72-23,090

CHANG, Shyhming, 1933-

IN-PLANE, FLEXURAL, TWISTING AND THICKNESS-
SHEAR COEFFICIENTS FOR STIFENESS AND DAMPING
OF A MONOLAYER FILAMENTARY COMPOSITE. ;|

The University of Oklahoma, Ph.D., 1972
Engineering Mechanics

1
i
‘.’l
§
:
q

University Microfilms, A XEROX Company , Ann Arbor, Michigan

¥

[PVPR b mammim Pk oo i 2 o

%i THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED.



THE UNIVERSITY OF OKLAHOMA

GRADUATE COLLEGE

IN-PLANE, FLEXURAL, TWISTING AND THICKNESS-SHEAR COEFFICIENTS FOR

STIFFNESS AND DAMPING OF A MONOLAYER FILAMENTARY COMPOSITE

A DISSERTATION
SUBMITTED TO THE GRADUATE FACULTY
in partial fulfillment of the requirements for the
degree of

DOCTOR OF PHILOSOPHY

BY
SHYHMING CHANG

Norman, Oklahoma

1972



IN-PLANE, FLEXURAL, TWISTING AND THICKNESS-SHEAR COEFFICIENTS FOR

STIFFNESS AND DAMPING OF A MONOLAYER FILAMENTARY COMPOSITE

APPROVED BY

(lnd W Bt

D i“q/é
J ! Ol

D sereie: [ Brnncesse
Wt V) IV~21

DISSERTATION COMMITTEE




PLEASE NOTE:

Some pages may have
indistinct print.

Filmed as received.

University Microfilms, A Xerox Education Company




ACKNOWLEDGMENT

The author is indebted to his major professor, Dr. Charles W.
Bert, for his inspiration, guidance, and constant encouragement dur-
ing the course of this research.

The author would also like to express his sincere thanks to
his Dissertation Committee members, Dr. Franklin J. Appl, Dr. Davis
M. Egle, Dr. William N. Huff, and Dr. Maurice L. Rasmussen, for their
valuable time and advice rendered.

The author is also very grateful to Dr, T.J. Love, Director,
School of Aerospace, Mechanical and Nuclear Engineering for his en-
couragement.,

Valuable assistance rendered him by C.C. 8iu, D.M, Sheets, J.D.
White, and Nelda Mckee are greatly appreciated.

Appreciation for the understanding and patience of his loving
wife, Mary, can hardly be expressed in words.

Finally, the research would not have been possible without
the support of a National Aeronautics and Space Administration Research

Grant, monitored by Robert R. Clary of Langley Research Center,

iii



TABLE OF CONTENTS

ACKNOWLEDGMENTS ® 6 ¢ ¢ ® o e & ¢ o 2 s o o .o e & o ¢ s o

LIST OF TABLES e e s e 8 S 9 0 & & 6 o s e e * s o 2 s o

LIST OF FIGURES e o o & @ o 6 & e & 5 & & o » * & e o o o

LIST OF SYMBOLS e 8 & & 6 o & B e & & 9 8 & 3 6 & o o s o

Chapter

I,

II.

I NTRODUCTI ON . L] ° . L ] L] L] L . . . . [ ] . . . L]
1.1 Introductory Remarks . . « « « « o o o o &

1.2 A Brief Survey of Micromechanics Analysis
of Filamentary Composite Materials . . . .

ELASTIC ANALYSIS . & v ¢ ¢ o o o o o s o o & »
2.1 Introduction and Hypotheses . . . . . . .
2,2 Longitudinal In-plane Stiffnesses . . . .
2.3 Transverse In-plane Stiffnesses . . . . .
2.4 Longitudinal Flexural Stiffnesses ., . . .
2,5 Transverse Flexural Stiffnesses . . . . .
2,6 Twisting Stiffness . « « « o o ¢ o o o o o
2,7 Longitudinal Thickness-Shear Stiffness . .

2.8 Transverse Thickness~Shear Stiffness . . .

iv

Page

iii

vii

xiii

11
11
16
20
26
30
33
39

50




111,

Iv.

v,

APPENDIXES

REFERENCES

DAMPING ANALYSES , 4 4 o ¢ o o s o o ¢ s
3.1 Introduction 4+ 4 o« o« o o ¢ ¢ ¢ s o o
3.2 Longitudinal In-plane Loss Tangents ,
3.3 Transverse In-plane Loss Tangents ., .
3.4 Longitudinal Flexural Loss Tangents ,
3.5 Trancverse Flexural Loss Tangent , .

3,6 Twisting Loss Tangent o+ + « o o o o

3.7 Longitudinal Thickness-Shear Loss Tangent

3.8 Transverse Thcikness-Shear Loss Tangent ,

NUMERICAL RESULTS AND COMPARISON WITH EXPERIMENTAL

RESULTS ® & ¢ o 3 6 2 & 5 O 8 0 & 0 T 0 0 2 & s ¢

4,1 Comparison with Conventional Micro mechanics
Results e & & 0 o 0 0 2 0 2 0 0 0 9 9 0 o o

4,2 Storage Moduli and Associated Loss Tangent

4,3 Design Curves and Tables - Storage Moduli

Associated Loss Tangents Versus Frequency

Various Fiber Volume Fractions . + « « o

C ON CLUS ION S L[] ] L] . [ ] . L[] L] L] L] . L) L] L] L

BOUNDARY-POINT-LEAST-SQUARE METHOD . « .

DETAILS OF FORMULAS DERIVED IN SECTION II

EXPERIMENTAL DETERMINATION OF COMPLEX STIFFNESS

.

and
for

AND MMPING OF A BORON FIBER e & ¥ ¢ o 0 & 0 0 o o

COMPUTER PROGRAM DOCUMENTATION AND LISTING ., « « »

55
56
59
63
6l
67
67
68
69

71
71

79

81

83

85
85

88

99
101

103



TABIJES ¢ 8.9 5 0 0 0 ¢ 0 0 & 02 B 0 " 6 0 0 000 s 0 e o 9 115
FIGURE ] . [ ] [ ] ] [ L) L] [} [ ] . [ L) L) ] ] ] [ ] ] [ ] e 0 L] [ ] L] . ] 1%
COMPUTER PmRAM LISTING [ ] L] [ [ L) L] [ ] [ ] . ] [ ] [ ] L ] ] . [ ] . 218



Table

I1

III

IV

VI

VII

VIII

IX

XI

XII

LIST OF TABLES

COMPARISON OF LONGITUDINAL IN-PLANE POISSON'S
RATIO . L . L4 L] . . . . L] ° L4 L] ° L o L ° L *

LONGITUDINAL FLEXURAL STIFFNESS EFFICIENCY OF
MONOFILAMENT COMPOSITES o ¢ &« o o« ¢ o o o o o

COMPARISONS OF POISSON FLEXURAL STIFFNESS FOR
COMPOSITES HAVING SQUARE TYPICAL ELEMENTS . .

COMPARISONS OF IN-PLANE LONGETUDINAL SHEAR

MODULUS AND EQUIVALENT SHEAR MODULUS AS CAL-
CULATED FROM THE TORSION ANALYSIS . . . . . .
ELASTIC AND DAMPING PROPERTIES OF BORON , . .
ELASTIC AND DAMPING PROPERTIES OF EPOXY A . .
ELASTIC AND DAMPING PROPERTIES OF EPOXY B . .
ELASTIC AND DAMPING PROPERTIES OF ALU 2224

ELASTIC AND DAMPING PROPERTIES OF E-GLASS . .

IN-PLANE LONGITUDINAL YOUNG'S MODULUS AND ASSO-

CIATED LOSS TANGENT FOR A BORON-ALUMINUM
2024-T3 MONOFILAMENT COMPOSITE . « & « o « o

IN-PLANE MAJOR POISSON'S RATIO AND ASSOCIATED

LOSS TANGENT FOR A BORON-ALUMINUM 2024-T3 MONO-

FILAMENT COMPOSITE . & « s o ¢ o o o o o o o

IN-PLANE TRANSVERSE YOUNG'S MODULUS AND ASSO-

CIATED LOSS TANGENT FOR A BORON~-ALUMINUM 2024-T3
MONOFILAMENT COMPOSITE & 4 o o ¢ « ¢ o o o o o o

vil

Page

115

116

117

118

119

120

121

122

123

124

127

130



XI1I1

XIV

XV

XVI

XVII

XVIII

XIX

XXI

XX1I

XXIII

XXIV

XXv

IN-PLANE LONGITUDINAL SHEAR MODULUS AND ASSO-
CIATED LOSS TANGENT FOR A BORON-ALUMINUM
2024'1‘3 MONOFILAMENT COMPOSITE ® o 0 & 6 0 0 8 0

LONGITUDINAL FLEXURAL STIFFNESS AND ASSOCIATED
LOSS TANGENT FOR A BORON-ALUMINUM 2024-T3 MONO-
FILAMENT Cmpos ITE e % 8 & 8 ¢ 9 ¢ * O 0 2 ¢ & ¢

POISSON FLEXURAL STIFFNESS AND ASSOCIATED LOSS
TANGENT FOR A BORON-ALUMINUM 2024-T3 MONO-
FILAMNT COMPOS ITE ¢ & & ¢ ¢ 0 ¢ % 0 & 8 & oo o 0

TRANSVERSE FLEXURAL STIFFNESS AND ASSOCIATED LOSS
TANGENT FOR A BORON-ALUMINUM 2024-T3 MONOFILAMENT
COMPOSITE . . ¢ e s o o e e e a o o o e » s e e o 0

TWISTING STIFFNESS AND ASSOCIATED LOSS TANGENT FOR
A BORON-ALUMINUM 2024-T3 MONOFILAMENT COMPOSITE . .

