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ICAN: INTEGRATED COMPOSITES ANALYZER

P. L. N. Murthy and C. C. Chamis
National Aeronautics and Space Administration
Lewis Research Center
Cleveland, Ohio 44135

SUMMARY

A computer code ICAN (Integrated Composites Analyzer), has been developed
to analyze/design fiber composite structures. The program includes composite
mechanics theories which resulted from extensive research that has been con-
ducted over the past fifteen years at NASA Lewis Research Center. These theo-
ries account for environmental effects and are applicable to intraply hybrid
composites, interply hybrid composites and combinations of these, as well as
conventional laminate analysis. Key features and capabilities of ICAN are
described. A sample input data set and selected output are provided to 11-
lustrate its generality/versatility and user friendly structure.

SYMBOLS
Cf, Cm fiber and matrix heat capacities
df filament (fiber) equivalent diameter
Ef,Ef]],etc. elastic constants of fiber
Em,Em]],etc. elastic constants of matrix
Gf,Gf]2,etc. fiber shear modulus
Gm,Gm12,etc. matrix shear modulus
Kf]]’KfZZ fiber heat conductivities
Km matrix heat conductivity
Kv void heat conductivity
Mx’"y'"xy applied bending moments
Nx,Ny,Nxy applied membrane forces
Nf number of fibers per end
Nﬁc number of load conditions
NmS number of material systems
Na number of layers
SfT’Sfc fiber tensile and compressive strengths
SmT’SmC’SmS matrix tensile, compressive and shear strengths
Tcu’ngr'Tu cure temperature, dry glass transition temperature and use
temperature
af,af]1,etC. thermal expansion coefficients of fiber
a thermal expansion coefficient of matrix

m



mT**mC’ EmS* -
matrix allowable strain 1imits

‘mToy
Ve120 V523 fiber Poisson's ratios
Y : matrix Poisson's ratio ply orientation angle
ef fiber mass density
Pm matrix mass density

INTRODUCTION

The most cost effective way to analyze/design fiber composite structures
1s through the use of computer codes. Composite analysis computer codes to
date have been based mainly on “"classical" laminate theory. Over the past
fifteen years, extensive research has been conducted at NASA Lewls Research
Center to develop composite mechanics theories and analysis methods from
micromechanics to new finite elements. These theories and analysis methods
account for environmental effects and are applicable to intraply hybrid com-
posites, interply hybrid composites and combinations thereby. Most of these
theories are represented by simplified equations which have been corroborated
by experimental results and finite element analysis. The composite mechanics
theories with their respective simplified equations constitute a structured
theory which is: (1) "upward integrated" from material behavior space to
structural analysis; and (2) "top-down traced" from structural response to
material behavior space (see fig. 1). This structured theory has been in-
corporated into a computer code called ICAN (Integrated Composites Analyzer).
A brief history of the developments pertaining to composite mechanics and re-
lated computer codes which led to the evolution of ICAN is described in the
following paragraphs.

The importance of and need for a multilevel analysis in designing struc-
tural components with multilayered fiber composites were recognized about 20
years ago (ref. 1). A multilevel analysis computer code (MFCA: Multilayered
Fiber Composites Analysis) which was found to be efficient in predicting the
structural response of multilayered fiber composites (given the constituent
materials properties, the fabrication process, and the composite geometry) is
"documented in reference 2.

Intraply hybrid composites are logical sequel to conventional composites
and to interply hybrid composites. Recently, theoretical and experimental
jnvestigations have been conducted on. the mechanical behavior of intraply
hybrids at Lewis Research Center (refs. 3 to 5). The theoretical methods and
equations described in these references together with those for hygrothermal
effects (ref. 6) have been integrated into a computer code for predicting
hygral, thermal and mechanical properties of, and thereby "designing",
intraply hybrid composites. This code is identified as INHYD for INtraply
HYbrid Composite Design (ref. 7).

The computer code ICAN, is a synergistic combination of the afore-
mentioned computer programs MFCA and INHYD together with several significant
enhancements. It utilizes the micromechanics design of INHYD and the laminate
theory of MFCA to build a comprehensive analysis/design capability for struc-
tural composites. Additional features unique to ICAN are as follows:



(1) Ply stress-strain influence coefficients

(2) Microstresses and microstress influence coefficients

(3) Stress concentration factors at a circular hole

(4) Predictions of probable delamination locations around a circular hole
(5) Poisson's ratio mismatch details near a straight free edge

(6) Free edge stresses

(7) Material cards for finite element analysis for NASTRAN (COSMIC, MSC)
and MARC

(8) Laminate failure stresses based upon first ply failure and fiber
breakage criteria, with and without hygrothermal degradation

(9) Transverse shear stresses and normal stresses
(10) Explicit specification of interply layers

In addition, ICAN has its own data base of material properties for com-
monly used fibers and matrices. The user needs to specify only the coded
names for the constituents. The program searches and selects the appropriate
properties from its data base. Furthermore, the input data preparation has
been simplified substantially through the introduction of partial free-field
format to lessen the burden on the user. The output formats have also been
improved significantly for easier interpretation of the results. Al1l these
enhancements make ICAN significantly more inclusive and more user-friendly
than its predecessors.

The complete documentation of ICAN with compiled 1isting, user instruc-
tions, programmers manual and sample cases for each option is available in
reference 8). Also, the program will be made available through COSMIC --
Computer Software Management and Information Center, Suite 112, Barrow Hall,
Athens, Georgia 30602. The objective of this paper is to describe the
computer code from the engineer's/analyst's usage viewpoint. Therefore, the
description is limited to input-output and application versatility.

SCOPE AND DEFINITIONS

ICAN is primarily designed to analyze the hygrothermomechanical response/
properties of fiber reinforced/resin matrix type layered composites, given the
local membrane loads and bending moments. Three types of layers are recog-
nized by the program. They are: (1) the standard composite system which
consists entirely of a primary composite made of one type of fiber and matrix;
(2) the intraply hybrid composite system which consists of a primary composite
and a secondary composite arranged in a prescribed manner within a layer (for
purposes of identification, the primary composite in the hybrid is the one
which constitutes the largest volume ratio); (3) the interply layer which
consists of the matrix. Up to ten different material systems and one thousand
layers (plies, interplies, combinations) can be handled by ICAN at the present
time. The number of different loading conditions (forces or displacements)



that can be handled in one run is ten; however, the 1imits can be modified
with relative ease. In addition, ICAN recognizes moisture and/or temperature
gradients through the thickness.

