45  CSN31 U.6725E-06 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
46 -0.o113E-05 
4 7  
48 
49  
50 
5 1  
52 
5 3  

CSN23 
CSN32 
CTEl1  
CTELZ 
C T t I 2  
w( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
tx zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA22  
* K l Z  

54  HHC 0.2043E 00 

0.1472E 03 
O.2794E-03 

- 0.233 7E- 05 
2.99ClE-06 
C.YYU1E-06 
0.1097t- 10 
0.1472E 03 

FORCES FORCE DISPLACEMENT RELAT tQNS 0 1  SPL THERMbL FORCES 

NX 0.6555E 06  0.2918E 06 -0.3076t-01 0.36626-03 0.1955E-04 O.2289E-04 UX -0.2546E 03 

NY O.ZOl8E 06  0.6555E 06  -0.1396E 0 1  0.2861E-04 -0.1087E-03 0.22891-04 V X  -0.2546E 0 3  

-0.3226E-03 NXY -0.3U76E-01 -0.1396t 01 0.2269E 0 6  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.2289E-04 0.2289E-04 0.3052E-04 VXPUY 

HX 0.3662E-03 0.2861E-04 0.2289E-04 0.38556 03  0.5695E 0 2  0.2497E 02 WXK 0.1490E-07 

M Y  0.1955E-04 -0a1087E-03 0.2189E-04 0.5695E 02  0.8587E 02  O.2497E 02 WYY -0.745 1 € 4 7  

HXY 0.L289E-04 0.2289E-04 0.3052E-04 O.2497E 0 2  0.2497E 02 0.6552E 02 WXY 0.1118E-07 

RECUCED HCVOlNG RELIDITIES 

0-3855OE 03 0.56952E 02 0.24969E 02 0.56952E 3 2  0.85868E 0 2  0.24969E 02 0.24969E 02 0.24969E 02 0.655178 32 

RECUCEO STIFFNESS MATRIX 
0 . t5554t  06  0.20179E 06 -0.30762E-01 0.20179E 05 0.65554E 0 6  -0.13965E 01 -0.30762E-01 -0.13965E 01 0.22688E 06 

O I S P .  DISPLACERENT FORCE RELPlr IONS FORCES 

ux 0.1685E-05 -0.5187E-06 -0.2964E-11 -0.1567E-11 -0.6338E-13 0.2138E-12 

vx -0.5187E-06 0.1685E-05 0.1030E-10 0.7352E-13 0.2620E-11 -0.1434E-11 

VXPUY -0.2964E-11 0.1030E-10 0.4408E-05 -0.5423E-13 -0.6162E-12 -0.1798E-11 

w xx -0.1553E-11 0.109ZE-I2 -0.5423E-13 0.2886E-02 -0.1793E-02 -0.4165E-03 

WYY - 0.27 19E- 12 0.2659E-11 -0.6162E-12 -0.17932-02 0.1421E-01 -0.4733E-02 

w XY 0.2880E- 1 2  -0.1463E-11 -0.1798E-11 -0.4165 E-03 -0.473 3E-02 0.1723E-01 

NX 

NV 

NXY 

nx 

MY 

nxv 

OISP. DISPLACEMENT FORCE RELATIONS FORCES 

0 *8129E- 02 0.1685F-05 -0.5187E-06 -0.2964E-11 -0.1567E-11 -0.63388- 13 0.21 38E-12 O.4745E 04 

-0.28SlE- 02 - o . s L ~ ~ E - o ~  O . L ~ S ~ E - O ~  o . i 0 3 a ~ - i o  0.7352~-13 0 . 2 6 2 a ~ - i i  - o . i 4 3 4 ~ - i i  -0.25e6E 0 3  

- 0.18 11 E- 07  -0.2964E-11 0.1030E-IO 0 -4408E-05 -0.5423E- 13 -0 -6162E- 12 -0.1798E-11 -0.3226E-03 

0.1443E 00 -0.1553E-11 0.1092E-12 -0.5423E-13 0.2886E-02 -0.1793E-02 -0.4165E-03 0.5000E 02 

-0.8565E-01 -0.2719E-I2 0.2659E-11 -0.6162E-12 -0.1793E-02 0.142lE-01 -0.4733E-02 -0.74SlE-07 

-0.2Ce3E- C I  0.2880E-12 -0.1463E-11 -0.1798E-11 -0.4165E-03 -0.4733E-02 0,17238-01 O. l l l8E-07 



FOK zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 P f S  CASt Y~~SIXIYIXY-H) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIS  500L. 0. 0. 

FOR zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATk1S LASE YRS(XIYIXY-MI I S  50. 3. 0. 

LAYtK PRDPER 11E S, KUUS-PROPERTY t CULUMNS-LAYER 

1 
2 
3 
4 
5 
6 
7 
8 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
9 

1 0  
11 
1 2  
1 3  
14 
15 
1 6  
1 7  
l f l  
1 9  
20 
2 1  
22 
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
29 
30 
3 1  
32  
33 
34  
3 5  
36  
3 7  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3fl 
3 9  
40 
4 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 2  
4 3  
4 4  
45  
46  
4 7  
4 8  
4 9  
5 0  
5 1  
52  
53  
5 4  
5 5  
5 6  
5 7  
58 
59 
60 
6 1  
6 2  
6 3  
6 4  
6 5  
6 b  
6 7  
6 8  
6 9  
7 0  
7 1  

KV 
KC 
KF 8 
KM 
KMB 
KHJL 
TL 
CEL T A  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
IL OC 

Z GC 
THC S 
THLC 
THL s 
sc11 
SL 12 
sc 1 3  
sc22 
sL23 
sc33 
s c 4 4  
s c 5 5  
SC66 
C T E l l  
CTE22 
LT E3 3 
r n l l  
HK22 
kK33 
hC L 
EL 11 
EL 22 
EL 33  
GL23 
GL 13 
GL 12 
NUL 1 2  
NUL? 1 
NUL13 
NUL 3 1 
NUL23 
NUL 32 
SHFK 22 
SMFO22 
SVFS22 
SMFL22 
SVFS12 
SMFS23 
ILMFC 
TEMP9 
L S C l l T  
LSCI IC 
L S C l l O  
LSCLZT 
LSC22L 
L S C l 2  
LSC23 
LSCLL3 
LSCC 13 
LSCUF 
KL 12AR 
MOt IE 
RELROr  
E P S l l  
t P  S? 2 
EPSl2 
SIG11 
SlG22 
S I G l 2  
O E L F  I 
HFC 

zn 

0. 
0.5000€ 00 
0.5COIlE 00 
0.5000E 00 
1.5000E 00 
0.5165E-01 
u. 800OE-02 
0.6586E-04 

-0.0000E-19 
0.40C9E-02 

-0.2800E-01 
0. 
0. 
0. 
3.2549E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOB 
0.411Yt Ob 
J.4118€ 06 
U . l l b O C  07 
0.47d7E 76 
0.116Uk 07 
0.349% Ob 
O.34C5t 0 6  
0.633JE 0 6  

-9.613dE-07 
0.2 3 j4E-04 
0.23341.-04 
O.LS06E 03 
0.3713E 01 
0.3715E 01 
0.2043F 00 
J.2523E 08 
0.4597C 06 
0.9591E 06 
0.34051. 05 
0.633PE O b  
J.6339E 06 
0.2514L: 03 
0.9541t-02 
l).L514E OJ 
1).9541E-O2 
0.4094t 03 
b.40Y4E 01, 
0.1522k 01 
O.IY19t  01 
0.135dt 01 - U. 0009E -1  9 
0.3024E 01 
0.1396E 31 

-I,. 0000E-19 
-0 .300J t  03 

0.9616E 05 
0.5333E 05 
J.657dE 05 
3. f674E 04 
11.17671: 05 
0.2541t 04 
J.1866E 04 

-3 .0000t -19  
-J.0001Jt- 1 9  

0.1371E 01 
-0.126LE 01 
-3.0000E-19 

U.4088E-02 
-2 .3804t -05  

0. 5931E-03 
J.994dt 05 
0.7354E 04 
0.3696E 03 

-0 .  OOOOE- 19 
-0.L37dE 01 

-0. 0 0 n 3 ~ - 1 9  

0. 
0.5000E 00 
9.50006 03 
0.5000E O D  
0.5C00E 30 
0.51 b5E-01 
0.8000E-OL: 
0.6 5 Y 6 E -04 
0. 
0.1200E-01 

-0.200JE-01 
0. 
0.7854E 00 
0.7854t O J  
U.2549t OH 
0.411LE 30 
0.4118t 06 
O . l l 6 3 E  07 
0.4787E 06 
0.11601. 01 
0.3405E O h  
0.3405E 06 
0.6339E O h  - 9 - 6 1  38E-U 7 
0.2334E-04 
0.2 3 34 E-04 
O.L906C 0 3  
0.3715E 01 
0.37151. 01  
0.2043E 0- 
0.2528F O B  
0.9597t  0 6  
0.Y597F Ob 
0.3405E 36 
0.6339C 05 
0.6339F O h  
0.2514t 0 1  
0.9541t-OL 
0.2514t 0') 
0.9541E -0 L 
0.4094F C I 
0.4094E 00 
0.1522E 01 
0.1918E 0 1  
0.1371t 01 

-i).r)OOOE-lJ 
0.3024F 01 
0.1396E 01 
O.7U6OE 0 2  

-0.3000E 0 5  
0.Y676E 0 5  
0.5333E 05 
0.6578E 05 
0.364OE 0 4  

0.2547E 04  
O.ltl6bE 04 - 0.0300E-I 9 

- U.0000E-1 Y 
0.1052E-01 
0.1371E 01 

-J.5>95E 0 1  

0.2 2 8 1E -02 
0.1864E -0 2 

-0.6340E-02 
3.5994E O >  
0.9076E 04 

-0.4019t 04 
0.3069E-OL 

-0.4831E 01 

0 . 1 7 5 0 ~  05 

i ~ . 7 0 a 2 ~  OD 

0. 

0.5300E 30 
(3.5333F 00 
0.53DOE 00 
0.5 165 E-01 
0.8333 E-02 
J. 65R6 E-04 
0. 
0.203')E-Ol 

- 0 . 1 2 3 3 ~ - 3 1  
0. 

0.573011 on 

-0.7854E 00 
-0.7854E 00 

3.2549E 0 8  
0.411YE 0 6  
0.4115E 0 6  
0.1163E 0 7  
0.4797E 0 6  
O . l l 6 3 t  37  
0.3405E 0 6  
0.3415F 0 6  
0.6339E 0 6  

-J.b133E-07 
3.2334E-04 
0.2334 E-04 
3.2905€ 0 3  
0.3715F 0 1  
0.3715F 01 
0.2343E 00 
3.252YE 0 8  
0.9597E 3 6  
0.9597E 06 
0.3405E 0 6  
0.6339F ? h  
0.6333E 06 
0.2514E 00 
0.9541E-02 
0.25148 00 
0.9541E-02 
0.4094E 00 
3.4094E 00 

0.191RE 0 1  
0.1372E 0 1  

+.3301E-19 
0.3024E 01 
0.1395E 0 1  
3.7361E 0 2  

-0.3333E 0.' 
0.9475E 05 
0.5333E 05 
0.6578E 05 
3.3639E 04 
3.1749E 05 
0.2547E 04 
O.1855E 04 

0 . 1 5 2 2 ~  n i  

-0.3335 E-19 
-0. L! 3 33 E - 19 

3.1352E-01 
3.1371E 01 

-0.8342E 0 1  
0.324OE 00 
J. 2 1 b5 E-O 2 
0.2416E-02 
0.82 1 2  E -0 2 
0.565JE 05 
0.9579E 04 
0.5235E 04 

-0.7 133 E-02 
-0.6743E 0 1  

0. 
0.5030F 00 
0.5030E 00 
0.5030E 00 
0.5030E 00  
3 -516 5E-0 1 
0.8OOOE-02 
0.6586E-04 
0. 
0.2830F-O 1 

-0 -4030E-32 
0. 

0 .  

0.5000E 00 
0.5000E 00 
0.5000E 00 
0 - 5 1  65E-01 
0.8003E-02 
0 -6586E- 04 
0. 
0.3600E-01 
0.4000E-02 
0. 

0 . 5 0 o o ~  00 

0.1571E 0 1  0.1571E 01 
0.1571E 0 1  @.1571E 01 
0.2549E 08 0.2549E 08 
0.411RE 0 6  0.4118E 06 
0.411RE 3 6  0.4118E 0 6  
0.1160E 0 7  0.1160E 07 
0.4787F 0 6  0.4787E 06 
3.1160E 5 7  0.1160E 0 7  
0.3435E 0 6  0.3405E 06 
0.3435E 0 6  0.3405E 06 
0,6339E 0 6  O.hJ39E 06 

- 0 . h i 3 8 ~ - n 7  - 0 . 6 1 3 8 ~ - 0 7  
0.2 33 ~ - 3 4  o . 2 3 3 4 ~ - 0 4  
0 -2334E-04 0.2334E-04 
0.2936E 3 3  0.2906E 03 

0. 
0.5000E 0 0  

0.5000E 00 
1.5000E 00 
0.5165E-0 1 

o . 5 n n 0 ~  no 

0.80005-02 
n .658 6 ~ -  04 

n . 4 4 0 0 ~ - 0 1  
0. 

0.12003-01 
0. 0. 

-0.7R54E 00 0.7854E 00 
- 0 . 7 8 5 4 ~  on 0 . 7 8 5 4 ~  03 

0 . 2 5 4 9 ~  ne 0 . 2 5 6 9 ~  70 

0 . i i 6 n ~  0 7  n . 1 1 6 0 ~  07 

0 . i i 6 0 ~  0 7  0 . 1 1 6 0 ~  07 
0 . ~ 0 5 ~  0 6  n.34115~ 05 

0.411PE 0 6  0.4118E 1 6  
0.4118E 0 6  0.4118E 05 

0.47875 2 6  1.4787E 05 

0.34055 05 0.3405E 05 
0.6339E 0 6  O.6339E 06 

-0.61 38E-07 
0 .2334 i -04  0.2334E-0't 
0.233 4E-04 0.2334E-04 

-0.61 3 flE-0 7 

0.2528E 08 0.2528E 05 
0.9597€ 0 6  0.9997E 06 
0.9597E 3 6  0.9597E 06 
0.3435E 0 6  0.3405F 0 6  
0.6339E 0 6  0.6339E 0 6  
0.6339E 0 6  0.6339E 0 6  
0.2514E 00 0.2514E 00 
Q.954 1E-02 0.9541E-02 
0.2514E 00 0.2514E 00 
0.9541E-32 0 .954 lE-02 
3.4094E 00 0.4094E 00 
0.4094E 00 0.4094E 00 
0.1522E 0 1  0.1522E 01 
0.1918E 0 1  0.1918E 0 1  
0.139RE 0 1  0.1389E 0 1  

3.7060E 0 2  
-3.333?€ 0 3  

0.96761; 0 5  

-0.7930E 05 
0.1432E 05 
O.5287E 02 
0.8784E-04 

-0.7568E 0 1  

0. 
0.5000E 33 
0.5700E 30 
0.50005 73 
0.53OOE 00 
0.51 6%-01 
0. 8000E-02 
0.65R6E-O* 
0. 

0. 
0.5330E 33 
0.5307E 33 
0.5370E 35 
0.5333F 33  
0.5165E-31 
0.8303 E-02 
0.6586E-34 
0. 