LONGITUDINAL THICKNESS-SHEAR MODULUS AND ASSG-
CIATED LOSS TANGENT FOR A BORON-ALUMINUM 2024-T3
MONOFILAIENT.l...'l'.........."t

TRANSVERSE THICKNESS-SHEAR MODULUS AND ASSO-
CIATED LOSS TANGENT FOR A BORON-ALUMINUM 2024-T3
MONOFILAMENT COMPOSITE 4, 4 4 ¢ o ¢ s o ¢ o o o o o

IN-PLANE LONGITUDINAL YOUNG'S MODULUS AND ASSO-
CIATED LOSS TANGENT FOR AN E GLASS-EPOXY MONO-
FIIJAMNET COMPOS ITE ¢ o o ¢ o o 0 0 ¢ & o @ 2 & O o

IN-PLANE MAJOR POISSON'S RATIO AND ASSOCIATED
LOSS TANGENT FOR AN E GLASS-EPOXY MONOFILAMENT
COMPOSITE e 6 & ¢ 6 5 ¢ 5 6 0 O 0 0 0 4 ¢ 0 0 0 O

IN-PLANE TRANSVERSE YOUNG'S MODULUS AND ASSO-
CIATED LOSS TANGENT FOR AN E GLASS-EPOXY MONO-
FILMNT COMPOSITE e 0 0 5 06 0 0 6 0 0 0 0 0 o 0.0

IN-PLANE LONGITUDINAL SHEAR MODULUS AND ASSO-
CIATED LOSS TANGENT FOR AN E GLASS-EPOXY MONO-
FII‘AMENT COMPOSITE .0 ¢ 0.0 ¢ ¢ o e o 9 8 0 0.0 o

LONGITUDINAL FLEXURAL STIFFNESS AND ASSOCIATED
LOSS TANGENT FOR AN E GLASS-EPOXY MONOFILAMENT
COM POS ITE @ 0 & & * 2 ¢ 8 " 0 & 0 & & 0 ° » 06 & s

POISSON FLEXURAL STIFFNESS AND ASSOCIATED LOSS

TANGENT FOR AN E GLASS-EPOXY MONOFILAMENT COM-
POSI'IE0..0"0'0..00'..!0.0.0

viii

133

136

139

142

145

148

151

154

157

160

163

166

169



XXVI

XXVI1

XXVIII

XXIX

TRANSVERSE FLEXURAL STIFFNESS AND ASSOCIATED LOSS
TANGENT FOR AN E GLASS-EPOXY MONOFIIAMENT COM-
POSITE e & o 5 » 6 o & 0 6 o 02 0 0 "o & & o @ ¢ 0 0

TWISTING STIFFNESS AND ASSOCIATED LOSS TANGENT FOR
AN E GLASS-EPOXY MONOFILAMENT COMPOSITE . o « « « » & &

LONGITUDINAL, THICKNESS~SHEAR MODULUS AND ASSO-
CIATED 10SS TANGENT FOR AN E GLASS-EPOXY MONO-
FILAMENTCMPOSITE e o @& 5 9 ¢ & ¢ B & ¢ ¢ s 2 2 s &

TRANSVERSE THICKNESS-SHEAR MODULUS AND ASSOCIATED LOSS
TANGENT FOR AN E GLASS-EPOXY MONOFILAMENT COMPOSITE ., ,

172

175

178

18



Figure

(=Y

10
11
12
13

14

15

LIST OF FIGURES

Filamentary composites . « « o s ¢ o o o o o s o

Uniaxial loading of a typical composite element

in the longitudinal direction . . . + « « ¢« &« « &

Longitudinal shear loading of a typical composite

element . .

Transverse tension loading of a typical composite

element e & & & ¢ & o & & + o o o * B & e ¢ o+ 0+ oo

Longitudinal flexural loading of a typical mono-

filament composite element . . « o + ¢ o o« ¢ & o

Transverse flexural loading of a typical monofilament
composite element . . 4+ ¢ ¢ 4 o o 0 s s 0 s 0 e e .

Torsional loading of a monofilament composite layer

Tip loading of a monofilament composite element

Transverse thickness~-shear loading of a monofilament
composite element. . « + « ¢« 4 ¢ 4 ¢ s e 00 0. e

)

Concept of complex moduli and 1oss‘angle .
Transverse Young's modulus . « « « o« o « &
Flexural stiffness efficiency . . . . . .

Transverse flexural stiffness efficiency .

.

Comparisons of Prandtl torsion function (¢x104) of
square matrix with a circular imsert . . . . . . .

Values of normalized Prandtl torsion function for a

three-element model .« « o+ « o« ¢ ¢ ¢ o o o o s o o &

X

Page

184

185

186

186

187

188
189

190

191
192
193
194

195

196

197



16
17
18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Twisting stiffness versus fiber volume fraction . . .
Longitudinal thickness-shear stiffness . . . . « « .
Transverse thickness-shear modulus . . . . . . « . &

Dynamic Young's modulus and associated loss tangent
for boron . L] L] L] L] . L] [ ] L] [ ] L] . . L] L) L] . L] . . L] e

Dynamic Young's mdoulus and associated loss tangent
for epoxy L] L L] L] * . L] . . L L . L . L] L] . [ ] L] L] L] L]

Dynamic Young's modulus and associated loss tangent
forE'glaSS--o.n.oonooo.onoooooa

Dynamic Young's modulus and associated loss tangent
foraluminum2024'T3...--o...........

Dynamic Young's modulus and associated loss tangent
for a].uminum 6061 LN ] . . L] L] . . L] L] L] L] L] . L] L] L] . L]

In-plane longitudinal Young's mdoulus and associated
loss tangent for a boron-epoxy monofilament compoiste

In-plane major Poisson's ratio and associated loss
tangent for a boron-epoxy monofilament composite . .

In-plane transverse Young's modulus and associated
loss tangent for a boron-epoxy monofilament composite

In-plane longitudinal shear modulus and associated
loss tangent for a boron-epoxy monofilament composite

Longitudinal flexural stiffness and associated loss
tangent for a boron-epoxy monofilament composite . .

Poisson flexural stiffness and associated loss
tangent for a boron-epoxy monofilament composite . .

Transverse flexural stiffness and associated loss
tangent for a boron-epoxy monofilament composite . .

Twisting stiffness and associated loss tangent for
a boron-epoxy monofilament composite . . « « « o « &

Longitudinal thickness-shear modulus and associated
loss tangent for a boron-epoxy monofilament composite

Transverse thickness-shear modulus and associated
loss tangent for a boron-epoxy monofilament composite

xi

198
199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215



c-1

c-2

Logarithmic decay of freely vibrating boron fiber
Withtip'mass.oo'onoooocvoo-ouoco

Logarithmic decrement versus cycles for an AVCO
boron fiber L] L[] . L[] . L] . . . . L] * L] L] L] . [ ] [ ] . L] .

xil

216

217



&R

LIST OF SYMBOLS

cross-sectional area of a typical rectangular mono-
filament element

a general m x n coefficient matrix
transpose of A
an n X n symmetric matrix defined in eq. (A-5)

crogs-gectional areas of the respective fiber and
matrix regions in a typical rectangular element

coefficients of the fiber-region series solution to
the Prandtl torsion problem

coefficients of the biharmonic series solution to eq.
(2) valid in the respective fiber and matrix regions
(i=f ,m)

constant defined in eq. (118)

n-dimensional column vector of prescribed boundary
values

an n-dimensional column vector defined in eq. (A-6)

coefficients of the matrix-region series solution
to the Prandtl torsion problem

coefficients of the biharmonic series valid in the
respective fiber and matrix regions (i=f,m)

empirical constant factor

fiber-matrix interface, inter-element, and external
boundaries, respectively

longitudinal flexural stiffness

xiii



12
22

66

E

Ef’Em

E,

1
E112EypEg4
L)

11

E2

e
F(M)

1
Fn(p) ’Fn(p)
FpsFysFquF,
G

Gf’Gm

64428551644

g

8E;q>etc.