THEORIES INCLUDED IN ICAN

The complete details of the equations in the code are given in reference
8. Prediction of composite hygrothermomechanical properties is achieved
through use of the various micromechanics theories mentioned earlier.
Laminate properties are obtained through macromechanics and laminate theory.
Classical laminate theory is used to predict local stresses and strains. The
free edge stress calculations are based upon the approach outlined in refer-
ence 9 with enhancements to accommodate interply layer and local character-
istics of the adjacent ply. The stress concentration factors around a
circular hole are obtained using the equations given in reference 10. The
laminate failure stress analysis utilizes two criteria: (1) the first ply
failure based upon the maximum strength, and (2) the first ply failure based
upon the fiber breakage. Complete laminate failure analysis is performed
using two different ply combined-stress failure criteria and one interply
delamination criterion for each specified load condition.

ICAN COMPUTER PROGRAM STRUCTURE

The modular structure of the code is i11lustrated in the flow chart in
figure 2. The various modules of the program in the order in which they are
called, the inputs to the subroutines, and the generated output from the
modules are identified in a symbolic manner. Each module in turn accesses
several common subroutines (a few auxiliary subroutines are not shown). A
brief description of the multilevel operations performed by ICAN during a
typical run 1s given below.

The first phase of the run consists of assimilating the input data. The
geometry, the number/details of loading conditions, the constituent materials
with details pertaining to the fiber and matrix volume ratios, the primary and
the secondary composite contents, and the temperature gradients and moisture
content for each layer are read from the user submitted input data. A summary
of the input data is printed out along with the input data echo.

The second phase of the run consists of interpreting the user supplied
code words for the constituent materials and retrieving the properties from
the resident data base of ICAN. These are then supplied to the modules which
perform micromechanics analyses and obtain the lamina properties. The lamina
properties are returned to the ICAN main program which is the executive module
of the code. The modules involved in this phase are IDGER, BANKRD, INHYB
( INHYD MAIN), HTM, COMPP, FIBMT and FLEXX.

The last phase of the run consists of integrating the individual layer
properties (using laminate theory) to generate laminate properties, and of
performing a complete laminate stress analysis. During this phase, several
other operations such as generating a summary of laminate failure stress
analysis, free edge stresses, stress concentration factors around a circular
hole, etc., are also performed. The modules and subroutines involved in this
phase are FESTRE, EDGSTR, MSCBFL, COMSA, GPCFD2, GACD3, NUDIFS, STRCNF,
MCRSTR, MINCOF and FLRLD.
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The detailed descriptions of these various subroutines 1nc1ud1ng the
governing equations are given in reference 8.

ICAN‘INPUT DATA PREPARATION

The input data for ICAN is supplied through six different card groups of
information. Most of these data cards are identified by a mnemonic to indi-
cate the card group it belongs to in the input data deck. Each physical card
is divided into fields of eight columns with one entry per field being al-
lowed. The mnemonic is entered in.format A8 and the integers in format I8.
The real numbers may be entered anywhere in the appropriate field. The fol-
lowing is a brief description of each card group.

(1) Title card -- Any title of 1ength up to 80 characters including
blanks may be supplied on this card.

(2) Starting data card -- Th1s card has a mnemonic 'STDATA'. It con-
tains the overall laminate and loading details. Included are the number. of
plies Ng, the number of different material systems Npg, and the number
of loading conditions Ng..

(3) Booleans -- A set of Booleans 'COMSAT' 'RINDV', 'BIDE' 'CSANB', and
'NONUDF'. are defined through these cards. There are 5 cards -- one per each
logical variable. The format is L6. The function of each variable is ex- °
plained below:

(a) COMSAT -- The letter T on the card will direct the program to per-
form a complete laminate analysis. A letter F would terminate the pro-
gram prior to performing the laminate stress analysis.

(b) RINDV -- The letter T .is entered on the card if the displacements
are inputs; otherwise, the letter F is entered.

(c) BIDE -- The letter T is entered on the card if the interply 1ayer
contributions on the composite are desired; otherwise, the letter F is
entered.

(d) CSANB -- The letter T is entered in the card if the composite has
both membrane and bending symmetry; otherwise, the letter F is entered.

(e) NONUDF -- The letter T is entered if the detailed Poisson's ratio
differences chart is to be suppressed; otherwise, the letter F is entered.

(4) Ply Descriptors Card Group -- Al1 the cards in this group have a
mnemonic 'PLY'. There are Ny number of cards (corresponding to Ny
number of plies) with eight entries on each card. The first entry is 'PLY'.
The second and third are identification numbers for the ply and the material
system respectively. The fourth and fifth are the use temperature (T,) and
the cure temperature (T.,). The sixth entry is the amount of moisture
weight percentage (M). The seventh and the eighth entries are the orientation
angle o of the ply and the thickness of the ply respectively. A default
value of 0.005 in. is taken for the thickness if this entry is missing. The
material system identification number should' be different not only for




different composite systems but also whenever the use temperature or moisture
content vary from ply to ply.

(5) Constituent Materials Descriptors -- All the cards in this group
have mnemonic 'MATCRD'. There are Nyo numbers of cards with 10 entries in
each card. The first entry is 'MATCRD'. The second and the third are coded
words for fiber and matrix material of the primary composite. The code words
are entered in 2A4 format. For example, the code for AS type fiber is 'AS--'
and epoxy matrix is 'EPOX'. A directory of codes for several fibers and mat-
rices is provided in appendix B. The user may choose any combination of fiber
and matrix for a composite system or incorporate his own as described in the
DATA BASE section. The fourth and the fifth entries pertain to the details of
the primary composite system. They are the primary fiber volume ratio and the
primary void volume ratio, respectively. The next two entries refer to the
~ secondary composite system which is applicable in the case of an intraply

hybrid composite ply. It should be the same as the second and third entries
for standard composite systems. The next entry is the secondary composite
system volume ratio. The last two entries are the fiber volume ratio and the
void volume ratio for the secondary composite system. These are zero when
intraply hybrids are not selected.

(6) Load Cards -- A1l the cards in this group start with mnemonic
'PLOAD'. There are three cards for each loading condition. Thus, the total
number of cards are 3NQC The first card under each loading condition

contains entries and Nyy, the membrane loads, and Thcs6
the orientation of the ¥oads with respect to the structural axes. The second
card contains the bending resultants My, My and My The last.card

contains the transverse shear resultant DMy and DMy and transverse
pressures P, and Pg.

A sample set of input data is illustrated in table I for a four ply sym-
metric laminate. It has two different material systems. The 0° plies are of
AS graphite fiber/intermediate modulus low strength epoxy matrix composite.
The 90° plies are made of a hybrid composite. The primary composite is
S-Glass/high modulus high strength epoxy (SGLA/HMHS). The secondary composite
is AS graphite/intermediate modulus high strength epoxy. The use and the cure
temperatures are 70° F. The moisture content is zero.