0.5200E-01 0.500OE-) 1 
0.29005-01 n.2q71E-31 

0. 
0. 
0. 
0.2549E 3 R  
D.4118E O h  
0.4118E Oh 
O . l l 6 3 E  3 7  

0.2528E 0 8  
0.9597E 0 6  
0.9597E @ 6  
0.34P55 0 6  
0.6339E 0 6  
0.6339E 0 6  
n.2514E 00 
0.9541E-02 
0.2514E 00 
0.9541E-02 
0.4094E 00 
0.4n94E 00 
0.15228 0 1  
0.1918E 0 1  
0.1368E 0 1  

-0.0030E-19 -0 .On00E- 1 9  -0.0100E-19 -0.0000E-19 
0 . 3 0 2 4 ~  01 0 . 3 0 2 4 ~  01 0 . 3 0 2 4 ~  n i  o . 3 ~ 4 ~  01 
0 . 1 3 9 6 ~  0 1  0 . 1 3 9 6 ~  0 1  0 . 1 3 9 6 ~  01 0 . 1 3 9 6 ~  n i  

0 . 7 n 6 0 ~  02 0 . 7 0 6 0 ~  02 0 . 7 0 6 0 ~  32 
- n . 3 ~ n ~  03 -0.3onoE 03 - 0 . 3 ~ 0 0 ~  33  

3 . 9 6 7 6 ~  05 0 . 9 6 7 6 ~  05 0 . 9 6 7 6 ~  n5 
0.5333E 0 5  0.5333E 0 5  0.5333E 05 0.5333E 3 5  
0.6578E 3 5  0.6578E 05 
0.3596E 04  0.3593E 04 
0.1729E 9 5  0.1727E 05 
3.2547E 0 4  0.2547E D4 
3.1866E 04  0.1866E 04 

-0.ODOOE-19 -0.0000E-19 
-0.003OE-19 -0.0000E-19 

0.1052E-O 1 0.1@52E-01 
0.1371E 0 1  0.1371E 0 1  

3.1925E 0 0  0.9916E 03 
-0 -2S32E-02 -0.3249E-02 

0.755 1E-02 O.8706E-02 
-0.832 1E-04 0.834 1E- 04 
-0.623hE 0 5  

0.1338E 0 5  
-3.5275E 0 2  

0.8492E-02 
-0.6270E 0 1  

- 3 . 2 0 1 9 ~  0 2  - 0 . 2 5 2 2 ~  02 

0.6578E 0 5  
0.36474 0 4  
0 . 1 7 5 3 ~  0 5  

fl.371SE 0 1  
3.3715E 7 1  

O.2528E 08 
0.9597E 3 6  
0.9597E 0 6  
C.3405E 05 
0.6339f 06 
0.6339E 05 
0.2514E 00 
0.9541 E -02 
0.2514E 33 

0.4094E 93 
0.4094E 00 

0 . ~ 0 4 3 ~  3n 

n. 9 5 4 1 ~ - 0 2  

9.4787F 3.5 

0.3005E 3 6  
o . i i s n E  37 

0.3435E 3 6  
0.6339E 3 6  

0.2334E-34 
0.2334E-34 
0.2306F 33 

-0.5 I  RE-37 

0.3715E 01 
'3.3715E 01 
3.2743E 37 
0.252Rc 38 
0.9597E 3 6  
0.9597E 7 6  
0.3405E 36  
O.6339E 36 
3.5339E 36 
O.2514E 3 1  
0.354 1E-3 2 
0.2514E 31 
0.9 54  1 € -3 2 
3.4394E 33 
0.4394E 33 

O.1522E 01 0.1527E 3 1  
0.1918E 0 1  0.1918E 3 1  
0.1370E 0 1  0.1377E 3 1  

-0. 7333E-19 
3.33245 31  
0.1396E 31  
3.7353E 22 

-0.7303E 33 
0.9575E 15 
0.5333E 35 
0.6578E 05 
7.4532E 3 4  
0.2227E 95 

0.6578E 05 
0.35438 O't 
0.1752E 05 

0.25476 04 0.2547E 0% 3.2547E 3 4  
0.18665 04 0.1R66E 3 4  0.195hE 34 

-0.0000E-19 -0.0000E-19 -0.3303E-19 
-0.0@00F-19 -0.0000E-19 -3.3333E-19 

0.1371E Q l  0.1371E 01 0.1371E 0 1  
-0.1613E 0 2  -0.2031E 02 -0.5998E 3 1  

0.96338 00 0.5455E 03 0.9364E 30 
0.3072E-02 0.2957E-02 0.1217E-01 

0.1 38 7E-01 -0. 15 70E-01 -0 -58  32E-03 

0.1019E 1 5  O.1069E 05 O.4478E 0 4  
0.87645 04 -0.99515 0 4  - 0 . 3 5 9 4 E  73 

O . I O ~ Z E - ~ ~  0 . 1 0 5 2 ~ - 0 1  0 .1352~-01 

0 . 2 8 7 2 ~ - 0 2  0 . 3 3 7 ~ ~ - 0 2  - Q . ~ W I E - ~ Z  

0.8119E 0 5  n.7586E 05 0 . 3 1 n 5 ~  1 6  

-0.3967E-03 0 .4778~-02 0 .5586~-33 
- n . i 5 i i E  0 2  -0 .1872~ 02 - 0 . 1 5 7 8 ~  32 

83 



T zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAHORNEL-SO/EPUX zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAY 

NL I N PL NP Ct N FPE I NLC 
8 7 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA54 1420 1 

E F l l ~ E F 2 2 ~ E F ? 3 r N U F 1 2 . N U F Z ~ ~ N U F 1 3  1EF12vEF23 ~ E F 1 3 ~ E M L l r E M Z Z ~ E M 3 3 ~ N U M l 2 ~ N U ~ 2 3  NUMl3rEMlZtEMZ3.FHl? 
0.50000E 08 0.10000E 07 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.10000E 07 0.20030E 03 0.2500OE 03 0.2000nE 00 0.13000E 07 0.7000'IE 0 6  0.13030E 07 3.57733E 36 
0 . 5 7 ~ 0 0 ~  06 0.57000~ 06 0.36000~ 00 n . 3 6 0 0 0 ~  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA01 0 . 3 6 0 ~ 0 ~  00 n. 0. e. 

VCF 
0.40000E 01 0.2OUQOE 01 0.40000E 01 0.20000E U l  0. 0. 0. C.73560E 01 0. 3 .  
0. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 .  0. 0. 0.1000OE 01 O ~ I O O O O E  01 0.100flOt 01 0. 0. I. 

VAF 
-0.55000E-06 0.56000E-05 0.56OOOF-05 
V AM 

o .42eoot-o4 o . 4 2 ~ 0 0 ~ - 0 4  0.42800~-04 
C HK 

c .5eooo~  0 3  0 .58000~  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAor 
0. 0.22500E 00 

0.1OOOOE 01  O.IOOOOE 01 

0.3141bE 0 1  

I T A  

P I E  

TL INP 
F 

CSANB 
F 

EIOE 
F 

R INOV 
F 

T H C S ~ R H O F ~ R H C M I  DIAF 

K VL 

K FL 

THLC 

0. 0.59000E-01 

0. 0. 

0.50000E 00 0.50000E 00 

0. 0.90000E 02 

0.80500E-02 0.80500E-02 
PTEMP 
-0.30000E 03 -0.30000E 03 

BET 

n. 

0.83000E 00 J.10000E 01 
0.50000E 00 0.13300E 02 

0.50000E 02 

0.1050UE 01 

0.44300E -01 

0. 

0.50000E 00 

0. 

0.80000E-02 

-0.30000E 03 

0.26000E 00 
0.31.900E 05 

0.17000E 00 0.125OOE 01 0.12500E 01 0.12500E 01 0.25000E 00 0. 3 .  

0.10500E 0 1  

0.26000E-03 

0. 0. n. 0. 0. 

0.50000E 00 0.50000E 00 0.50000E 00 0.5000CE 00 0.50000E 00 

J.90003E 02 0.90000E 02 0. 0.90000E 02 0. 

0.8OOOOC-32 0.80000E-02 0.80500E-02 0.80500E-02 0.80000E-02 

-0 .30030~  03 - ~ . ~ O O O O E  03 - O . ~ O O O O E  03 - O . ~ O O O O E  03 - O . ~ O O O O E  03 

0.27000E 33 0.170QOE 03 0.16500E 0 2  0.10000E 01 0.10000E 01 0.46500E-01 0.133OlE 3 1  
0.10003E 3 1  0.13033E 01 0.1002OE 01 

L sc 
0.22000E 06 O.21OOOE 05 0.20000E-01 0.50000E-31 0 . 4 5 O O O E - 0 1  0.45000E-01 

NE5 > 
0.50000E 04 0. 0. 

M E S  

0.50000E 02 0. 0. 

O I S V l  
0. 0. 0. 0. 0. 0. 

3-0 COMPOSITE STRAIN STRESS TEMPERArURE HELATIONS - STRUCTURAL AXES 

0.7604E-07 -0.1392E-08 -0.2866E-37 0. 0. 0.24OOE- 13  0.9901E-Ob 

-0.1392E-08 0.7604E-07 -0.2066E-37 -0. -0. 0 5 52 38E - 11 0.99018-06 

-0.2187E- 11 0.3219E-04 -0.2866E-07 -0.2866E-07 3.8844F-06 0. 0. 

0. 0. -0. 0.2937~-05 n. 0. 0. 

0. 0. -0. 0. O.2937E-05 0. 0. 

O.2400E-13 0.523ME-11 -0.2107E-11 0. 0. 0.1578F-05 0.1228E-09 

3-0 COMPOSITE S T R E S S  STRAIN RELATIONS - STRUCTURAL AXES 

0.1333E 08 0.4118E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 6  0.4452E 06 -0. -0. -0.9527E 00 

0.4118E 06 0.1333E 08 0.4452E 06 -0. -0. -0.4363E 02 

0.4452E 06 0.4452E 06 O.l l6OE 0 7  -0. -0. O.1225E 0 0  

-0. -0. -0. 0.3405E 06 -0. -0. 

-0. -0. -0. -0. 0.34058 06 -0. 

-0 .9527~ 00 -0 .4363~ 02 0 . 1 2 2 5 ~  00 -n. -0. 0.6339E 06 
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COPPOSITE PROPERTlES - VAL10 ONLY FOR CONSTANT TEMPERATURE THROJGH THICKNESS 
L I N E S  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 T3 31  3-3 COMPOSITE PROPERTIES ABOUT MATERIAL AXES 
L I N E S  33  TO 54  2-0 COMPOSITE PRUPERTlES ABOUT STRUCTURAL AXES 

1 RHOC 0.5165E-01 
2 TC C.6400E-01 
3 C C l l  
4 CClZ 
5 CC13 
6 CCZl  
7 CC23 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8 c c 3 3  
9 cc44 

10 c c 5 5  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 1  CC66 
1 2  C T E l l  
1 3  CTE22 
14 CTE33 
15  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAM I 1  
I 6  M(22 
I 7  PK33 
1 8  hHC 
1 9  E C l l  
2 0  ECZI: 
2 1  EC33 
22 EC23 
2 3  EC31 
2 4  ECl2  
2 5  NUClZ 
2 6  NUC2l 
2 7  NUC13 
28 NUC31 
29 NUC23 
3 0  NUC32 
3 1  ZCGC 
3 2  820EC 
33  C C l l  
3 4  CClZ  
3 5  CC13 
3 6  CC22 
3 7  CC23 
38  c c 3 3  
3 9  E C l l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
40 E C 2 2  
41 EClZ 
4 2  NUCl2 
4 3  NUC2l 
4 4  CSN13 
4 5  CSN31 
46 CSN23 
4 7  CSN32 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 8  C T E l l  
4 9  CTEL2 
5 0  CTFIZ 
5 1  HKll 
5 2  CKZL 
5 3  kk12 
54 CHC 

FORCES 

NX 

NY 

NXY 

M X  

MY 

MXY 

C./333E 08 
0.4118E 0 6  
0.4452E 0 6  
0.1333E 08 
C.4452E C6 
O. l l60E 0 7  
0.3405E 0 6  
0.3405E 0 6  
0.6339E 0 6  
C.9901E-06 
C.9901E-06 
0.3219E-04 
0.1472E 03 
0.1472E 03 
0.3715E 01 
0.1043E 00 
0.1315E OB 
0.1315E 08 
0.1131E 07 
0.3405E 06 
C.3405E 0 6  
C.6339E 0 6  
0.1831E- 01 
0.1831E-01 
0.376% 00 
0.3241E-01 
0.3769E 00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 .  j241E- 01 
C. 3ZLOE- 01 
0. 
0.1315E 08  
0.2418E 0 6  

-C.I003E 01 
0.1315E C8 

-Ce4368E 02  
C.6339E 0 6  
0.1315E 08 
0.1315t  08 
0.633SE 0 6  
0.1838E-01 
0.1 tr38E-01 - C.3161E-06 

-0.1524E-07 - C. b887E-04 
- 0.3320E-05 

0.99 CIE- 0 6  
0.9901E-06 
0. I 2 2  BE- 09 
0.1472E 03  
C.1472E 03 
0.559'4-03 
O.LO43E 00 

FORCE DISPLACEMENT RELATIONS 01 SPL THERMAL FORCES 

0.8419E 0 6  0.1548E 0 5  -0.642lE-01 3.3662€-03 0-23846-05 9.1091E-IO UX -0.2545E 0 3  

0.1548E 05 0.8419E 0 6  -0.2795'2 0 1  9.1907E-05 0.4387E-04 0.3492E-OY VX -0.2546E 0 3  

-0.o421t-01 -0.2795E 01 0.4057E 0 5  0.1091E-10 0.4657E-09 0.5722E-05 VXPUY -0.6455 E-113 

C.366LE-03 0.1907E-05 0.1391E-10 d.3R72E 03  0.5283E 01 -0.1370E-04 W X X  -3.745 1 E-38 

O . Z N ~ E - O ~  0.4387~-04 0 . 4 6 5 7 ~ - 0 9  0 . 5 2 8 3 ~  01 0 . i a 7 5 ~  03 -0.5963~-03 UYY -0.7451E-07 

0.8527 E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-I 3 0.1091E-IO 0.3492E-09 0.5722E-05 -0.1373E-04 -0.5963E-03 0.1385E 02  UXY 

REDUCE0 BENJINI; R t G I O I  T I E S  

0.38723t 0 3  0.5Ltl25E 01 -0.13698t-04 0.52825E 0 1  0.18748E 03 -0.59633E-03 -0.13698E-04 -0.59633E-03 0.133478 02 

HECUCtO STIFFNt S S  MATKlX 
0.84185t 0 6  0.15476C 05 -0.64211E-01 0.15476E 0 5  0.84185E 06  -0.27953E 01 -0.64211E-01 -0.27953E 01 0.40553E 35 

O I S P .  UISPLACEMENT FORCE RELAT IONS 

ux 0.1188E-05 -0.2184E-07 0.3756E-12 -0.1124E-11 3.2167E- 13 -0.7195E-18 

v x  -0.21846-07 0.1188E-05 0.8184E-10 0.18636-13 -0.2783E-12 -0.7574E-16 

VXPUY 0.3756E-12 0.8184E-10 0.2465E-04 -0.2750E-18 -0.1128E-15 -0.1019E-10 

FflRCES 

NX 

NY 

NXY 
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uxx 

WVY 

r l X Y  

-0.1124E-11 0.1714E-13 -0.5R47E-18 0.2583E-02 -0.7279E-04 -0.5792E-09 

O.2469E-13 -0.27836-12 -0.9746E-16 -0.7279E-04 0.5336E-02 0.2297E-06 

-0.4057E-18 '0.8573E-16 -0.1019E-10 -0.5792E-09 0.2297E-06 0.7222E-01 

YX zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
MY 

M X Y  

OISP. OISPLACEMENT FORCE RELAX IONS FORCES 

0.5644E-02 0.1188E-05 -0.2184E-07 0.3756E-12 -0.1124E-11 0.2167k-13 -0.7195E-18 '3.4745E 1 4  

-0.4062E-03 -0.2184E-07 0.1188E-05 0.8184E-10 O.IflbOE-13 -0.2783E-12 -0.7574E-16 -0.2546E '73 

-0 -34S7E- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA07 0.375 6E-12 0.8 1 8 4 ~  -10 0.2465 E-04 -0.2750 E- 18 - 0.1 1 2 8 ~ -  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 5 - 0.1 n i  9 ~ - 1  o -0.6456E-03 

0.12S2E 00 -0. I1 24E-11 0.1714E-13 -3 -5847E-18 0.25R3E-02 -0.727%-04 -0.5792F-09 0.5330E ? Z  

-0.7451E-07 -0.3t40E-02 0.2469E-13 -0.2783E-12 -0.9746E-16 -0.7279E-04 0.5336E-02 0.2297E-06 

-0.28S6E- 07 -0.4057E-18 -0.8573E-16 -0.1019E-10 -0.5792E-09 0.2297E-Cb 0.7222E-01 0.8527E-13 

FOR zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATHIS CAS€ NBSlX,Y,XY-Ml I S  5000. 0. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 .  

FOR THlS CASE YBS(X,Y*XY-MI I S  50. 3. 0.  