Poisson flexural stiffness
transverse flexural stiffness
twisting stiffness

distance between the origin and the center of the
n-th element fiber; see fig. 7

Young's modulus

Young's moduli of the fiber and matrix materials,
respectively

equivalent Young's moduli (i=x,y,z)

Young's moduli of a specially orthotropic material
in xi-directions (i=1,2,3)

equivalent Young's modulus for flexural loading
mean-square error

base of the matural logarithms, e ~ 2.7183
function defined in eq. (51)

functions of the normalized radial coordinate p
defining the series representation of the matrix-
region Airy stress function, eq. (55)

integrals defined in eqs. (136,137,182, and 183)

shear modulus

shear moduli of the respective fiber and matrix
materials

composite shear moduli: transverse thickness-shear,
longitudinal thickness-shear, in-plane

loss tangent

subscripted loss tangents where the subscripts (i.e.
E11) refer to the associated moduli or stiffnesses;
for example, gEj1 signified the loss tangent asso-
ciated with the Young'smodulus Ej;

total thickness of a single layer
centroidal rectangular moment of inertia per unit

xiv



1{1,R2,1{3,R.4

r
81’82’83’54

Sus

Sss

length of a longitudinal cross section

principal rectangular moments of inertia of a typical
repeating cross section

weighted moment of inertia defined in eq. (119)

unit imaginary number = /-1

shear coefficient

bending moment per unit width

axial tensile force

expression defined in the first of eqs. (B-30)

total shear force (Section 2.7)

shear forces in the respective fiber and matrix regions

elastic coefficients for the plane-stress state
(isj'lszsﬁ)

integrals defined in eqs. (B-24)

radius of the fiber

integrals defined in eqs. (B-25)

transverse thickness-shear stiffness
longitudinal thickness-shear stiffness

time

mean displacement defined in eq. (86)

strain energy per cycle defined in eq. (148)
flexural strain energy in an elemental volume
damping energy per cycle

strain energies per cycle respectively of the fiber
and matrix materials

shear energy per unit length

strain energy per unit length

xv



Uf o damping emergy per cycle respectively of the fiber
and matrix materials

u,v,w rectangular components of a displacement vector
u displacement
ul,vl,w1 rectangular components of a displacement vector in

the fiber (i=f) and matrix regione(i=m)

u.>uy plane polar components of a displacement vector

ﬁ,& residual displacements defined in eqs. (87)

v volume

Vf’Vm fiber and matrix volume fractions, respectively

W mean z-component of displacement defined in eq. (86)

X,V,2 rectangular coordinates; see figs. 3-9

xl,xz,x3 rectangular coordinates associated with the fiber (xl),
transverse (XZ)’ and thickness (x3) directions

X%, two different specific values of position (Appendix
B only)

i} the arrow symbols signify that the expression is also

- valid with the roles of x and y interchanged

o angle of twist per unit length

®sBsY constants defined in eqs. (31)

¥y transverse flexural curvature

@, longitudinal flexural curvature

Y loss angle

Yaverage average thickness-shear

Yeffective effective thickness-shear strain

Yeg plane polar component of the shear strain

sz’sz’Y%y rectangular components of shear strain

8 ratio of height to width of the typical composite cross

section; used in Sections II-II1 and Appendix B

xvi




€,.2€g plane polar components of the normal strain

ex’ey’ez rectangular components of the noraml strain

éi average normal strains (i=x,y,z)

€1:€9s€¢ generalized plane-stress-state strain components

E,M normalized rectangular ccordinates; see eq. (74)

p?Q normalized polar coordinates; see fig. 4(b)

AL, functions defined in eqs. (174)

A A= 1-\)12\)21

A ratio of constituent-material shear moduli, )\ = Gf/Gm

1% ratio of constituent-material Young's moduli, X'EEEf/Em

M Xl = (A-1)/(a+1)

U ratio of width to fiber diameter of a typical mono-
filament cross section

v Poisson's ratio

VerVy Poisson's ratios of the fiber and matrix materials

Vij Poisson's ratios of an orthotropic material (i,j=1,2,3)

sij equivalent mean Poisson's ratios

m pi & 3.1415927

E summation symbol

Og>0y axial stress components in the respective fiber and
matrix regions

o plane-stress-state stress components in rectangular
coordinates (i=1,2,6)

51 equivalent mean plane-stress components (i=1,2,6)

%, tensile stress; cf., figs. 4 and 6

xz’Tyz longitudinal and transverse thickness-shear stresses,

respectively

Qf,ém Ai;y stress functions for the respective fiber and

matrix regions

xvii



) phase angle

&i,ai Neumann torsion functions (i=f,m)
& mean angle of rotation of the cross section
;1, ;i Saint-Venant flexure function (i=f,m)
Yi, Yi Dirichlet torsion function (i=f,m)
W angular frequency, rad/sec
v2 Laplace operator; v = (32/3x2)+(32/3y2)
v2 dimensionless Laplace operator; V2 = (BZ/BE?)
+ (32/3m%)
Superscripts:
f,m signifies the respective fiber and matrix materials
I,R signifies the respective imaginary and real parts of
the quantity represented by the main symbol
Subscripts: |
i,j,k,myn dummy subscripts

‘xviil



SECTION 1

INTRODUCTION
1.1 Introductory Remarks

Engineering structural design requirements for aerospace vehicle
structures demand a maximum of strength and stiffness at minimum weight.
In order to fulfill these requirements, engineers have been searching
for new and better materials. This led to the development of glass-
fiber~reinforced plastics in the case of pressure vessels and to the
use of carbon or boron filamentary composites in the case of stiffness-
critical structures such as fuselage panels. In addition to being highly
efficient structurally (strength/weight and stiffness/weight), the
modern composite structures present modern structural designers with a
unique advantage over the conventional homogeneous materials in that they
can be designed to give different properties in different directions as
required by the particular application. This is commonly achieved by
laminating several layers of the monofilament* composites with the fila-
ments of each layer oriented in some prescribed direction., Before
macroscopic properties of such laminates can be predicted, it is necessary

to determine the macroscopic behavior of 3 single monofilament layer.

*
In contrast with those filamentary composites with many small reinforcing
filaments randomly distributed throughout the entire cross section, there
is only a single row of regularly-spaced filaments embedded in the midplane

of the layer for the monofilament composites (reference 1).

1



Owing to theiroriented nonhomogeneous nature, one-layer filamentary
composi te materials behave as an orthotropic material on a macroscopic
basis. Thus, to use these advantages fully, orthotropic properties of
the composites must be characterized from the knowledge of constituent
material properties and their respective geometrical configurations.

In the case of a one-layer filamentary composite with many small parallel
filaments more or less randomly distributed throughout the cross section,
the complete characterization of the in-plane macroscopic composite
properties requires four independent elastic coefficients. These coef-

E

ficients are: two moduli or elasticity E o3 one modulus of rigidity

11* 2

A *
G66; and one independent Poisson's ratio Vo (reference 2) . The flexural
and twisting stiffnesses are then related to the in-plane moduli by the

formula (reference 3),

h/2

, 2

-h/2

where
A= 1 - VoV

However, for a monofilament composite such as boron-epoxy,

consisting of only one row of filaments whose diameter is relatively

large in comparison with the thickness dimension, there is a large amount

*
In usual notations, "1" is the filament direction, "Gi " (i,j=1,2,3)

3

denoted the shear modulus in the {j-plane, and Vi (i,j=1,2,3) denotes

3

the j-direction normal strain cdue to unit i-direction normal stress.



of relatively flexible matrix material located at an appreciable distance
from the filament axis. (See figure 1). Thus, the conventional practice
(references 3 and 4) of assuming homogeneous property distribution in
the thickness direction will not be eipected to be valid in predicting
the macroscopic flexural and twisting stiffoesses of a monofilamént come
posite. In view of this, flexural and torsional analysc¢s must be car-
ried out in addition to the in-plane analyses in order to describe the
behavior of such a composite completely. Furthermore, owing to the
presence of a relatively flexible matrix material, the thickness-shea;*
flexibility is expected to be significant (references 5 and 6) for the
filamentary composites.

In the dynamic analysis of a structure consisting of multiple
layers of filamentary composites, the damping characteristics are just
as important as the stiffness characteristics. The damping properties
of a composite may be characterized in a number of ways (reference 7;
also, see Appendix B, reference 63),

There have been a few experimental investigations on damping character-
istics of sandwich materials and filamentary composites (references
8-19).

Pottinger (ref. 8) measured the temporal decay of axial vibrations
of bars of glass fiber-epoxy and boron fiber-aluminum composites in the

frequency range of 1 kHz to 100 kHz,

*
Often referred to as transverse-shear, here the term thickness-shear
is used, so that the term transverse can be reserved to refer to the
direction normal to the longitudinal (filament) direction and con-

tained in the plane of the layer.



Schultz and Tsai (refs. 9 and 10) used the free vibration decay and
resonant response of cantilever beams made of unidirectional and angle-
plied glass fiber-epoxy composites in the 10 to 10,000 Hz range.