Input data for additional composite systems may.be easily prepared. This
is done by selecting a desired fiber and matrix from the avajilable materials
Tisted in appendix B (FBMTDATA.BANK), and modify1ng the appropriate entries in
the input data sample i1lustration.

ICAN QUTPUT

The ICAN output succinctly summarizes its features. The fo]]ow1hg s a
1ist of results that are printed out by the program:

(1) ICAN logo
(2) ICAN coordinate systems

(3) ICAN input data echo



(4) The input dafa summary

(5) The fiber and the matrix (constituent materials) properties of
primary and secondary composites; the ply level properties

(6) The composite 3-D strain-stress and stress-strain relations about
the structural axes; MAT9 card for MSC/NASTRAN solid elements

(7) The composite properties

(8) The composite constitutive equations about the structural axes
(9) The reduced bending and axial stiffnesses

(10) Some useful data for finite element analysis

(11) The displacement-force relations for the current load condition
(12) The ply hygrothermomechanical properties/response

(13) The details of Poisson's ratio mismatch among the plies

(14) Free edge stresses

(15) The microstresses and microstress influence coefficients for each
different composite material system

(16) Stress concentration/intensity factors around a circular hole
(17) Locations of probable delamination around circular holes
(18) Ply stress and strain influence coefficients

(19) Laminate failure stresses based on the first ply failure/maximum
stress criteria :

(20) A summary of the laminate failure stresses based upon two alterna-
tives -- the first ply failure and the fiber breakage.

Selected parts of the ICAN output for the sample input data given in
table I is shown in appendix A.

DATA BASE OF CONSTITUENT PROPERTIES (FBMTDATA.BANK)

The constituent properties database is a unique feature of the computer
code ICAN. Its primary aim is to reduce the burden on user in preparing
properly formatted data for the program. The user only needs to specify the
coded names for the fiber and matrix. The format of the data has been struc-
tured so as to enable the user to introduce new contents or to modify existing
entries as appropriate to his needs. Data for four fibers and three matrices
are provided in the present package. A brief description follows."

The fiber properties are arranged in five physical cards of length 80
columns. The first card contains a four character code name of fiber in



format A4. The second through the fifth cards start with a two letters
mnemonic to indicate the type of properties that follow. - The format on any of
these cards is (A4, 7€10.3) except for the second card. The second card is in
format (A3, 16, 7£10.3). The mnemonics FP, FE, FT and FS stand for fiber
physical, elastic, thermal and strength related properties. The entries on
these cards are explained below: _ ’

Card 1: Four character coded name for fiber
Card 2: FP N¢, df, pf

Card 3: FE Efyy, Ef22, vF12. vf23. Gf12, Gf23
Card 4: FT afyy, of22, Kf11, Kf22, Cf
Card 5: FS S¢t, Sfc

' The matrix properties are arranged next after the 1ine "OVER END OF FIBER

PROPERTIES". They have essentially the same format as those for fiber proper-
ty cards. There are, however, six physical cards for each matrix material.
The mnemonics used are MP, ME, MT, MS and MV. They stand for matrix physical,
elastic, thermal, strength related and miscellaneous properties respectively.
The format for the first card is (A4) and for the rest of the cards (A3,
7E10.3). The entries in each card are discussed below:

Card 1: Four character‘coded name for matrix
Card 2: MP pp

Card 3: ME Ep, Ym» om

Card 4: MT Ky, Cp

Card 5: MS SpT, Smc, SmS, €mT» emC: €mS. emTor
Card 6: MV Ky, Tgqr

The data base presently contains properties for T-300 (T300), AS graphite
- (AS--), S-Glass (SGLA) and HMS (HMSF) fibers. The available matrix materials
are -- high modulus high strength (HMHS), intermediate modulus high strength
(IMHS) and intermediate modulus low strength (IMLS) -- which are epoxy type
resins. The complete 1ist of properties is shown in appendix B.

ICAN EXTENSIONS AND COUPLING

The program can be extended to predict wave propagation parameters like
the bulk and shear wave velocities, properties such as impact resistance and
fatigue. The program can be coupled with complex structural analyses codes
where i1t can serve as a preprocessor and a postprocessor. It is planned to
couple ICAN with three integrated computer programs under in-house develop-
ment: CODSTRAN - Composite Durability Structural Analysis (ref. 11); COBSTRAN
- Composite Blade Structural Analysis (ref. 12); and CISTRAN - Composite
Impact Structural Analysis (ref. 13). .



CONCLUSIONS

A computer program ICAN (Integrated Composites Analyzer) has been de-
veloped to perform all the essential aspects of mechanics/analysis/design of
multilayered fiber composites. ' Thé program is modular, open-ended and user
friendly. It can handle a variety of composite systems having one type of
fiber and one matrix as constituents as well as intraply and interply hybrid
composite systems. It can also simulate isotropic layers by considering a
primary composite system with negligible fiber volume content. This feature
s specifically useful in modeling thin interply matrix layers. The program
can account for hygrothermal conditions and various combinations of in-plane
and bending loads. Usage of this code is illustrated with a sample input and
the generated output. Some of the key features of output are stress concen-
tration factors around a circular hole, locations of probable delamination, a
summary of the laminate failure stress analysis, free edge stresses, micro-
stresses and ply stress/strain influence coefficients. These features make
ICAN a powerful, cost-effective tool to analyze/design fiber composite struc-
tures and components. :



APPENDIX A

SUMMARY OF INPUT DATA
FOUR PLY SYMMETRIC LAMINATE. ICAN SAMPLE INPUT DATA.