LAYER PROPERTIE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS V  ROhS-PROPERTY, COLUNNS-LAYER 

KV 
KF 
KFB 
KM 
KM 8 
RHOL 
TL 
DELTA 
ILOC 
28 
ZCC 
THC 5 
THLC 
THL S 
sc11 
sc 12 
SC 13 
sc22 
SC23 
sc 33 
s c 4 4  
sc 55 
SC66 
C T E l l  

CTE33 
MI1 
M 2 2  
HK33 
HC L 
EL 11 
EL22 
EL 33 
GL 23 
U 13 
u12 
NUL 1 2  
NUL21 
NUL 1 3  
NUL31 
NUL23 
NUL 32 
SMFK 22 
SM FO 22 
WFS22 
SM FC 22 
SMF S 12 
SMFS23 
ILMFC 
TEMPO 
LSC11T 
L S C l l C  
L S C l  IO 
LSC22f 
LSCLPC 
LSC12 
LSC23 
LSCC23 
LSCC I3  
LSCOF 

crEzz 

0. 
0.5000E 00 
0.5003E 00 
0.5OOJt 00 
0.5000E 00 
0.516%-01 

0.6 5 M6E - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA04 
0. n 0 0 0 ~ - 0 2  

0. 
0.5000t 03 
0.5000E 03 
0.5000E 00 
0.5000E 00 
0.5165E-01 
0.8000E-02 
0.65 86 E -04 
0. 
0.12OOE-01 

-0 .2000t -01  
0. 
0.1571E 0 1  
0.1571E 01 
9.2549E 08 
0.4118E 0 6  
0.4118E 0 6  
O. l l6OE 0 7  

0. 
'1.5303E 00 
0.5330E 00 
0.5033E 00 
0.5003E 00 
0.5165E-01 
3.8303E-02 
0.6586 E-04 
0. 

n .  

0 . 5 0 3 0 ~  00 
0.5030E 00 

0 .  
0.5000E 00 
0.5000E 00 
0 . 5 0 0 1 ~  00 
0 . 5 0 0 0 ~  on 

o . 8 n o w -  02 
0.5 16%- 0 1 

0.658bE-04 
0. 
0.3600E-01 

0. 
o .4n OOE- 0 2  

0. 
n . 5 0 0 0 ~  00 
0 .5noo~  n o  

0.5000~ nn 

0 . ~ 9 0 0 ~ - 0 2  

0.50COE OP 

0.51 6SE - 01 

0.65R6E-04 
0. 
0.44COE- 0 1  
0.1200E-01 
0. 
n.  

0. 
3.5000E 00 
n.wnnE na 

0. 
0.53?0E 33  
0.53Q1E 73 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
14 
1 5  
1 6  
1 7  
18 
1 9  
2 0  
2 1  
22 
23 
2 4  
25 
2 6  
2 7  
2 8  
29 
3 0  
3 1  
3 2  
3 3  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
34 
35 
3 6  
37 
38 
3 9  
40 
41  
4 2  
4 3  
4 4  
4 5  
4 6  
47 
48 
4 9  
5 0  
5 1  
52  
5 3  
5 4  
5 5  
5 6  
57 
5 8  
59 
6 0  

0.507OE 00 
0.5330E c 0  
0.5165E-3 1 

0.5000E 03 

0.5165E-01 
0.5000~ 03 

0.5J?OF 3 3  
0.530'7E ?? 
0.5 1 65E-3 1 

0.8030E-02 
0.6586E-04 
3. 
0.2830E-0 1 

-0.40DOE-32 
0. 

0 a 3  303 F-3 2 
0.5586 E-04 
0. 

0.29 73F-? 1 
0. 
0. 

n . ~ m n ~ - 3 1  
-0.0000E-19 

0.4000E-02 - n. 2 8 o o ~  - o i  

0. 
0.5200E -01 
0 .200n~-31 

0.20 33 E -0 1 
-0.1233 E-0 1 

0. 
0. 
0. 

0.4118E 0 6  
0.4118E 06 
O. l l60E 07 
0.4787E 06 
O.ll6OE 07 
0.340% 06 

0 . 2 5 4 9 ~  on 

0. 
0. 
0. 
0.2549E 08 

0. 
0.1571E 0 1  
0.1571E 01 
0.2549E 0 8  

0.411RE Ob 3.4113E 35 
0.4118E 0 6  0.4118E 05 

0.4787E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAO b  0.4787E Ob 
Q.1160E 07 0.1160E 07 
0.340% 0 6  0.3405E 95 
0.3405E 0 6  0.3405E 06 
0.6339E 9 6  0.6139E 06 

0.233LE-04 
0.2334E-3& 
0.2906E 33 

0 . 1 1 6 0 ~  0 7  n . 1 1 6 0 ~  0 7  

- o . ~ I ~ R E - o ~  - 0 . 6 1 3 8 ~ - 0 7  

0.1571E 0 1  
0.1571E 0 1  
0 . 2 5 4 9 ~  ne 

0.1571E 0 1  
0.1571E 0 1  
0.2549E 08 

.. 
0. 
O.2549E 0 8  

0. 
0.2549E 7 9  
0.4115E 0 6  
0.4119E 3 6  
O.1 lh IE  3 7  
0 . 4 7 8 7 ~  ne 

0.4118E 0 6  
0.4118E 0 6  
3.1163E 07 
0.4787E 0 6  
3.1163E 07 
0.3405E 0 6  

0.4118E 0 6  
0.4118E 3 6  
O.l I6OE 0 7  

0.411RE 0 6  
0.4118E 0 6  
0.1160E 07 
0.4787E 06 
C.1169E 07 
0.3405E 06 
0.340% Ob 
0.6339E C6 

-0.6138E-07 
0.2334E-04 
0.2334E-04 
O.ZOO6E 03 
0.3715E 0 1  
0.3715E 01 
0.2043E 00 

0.4787E 0 6  
O. l l6OE 07 
0.3405E Ob 

0.4787E 9 6  
0.1160E 0 7  
0 . 3 4 0 5 E  0 6  

0.1163E 3 7  
0.3405E 36 
0.3435E 31. 

-0.51 3 8E-37 
0.23 34E -34 
9.2 3 34 E -? 4 

0 . 4 3 1 9 ~  36 

O . Z P ~ S F  7 3  
0 . 3 7 1 5 ~  0 1  

3 . 2 3 4 3 ~  on 
3.3711jE 0 1  

0.2528F 35 
0 . 9 5 9 7 5  Ob 
0.3597E 36 
9.3595E '36 

0.3405E O b  
0.6339E 06 

-0.6138E-07 

0.3405E 0 6  
0.6339E 06 

-0.6138E-07 
0.2334E-04 
0.2334E-04 

0.3435E 06 
0.6339E 0 6  

-0.6138E-07 
0.2334E-04 
0.2334E-04 

3.3715E 01 
3.3715E 01 
0.2043E 00 

0 . 2 9 n 5 ~  03 

0.3435E 06 
3 ~ 6 3 3 9 E  0 6  

-0.6138E-07 
0.2334E-34 
0 -2334E-04 
0.2936E 03  

0.2334E-04 
0.2334E-04 

0.233 4E - 04 
0.233%-04 
0.2906E 0 3  
0.371% 0 1  0.3715E 0 1  
0.3715E 0 1  0.3715E 01 

0.252RE 08 0.2528E 38 
0.9597E 0 6  0.9597E 3 6  
0.9597E 0 6  0.95975 05 
0.3405E O h  0.34355 O h  
0.6339E 0 6  0.6339E 06 
0.633% 0 6  0.6339E 06 

0.9541E-02 0.9541E-02 
0.2514E 00  0.2514E 30 
0.9541E-02 0.9541E-72 
0.4094E 00 9.4094E 09 
3.4094E 00 0.4094E 00 

0.1918E 0 1  
0.1337E 01 

0 . 2 1 ~ 3 ~  00 0 . 2 0 4 3 ~  m 

0 . 2 5 1 4 ~  no 0 . 2 5 1 4 ~  30 

0 . 1 5 2 2 ~  n i  

-0.OOnCE-19 -0.9000E-17 

0.1396E 0 1  0.1396E 01 
0 . 3 0 2 4 ~  01 ~ ) . ~ o z + E  n i  

0.29C6E 03 
0.3715E 31 
0.3715E 01 

0.2906E 03 
0.3715E 01 
0.3715E 0 1  

0.3715E 0 1  
0.3715E 3 1  
0.2343E 00 0.2043E 00 

0.2528E 08 0.2528E 08 
0.9597E 06 0.Y597E 0 6  

0.9597E 0 6  

0.2041E 0 0  
0.2528E 08 
O.9597E 0 6  
0.9597E 0 6  

0.2528E 3 8  
0.9597E 0 6  
0.9597E 06 

0.2528E 08 
0.9597E 06 
0.9597E 06 0.95978 06  

0.340% 06 
0.63398 O b  

0.3405E 0 6  
0.6339E 0 6  
0.6339E 0 6  

0.3435E O b  
3.6339E 0 6  
0.6339E 06 

0.3405E 0 6  
0.6339E 0 6  
0.6339E 0 6  

0.3405E 06 
0.6339E Ob 
0.6339E 0 6  
0.2514E 00 
0.9541E-02 
O.2514E 00 
0.9541E-02 
0.4094E 00 
0 . 4 0 9 4  00 

0.5339E 76  
0.6339E 36 
0.2514E 3 3  
0.9541E-32 
0.2514E 213 

0.63398 06  
0.2514E 00 
0.9 541E- 02 

0.2514E 00 
0.9541E-02 
0.2514E 00 
0.9541E-02 
0.4094E 00 
0.4094E 00 
0.1522E 0 1  
0.1918E 0 1  
O.1382E 0 1  

-0.0000E-19 
O.3024E 0 1  
0.1396E 0 1  
0.7060E 02  

-0.3000E 0 3  
0.9676E 05 
0.5333€ 05 
0.6578E 05 
0.3610E 04 
0.173bE 05 
0.2547E 0 4  
0.1866E 0 4  - 0.0000E-19 

-0.0000E-19 
0.1052 E -0 1 

0.2514E 00 
0.9541E-02 
0.2514E 00 
0.9541E-02 
0 .4094t  00 
0.4094E 00 

0.2514E 00  
0.9541E-02 
0.2514E 00  0.2514E 00 

0.9 541E - 02 
0.4094E 00 

0.954 1E-02 
0.4094E 00 
0.4094E 00 

0.954 1E-92 
0.4394E 33 
0.4094E ?!I 
0.1522E 3 1  
0.19IEE 0 1  
0.1324E 3 1  

-0.3 S 93E -1 9 
0.3324E 3 1  
0.1396F 3 1  
3.70b3E 32 

-0.330OE ?3  
0.9575E 3 5  

0.557BE 95 
0.3763f 3 4  

0 . 5 3 3 3 ~  3 5  

0.4C94E 00 
0.1522E 01 
0.191SE 01 

0.1522E 01 
3.1918E 0 1  
0.1357E 0 1  

0.1522E 0 1  
0.1918E 0 1  
0.138ZE 0 1  

0.1522E 01 
0.1918E 01 
0.1382E 0 1  

0.1527E 0 1  
0.191RE I! 
9.1382E 01 O.l?69E 01 

-0.3000E-19 
0.3024E 01 
3.1396E 01 

-0.7000E-19 
-0.3000E 03 

0.9676E 05 
0.5333E 05 
0.6578E 05 
0.3644E 04 

-0.3 3 3 3 E- 1 Y 
3.3324E 0 1  
0.1396E 0 1  
0.70blE 02  

-0.333lE 0 3  
3.9675E 0 5  
0.5333E 05 
0.6578E 05 
3.3679E 0 4  
0.1769E 05 
3.2547E 0 4  
O.1865E 04 

-0.033JE-19 
-0.0003 E-19 
0 1 3  52  E-0 1 

-0.0030E-19 
0.3024E 01  
0.1396E 0 1  
0.7060E 02 

-0.3030E 0 3  
0.967bE 05 
0.5333E 0 5  
0.6578E 0 5  
0.3610E 0 4  
0.1736E 05 

0.1866E 0 4  
-0.0030E-19 
-0.0030E-19 

0 105 2E-0 1 

0 . 2 5 4 7 ~  n 4  

-0.0000E-19 
0.3024E 0 1  
0.1396E 0 1  
0.7060E 02 

-0.3000E 0 3  
0.9676E 05 

0.7060E 02 
-0.3700E 03 

0.9676E 0 5  

0.7960E 92 
-0.3000E 03 

3,967bE 05 
0.5333E 05 
0.6578E 05 
0.3611E 0 4  
0.173bE 0 5  
0.2547E 04 
0.1866E 04 

-0 .OODOE- 1 9  
-0.0900E- 1 9  

0.1052E-01 

9.5333E 05 
0.6578% 0 5  
0.3731E 0 4  
0.1794E 05 
0.2547E 04 

-0.0000E-19 

0.105ZE- 0 1  

0 . 1 8 6 6 ~  n4 

- o.onoo~- 1 9  

0.5333E 05 
0.657RE 05 
0.3b10E 0 4  
0.1736E 0 5  
0.2547E 0 0  
0.1R66E 04 

-0.0000E-19 
0-1052E-01 

- 3 . n o o o ~ - i 9  

0.1752E 05 
0.2547E 04 

O.1812E 05 
0.2547E 7 4  
0.18hbE 3 4  

-9.3373F-19 
-0.3700E -1 9 

n . 1 3 5 2 E-3 I 

3.1866E 04 
-0.0000E-19 
-0.0000E-19 
-0.0000E-19 
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6 1  
6 2  
6 3  
6 4  
65 
66 
6 7  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
68 
69 
7 0  
7 1  

KL l t A 8  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
MOEIE  
RELROT 
EPS11 
EPS22 
EPSlZ 
SIG11 
SI622 
SIG12 
OELF zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 
HFC 

0.1371E 01 
-0.1514E 01 
-0.0000E- 19 

0.2027E-02 
-0.30 43E - 03 
-0.3416E-07 

0.5131E 05 
0.6929E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA04 

-0.2165E-01 
-0.0000E-19 
-0.1267E 01 

0.1371E 01 
-0.6581E 0 1  

0.1000E 0 1  
-0.3334E-03 

0.3061E-02 
0.5927E-07 

-0.7299E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA04 
0.9595E 0 4  
0 .3757641 

-0.3564E-07 
-0.2659E 0 1  

001371E 0 1  
-0.1208E 0 1  

0.100JE 0 1  
0.4094E-02 

-0.3626 E-03 
-0-34628-07 
0.1057E 0 6  
0.7372E 04 

-0.2 19 5 E-0 1 
-0.1009E-07 
-0.2548E 0 1  

0.1371E 0 1  
-0.1002E 0 2  

0.1030E 0 1  
-0.3917E-03 

0 -5128E-02 
0 -7531E-07 

-0.8789E 04 
0.1157E 0 5  
0.4774E-01 

-0.4186E-07 
-0.37836 0 1  

0 . 1 3 7 1 ~  01 0 . 1 3 7 1 ~  01 0 . 1 3 7 i ~  01 
-0.1185E 02 -0.1650E 01 -0.l638E 02 

O.1OOOE 0 1  0.1OOOE 0 1  0.19OOE 01 
-0.4208E-03 0.7194E-02 -0.4790E-03 

0.6161E-02 -0.4499E-03 0.8228E-02 
0.8333E-07 -0.3532E-07 0.9936E-07 

-0.8199E 04 0.1851E 06 -0.IlOZE 05 
0.1256E 05 0.8038f 04 0.1453E 05 
0.5282E-01 -0.2239E-01 0.62 98E-01 
O.4249E-08 -0.8689E-07 -0.5031E-07 

-0.43728 01  -0.6462E 0 1  -0.5704E 01 

Bidirectional Composite Residual Stresses Only 

THORN EL- 50/E POX Y 

NLINPLINPC~NFPE vNLC 
8 7 1  54 1420 1 

E F l l r  EF22rEF 33, NUFl2~NUF23~NUF13 rEF12 &F23 1EF13 .EM1 1 ,EM22~EH33,NUMlZ~NUM23 NUMl3r E M l Z ~ E M 2 3 ~ E H 1 3  
0.50000E 08 0.10000E 07 O.1OOOOE 07 0.2003JE 13 O . Z S O O O E  03 0.20000E 00 0.13000E 0 7  0.70000E 
0.57000E 06 0.57000E 06 0.36000E 00 0.36030% 03 0.36000E 00 0. 0. 0. 