James (ref. 11) and Bert et al.(ref. 12 and 13) used the temporal
decay of free-free sandwich beams. The facings of the ref., 12-13 beams
were of glass fiber-epoxy.

Clary (ref. 14) conducted resonant response experiments of free-
edge plates made of unidirectional boron fiber-epoxy composite material
to study the effect of fiber orientation,

Bert et al, (refs. 15-17) carried out resonant response measurements
on a free-edge, circular, truncated conical shell with an aluminum
honeycomb core and glass fiber-epoxy facings.

Richter (ref. 18) used the rotating beam deflection technique to
determine the damping characteristics of glass fiber-epoxy at low fre-
quency (0.01 to 1.07 Hz.).

Kerr and Lazan (ref. 19) made hysteresis measurements on a sand-
wich beam with both core and facings of glass fiber-epoxy.

Analytically, Hashin (references 20 and 21) determined complex moduli
of viscoelastic composites (particulate and filamentary) by develop-
ing a correspondence principle which relates the effective elastic
moduli and creep compliances of the viscoelastic composites. However,
his analyses are not applicable to those cases where the effective
elastic moduli are not explicitly obtained. Since the steady-state re-
sponse of the filamentary composite structure is of our main concern in
this investigation, the wavelengths of the modal profiles are in general

much greater than the filament diameter or the thickness dimensions; thus,



the Kimball-Lovell type material damping (reference 22) is assumed to
hold. The analysis similar to reference 13 is carried out by using the
numerically obtained stress distributions for the effective elastic
coefficients, and the results are pre;ented in terﬁs of complex moduli
for each assumed loading mode: in-plane, flexural, twisting, and so forth.
In the following subsection 1.2, the current literature on micro-
mechanics analyses of filamentary composites are briefly surveyed.
.In Section 1I, detailed elasticity and mechanics-of-materials analyses
are made to obtain various macroscopic elastic properties pertinent for
the characterization of one-layer composites, In Section III, the elastic-
analysis results are used to calculate the damping properties of the
composites; and in Section IV, the damping properties in terms of complex
moduli are summarized, and some typical numerical results are compared

with existing analytical and experimental results.

1.2, A Brief Survey of Micromechanics Andlysis of Filamentary Composite

Materials

Since the development of pfactical methods for manufacturing parallel-
filament-reinforced layers of composite materials in the 1950's (references
23, 24), the field of micromechanics analysis mushroomed rapidly starting
with the pioneering analyses of Outwater (reference 25) in the United
States and of Beer (reference 26) in Germany., By micromechanics analysis
is meant an analysis which leads to the prediction of the macroscopic
properties-~elastic moduli-- of the composites based only on reinforce-

ment configurations, and the properties and volume fractions of the



constituent materials.

Chamis and Sendeckyj, in their recent survey of the field (ref. 4),
listed 109 references concerned with the prediction of thermoelastic
properties of the fibrous composites, Since a unidirectional filamentary
composite will behave macroscopically as an orthotropic materials, a
complete description of tﬁe elastic properties of the composite requires =~
nine independent elastic coefficients: three Young's moduli (Ell’EZZ’E33)’
three shear moduli (G44’G55’G66)’ and three Poisson's ratios (Vlz’V23’V31)’
where the subscript (or subscripts) refers to the orthotropic axes of
the compositealong which the properties are measured (see figure 1,)

The analytical methods which have been used in previous micromechanics

analyses may be categorized as:

(1) Netting analysis method

(2) Mechanics-of-materials method

(3) Self-consistent model method

(4) Variational method

(5) Exact classical elasticity method

(6) Statistical method

(7) Discrete element (finite element) method
(8) Semiempirical method

(9) Microstructural method

In netting analysis, fibers are assumed to'provide all of tha
longitudinal stiffness and the matrix material is assumed to provide the

transverse and shear stiffnesses and the Poisson's eifect. This is



equivalent to assuming the disjointed fiber-matrix model, and thus pre-
dicts relatively low values for E22 and G12 (references 25 and 27).

The mechanics-of-materials methods were pioneered by Ekvall (reference
28). 1In his analysis, the mécro:compésité properties are expressed in
terms of the averaged stress~strain states, which, in turn, are expressed
in terms of the constituent properties using displacement continuity
and force equilibrium conditions at the matrix-fiber interface. 1In
general, the predicted transverse and shear stiffnesses are lower than
the experimental values. Thus, the method was later improved upon by
using the concept of restrained matrix model in which the strain in the
matrix parallel to the fiber is assumed to be zero (ref. 1). This method
was later extended to account for the effect of voids in the composite
by Greszczuk (reference 29), and the effects of misalignment by Nosarev
(reference 30).

The self-consistent model method is based on the assumption that
the strain field of a single fiber embedded in an infinite (reference
31) or a finite (reference 32) matrix is indistinguishable from that of
the composite, The results of such analyses are generally accurate
for the case of low-fiber-volume fractions only,

The variational method is based on the energy theorems of classical
elasticity (reference 33) in which lower and upper bounds of the layer
properties are obtained from the theorems of complementary and potential
energy, respectively (references 34 and 35). The upper and lower bounds
are very far apart for composites with high fiber-matrix-stiffness ratio

such as boron-epoxy composites. Thus, correction factors such as contiguity

and misalignment factor, etc. need to be brought in to obtain closer



agreement between the theoretical predictions and the experimental re-
sults (references 34 and 36).

The exact classical elasticity method has many variations depending
on the methods of solution (refefenceé 37-39), With the ex;eption of the
relatively simple case of a circular fiber embedded in a circular matrix
material, the solution cannot be obtained in a closed form and thus
various numerical methods must be used. These are practical now with the
aid of modern high-speed digital computers. In all cases, the problem is
formulated with an assumption that the fibers form a regular array
(rectangular or hexagonal); a solution is sought for the resulting
mixed boundary-value problem, subjected to the usual assumption of per-
fect bonds between the fiber-matrix interface and a set of imposed
boundary conditions (uniform tension, shear, etc.). The elastic field
thus obtained is then averaged over the cross section and the boundary
to yield the desired equivalent macroscopic elastic properties of the
composite,

In the statistical methods, the composite is modelled by the random
distribution of the fibers in the matrix materials., Very little success
has been achieved by this method (ref. 20) owing to statistical averag-
ing process that leads to insurmountable computational difficulties.

The discrete element method was pioneered by Foye (references 40 and
41) for the prediction of E223G12’V12* and V5. His results for circular
filaments in square arrays are in good agreement with those of Ekvall
(ref. 28) and Greszczuk (ref. 29). The method may also be applied to
cases with nonlinear matrix behavior as well as random array arrangements

(ref. 41); however, so far its use has been relatively limited.



The semiempirical method which is most commonly used to date is
due to Tsai (ref. 34). He assumed that the properties of a filamentary
composite with non-contacting fibers may be predicted by a linear inter-
polation between the lower and upper bounds obtained from the variational
method. This linear interpolation was improved upon by Tsai and Halpinwith
a more refined nonlinear interpolation (ref. 3). There are other‘semi-
empirical models (ref. 4) based on the equivalent section concept, parallel
and series connected elements, and the incorporation of certain empirical
factors.

The micfostructural method was proposed by Bolotin (reference 42).
Postulating that the fiber behaves as & small rod and that the distances between
the fibers are small in comparison with the characteristic distance of the
body and using a variational principle, he derived the displacement equilib-
rium equation similar to those for a Cosserat medium, that is, & medium
possessing an unsymmetric stress tensor containing couple stresses. Later,
this microstructural model was applied by Herrmann et al,to investigate the
transverse wave propoaéation in filamentary composites (reference 43).