- - - CASE CONTROL DECK - - -

NUMBER OF LAYERS NL = 4

NUMBER OF LOADING CONDITIONS NLC = 1

NUMBER OF MATERIAL SYSTEMS NMS = 2

COMSAT CSANB BIDE RINDV NONUDF

T F F F T

= = = °  LAMINATE CONFIGURATION - - -
PLY NO MID DELTAT DELTAM THETA T-NESS
PLY 1 1 0.000 0.0% 0.0 0.010
PLY 2 2 g0.000 g0.0% 90.0 0.005
PLY 3 2 8.000 0.0% 90.0 0.005
PLY 4 1 0.000 0.0% 0.0 0.0190

- - —— - A . W Y . S - - P e S W . W W - S - - . —

MATCRD MID PRIMARY VFP “VVP SECONDARY VSC VFS

MATCRD 1 AS-~IMLS 0.55 0.02 AS--IMLS 0.00 6.57
MATCRD 2 SGLAHMHS 0.55 0.01 AS--IMHS 0.40 0.57

- - - LOADING CONDITIONS - - =

PRESCRIBED LOADS FOR THE LOAD CONDITION 1
INPLANE LOADS NX = 1000.0000 LB/IN
NY = 0.0000 LB/IN
: NXY = 0.0000 LB/IN
BENDING LOADS MX = 0.0000 LB.IN/IN
My = 0.0000 LB.IN/IN
i MxXyY s 0.0000 LB.IN/IN
TRANSVERSE LOADS DMX/QX = 0.0000 LB/IN
DMY/QY = 0.0000 LB/IN
TRANSVERSE PRESSURE PU = 0.0000 LBs/SQ. IN.
TRANSVERSE PRESSURE PL = i}

.0000 LBsSQ. IN.
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-=-> CONSTITUENT PROPERTIES: ECHO FROM DATA BANK. <--
PRIMARY FIBER PROPERTIES; AS-- FIBER

1 ELASTIC MODULI EFP1 0.3100E 038
2 EFP2 0.2000E 07
3 SHEAR MODULI GFP12 0.2000€ 07
4 GFP23 0.1000E 07
5 POISSON'S RATIO NUFP12 0.2000E 00
6 NUFP23 0.2500E 00
7 THERM. EXP. COEF. CTEFP1 -0.5500E-06
3 CTEFP2 0.5600E~05
9 DENSITY RHOFP 0.6300E-01
10 NO. OF FIBERS/END NFP 0.1C00E 05
11 FIBER DIAMETER DIFP. 0.3000E-03
12 HEAT CAPACITY CFPC 0.1700E 00
13 HEAT CONDUCTIVITY KFP1 0.5800E 03
164 ’ KEP2 0.5800E 02
15 KFP3 0.5800E 02
16 STRENGTHS SFPT 0.4000E 06
17 SFPC 0.4000E 06
PRIMARY MATRIX - -PROPERTIES; - IMLS MATRIX. DRY RT. PROPERTIES.
1 ELASTIC MODULUS EMP 0.5000E 06
2 SHEAR MODULUS GMP 80.1773E 06
3 POISSON'S RATIO NUMP 0.64100E 00
4 THERM. EXP. COEF. CTEMP 0.5700E-04
5 DENSITY . RHOMP 0.4600E-~01
.6 -HEAT CAPACITY cmec 0.2500E 00
7 HEAT CONDUCTIVITY KMmp 0.1250E 01
3 STRENGTHS SMPT 0.7000E 04
9 ‘ : ' : SMpPC 0.21900E 05
10 SMPS 0.7000E 04
11 MOISTURE COEF BTAMP 0.64000E-02
12 0.2000E-03

DIFFUSIVITY - : DIFMP
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PRIMARY COMPOSITE PROPERTIES; 557/ 4¢3 AS--/IMLS

BASED ON MICROMECHANICS OF INTRAPLY HYBRID COMPOSITES: ELASTIC AND THERMAL PROPERTIES.

FIBER VOLUME RATIO - 0.550
VOID CONDUCTIVITY -

NOUISLULWNFOOVOR NV DN

et et ot et et ot et Pt

ELASTIC MODULI
SHEAR MODULI
POISSON'S RATIO
THERM. EXP. COEF.

DENSITY
HEAT CAPACITY
HEAT CONDUCTIVITY

STRENGTHS

MOIST. DIFFUSIVITY
MOIST. EXP. COEF.
FLEXURAL MODULI

STRENGTHES

PLY THICKNESS
INTERPLY THICKNESS
INTERFIBER SPACING

MATRIX VOLUME RATIO - 0.430
0.22499990E 00

EPCl

EPC2

EPC3
GPC12
GPC23
GPCL3
NUPC12
NUPC23
NUPC13
CTEPC1
CTEPC2
CTEPC3
RHOPC
cPC
KPC1
KPC2
KPC3
SPC1T
SPC1C
SPC2T,
SPC2C
SPC12
DPC1
DPC2
DPC3
BTAPCI
BTAPC2
BTAPC3
EPCLF
EPC2F
SPC23
SPC1F
SPC2F
SPCS3
TPC
PLPC
PLPCS

.1726E
.1127€
.1127¢€
.5470E
.J238E
.5477E
.2965E
.G821E
.2945E
.1418E-
.2464E-
.2664E-
.56443E~

1991E

.9195E
.3702E
.3702E
.2223E
.8764E
.5006E
.1502E
.5126E
.8630E-
.5163E-
.5168E-
.4981E-
.1452E-
.1452¢E-
.172%E
.1127E
.39383E
.1572E
.9387E
.7689E
.5000E-
.5850E-
.5850E&-

12
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03
07
07
06

06 .

06
00
00
00
06
04
04
01
00
03
01
01
06
5
0¢
05
0¢
04
0%
0¢
04
02
g2
08
g7

0a

06
Q4
0¢
02
04
06

vOID VOLUME RATIO =~ 0.020



HYBRID COMPOSITE PROPERTIES;

60740

SGLA/HMHS/AS~~/IMHS

BASED ON MICROMECHANICS OF INTRAPLY HYBRID CONMPOSITES:

PRIMARY COMPQSITE VOLUME RATIO -~ 0.600

ELASTIC MODULI
SHEAR MODULI
POISSON'S RATIO
THERM. EXP. COEF.

DENSITY
HEAT  CAPACITY
HEAT CONDUCTIVITY

STRENGTHS

MOIST.
MOIST. EXP. COEF.

FLEXURAL MODULI
STRENGTHS

PLY THICKNESS
INTERPLY THICKNESS
INTERFIBER SPACING
FIBER VOL. RATIO
MOISTURE CONTENT
MATRIX VvOL. RATIO

DIFFUSIVITY |

EHC1
EHC2
EHC3
GHC1l2
GHC23
GHC13
NUHC12
NUHC23
NUHC13
CTEHC1
CTEHC2
CTEHC3
RHOHC
CHC
KHC1
KHC?2
KHC3
SHC1T
SHC1C
SHC2T
SHC2C
SHC12
DHC1
DHC2
DPC3
BTAHC1
BTAHCZ2
BTAHC3
EHC1F
EHC2F
SHC23
SHC1F
SHC2F
SHCSB
THC
PLHC
PLHCS
VFH

M

VMH

.1144E 08
.1696E 07
.19645E 07
.7551E 06
.45618 06
.79641E 06
.2563E 00
.3985E 00
.2689%E 00
.1603E-05
.1601E~Q¢
.1634c~-06
.6334E-01
.1963E 00
.1352€ @3
.2305€ 01
.2305€E 01
.2168E 06
.1665E 06
.9915E 0¢
.2314E 05
.1195E 05
.8736E-04
.5117E~0¢%
.5117E-0¢
.9858E~-0¢4
.856EE~03
.1455E-02
.1144E 08
.1696E 07
.1019E 05 °
.2355E 06
.1735E 05
.1793E 05
.500CE-02
.5215E-04
.5215E-04
.5580E 00
0.0000
.4320E 00

(=] COOOWDOOOOOOODOOOOOOOLOODODOCOOOLOOOODOOOO0OO
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ELASTIC AND THERMAL PROPERTIES.