VCF 
0.40000E 0 1  0.ZOOOOE 01 0.40000E 0 1  0.20000E 0 1  0. 0. 0. 0.23560E 
0. 0. 0. 0. O.lOOOOE 0 1  0.10000E 0 1  0.10000E 01 0. 

VAF 
-0.55000E-06 0.56000E- 05 0.56000E-05 
VAH 

0.42800E-04 0.42800E-04 0.42800E-04 
C HK 

0.58000E 03 0.58000E 02 0.58000t 02 0.17000E 00 0.1250OE 01 0.12500E 0 1  0.12500E 01 0.25000E 
0. 0.225OOE 00 

0.10000E 0 1  0.10000E 01 0.10500E 0 1  0.10500E 0 1  

0.31416E 0 1  

BTA 

P I E  

0.1371E 9 1  
-0.2525E 3 1  

0.1303E 3 1  
0.92611-32 

-0.5 3 8 ZE-3 3 
-0 + 3 5 78E-07 

0.7379E 06 
0.84RZE 0 4  

-0.22 63 E-) 1 
-0.1535F-36 
-0.134IE > 2  

06 0.13333E 07 3.5730I)E Ob 

01 0. 0. 
0. 3 .  

00 0. 3.  

TL INP 
F 

CSANB 
F 

BlOE 
F 

R INOV 
F 

THCS~RHOFIRHCH~DIAF 

KVL 
0. 0.59000E-01 0.44300E-01 0.26000E-03 

0. 0. 0. 0 .  0. 0. 0. 0. 
K 61 

0150000E 00 0.50000E 00 0.50000E 00 0.50000E 00 0.50000E 03 0.50000E 00 0.50000E 00 0.50000E 00 

0. 0.90000E 02 0. 0.90000E 02 0.90000E 02 0. 0.90000E 02 0. 

0.80500E-02 0.80500E-02 0.80000E-02 0.8OOOOE-JZ O.8OOOOE-02 0.80500E-02 0.805COE-02 0.80000E-02 
PTEMP 
-0.30000E 03 -0.30000E 03 -0.30000E 03 -0.30000E 3 3  -0.30000E 0 3  -0.30000E 03 -0.30000E 03 -0.30000E 03 

THLC 

r L  

BET 
0.83000E 00 0.1000UE 0 1  0.26000E 00 0.27000E 00 0.17000E 00 0.16500E 0 2  0.10000E 0 1  0.10000E 01 O.46500E-01 0.10000E 01 
0.50000E 00 0.13300E 02 0.31900E 05 0-10000E 3 1  0.13000E 0 1  0.10000E 0 1  

L sc 
0.23000E 06 0.21000E 05 0.20000E-01 0.50000E-01 0.45000E-01 0.45000E-01 

NBS 
0. 0. 0. 

M B S  
0. 0. 0. 

O I S V 1  
0. 0. 0. 0. 0. 0. 
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3-0 LOMPOSITE STRAIN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS T R E S S  TEMP€RATURE RELATIONS - STRUCTURAL AXES 

1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBARHUC 
2 TC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3 L C l l  
4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC C l L  
5 c c 1 3  
6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC C Z L  
7 CC23 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8 CC33 
9 c c 4 4  

10 c c 5 5  
1 1  CC66 
I 2  C T E l l  
13  CTE22 

1 5  bK11 
1 6  PK22 
1 7  kK33 
18  bHC 
1 9  E C l l  
2 0  EC22 
2 1  EC33 
2 2  ECL3 
23 EC31 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
24 EC12 
2 5  NUCIZ 
26 NVCZl  
2 7  NUC13 
28 NUC31 
2 9  NVC23 
30 NUC32 
3 1  ZCGC 
32 BZDEC 
3 3  C C l l  
34 c c 1 2  
35 CC13 
3 6  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC C Z 2  
37 CC23 
3 8  CC33 
3 9  EL11 
4 0  EC22 
4 1  tC12 
4 2  NUClZ 
4 3  NUCZl 
4 4  CSN13 
4 5  CSN31 
4 6  CSN23 
4 7  CSN32 

4 9  CTE22 
5 0  C T E l 2  
5 1  MI1 
52 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAl % Z Z  
5 3  HK12 
5 4  HHC 

1 4  ~ ~ € 3 3  

4 8  C T E ~ I  

n.  2 4 0 0 ~ -  1 3  n.7604t-07 -0. 1 3 9 2 ~ - 0 8  - 0 . 2 ~ 6 6 ~ - 0 7  0 .  0. 

-D.IHZE-O~ 0 . 7 6 u 4 ~ - 0 7  - o . z a 6 6 ~ - 3 7  -0. -0 .  0.5238F-11 

- o . ~ a 6 6 ~ - 0 7  - 0 . 2 8 6 6 ~ - 0 7  3 . 8 8 4 4 ~ - 0 6  0 .  0. -0.2 187E- 11 

0. 0. -0. 0.2937E-05 0. 0. 

0. 0.2937E-05 0. 0. 0. -0. 

0.2400t -13  0.5238E-11 -0.2187E-11 0. 0. 0.15 7EF- 05 

n.9901F-06 

n . 9 9 0 i ~ - n 6  

0.321 9E -04 

0. 

0. 

C. 1228F-09 

3 - 0  CCMPOSITE STRESS STRAIN RELATIONS - STKUCTURAL AXES 

-0.9527E 0 3  0.1333~ 0 8  0 . 4 i i a ~  0 6  1 . 4 4 5 2 ~  06 -n. -0. 

0.4118i  0 5  0 , 1 3 3 3 E  0 8  0.4452E 0 6  -0. -0. -0.4363E 02 

0 . 1 2 2 5 ~  0'3 0.4452E 0 6  0.4452E Ob 0 . l l b O E  0 7  -0. -0. 

-0. -0. -0. 0.3405E Oh -0. -0. 

-0. -0. 0.3405E 04 -0. -0. -0. 

-0.9527E 00 -0.4363E 02 n . l 2 % 5 E  00 -3. -0. 0.6339E Oh 

C O P P O S I T €  P A G P t R T l t S  - VAL10 OYLY f D K  CONSTANT T t M P E R 4 T U R E  THROJGH THICKVESS 
L I N E S  1 T3 7 1  3-J COMPI3SITE P R O P E R T I E S  AdnUT MATERI4L AXES 
L I N E S  33 Ti l  54 2-0 COMPOSITE PKUPERTIES ABOUT STRUCTURAL AXES 

0 . 5 1 6 5 t - 0 1  
C.5400E-01 
0.1333E 0% 
0.4118E 06 
0.4452E Oh 
0.1333F 08  
0.4452E 0 6  
0.116CE 0 7  
0.3405E 0 6  
13.3405E 0 6  
C.6339E 0 6  
0.99 Cl E-06 
0.9901E-06 
0.32 1 9E- 0 4  
C.1472E 03 
0.147Lt  03 
0.3715E 01 
0 .2J43t  C7 
C.1315E 08  
0.1315E 08 
Ca1131E 0 7  
C.3405E 0 6  
C.3405t 0 6  
C.6339F 0 6  
0.18 31E-01 
g.1831E-01 

0. 3L41E-01 
0.3769E 00 
'3.3241E-01 

0. 
0.1315€ Od 
C.2418E 0 6  

-0.1003E 01 
0.131SE 0 8  

-C.4368E 02 
0.633YE 0 6  
0.1315E 08 
0.1315E 08 
(r.633YE 0 6  
9.183BE-Ol 

0 . 3 7 6 5 ~  00 

c. 3 z o n ~ - u i  

0.18 38t- 01 
-0.31 6 lE-Ob 
-0 .1524€-07 #$ 
-0.5887E-04 
-0.332CE-05 

0.9901E-06 
0 . 9 9 0 1 t - 0 6  
0.12 2 HE-09 
0.1472E 03 
0.1472E 03 
c. 5 5 9 4 ~ - 0 3  
0.2043E 00 
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FORCES FORCE OISPLACEMENT RELATIONS 01 SPL THERMAL FORCES 

NX 0.B419E 0 6  0.1548E 05 -0.642lE-01 0.3662F-03 0.2384E-05 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.1091E-10 UX -0.2546E 0 3  

NY 0.1548E 05 0.8419E 06 -0.2795E 01 0.1907E-05 0.4387E-04 0.3497E-09 V X  -0.2545E 0 3  

NXY -0.6421E-01 -0.2795C 01 0.4057E 05 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.10918-10 0.4657E-09 0.5722E-05 VXPUY -0.6456 E-03 

-0.745 1 E-78 M X  0.3662E-03 0.1907E-05 0.1091E-10 0.3872E 03 0.5283E 01 -0.1370F-04 W X X  

M Y  0 . 2 3 8 4 ~ - 0 5  0 .4387~-04 0 . 4 6 5 7 ~ - 0 9  0 . 5 2 8 3 ~  01 0 . 1 8 7 5 ~  03 -0 .5963~-03 wyy -0.7451 F-07 

M XY 0.1091E-10 0.3492E-09 0.5722E-05 -0.1370E-04 -0.S963E-03 0.1385F 0 2  W X Y  0.8527E-13 

HECUCEO BENUING R E G I O i T I E S  

0.38723k C j  0.5L825E 01 -0.13698E-04 0.52825E 01 0.18748F 03 -0.59633E-03 -0.13698E-C4 -0.59633E-03 0.13847E 02 

REEUCEO STIFFNt S S  M A T R I X  
O.84185E 06 0.1547CE 05 -0.64211E-01 U.15476E 05 0.84185E 06 -0.27953E 01 -0.64211E-01 -0.27953E 01 0.40568E 1 5  

O I S P .  

ux 

vx  

VXPUY 

w xx 

WYY 

wxy 

OISP. 

- 0.2970E- 03 

- 0.29 70E- 03 

-0.3t85E-07 

0.2680E-09 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
- 0 .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAZ 2 24E- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA09 

0 - 1756E- 13 

DISPLACEMENT FORCE RELAT lONS 

0.1188E-05 -0.2184E-07 'I - 3 7 5 6 t - 1 2  -0.1124f-11 0.2167E-I3 -0.7195E-18 

-0.2184E-07 O.1188E-05 O.8184E-10 0.1860E-13 -0.2783E-12 -0.7574F-16 

o . > 7 5 6 ~ - i ~  O . B I ~ ~ E - ~ O  0 . 2 4 6 5 ~ - 0 4  -0.2750~-18 - o . i i z 8 ~ - 1 5  - o . i 0 1 9 ~ - i n  

-0.1124E-11 0.1714E-13 -0.5847E-18 0.2583t-02 -9.7279E-04 -0.579ZE-09 

0 .2469E- l j  - 0 , 2 7 8 j t - 1 2  -0.Y746E-16 -0.7273E-04 0.5336E-02 0.2297E-06 

-0.4057E-18 -0. 8573E-16 -0.1019E-10 -0.5792E-09 0.2297E-06 0.7222E-01 

OISPLACEMENT FORCE RELATIONS 

(J.1188E-05 -0.Lld4E-07 

0.11 8 8  t - 0 5  

0.375bE-12 0.8154E-10 

-0.21 84E- 07 

- 0 . l f 2 4 t - 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 0.1714E-13 

0.2469E-13 -0.278jE-12 

- 0 . 8 5  73 E- I6  - 0.405 7 t -  I8 

FOR THIS C A S E  NBSIXVYIXY-MI I S  0. 

FOR T H I S  C A S E  YBSlX,YqXY-Ml I S  0. 

LAYER PKOPEKlIE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS r  ROWS-PROPERTY P COLUMNS-LAYER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14 
15 
1 6  
1 7  
18 
19 
20 
2 1  

KV 
KF 
KFB 
KM 
K M B  
RHOL 
TL 
DELTA 
I L  oc 

28 
z bC 
THC s 
THLC 
THL S 
S C l l  
sc 12 
SC13 
sczz 
scz1 
sc 33 
sc44 

0. 
0.5000E 00 
0.5000E 00 
0.5000E 00 
0.5000t 00 
0.5165E-01 
0.8000E-02 
0.6586E-04 

-0.00 OOE- I9 
0.4000E -02 

-0.2800E-01 
0. 
0. 
0. 

0.4118E Ob 
0 . 2 5 4 ~ ~  oe 

0.411dE 06 
0.1160E 0 7  
0.4787E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA06 
O.l l6JE 07 
U.3405E O b  

0. 
0.5000E 00 
0.5000E 00 
0.5000E 00 
0.5000E 00 
0.5165E-01 
0.8000E-02 
0.6586E-04 
0. 
0.1200E-01 

-0.2000E-01 
0. 
0.1571E 01 
0.1571E 01 
0.2549E 08 
0.4118E 06 
0.411RE 06 
0.1160E 07 
0.4787E 06 

0.3405E 06 
o . 1 1 6 0 ~  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo r  

n. 

FORCES 

NX 

NY 

NXY 

M X  

MY 

UXY 

FORCES 

9.375 6 E-1 2 -0.1124E- I 1  0.2167E- 13 -0.71 9SE-18 -0.2546E 13 

0 . 8  184E-IO 0.1863 E- 13 - 0 - 278 3E- 12  -0.7574F-16 -0.2546E 7 3  

0.246 5 E-04 -0.2750 E- 18 -0.1 12 8E- 15 -0.101 9 E - I  0 -0.6456E-03 

-0.5847 E-18 0.2583E-02 -0.7279E- 04  -0.5792E-09 - o . ~ + ~ I E - w  

-0.9746 €-I 6 -0.7 279 E- 04 0.5 3 3 EF- 02 n. 22 9 7 ~ - 0 6  -0.70 5 I E-07 

-0.1019E-10 -0.5792E-09 0.2297C-06 0.7222E-01 o . e 5 2 7 ~ - 1 3  

0 .  0. 

0 .  0 .  

n. 0 .  0.  0. 0. 
0 . 5 0 9 3 ~  00 0.5010~ 00 0.5000~ 00 0 . 5 0 0 0 ~  00 0 . 5 n o o ~  0 3  0 . 5 3 3 3 ~  33  
0.5300t 'lo 0.5000E 00 9.5OOOE 00 0.500OE 90 9.5000E 00 '3.5337E 7 3  
0.5000E 00 0.5030E 00 0.500OE 00 0.5000E 00 0.500OE 30 0.5JDOE 3 3  
0 . 5 0 0 0 ~  00 0 . 5 0 0 0 ~  00 0 . 5 0 0 0 ~  00 0 . 5 0 0 0 ~  00 0 . 5 0 0 ~  97 0 .53no~  00 
0.5165E-01 0.5165E-01 0.5165E-01 0.5165E-01 O.5165E-01 0.5165E-01 
0.80OJE-07 0.8030E-02 0.80OOE-07 0.8000E-92 0.8000E-02 0.8300E-92 
9.658SE-04 0.6586E-04 0.6586E-04 0.6586E-04 0.6586E-04 0.6586E-34 
0. 0. 0. 0. 0. 0. 
0.2033E-01 0.2830E-01 0.3600E-01 0.4400E-01 0.5200E-01 0.5303E-31 

-0.123 I E-9 1 -0 -402 OE-0 2 0 -40 OOE- 02 0.1200E -0 1 0.2OOOF-01 0.2 5 9 3  E-3 1 
0 .  0 .  0 .  0 .  0. n. 
0. C.1571E 0 1  0.1571E 01 0 .  0.1571E 01 0.  
3. 0.1571E 0 1  0.1571E 01 0. 0.1571E 01 0. 
0.2543E 08 0.2549E 0 8  0.2549E OR 0.2549% 0 8  0.2549E OR 9.2549E 38 
0 . 4 l l 8 E  06  0.4118F 0 6  0.4118E 0 6  0.4118E 0 6  0.4118E 06 O.4119E 06  
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0.4787E 06 0.4787E 0 6  0.4787E 0 6  0.4787E O b  0.4787E 06 0.4787F 36 
O. l l6DE 07 0.1160E 0 7  O.ll6OE 0 7  0.1160E 0 7  O.ll6OE 0 7  9.116OE 3 7  
0.3405E J 6  0.3405E 0 6  0.3405E 06 0.3405E 0 6  0.3405E 05 0.3405E 0 6  
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E L I 1  
EL 22 
EL 33 
U 2 3  
GL 1 3  
GL 1 2  
NUL I 2  
NUL 2 1 
NUL 1 3  
NUL31 
NUL23 
NUL32 
SMFK 22 
SrFD22 
SMFS22 
SYFL2L 
SHFS12 
SHFS23 
ILMFC 
TEMPD 
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L S C l Z  
LSC23 
LSCC23 
LSCC 13 
LSCDF 
KL 1ZAB 
MDElE 
REL4OT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
€ P S I  1 
t P  s2 2 
EPSl2 
51 611 
SIGL2 
S1G12 
OELF zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 
kFC 

O.34C5E 06 
0.6339E 06 

-0.61 3YE- 07 
0.23 34E-04 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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0.6339E 06 
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0.3405E Os 
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Bidirectional Composite with Bending-% retching Coupling; Residual Stresses Only 

T HORN EL- 50/EPO X Y 

NL rNPL. NPC, NFPE rNLC 
8 7 1  5 +  1420 1 

EFl l rEC22vEF33q 'IUF121NUF23rNllF13 9EFI2 rEF23rEF13rEM11 rEM22.EM33,NUM12rNU~23 NUM13~EMlZvEM23rEM13 
0.50000E 08 0.1000OE 07 0.10000E 07 O~ZOOOOE 00 0.25000E 03 0.20000E 00 0.13000E 07 0.70000E 06 0.13030E 37 3.57333E 06 
0.57000E 06 '7.57000E 06 0.36000E 00 0.36000E 00 0.36000E 00 0. 0. 0. 