Most of the micromechanics analyses described above are based on the
hypotheses* that: (1) The fibers are regularly spaced and aligned. (2)
The fiber and matrix materials are homogeneous and linearly elastic. (3)
There is a complete bond at the fiber-matrix interface. (4) The com-

posite is free of voids, (5) The composite is initially at a stress

*
As a rule, these hypotheses are adhered to in the above discussed
analyses, However, there are exceptions in which one or more hypothesis

is relaxed, for example, perfect interface bond is not assumed for the

netting analyses,
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free state, (6) The composite behaves as a homogeneous general ortho-
tropic material macroscopically,

There have been a few experimental investigations on the damping
characteristies of composites (refs, 8-19). In general, it was agreed
upon that for small oscillations, the filamentary composites exhibit
anisotropic, linear viscoelastic behavior, Damping properties of some
non-metallic materials are summarized and tabulated in reference 44,

Analytically, Hashin developed a correspondence principle which re-
lates the effective macroscopic elastic moduli to the effective
viscoelastic moduli (reference 45), This correspondence principle was
then applied to particulate and fibrous composite for the determination
of macroscopic complex moduli of such composites (refs, 20 and 21).
Unfortunately, this correspondence prineiple cannot be applied to cases
where the effective elastic moduli are not explicitly obtained in a closed
form, Bert et al,, in their investigation of the damping in a shear-
flexible sandwich beam (ref, 13), observed that the damping characteristics
of composites may be related to the ratio of the dissipated energy per
cycle to the total potential energy stored per cycle, The analysis is
based on the assumption that the wave length of the normal modes is

large in comparison with the thickness dimension of the beam,



SECTION II

ELASTIC ANALYSES

This section is concerned with the detailed elastic analyses
leading toward predictions of macroscopically equivalent orthotropic
properties of a monofilament composite layer, The composite layer is
modelled bya typical repesating cross section consisting of a rectangular
matrix with a centrally oriented circular-cross-section fiber, Various
in-plane, flexural, twisting, and ‘thickness-shear properties are
obtained from the solution of a series of mixed boundary value problems

with appropriately prescribed boundary conditions,

2,1 Introduction and Hypotheses

Maeroscopically, a single layer of filamentary composite material
behaves as a specially orthotropic material with respect tothree mutually
orthogonal planes: the plane normal to the fibers, the plane of the layer,
and the plane normal to the first two planes, The intersection of these
three planes forms three mutually orthogonal axes: the longitudinal
(or fiber) direction, the transverse direction (normal to the fibers
and contained in the plane of the layer), and the thickness direction
(normal to the plane of the layer), Therefore, a complete character-
ization of the elastic properties in three dimensions requires nine
independent elastic coefficients (ref, 2), However, in many structural
engineering applications of filamentary composite materials or the

laminates of such, they are used in the form of thin panels or plates

11
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due to the weight considerations in such applications. In view of this,
the thickness dimension of the composites is usually much smaller than the
other dimensions and the radius of curvature of the structure., The three

stress components O therefore may be regarded negligibly

329, 5

small in comparison with the remaining three stress components, namely,

, and ©

*
01.02, and O - This is referred to as the generalized plane stress state.

The constitutive equation for the generalized plane stress state is given

by
N T 17/
9 Q; Qo O € 1
o pefoy 4 0 (< ¢ (0
(% ) L O 0 2] | )

where the elastic coefficients Qij are symmetric, i.e.,

Hence, there are only four independent elastic coefficients, Equation (1)
may also be written in terms of the engineering moduli Ell’ 322’ G12’ and

] .
Poisson's ratios v12 and v21 as

*
In terms of double-subscript stress notation (ref. 3. p. 16),
017917 %2702+ 9370330 94033, 05%031» G601

where the x3-direction is normal to the plane of the layer,
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(o, ) [ E../A vy Enn /A 0 1 (e \
1 11 1222 1
§ 0 p= VB /A B 0 |{e, b 2
(%) L ° 0 2612 ] e )
where
A=1- vy

Again, there are only four independent coefficients since the symmetry
in the coefficient matrix, which is a consequence of the existence of the

elastic potential (ref. 2), demands that

V1o Eqy = Vg /Epy

It follows readily from equations (1) and (2) that,

42 = V2% . @

Q6 = C66

o

Hence, for a single layer of filamentary composite with many small
filaments more or less randomly distributed throughout the entire cross
section, in-plane macroscopic behavior is characterized by specifying
the four elastic coefficients Qll’ sz, le, and Q66 or equivalently, by
the in-plane engineering moduli Ell’ E22' G66’ and one of the Poisson's

ratios vlz or vbl'
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Owing to presence of the relatively flexible matrix material,
the thickness-shear flexibility is expected to be significant (refs.
5 and 6) for the filamentary composites. Therefore, for complete macro~
scopic property characterization, one will needvto specify flexural,
twisting, thickness shear stiffnesses, and flexural Poisson's ratios,
in addition to the in-plane properties. The above-mentioned type of com-
posite has a more or less homogeneous distribution of properties through the
thickness. Thus, only two additional stiffnesses, namely the thickness-

shear moduli G __ and 644, need to be calculated, since the flexural and

55

twisting stiffnesses may be obtained by the previously stated formula,

h/2
- 2
(Du,Dlz,DZZ,D66) = J-hlz(Eu/l,vIZEZZ/k,EZZ/A,G66) 2dz  (4)

where Dll’DIZ’DZZ’ and D66 denote the longitudinal, Poisson, transverse, and
twisting stiffnesses, respectively, and h = the thickness of the layer. How-
ever, for a monofilament composite, equation (4) is not expected to hold
because of a more predominant . inhomogeneity in the property distribution
through the thickness., 1In view of this, for the complete characterization
of macroscopic elastic behavior, flexural, as well as torsional, analyses
must be carried out,

Given constitutive properties of the constituent materials and the
fiber-matrix geometrical configurations, determinations of these macroscopic
equivalent orthotropic properties may be carried out in a number of ways
as summarized in reference 4, In the subsequent analyses, approaches

based on mechanics-of-material and classical elasticity theories are used
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to obtain solutions which are manipulated to yield the required equivalent
orthotropic properties; The elastic solutions obtained in this way are
used in Section III to analyze the damping characteristics of the filament-
ary composite materials where Kimball-Lovell type material damping (see
Appendix B) is assumed to prevail.

The longitudinal in-plane and flexural stiffnesses and the trans-
verse thickness-shear stiffness are handled easily for mechanics-of-
materials analyses. For the remainder of the elastic properties, classical
elasticity analyses are used to formulate a series of appropriate mixed
boundary value problems. Then these problems are solved numerically by
means of the boundary-point-least-square method, as described in Appendix
A, to yield the desired equivalent macroscopic properties.

The monofilament composite material is exemplified by a repeated
rectangular cross section consisting of a circular-cross-section fiber
centrally located, and surrounded by matrix material as depicted in
figure 2,

The basic hypotheses used consistently in the subsequent analyses are
summarized as follows:

Hl., Fibers and matrix respectively are homogeneous, linearly elastic,

and isotropic.

H2. Both fibers and matrix are free of voids.

H3. The fiber-matrix interface bonds are perfect without transitional

region between them.

H4. Initially, the composite is in a stress-free state and all

thermal effects are neglected.
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*
H5. Inertial and damping effects are neglected.
2.2 Longitudinal In-Plane Stiffnesses

In this subsection, two in-plane engineering moduli of elasticity,
namely, major Young's modulus E11 and in-plane longitudinal shear modulus

G66’ will be discussed., The major Young's modulus E11 is estimated from

the law of mechanical mixtures; whereas, the in-plane longitudinal shear

modulus Gé6 is obtained from the result of classical theory of elasticity

analysis by Adams and Doner (reference 46).

Major Young's Modulus E 1° A typical repeating element of a mono-

1

filament composite element is subjected to a uniform longitudinal strain

€, as shown in figure 2, The longitudinal stresses induced in the fiber

and matrix, respectively, are:
% = Efcl’ °n ® Emel )

where Ef and Em are the longitudinal Young's moduli of elasticity of the
filament and matrix, respectively.

The total equivalent longitudinal force P in the composite is

P =0 +0A (6)
where Af and Am are the cross-sectional areas of the filament and matrix,
respectively.

The equivalent major Young's modulus Ell of the composite 1s readily

x*
Damping is treated separately in Section III,
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obtained from equations (5 and 6) as

Eu = P/(Ael)n(EfA f+EmAm) /A @)

where

A=Af+Am (8)

The volume fractions of fiber and matrix are defined as

v = AE/A . Vm = Am/A 9)

In terms of the volume fractions Vf and Vm’ the major Young's modulus

Ell is written as
Ej, = EV, +EV ‘ (10)
or
E, =E + (Ef-Em)Vf (11)
since
V,=1-V, (12)

Since Ef > Em in general, equation (11) shows that E., varies linearly with

11

respect to Vf from the matrix modulus (at V_ = 0) to the fiber modulus

£

(at Vf = 1). For a monofilament composite with a square typical element,



18

the fiber volume fraction ranges between 0 and 0.785. Therefore, the values
of EH/Em can vary between 1 and 94,4 for Ef/Em = 120 (boron-epoxy).

Equation (11) is usually known as the simple law of mechanical
mixtures or "law of mixtures" for brevity. This relationship is also
valid for the cases where the filament material is transversély isotropic
with the plane of isotropy coinciding with the cross section of the filament.
The Young's modulus Ef in eq. (11) is then interpreted as the longitudinal
Young's modulus of the fiber.