SECONDARY COMPOSITE VOLUME RATIO - 0.400
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NQTE:

REDUCED STIFFNESS MATRIX IEDYCID BENDING
35 9.12005E-92 1.I7753E 02 1.7513
36 0.121658 30 5.7€134% 20 3.341C
00 0.18431E °5 J.es8722-07 31010
50ME YUSETFyYL DATA FoR FE ANALYSIS
ICMPOSITE THICKNESS FOR F.E. ANALYSIS' = 3.3C000E-91
PRCPEATIES FGR F.E. ANALYSIS EI1,£12,£13,€22,623,E33 POCPERTIES SCALED 2Y 10
9.20233E-01 -7.67969E-02 ~0.27333E-97 5.21767E 1% 0.132963-35 9.1622%E 31
TEMDING ZUIVALENT PEGPERTIES NUCXY, NCYX, ECXX, ECYY, GCX
3.22351E 10 0.20153E-01 O0.16708E°08 3.15i2¢E 37 9.35673E 9%
NASTRAM MEMBRANE EQUIVALENT ELASTIC COEFFICIENTS 511,512,51%.622,6231,633 -
S.121%7E 08 1.374825 06 0.10669E 00 0.46099E 37 7.50551E 1 1.S1637E 06

p

DIsP.

9.2751E-92

L2236E-23

[}

.9966E-99

9.1818E-909

-S021E-08

.2356E-13

ZINTING

3.

EQUIVALENT ELASTIC COEFFICIENTS
I33249€E 06

-9

-0.

-9.

-1-
L2751E-05
.2236E-06

J9946E-12

.1818E-12

9021E-11

2356E-16

C.21354E-01

-z-
.22Z6E~06

0.72%9E~95

.4765E-10

-0.5895E-11
0.2925€-09

0.1283E~1¢

0.15194E 97

Gl1,G1i2

1512.C
1.45958E 2

DISPLACEMENT FORCE RELATIQONS

» G332 .
.E5473E 06

0.9;2;5-12 3.;3135'12 ‘0.;5515*11
-3.47656-13  ~0.5395E-11  1.2925€-99
0.54085-04  -0.3466E-16  0.2237E~14
-0.3466E-16  0.2660E-01 <-0.5922E-02
0.2237E-16  ~0.5922E-82  0.2938E 00
-3.1181E-19  0.4241E-08 -0.2385E-06
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THE DISPLACEMENTS ARE REFERENCE PLANE MEMBRANE STRAINS (UX , VY , VXPUY)

miea

WO a0
Wwre ey

-4=

L2356E~15
.1283E~14

.1181E-19

.G261E-08
.2385E-06

.8012E 00

AND CURVATURES (WXXx ,

wyy ,

COMBINMED FORCES

0.1300E 06
9.06000

3.2000

0.0000
0.0000

0.0000

€XY)