V C F  
0.40000E 0 1  
0. 

V A F  
-0.55000E-06 
V AM 

0.42800E-04 
C HK 

0.58000E 03 
0. 

ETA 
0.10000E 01 

P I E  
0.31416t 01 

r L  INP 
F 

CSANB 
F 

B I C E  
F 

R INOV 
F 

0.20000E 0 1  0.40000E 01 0.20000f 01 
0. 0. 0. 

0.56000E-05 0.56000E-05 

0.42800E-04 0.42800E-04 

0.58000E 02 0.58000E 02 O.17OJOE 00 
0.225OOE 00 

0.lOOOOE 01 0.10500E 0 1  0.10500E 0 1  

0. 0. 0. 0.23560E 01 0. 0. 
0.10000E 0 1  0.10000E 0 1  0.10000E 01 0. 0. 3. 

0.12500E 0 1  0.12500E 0 1  0.12500E C 1  0.25000E 00 0. 0. 
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T HCSI RHO FIR zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAHot41 0 1AF zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
K V L  

0. 0.59000E- 01  0.44300E-01 0.26000E-03 

0. 0. 0. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0. 0.  0. 0. 0. 
K FL 

1HLC 
0.5000OE 00 0.50000E 00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.50000E 00 0.50000E 00 0.50000E 00 0.50000E 00 0.50000F 00 0.50000E 00 

0. 0. 0. 0. 0.90000E 02 0.900OOE 02 0.90000E 02 C.90000E 02 
TL 

0.80500E-02 0.80500E-02 O.8OOOOE-02 0.80000E-02 0.80000E-02 0.80500E-02 0.805COE-02 0.80OOOE-02 
PTEMP 
-0.30000E 03 -0.30000E 03 -0.30000E 03 -0.30000E 0 3  -0.30000E 03 -0.3000OE 03 -0.30000E 03 -0.30000E 03 

BET 
0.83000E 00 0.10000E 0 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.26000E 00 0.27003E 33 0.17000E 03 0.16500E 02 0.10000E C 1  0.10000E 01 0.46500E-01 3.133036 0 1  
0.50000E 00 0.13300E 02 0.31900E 05 0.10000E 3 1  0.10000E 3 1  0.10000E 0 1  

L sc 
0.23000E 06 0.21000E 05 0.20000E-01 0.50000E-01 0.45000E-01 0.45000E-01 

0. 0. 0. 

0. 0. 0. 

0. 0. 0. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 .  0. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 .  

NBS 

M 8 S  

O I S V l  

3-0 COMPOSITE STRAIN STRESS TEMPERATURE RELATIONS - STRUCTURAL A X E S  

0.7604E-07 -0.1392E-08 -0.2866E-37 0. 0. 0 -2400E- 13 0.9901E-06 

0.99018-06 -0.1392E-08 0.7604E-07 -0.2866E-07 -0 .  -0. 

-0.2866E-07 -0.2866E-07 0.8844E-06 0. 0. -0 - 2  187E- 11 0.3219E-04 

0 - 5 2  38E- 11 

0. 0. -0. 0.2937E-05 0. 0. 0. 

0. 0. -0. 0. 0.2937E-05 0. 0. 

O.24OOE-13 0.5238E-11 -0 -2187E-11 0. 0. 0.1578E-05 0.1228E-09 

3-0 COMPOSITE STRESS STRAIN RELATIONS - STRUCTURAL AXES 

0.1333E 08 0.4118E 3 6  0.4452E 06 -0. -0. -0.9527E 00 

O.4llBE 06 0.1333E 08 0.4452E 06 -0. -0. -0.4363E 02 

0.1225E 00 0.4452E 06 0.4452E 06 0.1160E 0 7  -0. -0. 

- 0. -0. -0. 0.3405E 06 -0. -0. 

-0. -0. -0. -0. 0.3405E 06 -0. 

-0.9527E 00 -0.4363E 02 0.1225E 00 -0. -0. 0.6339E 06 

COMPOSITE PROPERTIES - VALID ONLY FOR CONSTANT TEMPERATURE THROUGH THICKNESS 
L INES 1 TO 31 3 0  COMPOSITE PROPERTIES ABOUT MATERIAL AXES 
L INES 33 TO 54 2-D COMPOSITE PROPERTIES ABOUT STRUCTURAL AXES 
1 RHDC 0.51 65E-01 
2 TC 0.6400E-01 
3 C C l l  0.1333E 08 
4 CClZ 0.4118E 06 
5 CC13 0.4452E 06 
6 CC22 0.1333E 08 
7 CC23 0.4452E 06 
8 cc33 0.1160E 0 7  
9 cc44 0.3405E 0 6  

10 1155 0.3405E 0 6  
11 CC66 0.6339E 0 6  
12 C T E l l  0.9901E-06 

28  
29 
30 
3 1  
32  

CTE33 
H( 11 
m 22 
H(33 
HHC 
E C l l  
EL22 
EC33 
EC23 
EC31 
EC 12 
NUC 1 2  
NUCZl 
NUC 1 3  
NUC3l 
NUC 2 3 
NUC32 
ZCGC 
EZOEC 

0.1472E 03 
0.1472E 03 
0.3715E 01 
0.20431 00 
0.1315E 08 

1 3  CTE22 0.9901E-06 
14 0.32 19E-04 
1 5  
1 6  
1 7  
1 8  
1 9  
20 
2 1  
2 2  
23 
24 
25 
2 6  
27 

0.1315E 08 
0.1131E 0 7  
0.3405E 06 
0.3405E 06 
0.6339E 06 
0.1831E-01 
0.1831E-01 
0.3769E 00 
0.324 1E-01 
0.3769E 00 
0.3241E-01 
0.3200E-01 
0. 

i., 
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3 3  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC C l l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
34 C C l Z  
3 5  CC13 
36  CC22 
3 7  CC23 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
38 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAc c 3 3  
39  E C l l  
40 EC22 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
41 EC12 
4 2  NUClL 
4 3  NUC21 
4 4  C S N I j  
4 5  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC S N 3 1  
46  CSN23 
4 7  CSN32 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
48 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC T E l l  
49 CTE22 
5 1  CTElZ 
5 1  h K l l  
5 2  Pk22 
5 3  M ( l 2  
5 4  tnc 

FORCES 

NX 

NY 

NXY 

M X  

M Y  

M X Y  

0.1315E 0 8  
0.2418t 06 

-0.1003E 01 
C.1315E O Y  

-0.4368E 02 
C.6339E 0 6  
C.1315E CS 
0.1315E 08 
C.6339E 0 6  
C .  18 38C- 01 
O.lR38E-01 

- G 1 3 1 b l E - 0 b  - ).1524E-O7 - 0.6887E- 0 4  - 0.3320E-OS 
C1Y901E-06 
i. 3YClE-06 
OI12L8E-09 
0,147ZE 03 
0.1472t 03 
C. 5594E-03 
U.2043E 00 

DISPL THERMAL FOSCES FOKCE DISPLACEMENT RELATIONS 

U.rJ419t 06  0.1548E 05 -0.6421E-01 -0.1248E 05 0.3338E-05 -0.1027E-02 UX -0.2545E 03 

-0.254hE 0 3  0.1548t 05 0.8419E 0 6  -0.2795E 0 1  -0.9537E-06 0.1248E 0 5  -Ga4472E-01 VX 

- t ,64Z l t -OL -0.2795E 01 9.4057E 0 5  -Ll.lO27E-O2 -0.4472E-C1 0.5722E-05 VXPUY -0.6456E-03 

-0.2813E 3 1  -0 .1248t  Ci5 -0.9537E-06 -0.1027E-32 0.2874E 0 3  0.5283E 0 1  - 0 ~ 2 1 9 2 F - 0 4  HXX 

0. j338t-05 0 . 1 2 4 8 ~  05 -0 .4472~-01 0 . 5 2 8 3 ~  01 0 . 2 8 7 4 ~  c3  -0 .9541~-03 wyy 0 . 2 8 1 8 ~  r i  

-1.1033E-04 -L.1027t-02 -0.4472E-01 0.5722E-05 -0.2192E-04 -0.9541E-C3 0.1385E 02 HXY 

RECUCEO BENDING K E u ~ O I T I E S  

5.10215E C3 O.lO778E 01 -0.24951E-04 1.18778E 0 1  0.10215E 03 -0.29092E-03 -0.249blE-04 -0.29092E-03 0.13847E 02 

KEEUCEO STIFPNESS Y A T K I X  
0.2SSZ6t 0 5  0.55014E 04  -0.73129E-01 0.55014E 3 4  0.29926E 06 -0.85231E 00 -0.7312SE-01 - C S 8 5 2 3 1 E  00 0.4056RE 35  

O I S P .  

ux 

vx 

VXPUY 

wxx 

W Y Y  

WXY 

O I S P .  

-0.1245E-CZ 

-0.1245E-CZ 

-0 -3355t -  07 

- 0  -65C9E-Cl 

0.C 5C9E- L 1  

- 0  -47  71E- C6 

OISPLACEYENT FORCE RELATIONS 

0.3343t-  C S  -0.6145E-07 D.4735E-11 0.1452E-03 -1.1137E- 12 0.2794F-09 

0 . 6 1 4 5 E - 0 7  0.3343E-05 0.7012E-10 -0.5592E-13 -0.1452E-03 0.785lE-09 

C.4735E-11 0.7OlZE-10 0.2465E-34 0.2794E-09 3.7851E-Oq -0.9905E-11 

0.1452E-03 -0.S6d4t-13 0.2794E-39 3 -9793F-02 -0.18OOF-03 0.1387E-07 

C.677OF-13 -0,145ZE-03 0.7851E-09 -0.1803E-03 0.9793E-02 0.2054€-06 

L.27S4E-09 0.7851E-09 -0.9905E-11 0.1387E-07 0.2054E-CO 0.7222E-01 

OISPLACEMENT FORCE RELATIONS 

0.3343E-05 -0.6145E-07 0.4735F-11 0.1452E-03 -0.1137E- 12 0.2794€-09 

-0 .6145t -07  0.3343E-05 0.7012E-10 -0.5592E-13 -0.1452E-03 0.7851E-09 

0.4735E-11 0.7012E-IC 0.2465 t-04 0,2794E-09 0.7851F-C9 -0.9905E-11 

0.1452E-03 -0.5684E-13 0.2794E-09 0.9793E-02 -0.1800E-03 0.1387E-07 

0.6770E-13 -0.1452E-03 0.7851E-09 -J.1800E-03 C.9743E-02 0.2054E-06 

0.2794E-09 0.7d51E-09 -0.9935E-11 0.1387E-07 7.2054E-Ct 0.7222E-01 

FORCES 

NX 

NY 

NXY 

M X  

MY 

M X Y  

FORCES 

-0.2546E 3 3  

-0.254bE 03  

-0.6456E-13 

-0.ZE18E 0 1  

0.2818E 01 

-0. i o 3  3 E-04 
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FOR T k I S  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC A S E  ~BSlYvY,XY-M)  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI S  0. 0. 

FOR T H I S  CASE MBS(X*YIXY-MI I S  0. 0. 

LAYER PR3PER TIE Sr ROWS-PROPERTY COLUMNS-LAYER zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 .  

0 .  

1 
2 
3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
14 
1 5  
16 
1 7  
1 8  
19 
20 
2 1  
22 
2 3  
2 4  
2 5  
2 6  
2 7  
28 
2 9  
30  
3 1  
3 2  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3 3  
3 4  
35 
3 6  
3 7  
38 

3 9  
4 0  
4 1  
4 2  
4 3  
44 
45 
4 6  
4 7  
48  
4 9  
5 0  
5 1  
5 2  
5 3  
5 4  
5 5  
5 6  
5 7  
58 
5 9  
6 0  
61 
6 2  
6 3  
64 
6 5  
6 6  
6 7  
68 
6 9  
7 0  
7 1  

0. 0. 0. 0 .  0. 
0.5000E 00 
0.5000E 00 
0.5000~ on 

0. 0. 0 .  KV 
KF 
KFB 
KM 
KM 8 
RUOL 
TL 
DELTA 
I L  DC 
Ztl  
Z GC 
THC S 
THLC 
TUL s 
S C l l  
sc 12 
sc 
sc 
SC23 
s c 3 3  
s c 4 4  
sc 55 
SL66 
C T E l l  
CTE22 
CTE33 
MI1 
WK22 
HK33 
t€L 
EL11 
EL 22 
EL 33 
GL23 
U 1 3  
Q 12 
NUL 1 2  
NUL21 
NUL 1 3  
NUL 3 1 
NUL23 
NUL32 
SMFK22 
SM FO 22 
SMFS22 
SMFCZ2 
SMFSI2 
SMFF23 
ILMFC 
TEMPO 
LSC11T 
L S C l l C  
L S C l l O  
CSC22T 
LSC22C 
LSC12 
LSC23 
LSCC23 
LSCC 13 
LSCOF 
KL 12A8 
MOEIE 
RELROT 
E P S l l  
EPS22 
EPSI2 
5 1 6 1 1  
SIG22  
S i 6 1 2  
O t L F I  
HFC 

0.5000E 00 
0.5000E 00 
0.500JE 00 

0.5000E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 3  
0.5000E 00 
0.5000E 30 
0.5000E 00 
0.51 65E-0 1 
0.8000E-02 
0.65 86 E -04 
0. 
0.1200E-01 - 0.2 OOOE -0 1 
0. 
0. 
0. 
0.2549E 0 8  
0.4118t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA' I6 
0.4118E 0 6  
O. l l6OE 0 7  
0.4787E Oh 
O . l l 6 0 E  0 7  
0.3405E 0 6  
& 3 4 0 5 E  O h  
0.6339E 06 

-0.6138E-07 
0.2334E -04 
0.2334E-04 

0.5000E 00 
0.5303E 00 
0.5330E 30 
0.5030E 00 
3 - 5  165 F-0 1 
0.8033E-02 
O.6585E-04 
0. 
0.2000E-0 1 

-0,1233 E-0 1 
0. 
0. 0. 
0.  0 .  