Since the interaction between the eonstituent materials, owing to
difference in their Poisson's ratios, is neglected completely in this
simplied analysis, the major in-plane Young's modulus Ell calculated from
eq. (11) is the lower bound as demonstrated by Hill (reference 47)., How-
ever, the effects of the difference in the Poisson's ratios of the con-
stituent materials have been shown theoretically to be minute (references
39, 47 and 48) and confirmed experimentally. Therefore, for all practical

purposes eq. (11) may be deemed satisfactory for the prediction of Ell'

In-piane Longitudinal Shear Modulus G ... - Consider one quarter of
66 9

a typical repeating element of a monofilament composite as depicted in
figure 3. The displacement field corresponding to the applied longitudinal

shear loading is then assumed to be of the form
u=v=0, w=ulx,y (13)
with the corresponding stress components:

i, .
T;é = 6w /3x , T;é = Giawilay (i=f,m) (14)



19

Substitution of equation (14) into the equations of equilibrium yields the
governing partial differential equations that must be satisfied in the

fiber and matrix regions

6, [@%!ad) + Aulrayhy1=0 (=t (15)

The boundary conditions depicted in figure 3 are

G, /3y =0 alongy =0 and y = pubr W
wm= 0 along x=0 ‘ (16)
m -
w=w along x =ur ]

In solving the problem posed by equations (15) and (16), the interfacial
continuity conditions on the displacement and the shearing stress need

to be considered, This leads to:

(17)

and,

Ge awf/an= G aw"/3n on C (18)

1
where n signifies the outward normal to the boundary Cl' The boundary-
value problem defined by eqs, (15-18) are then solved by the finite

difference method (ref. 46), and the effective macroscopic shear modulus
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of the composite is determined from

Cee™ Typ! (whr) (19)

66
Comparisons of the shear modulus predicted by eq. (19) to those obtained
from other analyses (refs, 35 and 38) showed that equation (19) is in

closer agreement with the experimental values (ref. 46).

2.3 Transverse In-plane Stiffnesses

Consider a typical repeating element subjected to a uniform tensile
stress of magnitude 0, in the y direction as depicted in figure 4(2).
Because of symmetry about both coordinate axes, only one quarter of the
repeating-element cross section needs to be considered, as shown in figure
4(b),

Assuming that a state of plane strain exists in the xy (or £7)
plane and further that each constituent material is isotropic in this
same plane (that is, th; fibers car be transversely isotropic), one can
formulate the problem in terms of the Airy stress function % (reference
49). This requires satisfaction of the following governing partial
differential equation in the absence of body forces which vary nonlinearly
with the spatial coordinates:

vl -0, in A (ixf,n) (20)

where v4 is the biharmonic operator, £ denotes fiber and m denotes
matrix,

The general solutions of equation (20) in polar coordinates (:,8)
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are of the form (ref. 49):

£
n

(-]
Qf(p,Q) = bofp2 + bfpa cos O + Z(anfpn+b

n=2,3,,..

pn+2) cos n O (Z1)

) 1
Qm(p,e) = a: log p + bomDZ + blmp3 cos 6 + alm;'l cos @

-]

mn,  m ot 'm ~n,, 'm -n+2
+Z (anp +bno + a p +bu 8 ) cos n 6 (22)

n=2,3,...
Owing to the symmetry about the x-axis, only thosae series terms
which are even functions with respect tn @ are retained in equations

(21 and 22), In the usual notations, stress, strain, and displacement

*
components are related to the Airy stress function ¢ by :

o, = p - (@8/3p) + p72 (3Pe/26) }

0y = 3 8/a0” L 29

"o = - 33 (57 28/20) J

e, = (W) ET [(1=y) 0 v 0] ‘

eg = (1) ETF [(1-v) 0 » v 0] I (26)
’/

*
The superscripts f and m which signify fiber and matrix regions, re-

spectively are omitted from equations (23-27) for brevity.
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\V"

-1
€, E [Oz'\) (Or + 0'9)] 0

-1
Yeo 2(1+V)E TrO

ur/R = (1 4+ V) E'l I [(1 -V 0.~V 0é] dp

r (25)

uQ/R = (14 V) gl I pl(1-v) g~V or] de - J‘*r de

s

where v is the Poisson's ratio.
The rectangular components of stress and displacement components are

then related to polar components of stresses and displacements by:

2 2
o, or cos @ + ob sin” 0 - Tte gin 2 @

2 2
Oy O, sin"@ + cb cos” @ + 0 sin 2 © L (26)

Txy=(1/2?(0f-cb) gin 2 0 + T.g CO8 2 ¢

u=u, cos @ - uo sin @

(27)
v=u 8in 0 + u, cos O
r (*]
The unknown coefficients of the series solutions, namely, ai, bi,

' '
ani, bni (1 = £,m), are then determined from the symmetry conditions and

the boundary conditions depicted in figure 4(b), and those on Cl, the

fiber-matrix interface.

From the symmetry of geometry and loading, it is apparent that the
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coefficients of the odd terms in the series must vanish.

p =0

£ m
b1 = b1 = g

(28)
[ ] ]
af = bf =g =bh " =g P =p =0 (n=0dd)
n n n n n n

Also, in view of the interfacial continuity conditions, the following

relationships must be satisfied

m
0 (29)

£ £

Thus, coefficients b f, a f,b »8_,8 n may be expressed in terms of
o n’n’n’n

]
b and b,
n n

by = 2 [M(1-y) 10 + (1-2v9 771 o2 \
{i = [-(nt]) @ bﬁ + B b;m]/n
;:-; o b } (30)
a = [-(n+1)b: +y b;m 1/n
a;m = [(1-)b) - (n-1) b;m 1/n J
vhere

\uG /e )

o E "(3'4"m+1)/(3'4"f+)‘)
} (31)

B = 4x(1-v )/ (A-1) ,




24

y= [x(3-4vm) + 13/(\-1)

o m
, b, and b' are so chosen
) n n

Finally, the remaining coefficients az , b
that the boundary conditions on the external boundary are satisfied at
a discrete set of points. (See Appendix A; also, references 50-52),
The macroscopic equivalent transverse in-plane properties may now
be determined from the average of the displacements on the boundary.
The plane-strain stress-strain relations of an equivalent homogeneous

rectangular element that undergoes the same average deformation as the

monofilament composite element are of the form (ref. 2),

™1

f
le
~
(o1}

[
<
’~<q‘l
~
]

[
< |
Qi
~
=
%

‘ (32)

/

-d
where xy indicates that the same equation holds with the roles of x and
y interchanged, and a superscript bar indicates the average stress, strain,
"and property values of the equivalent homogeneous orthotropic material.

Also, because of symmetry of the stiffness coefficient matrix,

s =k (@l mxyz, 18D (33)

For the case considered,
=0 ,0 =¢, =0 (34)

Substitution of equations (34) into the second and the third of equations
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(32) yields two simultaneous equations for the determination of Ey and

Vyz-

(35)

From equation (35), the minor Young's modulus E22 and the major Poisson's

ratio Vi, are determined as

- - 2 - )
Eyp = E EEzoo/(zyao'mﬁ)
Y (36)
Vip = sz =o,/o )
where,
ﬁz =E,=E + (E -E)V,
o, = j o, dg a1/ w262 \ (37)
B(AgtA)
J

Ey = v/dy = f:[vJTn46d§ / Q;zar)

Although the major Poisson's ratio Vi, may be obtained from the second
of equations (36), many experimental and analytical results (references

'28,41,48, and 53) show that the rule of mixtures may be used to pre-

dict Vi2 with sufficient accuracy. In view of this, the following
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simplified formula for Vio instead of the latter of eqs. (36) will be
used in Section 3.3 for the determination of the loss tangent associated
with Vige
= (
V9 va ¢ + vmvm (38)
On the other hand, elementary model prediction (Reuss estimate)

of the minor Young's modulus E22 results in the following expression

-1
Eyy = [(vf/Ef) + (v _/E)] (39)

which gives much lower values than those obtained experimentally. In fact,
Hill (reference 54) and Paul (reference 55) showed that equation (39)
gives the lower bound on the elastic modulus for a macroscopically
isotropic composite. There are some mechanics-of-materials analyses

(ref. 1) which predict greater values for E 5 8t low fiber volume

2
fractions and smaller values for EZZ at high fiber volume frzctionms,
In contrast, the classical theory of elasticity approach (reZ. 56)
predicts a value of E22 which is consistently higher than the experi-

mental values.
2.4 Longitudinal and. Poisson Flexural Stiffnesscs

As stated previously, for a monofilament composite laver, the

longitudinal and Poisson flexural stiffness D,, and D12 cannot be cal-

11
cu}ated from the in-plane properties En,Ezz,v12 and Vo1 due to the
fact that the assumption of macroscopic homogeneity of the material in

the thickness direction is no longer valid. Therefore, in this subsection
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a relatively simple mechanics-of-materials analysis is used to obtain the ef-
fective flexural stiffnesses.

Longitudinal flexural stiffness Dll' - An element of a monofilament com-

posite layer subjected to a pure bending moment is shown in figure 5. Owingto
symmetry of the loading and geometry only one quarter of the cross

section needs to be considered for the analysis. As a first approximation,
assume that the Bernoulli-Euler hypothesis holds throughout the cross

section; then the strain distribution is given as

€E=a, ¥y (40)
2

where o, = longitudinal bending curvature, and z = distance from mid-
z
plane.