C A

1

CHAMN

13

ARMOM

it
=

HYGROTHY

PLY

) 1
] [}
] | OO OO AT AOOOAVON VN VOOITIMAd OOV ODO O 0044.442220655454 NINMOOHIIMOINMMON N0 OO
] I OO0 OCONOOLOOOONOOOOO0OnOOON 40000003003070 OO VOO« 000000000000003@30
[} ~dated |t [ I I ) 'V ooo [} . [ | o [ 1 cooo
1 ¥iDo-) _.:C3r.:_:.F:CF:C—:EEC:CE_::.E:_EEEEEE_::__C_t F:.:EEEEE—:EUEEEEEEEEEEEEEE_CEEE—::_:_OQ:G
P IS i | ©OVOEVIRICIL) v ¢ ¢ et NS e i P WO OIT TN MIOOUICTING A, 4O @D ~CIJBJUY I T DI OIS TUID D et OO IS N et v
[~ XN ) NN I QOO - OINEOOMOONEOOOCTE I~ PN~ VOO OCNNEIFH AN T NNOVODAIUIINNOO VDO O ..31.\.65405.\.5.644529031.
] [ ) 1 UV g 3 ) uy > Ea RSN ARVl o AN AVIEE JEN SN RN RN il ol A T SUJON RN - SN < R AN ¢ I b s RS RN ¢ A JEC S S, 4 CIP- N OUIeAIN G (01 IO DN P
1 11 b Cduruy s ruredny o1 — OIS IS cd ) UV e (g G e -111\.‘3:-50; 10l O F NIUN Y 40D .;.3351.336..3/190 A0S CIO T D UINT —4
| 172 X7, S T e e e e e e e e e e e e e e e e e . P T e R N S
| gL | COoOoOOeOR ON CC OO CUEOO0OOEO0BOEO000m CONMENEOD BO00OO0N0EONOENAO0000
' [} 1
1 1
) 1
] )
s | .13.}3.4,.?_4n;|...,_3113667576665§Q.Jl!.ﬂ377666013\. OOV TITMINNOVVVTINNIINDBINMNOO~NINOTTNOONOOM
oo ' LRl .:33:1.\.1.:.1‘...]UN.UA.CAJJAJ930.»Jﬁ:.n.ﬂucj:ﬂvﬁvnun.c:jr.cc OOOODOOOVDDMOOO nJa«\.A-c.)on [Q RN A RAN S AN S NN ]
] Irrnog (=3 LI T B I | © 1o OO
[} b ..:::E..::E :.—LE9_::::..:.:—::_55—: :;:::_:EF_E—:EE_:EEE:_EF__:F_:._EE::::..ﬁ::r_.:_t—t :..:::353353
P MIZI O | 30N VWMV v srdrt FIAT AT OIFS P A P cd e 1 G NI M S O O el r e d I D TS NN O S R I HIUY VT DN S DO 1 IS U U O 0 0 O N LIl
] NNGC LOONIIEMNOAONOOISNNOOVMNONININOOOIIOOT IO VNIV OT 006 r) — U} 951066.011915927003:.1.214393306
] - I ooumyurg »imon ~u IO DA NN D WD FIFIMIC A O NINNIN VOO OO e o) u) O ek e R ak e EXABEIS R N QNS b NN NNENITE IS KV N 4 "y
) | [ BN AN o BE S RV - RTA RT3 ) racd 1.'.1::u?:t7_ Rl SR T RN oV R N I ST AR I BN o SN S oV e NN I B e IS R TA N 03 WA A ..~o 2!.1921w.1.u1:.?.‘~.ﬁ~23~.z« 0 0
1 0w oo o o e e e e - b e e e e e e e e e s b e e e e e e e e e v b e e e e e e e e e ey e e s e e .
[+ ] Uy -t I OCOCOODOOO L=R =] OWLQQORJ3"«0Ooaojﬁvﬁdﬂzﬂuooooooogaa 000000000 OOOOOAJJUOOOOOﬂvJOJJU o
R us ' | 1 ) v
oo > ] '
o hed t 1
o - 1 1 : te
— | 1 1 OO0 O0ORITONNOMAOOON O VOB NG T AAIOORF- VOVOHNO A OOT T T TMIEUNODVOITINNNNINMOO~NMICINITTNNODOIOO
v ] [ X2 .009cnvn.n,o_..393333..430-0OUGn.nacr;ﬁcgocogna.uccncnv 00000000309093330030:33OOH OO
P ' ITIo ) 1t o [ I I I A | < . [ oo
3 ' b 30 SO | ::.:E::.:EE—IF.EE\‘_._:.:—:E—C-C—t—CE-—:E—:E-:—:c_—:_:ECaEEc:E—CEEE wwwuwiuuwwwuio wiwwww E_:FEE—:E:::EEEEEEEnbGQG
=) T EILP IO ) QOT OWMIOU cOU At rd P T O Tt oA M) e, 4 (UMM T WD e~ 4 et FIRA IS (N OSSR SN QNN NG DI P U O D= NO T NIneY @ - -
- ] NNC L OOWNMINMOAEUOORRNDOOIMOOVINNOOONONOSEICTGEOININOITOT NOMHANVINOOVVOD AT ~COVROOMINMINMHMIEFVNOooO
(=] [} <t 1 1 CQuIiNg Moty VTR NN ODHUIMINNNOUOMITM PN A ONINUID O DO O8N ()N T AVOVTEMAOOAM~AOOCONMSUNIYO G NFY
EC:CF_ w ) Iu.. -v.sszwé‘s.::,. 12 A I NO NI PP r A rd OOl st md s S ) CEFIOS D) I PG NN T 0) 4 0D 211?2115749~/1.&2314 O J 0
a ecze: ] (S T, ) L T T e L T R R S S S S S RSP SR Y L R ) . CRECI L T A )
<t «C a 2 Ya ] v oC .9.0.}9—)930 0.J 3333000390009390330000000000 [~ X-F-R-NoR-N_-R-N-) oo 0000009030903000000
' t b ] ] (]
[ [} [}
v [ 34 ] [}
~ ui ] 1 - .
EEn o | | HOOOOHAION~OOONVOINORN VOOV IFIIMAANOONNONNO L0~ OO ITTINNOOSONNINITOODOODNMENMMNOHNOOOO
L =3 o ] wvIv _033:3003031-3033»\..300301.0n.031.0300a.3r42300 OO OO COOOODRLOVOOACOOOCOTOC O
> >u n: 1 e bl or)ooo 11 11t 1o o oo o 1o oowo
XX a. ] p by ._Er:—__—Zr:::t_.:r«—.._En.nJ~JC.EEC;E~C.E:_—C_.:_C—C_C:.F-EEC‘.E—CCh_:—Ec.Ehch wwueiwuwwuiIwoowwwwwivtwoo o wWirwlwwwilyolwo oo o
. el ' I #4400 | OO OIEINOIO 10 &+ vt NtV OIS T INCINA OISO NUIN et 03— NN RN RS RN V. B VRN T B CHIND NI D ON P L e
> >0 L ] NN I OO OO OMHA PNt DO OORCICNNMNIST NN NNOVVDODNMNOON VYOO OOONIONMETOITITONDODO
.~ a0 0f g4 1 () 1 ©OINMINGg g e oo PSS VI P P f T A U I T NP e e d (N T (RO O O 00 00 W) et O AT NSO UV W I~BIOVIs W —
XX © o [} 1 _./_:_:_/.L:.l:. .:.. NP et O TN N I CICI Y T Y ot e d A 1IN O - 16 e 41#.055%11 N M QU1 V) oo —-..274.5:. —
[ RORO¥ A o [ Y R S e e e e e e e e e e e e e e C e e e e e e e e e N e e e s e e . .
STuvrerninul 1 .Y .339«.33]3 30 OO OO0 0000aNO00 00300030 [SX- X N-N-N- ¥ oo )00090 o
O meysree: - 1 1 ' . ]
D [ ] 1
[oad [ g w ] 1
e u [ 13 [}
0OQO-tre - [ [
et a3 o [+ ] ]
ool u) 1 el | —OOr O MY m - w
oy a. e (=) ~cIM M~ -D\Lv...‘n.hﬂsﬁs-\u?_\.rr: WOACIN~EICT OmMmnmmn
<0 (=4 1 ) NON AN FINMIDIE NI~ TN PIM Sl m ) O P P NS IR F S N R e N F N G N e R i Aol N ok ¥ L)
aw = [ ¥ ] [l ] .E,L::L-.:-;zv. ) o2 s VOLLOLOLOOOLLVAW HVNNOVNIVLOVLU
TN o. ] O BRSNS NGNS NN PRE &Y 1230722200 .0, VWMV WO 0 Aok k1B U, A =
[ RS-l N " L OO nOCOT TR S EME S RS B 9 R ded ) A DA TN IO NN
e H =t
m ut 1 [N}
TR >- ' [N ] .
‘ “C ! B AR BN N SN KA BN S TARY N S Wo S S AR oF 0 SN RN A R S RN L RN RV N N AN W RN B NI RCANTAY D AN~ AR Dt A NI O DM NN NI
-t ' [ LR PN L AR R I K S R N IR L FIS N AR ) B I I R LRt AR TA N T VAR T TN S R A Y RVE R RV B IR - RV BV IR N A SR N CON SO A

16



FACTORS

W yrAn

oMo
V=)= b

[CYRUTALN]