0.5030E 03 
0.5000E 00  
0.5OJOE 00 
0.5330E 00 
0.5 16 5F-0 1 
0.8OOOE-02 
0.658 6E-04 

0.5OOCE 00 

0.500EE 00  
0.500PE 00 
0.51 6 5E- 0 1 
0.8000E - 0 2  
0.6586E-94 

0 . ~ 0 9 ~  00 

n. 
O . ~ ~ O O E - O I  n i 5 z o n ~ - o i  
0.1200E-nI 0.20 005-31 
'I. 0. 
0.1571E 01 0.1571F 0 1  
0.1571E 01 0.15715 01 
'1 .2549~ ns  0 . 2 5 4 9 ~  ne 
0 . 4 1 1 8 ~  06 3 . 4 1 1 ~ ~  v, 
0.4118E 1 6  0.4118E O h  
0.116OE 0 7  
0.4787E 06 
0 . 1 1 6 0 ~  9 7  

o.5nooE 30 
0.5000E 00 
0.5000E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA93 

3.5330E 03 

0.5303E 33 

0.5 155E-J 1 
0.9 3 r)? E-? 2 
I. 558hE-34 
0. 
0.63 03 F -0 1 
0.2933E-71 

0 . 5 3 ~ ~  70  

n . 5 3 0 0 ~  31 0.500OE 00 
0.5 165E- 01 
0,BOOOE-02 

0 . 5 0 n 0 ~  93 
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9. 
0. 
0. 
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0.400QE-02 
0. 
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0.3405E C6 
0.63395 0 6  
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0.37155 0 1  0.3715E 0 1  
0.3715E 0 1  0.3715F 01 
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0.9597E 0 6  0.9597E 06 
0.9597E 0 6  0.9597E O h  
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0.6339E 0 6  0.6339E 06 
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0.411RE 0.411RE 'I6 06 

O . l l 6 7 E  3 7  
0.4787F 3 6  
'1.1160F ? 7  

n.3405E n 6  0.3405E 76 0.3405E 36 
0.3405E 0 6  0.3405E 76 0.3405E Ih  
0.63395 Oh O.6339E n5 3.5339E 7 6  
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0.233%-04 @.2334E-'34 0.2334F-34 

0.2906E 03 0.?906E 33 
0.3715E 91 O.37155 PI  
0.371% 0 1  0.3715E 0 1  
0.2043E 00 O.ZO4xE CP 

0.9597E '36 0.9597E 95 
0 . ~ 5 2 8 ~  n 8  ' 1 . ? 5 2 8 ~  ne 

012549E OM 
0,411dE 0 6  
0.4118E O h  
O. l l60E 0 7  
0.4787E 06 
0, l lhOE 07 
6.3405E 06 
0.3405E 06 
0.6339E 06 - 0.6 13dE - 0 7 
0.2334E-04 
0.2334E-04 
U.2906E 03 
0.371SE 01 
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0.2043E 00 
0.2528E OM 
0.9597E O b  
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0.6339E 06 
0.6339E 06 
0.2514E 03 
0.9 54 1E - 02 
0.2514E 00 
0.954lE-02 
0.4094E 00 
0.4094E 00 
0.1522E 01 
0.1918E 01 
0.1386E 01 - J. 00 O O t  - 1 9 
0.3024E 01 

0.2549F 08 0.2549E OB 
0.4118E 0 6  0.4118E 0 6  
0 .4119t  06 0.4118E 0 6  
3.1163E 0 7  0 . l l b O E  0 7  
0.4187E 0 6  3.4797F 9 6  
3.1161E 0 7  0.1160E 0 7  
0.34Q5E 05 0.3405E 0 6  
0.3405E 0 6  0.3435E 0 4  
0.6333E 06 0.6339F 0 6  

-0.6 U @ E - 0 7  -0.6138E-0 7 
0.2 3 3 4  E -04 3 + 233 4F-04 
0.2334E-04 0.2334E-0 4 
3.2906E 0 3  
0.3715E 0 1  
0.3715E 0 1  
3.2043E 00 
0.2528F 08 
0.9597E 06 
0.9597E 0 6  
0.3405E 0 6  
0.6339E 0 6  
0.6339E 06 
3.2514E 00 
0.9541E-32 
0.2514E 03 
0 .9541E-02 
0.4094E 0 0  
3.4094E 00 0.4094E 00 
3.1522E 9 1  0.1522E 0 1  

0.1382E 9 1  0.1379% 0 1  
-0.0003E-19 -0.0330E-19 

0.3324E 0 1  0.3024E 0 1  

o .19 ia t  n i  o.19iRE '11 

0 . l l b l ) E  97 
0.4787E 06 
0 . 1 1 6 n ~  I T  
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0.3715E 0 1  
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O.9597E 06 
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0.9676E 05 
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0.1734E 05 
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O.lU52E-01 
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-0.h510E-03 
0.1953E-OL 
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-0.14AOE 05 

0.8452E 04 
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-0.4752 E-0 8 
-0.2190E 01 

n . 1 5 1 4 ~  on 

0.2343E 17 
O . Z S 7 R E  08  
0.95976 I6 

0.S597F O b  0.9597F 3 6  
0.3405E nh 0.3405F '16 
n.6139E @$ 0.5339E 1 6  
0.6339E 7 6  
P.7514E 33 
n. 0541 E-32 

0.9597E 0 6  
0.3405E 0 6  
n.6339E 0 6  
0.6339E 0 6  
P.2514E 00 
0.9541E-02 

1 . 5 3 3 0 F  36  
0.2514E I 3  
0.954 1 E-'! 2 

0.2514F 00 
0.954 1F-0 2 
0.4@94€ 30 

0.2514E 00 
0.9541E-02 
0.4094E 00 

0.1522E 01 
0.1918E 01 
0.1379E 01 

-0.0000E- 19 
0.3024F 01 

0 . 4 0 9 4 ~  no 

0 . 2 5 1 4 ~  on 

n . 4 0 9 4 ~  nn 

n . 1 5 2 ~ ~  n i  

-0 .  OOOOE- I 9 

0.9541E-n2 

'3.4094E n0  

0.191RE 0 1  
0.138ZE 0 1  

0.3024E 7 1  0.3024E 01  0.3324E 3 1  
0.1396E 0 1  

- 0. nooc's -1 9 -0. OYJI ~ - i  9 

0 . 2 5 1 4 ~  n3 0 . 7 5 1 4 ~  I" 
@.9541E-0? 0.9S41E-22 
0.4n94E 0 1  0.4794E n? 
0.4"94E 30 0.4394F @ 3  

r).1?96F 01 0.139ht  31  0 . 1 3 9 h F  31 
0.706ilE 02  n . 7 3 6 0 ~  0 2  

-0.3000E P3 -@.3@0OE 13 
0.967bE 05 0.9676E 05 
0.5373F 05 0.5333E 05 0.5333E 05 
0.657RE 05 0.6578E 0 5  0,657RE 05 
0.3619E 0 4  0 . ? 6 1 2 i  04 0.7h07E 0 5  
0.1740F: 05 0.173?5 C 5  @.1734E 75 

0.1866E 04 O.1866E 0 4  
-0.OnOOE-19 -0.0000E-19 
-0,000OE-19 -O.99OOE-i9 

0 . 2 5 4 7 ~  n4 0 . 2 5 4 7 ~  n4 

o . 1 0 5 2 ~ - 0 1  0 . 1 0 5 2 ~ - n i  
0.137lF 01 0.13716 @I 

-0.3201E 0 1  -0.3201E Cl 
O.103PE 01 0.1000E 01 
0.393 5E-03 0.3905E-01 
0.911 ZE-03 0.91 12E-03 

- o . ~ z ~ ~ E - o  7 0 . 4 7 n 6 ~ - 0 7  

0.7060E 02 
- 1 . 3 7 L O C  01 

0 . 9 6 7 6 ~  n5  

0.7060f  0 2  

3.9676E 3 5  
-n.3?3?c 3 1  

0.5333€ 05 
U.6578E 05 
J.3601E 04 
0.1731E 05 
0.2547E 04 
0.1866E 04 

-0.000JE- 1 9  
-0.0000E-19 
-0.OUOOE-19 

0.1371E 01 
-0.703t)t 31  
-3. ObOOE- 1 Y  

0.5333E 05 0.5313E 9 5  
0.657ME 05 0.6578F 0 5  
0.3612E 04 0.3619E 0 4  
0.1731E 05 0.1740E 0 5  
J.2547E 04 0.2547E 0 4  
0.1866E 0 4  0.1864E 0 4  

-0.5030 E-19 -0 .003'JE-19 
0.1052E-01 0.1052E-01 
3.1371F 01 

-0.4103E 0 1  
0 . 1 3 0 3 t  0 1  

-0.13ULE-03 
0.1432E-02 

-0.4587E-07 

- o . ~ ~ D D E - I ~  -0.000nE-19 

- 3 . 1 1 2 ~ ~  04 0.1134~ 0 5  
0.8777E 34 0.7732E 04 

-0.2409 E-01 -0G?666E-01 
-0.4393E-09 0.183QE-08 
-7.1tlZ9E 0 1  -0.1540E 0 1  

0.5333F 35 
3.657RF 35 
0.3631E 34 
0.1731E 35 
C.2547E 5 4  
O.lQfi5E 34 

-0.1 ' I * ? F - l O  
-0.7303E -1 9 

9.1 ? 5 2 E - I  1 
0.1371E 3 1  

-0.7338E 3 1  
0.1193E 3 1  

0.24 7TE-72 
3.535 1E-@7 

-3,2797E 35 
0.8627F -14 
0.3 3 97 E -0 1 

-0.5799E-3R 
-0.2524E 01  

-0.1 I 7 2 ~ 4 2  
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9.186CE 04 - 0.0000E-19 
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-0.4100E 01 -0.54615 01  
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0.4587E-07 0.4969E-97 
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-0.11 7LE-OL 
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-0.5351E-07 
-0.2787E 05 

0.8827E 04 
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-0, OD OOE - 1 9  
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0.8452E 06 
0.31 5OE-Ql - 0.2 92  7€ -0 8 
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0.35RlE-C8 -0.3070E-99 

-0.1829E 01 -0.154OE C 1  

93 



REFERENCES zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
. Chamis, Christos C. : Design riented Analysis and Synthesis of Multilayered Fila- 

h. D. Thesis, Case Western Reserve Univ. , mentary Structural 

hamis, 6. C. : Thermoelastic Properties of Unidirectional Filamentary Composites 
by a Semiempirical Micromechanics Theory. Science of Advanced Materials and 
Process Engineering Proceedings. Vol. 14. Western Periodicals Co. , 1968, 

3. Chamis, Christos C. : Characterization and esign Mechanics for Fiber-Reinforced 
TN D-5784, 1970. 

4. chamis, Christos C. : Failure Criteria for Filamentary Composites. NASA TN 
D-5367, 1969. 

5. Chamis, Christos C. : Buckling of isotropic Composite Plates. J. Structural 
Div., ASCE, vol. 95, no. ST10, . 1969, pp. 2119-2139. 

6. Chamis, Christos C. : Design and Analysis of Fiber Composite Structural Compo- 
nents. Aerospace Structural Materials. NASA SP-227, 1970, pp. 217-228. 

. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAL. : Compression Strength of Unidirectional Composites. Paper 66-143, 

8. Ozisik, M. N. : Boundary Value Problems of Heat Conduction. International Text- 
book eo . ,  1968. 

9. Hoffman, Oscar: The Brittle Strength of Orthotropic Materials. J. Composite Ma- 
terials, vol. l, no. 2, Apr. 1967, pp. 200-206. 

10. Chamis, C. C. : Important Factors in Fiber Composite esign. Proceedings of the 
24th Annual Conference Society of the Plastics Industry, 1969, pp. 18-E-1 to 18-E- 
13. 

94 



95 



- -  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAc o c o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAh - c o c o  co m - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAm ._ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
i d  
r4 3 

ln 

i d  d 
3 3  

Y V  v zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
m L n  m 

d 
W W - Q 3  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 3 w w  E; 
3 

m 

d 

v 
E; s : g  Y 
m m m l n  

m c o  
m 3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 

Fu 
* 

96 



97 
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. 2 0 0 0 0 E i 0 1  . 00 0 O O E i O  0 

. O O O O O E + O O  . 000 OOEi-0 0 

. 000 0 0  E i 0  0 . 100 0 O E i O O  

.0 0000E+00 .0 OOOOEiOO 

. 1 7 0 0 0 E i 0 0  . 1 2 5  00E 4-01 

. 0 0 0 0 O E i O  0 . 0 0 0 0 OE i 00 

. 1 0 5 0 0 E i 0 1  

98 



TABLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAII. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- Continued. MULTILAYERED FIBER COMPOSITE ANALYSIS INPUT DATA SAMPLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
F 

F 

F zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
. 0 0 0 0 0 E + 0 0  

. 00000E+00  

.00000E+ 00 

. 50000Ei-00 
. 5 0 0 0 0 E + 0 0  

. O O O O O E  +00 

- .  45000Ei-02 

. o o a  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 5 ~ i -  0 0  

.00% 0 5  Ei-00 

- .  3000  OEi-03 

- .  3 0 0 0 0 E + 0 3  

. 0 5  9 0 0 E i 0 0  

. 000  00 E + O O  

. 0 0  000E+00  

. 5  00 00 E f  00 
. 5 0 0 0 0 E + 0 0  

. .45000Ei-02 

.4 5 0 00Ei-02 

- . 3 0 0 0 0 E i - 0 3  

- . 3 0 0 0 0 E + 0 3  

. 044 30Ei-00 . 0 00 2 6 Ei- 00 

. 00 0 O O E +  0 0  . 0 00 0 OEi-0 0 

. 0 0 0 0 0 E + 0 0  

. 5  000  O E i O  0 . 5 0 0 0 0 E + 0 0  

. 5 0  00 OE +0 0 

- . 4 5 0 0 0 E + 0 2  . 9 0 0 0 0 E + 0 2  

. 0 0 0 0 0 E + 0 0  

- . 3 0 0 0 0 E + 0 3  - .  30000E+ 0 3  - 
- .  3 0 0 0 0 E C 0 3  

. 0 0 0  OOE +00 

. 5 0 0 0 0 E  +00 

. 9 0000 E +0 2 

. 00 a o  5 E+O o 

. 3 0  000E+O 3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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TABLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAII. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- Concluded. MULTILAYERED FIBER COMPOSITE ANALYSIS INPUT DATA SAMPLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
, 830  0 0 E + 0 0  . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA10000Ef00 . 2 6 0 0 0 E + 0 0  . 2  7000EfOO . 1 7 0 0 0 E f  00 

. 1 6 5 0 0 E f 0 2  1 0 0 0 0 E +  0 1 . 10000Ef01 . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 4 6 5 O E i  00 . 1 0 0 0 0 E + 0 1  
. 5 0 0 0 0 E + 0 0  . 1 3  3 0 0 E  4-02 . 3 1 9 0 0  E f 0 5  .10000E+01 . 1 0 0 0 0 E + 0 1  
. 1000 OEf 01  

- 2 3 0 0  O E i 0 6  . 2 15 OOEf 05 * 0 2 0 0 0 E f 0 0  . 0 5 0  OOES 00 . 0 4 5 0 0 E f 0 0  

. 045 00 E fOO 

. 5 0 0 0  O E f 0 4  .00000E+00 . 0 0 0 0  OE +00 

. 1 0 0 0 0 E + 0 3  . 0 0 0 0 0 E+Q 0 . 0 0  0 0 0 EfO 0 

. 00 0 0 0 E + 0 0  . 0 0 0 0 0 E + 0 0  . 000 00 E+OO . 0  0000Ef 00 . O O  0 0 0 E f 0 0  

. 0 00 0 0 E+ 00  
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TABLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIII. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- INPUT DATA FOR BORON/ALUMINUM COMPOSITE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
BORON/ALUMINUM 

8 71 54 
.60000E.08 
.20000E.00 
.10000€.08 
.00000E.00 
.40000E.01 
.00000E.00 
.00000E.00 
.10000E.01 
028000E-05 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
e 12900E-04 
e22300E.02 
e10040E.04 
.00000E.00 
elOOOOE.01 
e31416E.01 

F 
F 
F 
F 

eOUOOOE.00 
0.00000Eo00 
O.OOOOOE.OO 
0.50000E.00 
0.50000E.00 

.00000E.00 
-.45000€.02 

e00500EoUO 
e00500Ee00 

-0.90000Ee03 
-0.90000E.03 

q56000E.00 
.29200Eq01 
e34300E.00 
.10000E.01 
.46000€.06 
.00905E.00 
e5OOOOE.04 
e10000E.03 

0.00000E.00 
0 ~ 0 0 0 0 0 E ~ 0 0  

1 1  
e60000E.08 
.00000E.00 
*10000Ee08 
.00000E.00 
.20000E.01 
.00000Ee00 
.0000OE.00 
.10000E.01 
.28000E-05 
a12900E-04 
e22300E.02 
.10040E.04 
.22500E.00 
.10000E.01 

e08500E.00 
O.OOOOOE.OO 
O.OOO@OE.00 
0.50000E.00 
0.50000E.00 

.45000€002 
e45000E.02 
.0050OE.00 
.00500Ee00 

-0~90000E.03 
-0*90000Ee03 

e 1000OE.O1 
r10000E.01 
e83300E.01 

.52000E.05 

.00000E.00 
e 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA000-0 E 0 0 

O.OOOOOE.OO 

e60000Ee08 
.00000E.00 
e33000E.00 
.00000E.00 
.40000E~01 
.10000E.01 
~ 0 0 0 0 0 E ~ 0 0  
.00000E.00 
028000E-05 
e 12900E-04 
e22300E.02 
e23000E.00 