Then, the longitudinal stress in the fiber and matrix are given by:
o =B,y , O =Ea,y (41)

The flexural strain energy in an elemental volume one unit long

and having cross-sectional area (af+am) is:

2 2
U = (1/2)‘[a (cf/Ef) daf + (1/2)‘]'a (cm/Em)dam
f m

or

5 r 6T
2Ub/a,z = (Ef-Em)J yz (rz-yz)%dy + Em Ju ury2 dy
o o
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which integrates to give

Ub/o:,: = (EE) (m?/32) + :-:mm)“a3/s (42)

For an equivalent homogeneous orthotropic one-quarter section:

2 b
u/a, = B wn*s’/s (43)
where Eig) is the equivalent longitudinal Young's modulus for flexural
loading.

Equating the right-hand sides of equations (42 and 43), and solving

for Eig)/Em, one obtains

(b) = ' 4g3
E)p /Em 1+ (A'-1)(3n/l6L " 57) (44)

where

A o= Ef/Em (45)

Finally, the layer flexural stiffness is given by the equation

o
I

) (b) bt
11 /(1- \’1.2"21).rl

or

DL = B /(1evy,v, ) T2 313 )

Recalling that the in-plane Young's modulus E., is estimated from the

11

law of mechanical mixtures (see Section 2.2):
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By /B = 14 (') V= 1+ -Dn/ (w?h) %7)

the ratio Ef?)/Ell is expressed as
e /e =01+ (0-) Gr/1a b WG -1 n/a?s) (48)

In general, A',u, and § are greater than 1; thus, the ratio in
equation (49) gives a value less than 1. This shows that for a monofil-
ament composite, the longitudinal flexural stiffness D11 as estimated,

eq. (4), by using the in-plane Young's modulus will be unconservative,

Poisson flexu;al stiffness, = Due to the nonuniform distribution
through the thickness, the transverse Young's modulus EZZ and the Poisson's
ratios Vig and Vv, are dependent locally on the thickness coordinate of the
composite. To carry out the integration indicated in eq. (4), E22, Vi s and
VZ must be expressed explicitly in terms of the thickness coordinate. In
'th§>?3110wing analysis, a typical monofilament composite element is
congidered to be made from the thin dy strip depicted in figure 5(b).

*
Thus, on assuming eqs. (38 and 39) to hold for the estimates of EZ? end

Vi2 of the elemental strip, one obtains the following expressions:

For 0sysr, (or 0<7K1)
£, (M = B, un' -1y (1g))?]

<

|
*
The Reuss estimate, eq. (39), gives excellent results for com-

puting the effective transverse Young's modulus for a thin strip, fig.

5(b), consisting of discrete rectangular aggregates of constituent materials.
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\—

vy, (M= [y H vy (-1 1 49

£, (£ [p + -1 1D i

where )\' is the moduli ratio as defined in eq. (46) and M is the normalized
thickness coordinate (T=y/r).
In view of eqs. (49), the Poisson flexural stiffness for the monofil-

ament composite element is calculated by the following equation:

1
b, /0%, = { jor(m an+v L us) -11/30- R A es’ (0

where DTZ is the Poisson flexural stiffnesé of a homogeneous element of
the same size and entirely of matrix material, and the function

F(M) is defined as follows:

of, = @/E sr) v /(1))
(51)

FOD =009y E () /B 1195 (B o) /By ()]
2.5 Transverse Flexural Stiffness

The transverse flexural stiffness is obtained in a way similar to that
discussed for transverse tension (Section 2,3), Here, two edges of a typical
element are subjected to linearly varying stress distributions that are
equivalent to pure bending moments, (See figures 6(a) and (b).)

In view of the antisymmtry condition, the Airy stress functions in

polar coordinates are of the form

-
£°(p,8) = blp? cos 0 + z (aZ™b56™2) cos n 0 (52)
n=3.5’...

' -
Qm(p,g) = pr3 cos @ + alm 0 1 cos © (Cont'd, on next page)
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-]
mn, m n+2 'm -n 'm -n+2
+ z (anP +bnp +an p +bn p Jcos n 8  (53)
033,5,...

Equations (52 and 53) satisfy the biharmonic equations, equations (20)
(Section 2.3). In view of equations (29) (Section 2,3), that specify

continuity of displacements and stresses at the fiber-matrix interface,
those coefficients defining the series solutions may be readily inter-

related as:

anf = [«~(n+l)e bnm-i- ) b;m]/n

f- m
bn o bn

' y  (54)
a ™= [-(n+1) b::‘ +y bnm]/n

a;m= [(1-a) b:‘n- (n-1) b;m] /n

where ¢, B, and y are as defined previously in equations (31).
In view of equations (54), the matrix-region Airy stress function

may be written as

' -
&“‘(p,e) = bT p3 cos 0 + alln [ 1 cos @
-] .
) [F (o) b +F (b ™) 6 (55
2P b a(Pb "] cos n
n=3,5)004

where
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F (0 3 [-(eeD) o + g™ + (1o 9

“wi2y)

F:‘(p) =lyw™" - (a-1p " +np n

] [}
The coefficients bT, alm, b:, and bnm (n=3,5,...) are then deter-

mined from the boundary conditions depicted in figure 6(b):

= = - A
o, Txy 0 on € =
o =v= 0 on& =0
» (56)
xy =y=0 onM=0
o, = oo!;/u, 'rxy=0 on M| = ub )

Since the second and third of equations (56) are identically satisfied by
equation (55), these coefficients are determined from the first and fourth
of eqs. (56) inbthe sense of least square error at a discrete set of
points on the outer boundary € = and M = b (see Appendix A).

The macroscopic equivalent flexural stiffness D22 of a typical element
may now be calculated from the applied bending moment M, and average weighted

curvature 3p/dy on the 7 = u§ edge.

where

M=2 (ur)zool3

——
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- 2
o= (2r' /1) jt g [v) 12695 (58)
I = 2u3r3/3

Finally, substitution of equation (58) into equation (57) yields the

desired result:

by, = 2 o’/ { f:g [av/anl, , 95 (59)

2,6 Twisting Stiffness

To determine the macroscopic equivalent twisting stiffness D66 of a
one-layer monofilament composite, a rectangular cross section consisting of
N repeating typical elements is considered. (See figure 7.) DBeeause of
symmetry condition, only the quarter of the cross section, which lies in the
first quadrant of the xy plane, needs to be considered.

In the usual notation, u,v, and w are the displacements; and z is the

angle of twist per unit €-length. Then, for a small angle of twist g, we

have (reference 57):

u = -qyz, Vv = Xz, W = Q@ i(x,y) in Ri (i=£,m)
where q}(x,y) are the z-component displacement functions to be determined
from the equilibrium and boundary conditions. The strain and stress

components are readily found to be:



ex-eyneznexyno

exi,f Yo [awilax)-y], eyzi- ko [(a:p‘/am x], (i=f,m)

and

Y (60)

R LR RN (L PR N

On application of the equations of equilibrium, one finds that the
first and the second of these equations are identically satisfied and the

third equation gives

¥°=0 in Ai (i =f£f,m (61)
where
62

= (3% /a2 + (*layD) (62)

The stress equilibrium condition across the fiber-matrix interface C1

requires the satifaction of

A (dqfldn) = (déP/dn) +(\-1)[{y (dx/dn)- x(dy/dn)] on C, - (63)

vhere n is the outward normal to the boundary Cl'

Displacement continuity requires that:
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of = ¢ on C, (64)
or, equivalently,
d&ﬁ/ds = d&P/ds on C; (65)

where s is the arc length along the boundary C Similarly, on

1.
the vertical inter-element boundary C2 (see figure 7),

[397/36), = [88/28 1, » and [0l = eaf/anl,,, on C,
(66)
where j and jtl refer to the jth and (j+1)-th repeating elements.
Finally, the stress-free condition on the outer boundary C3 (see figure 7)

leads to
a¢'/dn = [y (dx/dn) - x (dy/dn)] on C, (67)

The aforementioned torsion problem, equations (61-67), may also He formulated

alternatively in terms of the complex conjugate Yi that satisfiscs the

Riemann-Cauchy equations
a9 /ax = oy , aolfay =-avt/am (68)

It is readily shown, in view of equation (68), that the alternztive

~ formulation leads to:



36

Zyvl=0 , in A, (1E,m)

~

“f m 2 2
AW =¥ +% (A-1) (x" +y) + constant on C1
a¥f/an = a¥®/dn on C,
‘m “m eyl oo,
(oY /am, Y /ag]j = [3y /am, o /a;]j+1 on C,
‘mo_ 2,2
¥" = (1/2) (x"+y") + constant on C3

(69)

(70)

(71)

(72)

(73)

For later convenience in numerical analysis, these equaticns are

nermalized by introducing the following notations:

€ =x/r, T=ylr, ©=0/, ¥ =¥/, @ = 21D+ 1)

(74)

Then, the governing differential equations and the boundary conditions

become:

vyteo , ot=0 in A (= ) (75)
Wi + 301 (€24
A (@9 /dn) = (@¢™/an) + (1-1) [0 (46/dm) - (¢TWam) )

on C1 (76)

dtf/dn=a¥"/dn , dot/ds = dg®/ds

/25 , d/aN[Y",0"), = (3/3%, 3/aM [¥',9 15y, onc, (TN
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7

ey e+ )
on C3 (78)
dq?/dn'= [n (dE/dn) - € (d7/dn)]

and the stress components are:

- \
szi =aG [(aqf/ag)-n] = g Gi r [(aYi/aTD-Tﬂ !