K1XYy -->

LAYUP -=>

KiYY =-=>

NOTE: K1XX -->

THETA

K1XY

K1Yy

”,
[N

%
>

b 14

K1XY THETA

iy

K

K1XX

NN OMAOAONSOONODIMNOMM AN O -t M) IS

CRNOMORNOINOMOVONNIOTAODITOWVNETOVNFIC T OIS ) A~
OCNOOMROTMROINMNNMOCORNODODONRODOCOMNISNONY ~e N o
QA Ot ANANMIINNNONINNCOO NN N et O e

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

NN INANNINAODOANOONMDHINO MO OOONOENNQAN VT TN

P VNS Jr RTa B SN QN I L B ol N o MO WIS FINN IS DI N () = G WY v N N

N = DN CIII i) T OMQC TN EIO IO T I CICICI U )~

AWV N IS ) O 7.343133335..ou.Jﬂu134:._/91:\:/»..525

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

M CIN - 1 OO0 OOD - 1ri0O000 0 000111?_233
(S O S T N Y N B |

a.unzznun?0ﬂ,.-,.O-.Jru.7n01.3930~3_30~l.~625~39n04.37ﬁt_98319
OO UGN DA OGOV ANEODINIDOVORIION O OO OO
e Al N AT A N IA RS R B Wt Moo W oS N o6 4 A oV N A QN S T AN N 1o W 3 I I BN, TR WV MY N AP TS I A
WY ) et DO A NIIUITODCNP DN OISOV N O~ N
OO OOODOOOOOHHNMINNNIMIEIArtTOO0O0O0O00O0DO0OOOO
LI T R I B | {2 T I A |

OO DOO0O0ONOOODNOOOONO0OO0O0DOOOO0OOO0O00O

....................................
ONOINOINOMNOMNONOINOINONONOINONECINCINONOINONODIN
(A K3 KN AR AN IS AN NN NI BN 1o RVARN AR LA NTANVE NN, N oD oS So N oo ML W AN B 4 W I E NaN N oV oo Mo BN LN gR TR BT )
e =t A CI LI CI G CSICE N CILI CICI NN I CI I I CI I DI D 111N 1Y N N 1IN Y MM

0;7 ON — 317

059370310133793 [=R¥]
[gVRNe Vo | . OO)T O NI~ )

539
~InJn.9~/294690-35r07._:¢040
QDN IT - NI ONO
OQrdr4 DM i 4 et CJCININ I O CJINAN N OO INII N (S A A~ OO et
....................................
(= N N NN NE e Rl Rl N lo Rls NioNio N o]

[ IO S A R S S N A N )

001
3007
2’43

-
-4
bt 4
A
-4
-2
-0
2
4
4
4
4
3
3
3
3
3
3
3
3
2
2
2
i

N AGDININNIN RIS INOMNAC NG NN OO ING
WU r UV IS TSP IS IS e DD WD IS SE M IS O O M) SIS ) O B U 3 N Y
IS A OVINNONHMEOISTOMEQOMINANNITNIIMOT O NI CIUNO P
QOVONOANINAO NI MADINGOMOMNOMOAMTINENO M~ ONO
................... L
MMIINAINHAA IO MHMMHOOODOOODOOOH~~NNMIN
[ T O R I R T B I
OCNNAOAONOVOMIOVONITONMOINTVOITNOCOITMIMENCOGA
VO OOV AOMOOOVEINOEOWOVAINWORMNIOVAOMOVTC O~O
MM DNUIVIS A OIMINOC OO NN NOCOO NN DN NN
VNI MAOO~NMINVONNMNOSNNONNOSNNCCOVINMAIHOO A MT N
...................... R
OO0 DOOOOOODHHANMINNIINMANMHFNOOOOOOODOOOOO
I R B I N | t Ly

OoOUNEOINONOINOINOINOINOINOINOINOoONOINOINOINOINOIN
AHACNNDDI TNV ORI OO~ OGN M T T INN
ke ke K R e e e R e R e

160
185
170
175

..090.3277 ﬂ~7407~¢29.

117



LAMINATE FATILURE LOAD ANALYSIS

AYUP =-=> ¢ 90 93¢ 4
LAMINATE FAILURE LOADS BASED UPON FIRST PLY FAILURE CRITERIA (NO TEMPERATURE OR MOISTURE STRESSES)

PLY NO = 1 THETA- = 0.00 MATERIAL 3YSTEM T AS--INMLS  AS--IMLS
LOADS SL11T SL11C sL2271 sL22¢ ""-EZIE'__--_'--FZIET-EEZB ------- EBEE'

222.7761 87.63%92 5.0065 15.019¢4 5.1261

KS1 KSI KSI 251 XS1I

SCXXT MIN ¢ 155.699 -61.252 251.063 . =753.188 0.000) - -I;;T;;;—- SLILIT
SCXXC MIN ¢ ~155.699 61.252 -251.063 753.183 0.600) 61.252 SL11C
SCYYT MIN ( -5076.305 1997.015 20.504 -61.511 0.3C00) 20.5064 st227
SCYYC MIN ( 5076.305 -1997.015 -20.504 61.511 0.000) 61.511 sL22C
SCXYS MIN ( 0.000 9.c000 KN ]2 32 K 5.776) 5.776 SL12S

PLY XNO. = 2 THETA = 90.00 MATERIAL SYSTEM = SGLAHMHS AS--IMHS

LOADS SLILT SL11C ' sL2271 siL22c SLIZS FAIL. LOAD MODE

216.8321 166.5112 9.9151 23.1353 11.9513 ’

KSI KS KSI KS S KSI

-5436.801 4175.063 71.638 -167.155 0.000) 71.538 SL227
56436.301 -4175.063 ~71.618 167.155 0.000) 167 .15 st22
26.330 -66.295 112.967 -263.589 LR A T2 D] 86.330 SL11T
~36.220 66.295 ~112.967 263.589 HEH KA X ) 66.295 St1lc
32636 36 % 2 2 2 % W03 39 K 2 3% 36 5 3 96 3 2 ¢ 3¢ 26 2 5 AN R 9.756) 9.756 sL12s