.10000E.O1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
009800Ee00 

O.OOOOOE.OO 
0.000QOE.00 
Oe50000Ee00 
0*50000E.00 
-.45000Ee02 

.00000E.00 
000500Ee00 
*00500Ee00 

-0.90000E.03 
-0.90000E.03 

.31300Ee00 
~ 1 0 0 0 0 E ~ 0 1  
e52000E.05 

.00520E.00 

000000E.00 
.00000E.00 

Oo00000Ec-00 

r2000UE.00 
rQOOUOE.00 
e33000EeOO 

.20000E.01 
000000E.00 
.00000E.00 
e00000EeOO 

e31000E.00 
.0000OE.00 

.10000E.01 

*004UOEe00 
0.00OOOE.00 

Qe50000E.00 

.90000E.02 

e005UUE.00 

-0090000Ee03 

e46200E.00 
.10000E.01 
.10000E.01 

eQ0520E.00 

O.OOOOOE.OO 

.20000E.00 

.lOOOOE.08 

.33000E.00 

.00000E.00 

.00000E.00 
r10000E.01 
e00000E.00 

e10040E.04 
.00000E.00 

0.00000E.00 

0 ~ 5 0 0 0 0 E ~ 0 0  

.90000E a 02 

e00500k.00 

-0.90000E.03 

e30000Ee00 
.10000E.01 
.10000E.01 

.00905E.00 
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TABLE IV. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAINPUT DATA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAFOR BORON/EPOXY COMPOSITE 

BORONIEPOXY zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8 7 1  54  

060000Ee08 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
e 20000E e 0 0  
-56000EeO6 
.00000E.00 
e40000E.01 
~ 0 0 0 0 0 E ~ 0 0  
.00000E.00 
e10000E.01 
r28000E-05 
e32000E-04 
e22300E.02 
.17000E.01 
.00000E.00 
.10000E.01 
e31416E.01 

F 
F 
F 
F 

~00000E.00 
.00000E.00 

O.OOOOOE.OO 
0e50000Ee00 
0.50000E.00 

.00000E.00 
-.45000E.02 

e00500E.00 
.00500Ee00 

-0e30000E.03 
-0e30000E.03 

e84000E.00 
e16500E.02 
e122OOE.01 
.10000E.01 
*46000E.O6 
.053OOE.00 
*50000EeO4 
r10000E.03 

0 e 0 0 0 0 0 E ~ 0 0  
O.OOOOOE.OO 

1 1  
060000Ea08 
.00000E.00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
.56000€.06 
.00000E.00 
.20000E.01 
r00000E.00 
.00000E.00 
.10000E.01 
028000E-05 
e32000E-04 
022300E.02 
e17000E.01 
e22500E.00 
.10000E.01 

*08500E.00 
.00000E.00 

0 ~ 5 0 0 0 0 E * 0 0  
0 ~ 5 0 0 0 0 E ~ 0 0  

e45000E.02 
r45000E.02 
0 0 0 5 0 0 E ~ 0 0  
.00500E.00 

-0.30000E.03 
- 0 r 3 0 0 0 0 E ~ 0 3  

010000Ee01 
.10000E*01 
.13300E.02 

.25000E.05 

.00000E.00 

.00000E.00 
O.OOOOOE.OO 

O b O O O O O E O 0 0  

060000Ee08 
*00000E.00 
-35000E.00 
.00000E.00 
.40000Ee01 
.10000E.01 
.00000E.00 
.00000E.00 

e 32000E-04 
a22300E.02 
e25000Ee00 

0 1000OE.O1 

. Z ~ O O O E - O ~  

*04400E*00  

0.00000E.00 
0.50000E.00 
0~50000E.00  
-e45000Ee02 

.00000E.00 
e00500E.00 
.00500E.00 

-0.30000Ee03 
-0.30000E.03 

090000Ee00 
*10000E.01 
e31900E.05 

*02700E*00 

.00000E.00 

.00000E.00 
0.00000E.00 

bOOOOOE.OO 

.20000E.00 

.00000E.00 
e35000Ee00 

020000E.01 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
.0000Ot.00 
e00000E.00 
.000UOE.00 

.31000Ee00 
rUOOOOE.00 

.10000k.01 

e00400E.00 
.00000E.00 

0.50000E.00 

*90000E.02 

e005UOE.00 

-0e30000Ee03 

.15000€.01 
*12000E.00 
.10000E.01 

e07000Ee00 

0.00000E.00 

.20000E.00 

.56000E*06 
e35000Ee00 

.00000E.00 

.00000E*00 

.10000Ee01 

.00000E.00 

.00000E.00 

Oe50000E.00 

e90000Ee02 

e00500E.00 

-0.30000Eo03 

010500Ee01 
.10000E.01 
.10000E.01 

m05300E.00 

0e00000Ee00 
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TABLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAV. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAINPUT DATA FOR E-GWS/EPOXY COMPOSITE 

E-GLASSIEPOXY 
8 71 54 

e10600Ee08 
022000E.00 
e50000E.06 
000000E.00 
e40000E.01 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
OOOOOOEOOO 
.00000E.00 
.10000E.01 
o28OOOE-05 
e32000E-04 
e75000E.01 
r15000E.01 
.00000E.00 
r l O O O O E o O l  
031416Ee01 

F 
F 
F 
F 

.00000E.00 
000000Eo00 

0~00000E~00 
0.50000E.00 
0.50000Ee00 
-.45000Ee02 
-e45000Ee02 

.00800E.00 

.008OOE.00 
-0.30000E.03 
-0.30000E.03 

.82000E.00 
e16500E.02 
.11000E.01 
.10000E.01 
036000E.06 
.03500€000 
e 50000Eo04 
e10000E.03 

0e00000E~00 
0.00000E.00 

204 1 
e10600E.08 
.00000E.00 
e50000E.06 
~ 0 0 0 0 O E ~ O O  
e20000E.01 
~ 0 0 0 0 0 E ~ 0 0  
.00000E.00 
.10000E.01 
e28000E-05 
e32000E-04 
.75000E.01 
.15000E.01 
r22500Ee00 
.10000E.01 

009000E.00 
.00000Ee00 

O.OOOOOE.OO 
Oe50000E.00 
Oe500OOE*OO 

e45000E.02 
r45000E.02 
e00800E.00 
.00800E.00 

-0.30000Ee03 
-0~30000E.03 

.10000E.01 
010000E.01 
e13300E.02 

e25000E.05 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
r00000E.00 
r00000E.00 

O.OOOOOE.OO 

010600E.08 
.00000E.00 
e35000E.00 
.00000E.00 
040000E.01 
.10000E.01 
e00000E.00 
.00000E.00 
e28OOOE-05 
-32000E-04 
e75000E.01 
r25000E.00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
.90000E.00 

004000E100 
.00000E.00 

0~40000Ee00  
Oe50000E.00 
0*50000Ee00 

r00000E*OO 
e00000E.00 
e00800E.00 
.00800E.00 

-0e30000E~03 
-0a30000Ee03 

.55000E.00 
r10000E.01 
e31900E.05 

.02000E.00 

.00000E.00 
e00000E.00 

O.OOOOOE.OO 

.22000E.00 

.00000E.00 
035000E.00 

.20000E*01 

.00000E.O0 
e00000E.00 
.00000E.00 

.17000Ee00 

.00000E.00 

e 9 O O O O E . 0 0  

e36000E-03 
r00000E.00 

0.50000E.00 

.ooaoo~.oo 

-0e30000E.03 

e86000E.00 
e33000E.00 
.10000E.01 

e05000Ee00 

- 

O.OOOOOE.OO 

.22000Ea00 

.50000E*06 
r35000E.00 

.00000E.00 
oOO000E~0O 
.1000OE.01 
eOOOOOE.00 

e15000E.01 
.00000E.00 

e00800E000 

-0e30000E*03 

e82000E.00 
.10000Eo01 
.1000OE.O1 

eO350OEoOO 
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TABLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAVI. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- INPUT DATA FOR S-GLASS/EPOXY COMPOSITE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
S-GLASSIEPOXY 

8 7 1  54  
e12400EeO8 
.22000E.00 
e50000Ee06 
.00000E.00 
e40000Ee01 
.00000E.00 
e00000E.00 
~ 1 0 0 0 0 E ~ 0 1  
e28000E-05 
e32000E-04 
a 75000Ee01 
r17000Eo01  
.00000E.00 
r10000E.01 
e31416E.01 

F 
F 
F 
F 

.00000E.00 

.00000E.00 
O.OOOOOE.OO 
Oe50000E.00 
0e50000EeOO 

.00000E.00 
-*4500OE.02 

aO129OE.00 
.01290€.00 

-0.30000E.U3 
-0.30000E.03 

e10000Ee01 
016500E.02 
e17000E.01 
e10000E.01 
e36000E.06 
e0350OE.00 
e50000E.04 
a10000Ee03 

0.00000E.00 
0 e 0 0 0 0 0 E ~ 0 0  

204 1 
012400Ee08 
r 0 0 0 0 0 E ~ 0 0  
e50000E.06 
.00000E.00 
020000Ee01 
.00000E.00 
.00000E.00 
.lOOOOE.01 
r28000E-05 
e32000E-04 
e75000E.01 
017000E.01 
e22500E.00 
.10000E.01 

r 0 9 0 0 0 E ~ 0 0  
.00000E.00 

O.OOOOOE.OO 
0*50000E.00 
0e50000E.00 

e45000E-02 
*45000E.02 
e01290Ee00 
a01290E.00 

-0e30000E.03 
-0e30000Ee03 

.10000E.01 

.10000E.01 
013300E.02 

e25000E.05 

.00000E.00 
000000E.00 

O.OOOOOE.OO 

e12400E.08 
.00000E.00 
.35000Eo00 
.80000E.00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
r40000Eo01 
010000E.01 
.00000E.00 
.00000E.00 
028000E-05 
-32000E-04 
e75000E.01 
*25000Ee00 

.90000E.00 

.04000E.00 

.00000E.00 
O.UOOOOE.OO 
Oe50000E.00 
0*50000Ee00 
-.45000€.02 

.00000E.00 
e01290E.00 
e01290E.00 

-0.30000Ee03 
-0e30000E.03 

.66000E.00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 1000OE.O1 
*31900Ee05 

.02000E.00 

.00000E.00 

.00000E.00 
0.00000E.00 

r22000E.00 
.00000€.00 
035000E.00 

.20000k:.O1 

.00000E.00 

.00000E.00 

.0OOOOEeOO 

e17000E.00 
e0000OE.00 

*9000OEe00 

036000k-03 
4 0 0 0 0 0 E e O O  

9.5OOOOE.00 

090000E.02 

e01290E.00 

-0.30000ta03 

.13000Ee01 
055000E.00 
.100uOE.01 

005000E.00 

.22000E.00 
e50000Ee06 
035000Ee00 

.00000E.00 

.10000E.01 

.00000E.00 

*00000Eb00 

*17000E*01  
.00000E.00 

.0000OEe00 

0.50000€e00 

.90000Ee02 

*01290E.00 

-0e30000Ee03 

.11000E.01 

.10000E.01 

.10000E.01 

e03500E.00 
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TABLE VII. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- INPUT DATA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAFOR THORNEL-Z5/EPOXY COMPOSITE 

THORNEL-25/EPOXY 
8 71 54 1440 1 

e25000E.08 
.20000E.OU 
e54600E.06 
.00000E.00 
*40000€.01 
.00000E.00 
.O0OOOE.00 
.lUUOOE.Ul 

-.55000E-06 
e42800E-04 
058000E.03 
.12500E.01 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
.00000Eo00 
.10000E.01 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
e 3 1415E e 01 

F 
F 
F 
F 

.00000E .oo 

.00000E.00 
O.OOOOOE.OO 
0e5UOOOE.00 
0.5UOOUE.OU 

.UOUOOE.UO 
-.45000E*UZ 

e01300E.00 
e01300E.00 

-0.30000E.03 
-0.30000E.03 

.10000E.01 

.16500E.02 
049000E.00 
.10000E.D1 
e18000E.06 
e04500E.00 
050000E*04 
e 10000E.03 

0.00000E.UO 
O.OOOOOE.OO 

.20000Ee07 

.20000Ee07 
e54600E.06 
.00000E.00 
.20000E.01 
.0000OE.O0 
.00U00E.00 
.10000E.O1 
e56000E-05 
042800E-04 
e58000E.02 
*12500E.01 
.22500E*00 
.10000E.01 

r05200E.00 
.00000E.00 

0.50000E*OO 
0.50000E.00 

e45000E.02 
~45000E-02 
e01300E.00 
e01300E.00 

-0.30000E.03 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-0.30000E.03 

.10000E.01 

.10000E.01 
e13300E.02 

.21000E.05 

e00000Eo00 
.00000E.00 

O.OOOOOE.OO 

O.aooooE.00 

.20000Ee07 
*80000Ee06 
.36000E.00 
.00000E.00 
.40000E.01 
.10000E.01 
.00000E.00 
.uu000t.00 
m56000E-05 
e42000E-04 
058000E.02 
.25000Ee00 

.10500E.01 

.04430E.00 

.00000E.00 
O.OOOOOE.OO 
0.50000E.00 
0.50000E.00 
-045000E.02 

.00000t.00 
e01300Ee00 
-01300Ee00 

-0.3OOOOE.03 
-0e30000Ee03 

e50000E-01 
.10000E.01 
.31900E.05 

.02000E.00 

.00000E.00 

.00000E.00 
0.00000E.00 

e2000OE.00 
-200UOk.07 
e36OUOt.00 

.200~cJt.01 

.UOUUOE.OO 
r000u0t.00 
.UOUbUt.OO 

e 25000E a 0 0  
*54000t.06 
e36000E.00 

.10000E.01 

.00000E.00 

.10000Ee01 

.00000E.00 

e12500E.01 
.00000E.00 

.00029E.00 

.000L)OE.00 

0.500UOE.00 0.50000E.00 

.900UOt.02 e90000t.02 

r013UOE.02 .01300Ee02 

-0.300UOE.03 -0.30000€*03 

.480UOEeOO .38000Ee00 

.120uOE.00 e1000OE.01 

.100U0E.01 elOOOOE.01 

.05OUUk.00 0045OOEeOO 

0.00OUOE.00 O.OOOOOE.OO 
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TABLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAVIII. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- INPUT DATA FOR THORNEL-40/EPOXY COMPOSITE 

THORNEL-4O/EPOXY 
8 7 1  54 1440 1 

.40000E.08 

.20000E.00 
e50000E.06 
e00000E.00 
r40000E.01 
.00UOOE.U0 
.000OOE.U0 
.10000E.01 

-.55000€-06 
e42800E-04 
o58000E.03 
.12500E.01 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
r00000E.00 
.10000E.01 
e31416E.01 

F 
F 
F zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
F 

.00000E.00 
,0000UE.00 

0.00000E.UO 
0.50000E.00 
0.50000E.00 

.0UOOOE.00 
-.45000Ee02 

r0090UE.00 
.00900E.00 

-0.30000E.03 
-0.30000E.03 

e84000E.00 
e16500E.02 
.50000E.00 
. loo3 OE . 0 1 
.25000Ee06 
e04500E.00 
e50000E.04 
.10000Ee03 

0.00000E.00 
0.00000€.UO 

e11000E.07 
.15000E.07 
.50000Ee06 
.00000E.00 
.20000E.O1 
.00000E.OU zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
.30000E.00 
.10000E.01 
e56000E-05 
m42800E-04 
.58000E.02 
e12500E.01 
e22500E.00 
.10000E.01 

e05600Eo00 
.00000E.00 

O.OOOOOE.OO 
0 ~ 5 0 0 0 0 E ~ 0 0  
0.50000E.00 

* 4 5 0 0 0 t * 0 2  
.45000E.02 
.00900E.00 
.00900Ee00 

-0.30000E.03 
-0.30000E.03 

.10000E.01 
e10000E.01 
e13300E.02 

e21000E.05 

.00000E.00 

.00000E.00 
0.0000OE.00 

e11000E.07 
e80000Eo06 
e35000E.00 
.00000E.00 
e40000E.01 
.10000E.01 
rUOOOOE.OO 
.00000E.00 
056000E-05 
-42800E-04 
058000E.02 
e 2 5000E e 0 0  

r10500E.01 

e04430E.00 
.00000E.00 

0.00000E.00 
0.50000E.00 
0.50000E.00 
-n45000 te02  

.00000E.00 

.00900€.00 
000900E.00 

-0e30000Ee03 
-0e30000E.03 

e08500E.00 
.10000E.Ol 
e31900Ee05 

.02000E.00 

.00000E.00 

.U0000E.00 
O.UOOOOE.OO 

e17000E.00 
.000UUE.00 

.10500E.01 

.00027Ee00 

.u00uOE.00 

0.500u0t.00 

e900L)Ut.OL 

e O O 9 U O E e 0 0  

-0.300LJOE.03 

.460UOE.00 
eO8ObUEeOO 
.100uUt.01 

e05000E.00 

O.UO0U0t.00 

e25000E.00 
e50000E.06 
.35000E*00 

r00000Ee00 
.00000E.00 
.10000E.01 
eO0000Ee00 

.125OOE*01 

.00000E.00 

.00000Eo00 

0.50000Ee00 

e90000E.02 

~ 0 0 9 0 0 E e 0 0  

-0e30000E*03 

e27000t.00 
.10000EoOl 
010000Eo01 

e04500Ee00 

0.00u00t.00 
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TABLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAE. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- INPUT DATA FOR THORNEL-BO/EPOXY COMPOSITE 

THORNEL-5O/EPOXY 
8 71 54 1420 1 

e50000E.08 r10000Ee07 
e20000E.00 
e57000E.06 
e00000E.00 
.40000E.01 
e00000E.00 
.00000Ee00 
e10000E.01 

-e55000€-06 
m42800E-04 
058000E.03 
e12500E.01 . O 0 O O O E  .oo 
.10000E.01 
e31416E.01 

F 
F 
F 
F 

e00000E.00 
.00000E.00 

O.OOOOOE.OO 
0.50000Ee00 
0e50000E.00 

r00000E.00 
-.4500UE*02 

.00805E.00 

.00805E.00 
-0*30000€*03 
-0e30000E.03 

e83000E.00 
e16500E.02 
*50000E.00 
.10000E.01 
.23000E*06 
e04500E.00 
e50000E.04 
.10000E.03 

Oe00000E.00 
O.OOOOOE.OO 

e13000Eo07 
057000Ee06 
e00000E.00 
e20000Ee01 
e00000E.00 
.00000E.00 
*10000E~01 
e56000E-05 
.42800E-04 
e58000E-02 
e12500E.01 
.22500E*00 
~ 1 0 0 0 0 E ~ 0 1  

005900Ee00 
.00000E.00 

0e00000Eo00 
0.50000E*00 
0e50000E.00 

e45000E.02 
.45000E.02 
.00805Ee00 
.00805E.00 

-0.30000E.03 
-0.30000E.03 

.10000E.01 
~10000E.01 
.13300E*02 

.21000Ee05 

~00000Ee00 
000000E.00 

0.00000E.00 

.10000E*07 
e70000E.06 
.36000Eo00 
.00000Ee00 
*40000E.01 
.23560E*01 
.00000E.00 
.00000E.00 
-56000E-05 
-42800E-04 
058000E.02 
.25000E.00 

.10500E.01 

e04430E.00 
.00000E.00 

0000000E.00 
0*50000E*00 
0.50000E.00 
-045000E.02 

~00000E.00 
e00800E.00 
.00800E*00 

-0w30000E.03 
-0.30000E.03 

e26000E.00 
*10000E.01 
e31900E.05 

.02000E.00 

000000E~00 
000OOOE.00 

0~00000Ee00 

.20000E.00 *25000Ee00 

.13000E.07 m57000E.06 
e36900E.00 *36000Eo00 

.20000E.01 .00000E.00 

.00000E.00 .00000Eo00 
e0000UE.00 .1OOOOE~O1 
.000U0E.00 .00000E.00 

0170UOE*00 e12500Eo01 
0 0 0 0 ~ 0 E ~ 0 0  .00000E.00 

.10500Ee01 

.00026E.00 

.000UUE.00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAr00000E.00 

0.50000E.00 0 ~ 5 0 0 0 0 E ~ 0 0  

.90000E*02 e90000Ee02 

.008UOE.00 .00800E.00 

-Qe30000€.03 -0.30000E.03 

e27000E.00 .17000Ee00 
e04650E.00 ~10000Eo01 
elOO0OE.01 .10000E.01 

.05000Eo00 e04500E.00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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TABLE X. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- INPUT DATA FOR MODMOR-I/EPOXY COMPOSITE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
MODMOR-I/EPOXY zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

8 71  5410000 1 
e60000E .U8 
.20000E.00 
e50000E.06 
e00000EeUO 
.40000€.01 
.00000E.00 
.00000E.UO 
.10000E.01 

-.55000E-U6 
e42800E-04 
.58000Ee03 
e12500E.01 
e00000E. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA00 
-1U001)EeUl 
e31416E.01 

F 
F 
F 
F 

.00000E.00 
e00000E .DU 

0 ~ 0 0 0 0 O E ~ 0 0  
Oe50000E.00 
0.50000E.00 

.00000Ee00 
-.45000E.02 

e01190EeUO 
.01190E.00 

-0.30U00E.U3 
-0e30OOOEeU3 

elU3OUE.01 
r16500E.02 
e65000E.00 
a10000E.01 
e25000EeU6 
a04500E.00 
e50000E.04 
e1000UEeU3 

0.OU00~E.00 
O.OOOOOE.OO 

e09000E.07 
r11000E.07 
a50000E.06 
.U0000E.OU 
.20000E.01 
.00000E.OU 
e00000Ee00 
e10000Ee01 
e56000E-05 
042800E-04 
e58000E.02 
e12500E.01 
-22500E.00 
.1000OE.01 

e07200Ee00 
.00000E*00 

0 . 0 0 0 0 0 ~ . 0 0  
Oe50000E.OL~ 
0.50000E*00 

.45000E.02 

.4500@E.02 
e01190E.00 
.01190E.00 

-0.30000E.03 
-0.30000E*03 

.100UOE.01 

.10000E.01 

.13300E.02 

e21000E.05 

.UOOOOE.00 
*00000E.OU 

0*00000E.00 

e09000E.07 
e70000E.06 
e35000E.00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
.Q0000E.00 
.40000Ee01 
e10000Ee01 
ebOOOOE.00 
.00000E*00 
056000E-05 
e42800E-04 
a58000E.02 
.25000Ee00 

.10500Ee01 

*04430EeOU 
.00000E.00 

0.00000Ee00 
0*50000Ee00 
0.50000E.00 
-.45000€.02 

.00000E.00 

.01190t.00 
*01190Ee00 

-0.30000E.03 
-0a30000E.03 

e5U000t.00 
.10000E.01 
.31900E.05 

.02000E.00 

.00000t.00 
~ 0 0 0 0 0 E ~ 0 0  

0.L0030t.00 

e20000E.00 
ellOUOE.07 
e3500UE.00 

.20003E.01 
e000UOE.00 
.UOUUUE.OO 
.00000E.00 

eU003Ut.00 
.u00uut.00 

Qe500~L~t.00 

e90000Ee02 

.OllYUt.OO 

-0.300uut.03 

.Yl3UUt.O0 
-092dUE.00 
elOOU0Ee01 

.050ui)te00 

O.UODUUt.01) 

.25000t.00 

.5OOOOkoO6 

.35000€.00 

.00000k.00 

.00000E.00 

.10000E.01 

.00000E.00 

e12500E.01 
.00000E~OQ 

.00000k.00 

0.50000E.00 

*90000E.02 

.01190~.00 

-0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAe 3 000 O k  e 0 3 

e50000te00 
.10000t.01 
.10000E.01 

.04500Eo00 

0.00000t.00 
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TABLE XI. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAINPUT DATA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAFOR MODMOR-II/EPOXY COMPOSITE 

MODMOR-lI/EPOXY 
8 7 1  5410000 1 

e38000E.08 
.20000E.00 
.5OOOOE.06 
.00000E.00 
e40000E.01 
.0000OE.00 
.00000E.00 
.1000UE.01 

- r55000E-06 
042800E-04 
e58000E.03 
e1250UE.Ul 
.00000E.00 
.10000E.01 
e31416E.01 
.00000E.00 

F 
F 
F 
F 

.00000E.00 

.00000E.00 
0.50000E.00 
0.50000E.00 

.00000E.00 
-.45000E.02 

e01190E.00 
.01190E.00 

-0.3UOOOE.03 
-0.30000E.03 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

r 8 4 0 0 0 E e U O  
~16500E.02  
r70000E.CIO 
.10000€.01 
e35000E.06 
e04500E.00 
e50000E.04 
.10000E.03 

O.OOOOOE.OO 
O~OOOOUE~OO 

e11000E.07 
r15000E.07 
e50000E.06 
c00000E.00 
e20000E.01 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
r00000E.00 
.00000E.00 
e10000Ee01 
e56000E-05 
042800E-04 
r58000E.02 
.12500E.01 
e22500E.00 
.10000E.01 

e06300E000 

.00000E.00 

.00000E.00 
Oe50000E.00 
0.50000E.00 

e45000E.02 
.45000E.02 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
a 01190E.00 
.01190Ee00 

-0.30000E*03 
-0.30000E.03 

~ 1 0 0 0 0 E e 0 1  
.10000E.01 
r13300E-02  

e21000Ee05 

.00000E.00 

.00000E.00 
O~00000E.00 

.11000E.07 

.80000Ee06 

.35OOOEeOO 

.00000E.00 
e40000E.01 
.10000E.01 
.00000E.00 
.U0000E.00 
056000E-05 
e42800E-04 
-58000E.02 
e25000E.00 

e 10500Ee01 

e 04430E e 00 

~ 0 0 0 0 0 E ~ 0 0  
.00000E.00 

0.50000Ee00 
0.50000E e00 
-.45000E.02 

.00000E.00 

.01190EeOU 

.01190E.00 
-0.30000E.03 
-0.30000E.03 

.70000E.00 

.10000E.01 

.51900E.05 

.02000E.00 

.00000E.00 

.00000Ee00 
0e00000Ee00 

.170UOk.00 
s000UOE.00 

e1050OE.01 

eU0030E.00 

.000UOt.00 

0 ~ 5 0 0 0 0 E ~ 0 0  

e900UOEe02 

.0119UE.00 

-0.300UOk.03 

e137UOE.01 
e16OUOEeOO 
.lOOUOE.01 

.05UU11kaOO 

0.00000E.00 

e25000Eo00 
e50000Ee06 
.3500O€eOO 

.00000E.00 
000000E.00 
010000t.01 
.00000E.00 

.12500€.01 

.ooooot.oo 

e O O O O O k r O 0  

0 ~ 5 0 0 0 0 ~ 0 0 0  

.90000E.02 

e01190E.00 

-0.30000E.03 

.80000E.00 

.10000E*01 

.10000E.01 

o04500Ee00 

O.OOOOOE.OO 
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TABLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAxu. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- INJWT DATA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAFOR BERYLLIUM/EPOXY COMPOSITE 

BERYLLIUM/EPOXY zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8 7 1  54  

e44000E.08 
.10000E.(10 
.52000E.06 
.u0000E.00 
.40000E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAe 0 1  
.0000UE.00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
r00000E.00 
. lUOOOE~01 
064000E-05 
-32000E-04 
e10440E.04 
.17000€.01 
.00000E.00 
.10000E.01 
e31416E.01 

F 
F 
f 
F 

.00000E.00 
e00000E.00 

O.OOOOOE.OO 
0.50000E.00 
0.50000E.00 

eOUOOOE.00 
-045000E.02 

e0050UE.00 
eOU5OOEeUO 

-0.30000E.03 
-0e30000E.03 

e10000E.01 
e16500E.02 
e90000E.00 
.10000E.01 
a13300E.06 
r05300E.00 
.5000OE.04 
e10000Ee03 

O.OOOOOE.OO 
0.00000E.00 

1 1  
*44OOOE.O8 
.00000E.00 
e52000E.06 
.UOOOOE.@U 
.20000E.01 
.00000E.00 
e00000E.00 
.10000E.01 
e64000E-05 
e32000E-04 
e10440E.04 
e17000E.01 
e225006.00 
.10000Eb01 

.05700E.00 

.00000E.00 
O.OOOOOE.OO 
0.50000E.00 
0*50000E.00 

e45000E.02 
e45000Ee02 
.00500E.CO 
e00500E.00 

-0.30000E.03 
-0*30000E.03 

.10000E.01 

.10000E.01 
e13300E.02 

e25000E.05 

.00000E.00 

.00000E.00 
O.OOOOOE.OO 

044000E*08 
.UOOOOE.00 
*35000E*00  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
.00000€.00 
-40000EeC)l  
.10000E.01 
.00000E.00 
.00000E*00 
.64000E-05 
032000E-04 
* 10440t.04 
e25000E.00 

.10000E.01 

*04400E.00 
.00000E.00 

O ~ O O O O O E . 0 0  
0 *50000E*00  
0.50000E.00 
- .45000~.02 

.00000E*@O 
*@0500E.OC 
~00500E.00  

-0.30000Eo03 
- 0 v 3 0 0 0 0 E ~ 0 3  

e53000E.00 
.10000E.01 
e 31900E.05 

.02700E*00 

.00000E.00 

.00000E.00 
O.OOOOOE.OO 

.450UUE.00 

.000UUE.00 

.10000E.01 

0005UOE.00 
.00000t.00 

0.500UOE.00 

.90000E.02 

r005UOt.O@ 

-0.30006E.03 

e14000E.01 
0052r)OEeOO 
.10000E.01 

.070UUte00 

0.00000E.00 

.10000E.00 
052000E106 
a35000E.00 

.00000E.00 

.00000Ee00 

.10000E.01 

.00000E.00 

.17000€eOX 

.0@000E.00 

.00000E.00 

0*50000E*00 

a90000E.02 

rOCSOOE.OO 

-0.30000E.03 

e10500E.01 
.10000E.01 
.10000E.01 

* 0 5 3 0 0 t e 0 0  

O.OOOOOE.OO 
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TABLE XIII. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- INPUT-OUTPUT FORMAT IDENTIFICATION FOR INPUT DATA 

Card first entry 

THORNEL zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5O/EPOXY 
NL 
EFll 

EM11 
VCF 
VAF 
VAM 
CHK 
BTA 
FIE 

3ANB 
SIRE 
RINDV 
rHCS 
CVL 
<FL 
rHCL 

r m p  

rL  
PTEMP 
3ET 
LSC 
TBS 
vIBS 
IEV1 

Format statement number 
(see compiled listing) 

output 
heading 

--_ 
11 
70 

41 
40 
45 
55 
60 
65 
80 
85 
87 
88 
90 
95 

100 
105 
110 
111 
115 
12 0 
130 
131 
132 

Reac 

4 
5 

35 

35 
35 
35 
35 
35 
35 
75 
75 
75 
75 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
- 

Write zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 

10 
37 

37 
37 
37 
37 
37 
37 
75 
75 
75 
75 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 

Comments 

Composite system 
Integers 
Fiber and matrix elastic constants 

Correlation coefficients for thermoelastic 
Fiber thermal coefficients of expansion 
Matrix thermal coefficients of expansion 
Constituent heat conductivities and capacities 
Correlation coefficients for conductivities 
Constant zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAB 

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 

are read in one statement zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

If1 



Figure 1. -Typical multilayered fiber composite and some basic definitions. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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Matrix inverter zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(INVA) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Figure 2. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- Code physical arrangement. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
113, 



Membrane and bending 

one card, one entry 

Constant zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAr value: 
one card, one entry 

Correlation coefficients: 
one card, three entries , 

heat conductivities and 
heat capacities table: 

ne card, three entries 

Correlation coeffi- 

four cards, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA20 entries 

Composite system card: 
one card, 55 characlers 

Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3. - Physical arrangement of input data cards, 



x zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAr 
L zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.o 
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(Start) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

116 

End j - LOOP zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 
(Stop) 

Read and write 

Subroutine zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAINVA 

]Subroutine GACD31 

[+I 

I Subroutine GSMF zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 
r-1 

Figure 6. - Code MAIN PROGRAM flow chart 
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