PLY NO 3 THETA = 90.00 MATERIAL SYSTEM = SGLAHMHS AS--IMHS
L0ADS SLILT sL11C st227 sL22¢ 51125 FAIL. LOAD MODE
o g1§.asz; 166.5112 9.9151 23.1353 - 11.3513
KS KSI KSI KSI KsI KSI
( <5636.801 " 64175.063 71.638 -167.155 8.0866)  71.838 -  sL22T
SCXXC MIN ¢ 5436.80] -4175.063 -71.638 167.155 0.000) 167.155 sL22¢
SCYYT MIN (  -86.330 -66.295 112.967 -263.589 HXNNREHNRN) 36.330 SLILT
SCYYC MIN ¢ -86.330 66.295 -112.967 263.589 RN NN ) 66.295 sLllc
SCXYS MIN (%35 %% %% %% 3036 36 3 36 % 3 36 3 % 2330 06 2 3¢ ¢ )¢ TUER M- 9.756) 3.756 91129
LAYUP --> 90 9
LAMINATE FAILURE LOADS BASED UPON FIRST PLY FAILURE CRITERIA (NO TEMPERATURE OR MOISTURE STRESSES)
PLY NO : 4 THETA = 0.00 MATERIAL SYSTEM = AS--IMLS AS--IMLS
LOADS SL11T -~ sL1lc st22T sL22¢ sL12s FAIL. LOAD MODE
222.7761 87.6392 5.0065 15.3194 5.1261
KSI KSI KSI Ks1 K5I
SCXXT MIN ¢ 155.699 -61.252 251.262 -753.187 0.000) 155.699 SL1LT
SCXXC MIN ¢ =155.699 61.252 -251.062 753.187 0.000) 61.252 SL1lC
SCYYT MIN ( =5076.309 1997.017 20.504 -61.511 0.000) 20.504 sL22T1
SCYYC MIN ( 5676.3069 -1997.017 -20.506 6i.511 .000) 61.511 sL22¢
SCXYS MIN ¢ 0.200 0.000 KK N NHRH KK KK 5.776) 5.776 SL125
SUMMARY
LAMINATE FAILURE LOAD ANALYSIS - (NO TEMPERATURE OR MOISTURE STRESSES)
(BASED UPON FIRST PLY FAILURE)
LOAD TYPE LOAD IN KSI  FAILURE MODE PLY NO.  THETA MATERIAL SYSTEM
SCXXT 71.638 sL227 3 90.0 SGLAHMHS  AS—=-IMHS
$CXXC 61.252 sL11c 4 0.0 AS--IMLS AS--IMLS
SCYYT 20.506 §L22T - 1 0.0 AS--IMLS AS--IMLS
SCYYC 61.511 sL22¢ 1 0.0 AS-=IMLS A5--IMLS
SCXYS 5.776 sL12s 4 0.0 AS--IMLS AS--INLS

LAHINATE FAILURE LOAD ANALYSIS - (NN TEMPERATURE OR MOISTURE STRESSES)
(BASED UPON FIBER FAILURE)

LOAD TYPE LOAD IN KSI FAILURE MODE PLY NO. THETA MATERIAL SYSTEM
SCXXT 155.699 SL11T [} 9.0 AS~-IMLS AS--IMLS
SCXXC 61.252 stlic 4 9.0 AS-=IMLS AS--IMLS
SCYYT 36.330 SLI1T 2 90.0 SGLAHMHS AS=-~IMHS
SCyYycC 66.295 stilc 2 6.0 SGLAHMHS AS--IMHS
SCXYS 3638 3 300 % % % N/A

NOTE: IF THERE IS NO ANGLE PLY "SCXYS™ BASED UPON FIBRE FAILURE IS NOT PREDICTED.
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APPENDIX B

T300 GRAPHITE FIBER.

FP 3000 0.300E-03 0.640E-01

FE 0.320E 08 0.200E 07 0.200E 00 0.250E 00 0.130E 07
FT -0.550E-06 0.560E-05 0.S80E 03 0.580E 02 0.170E 00
FS 0.350E 06 0.300E 06 0.000 0.000 0.000
AS-- GRAPHITE FIBER.

FP 10000 0.300E-03 0.630E-01 ,

FE 0.310E 08 0.200E 07 0.200E 00 0.250E 00 0.200E 07
FT -0.550E-06 0.S60E-05 0.5B0E 03 0.S80E 02 0.170E 00
FS 0.400E 06 0.400E 06 0.000 0.000 0.000
SGLA  S- GLASS FIEER.

FP 204 0.360E-03 0.900E-01

FE 0.124E 08 0.124E 08 0.200E 00 0.200E 00 0.517E 07
FT 0.280E-05 0.280E-05 0.750E 01 0.7S0E 01 0.170E 00
FS 0.360E 06 0.300E 06 0.360E 06 0.300E 06 0.180E 06
HNSF HIGH HODULUS SURFACE TREATED FIEER.

FP 10000 0.300E-03 0.703E-01

FE 0.SS0E 08 0.900E 06 0.200E 00 0.250E 00 0.110E 07
FT -0.550E-06 0.560E-05 0.580E 03 0.S80E 02 0.170E 00
FS 0.280E 06 0.200E 06 0.000 0.000 0.000
OVER END OF FIBER PROPERTIES.

IGS HIGH MODULUS HIGH STRENGTH MATRIX.

MP 0.450E-01 |

ME 0.750E 06 0.350E 00 0.400E-04

HNT 0.125E 01 0.250E 00

HS 0.200E 05 0.500E 05 0.150E 05 0.200E-01 0.S00E-01
0.400E-01 0.400E~01

MV 0.225E 00 0.420E 03

IMHS INTERMEDIATE HODULUS HIGH STRENGTH HATRIX.

HP 0.440E-01

ME 0.500E 06 0.350E 00 0.360E-04

HT ©0.125E 01 0.250E 00

MS 0.150E 05 0.3S0E 05 0.130E 05 0.200E-01 0.500E-01
0.350E-01 0.350E-01

MV 0.225E 00 0.420E 03

IMLS INTERMEDIATE HODULUS LOW STRENGTH MATRIX.

HP 0.460E-01

HE 0.500E 06 0.410E 00 0.570E-04

MT 0.125E 01 0.250E 00

‘NS 0.700E 04 0.210E 05 0.700E 04 0.140E-01 0.420E-01
0.320E-01 0.320E-01

MV 0.225E 00 0.420E 03

OVER END OF MATRIX PROPERTIES.
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Four ply symmetric laminate.

STDA 4
T
F
F
F

T
PLY
PLY
PLY
PLY

WA -

MATCRDAS--IMLS
MATCROSGLAHMHS
PLOAD 1000.
PLOAD 0.0
PLOAD 0.0

IRy X

TABLE 1. - ICAN: ~SAMPLE INPUT DATA

2

70.00
70.00
70.00
70.00

(Y Y]

COOOOo
coownu;

0.02

ICAN sample input data.

70.0 0.0 0.0
70.0 . 0 90.0
70.0 .0 90.0
70.0 0 90.0
AS--IMLS 0.0
.01 AS--IMHS .4
0.0 0.0

0.0

0.010
.005
.005
.00

0.57
.51

0.03
.01
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Figure 1, - Upward integrated and top-down traced structured theory.
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Figure 2. - ICAN: flow chart.
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