_ . . (i=f,m) (79
Tw1=aqr[®$mmﬁ]=wcirUMVx%ﬂJ

The solution to the problem is obtained by assuming series solutions
for each of the fiber and matrix regions in all N elements that satisfy the
governing partial differential equation exactly in their rESpective
regions. For example, in terms of polar coordinates with the origin at
the center of the N-th fiber, the solution for the fiber and matrix

regions takes the form:

£ _ () (n) )
Y(n) aon z ak p(n) cos k g(
k=1,2,ioo
y (80)

) (0 e (o -
Yo b +ZE% P () *P °(H°“k°()
k=1,2,... y

It is interesting to note the fiber-region solution coefficients a

may be readily expressed in terms of matrix-region solution coefficients

bk by the use of boundary conditions on Cl, equation (76).
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a, = [b, + (1) (1% /23/0
a, = 2b 1/()frl) + )\ld
’ *
a, = 2b, /() (k=2,3,...) \  (81)
b_l = )\l(bl'd)
b, = Ab, (k=2,3,...)
-k 1%k )
where
A = (-1/(+1) , d=2(-1)u (82)

In view of equations (81), only the coefficients bk nead tb be determined

from the boundary conditions on C, and C3, namely, equations (77 and 78),

2

since a, and b_k may be readily calculated from b

K by the use of (81). On

k

writing b—k in terms of bk’ one has

ym = bo - (xld) p-l cos O +Z bk(pk-i-)\lp-k) cos k 8 (83)

R=1,2’nna

The problem is now reduced to the determination of the coefficients bk by
the satisfaction of equations (77 and 78) at a discrete set of points on
02 and C3

After determining bk’ one can calculate readily the stress ccmponents

in the sensc of least square error (see Appendix A).

from equation (79). Finally the torsional stiffness D66 is obtained from
(n)

*
Superscripts are omitted here for brevity.
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the following equation in a closed form, (See Appendix B for details.)

066=j“‘ (y T, *x7,) dxdy/a

Af+Ah

=2 G, {x _” [‘yf- b (g2+n2)] d€ dn + H [‘i'm - X (§2+“\2)3 dg dn}

Ag An
(84)

2.7 Longitudinal Thickness-Shear Stiffness

Owing to the presence of relatively flexible matrix material, the
effect of thickness-shear deformation needs to be considered in the struc-
tural application of monofilament composite materials. As the thickness-
shear stresses are not distributed uniformly across the cross section, the
effective thickness-shear strain needs to be known for the calculation
of effective thickness-shear stiffnesses. It is a commonly accepted practice
to relate the effective shear strain to the average shear strain by means
of a correction factor K which is usually referred to as the shear coef-

ficient (reference 58).

= ]
K Yaverage/yeffective (85

Since the thickness-shear strain distribution is dependent on the shape of
the cross section on which the thickness-shear stress acts, it is also re-
ferred to as shear shape factor.

In 1921, Timoshenko derived a theory of flexural beam vibration in

which the effects of rotatory inertia as well as that of thickness shear
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were taken into account (reference 59). The shear coefficient K was
defined as the ratio between the average shear strain and that at the
midplane. This yielded a value of 2/3 for a homogeneous, rectangular-
section beam. However, this value of the shear coefficient gave poor
agreement with experimental results. In view of this, numerous

attempts were made to obtain a better value for K which would be in
closer agreement with experimental results. Based on the high-fre-
quency mode of beam vibration, Mindlin and Deresiewicz (reference 60)
obtained a value of 0.822 for a rectangular cross section; whereas,

based on the static mode, Roark (reference 61) gave a value of K of

5/6. Recently, Cowper (reference 62) used a different static approach
to derive a formula for K which is in good agreement with those obtained
by other investigators., This latter approach is deemed to be satisfactory
for long-wavelength, low-frequency deformations such as those encountered
in the vibration of monofilament composites.

Therefore, in this subsection, Cowper's analysis (ref. 62) is
extended to the nonhomogeneous case consisting of a typical repeating
element of a monofilament composite to obtain the effective thickness-
shear strain., The thickness-shear stiffness, which is defined as the re-
sultant shear force divided by the effective shear strain, can then be ob-
tained as a direct consequence of the amalysis,

First, the thickness-shear distribution is obtained from the analysis
of a tip-loaded monofilament cantilever beam shown in figure 8(a).

Denoting the displacement components as u,v, and w, one defires the
mean displacements of the cross section and mean angle of rotation of the

cross section ¢ by the following equations:
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U = (1/4) jI u dx dy \
. A
w=am [ waxay \  (86)
A
o= i) [[ waxay J
A

where A denotes the entire cross-sectional area, and Iy is the moment
of inertia of the cross-sectional area with respect to the y axis. Then

the actual displacements of a point on the cross section are written as

u=U+4d , W=EW+xO0O+w v (87)

where U and W are the residual displacements which are equal to the de-
viations of the actual displacements from the weighted mean displacements.

In view of the definitions, equations (86),
”dedy=ﬂadxdy=” X0 dx dy = 0 (88)
A A A

The stress-strain relation

sz/G =u, +w, (89

where a comma represents partial differentiation with respect to the

spatial variable that follows it, may now be written as

W, + P = (1,,/6) - 6,x - G,z (90)
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where the shear modulus G is to be interpreted as that of the fiber

or matrix material depending on whether the material point is located

in the fiber or the matrix region of the cross section. Finally, the
integration of equation (90) yields the désired kinematic relations among
the mean values of the midplane slope W,z; flexural slope ¢} and the

effective shear strain Yogg®

W, + 8= /m [ [ /o) -4, 0 ax ay = v g (91)
A

For a tip loading, the shear force Q is uniform along the entire length
of the beam, hence, the first part of the integral in equation (91) is

evaluated as

J[A (1,,/0) ax dy = (Q /G + (Qu/S) (32)

where Qf and Qm represent the respective shear forces that act on the

fiber and matrix regions and are related to the total shear force Q by

Q=0Q; +0Q (33)

m

In view of eq. (87), the remaining term in the integral of eq. (91) is

II %’x dx dy = Jj(w,x - @ dx dy (94)
A A

where 5 is defined in the third of eqs. (86). Combining egs. (91-94),

one obtains the effective thickness-shear strain expression,
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Yopg = W, + &= (L8) [@/6)+Q,/6) HA (W, - Dax &yl (99)

where @ and hence w, the displacement field, needs to be known in terms
of the parameters defining the geometrical configuration and the con-
stituent properties before the integration can be carried out., Assuming
that the deformation of the cross section can be approximated by that of
a tip-loaded cantilever, and allowing the constituent materials to be
transversely isotropic with the plane of isotropy normal to the fiber
axis, one can readily formulate the problem using the Saint-Venant semi-
inverse method (refs. 57 and 63).

First, displacement components are assumed to be:

ui =B [% Vg 1-2) (x2-y2) + %2 22 - (1/6) 23]

vi =B vy (L-2) xy (i=f,m) g (96)

wi =-B {x (Lz - % 22) +)’{i + [(Ei/Gi)-Zvi](}éX)’z)}

where B is a constant to be determined from the boundary conditions;
Ei is the Young's modulus in the fiber direction; Gi is the chear
modulus in the vertical plane parallel to the fiber axis; 2 is to be
interpreted as the Poisson's ratios V315V395 and fi = ii (x,y) (i=f,m)
are functions to be so chosen as to satisfy equilibrium conditions
in their respective regions.

The stress components are rcadily calculated from equation (96)

to be:



o = U; ) T;y =0 |
wt o= me, (10, + 2y, K (@76 -3y, 105D)
| (=f,m) & (97
'r;z = - B6,{ ify + [(€;/6)-v,] xy}
ol = - Béi (-2) x o

If the constituent materials are isotropic, Ei’ Gi’ and vy respectively

of the constituent materials are related by
Ei = 2(1+vi) Gi (i=£f,m) (98)

Substitution of the stress components in equations (97) into the equili-
brium equation yields the following governing partial differential

equations (Laplace's equations in two dimensions):
K =0 (i=£,m) (99)

which must be satisfied in the respective regions Af and Am.
Consideration of displacement continuity at the fiber-matrix inter-

face C, requires that:

1

uf = um, vf = vm, wf =w on C1 (100)

Apparently, the first and the second of equations (100) cannot be satisfied

unless the two Poisson's ratios are equal., However, the interaction
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between the constituent materials due to the differences in the Poisson's
ratios has only weak effects as evidenced by many theoretical analyses

(refs. 39, 47, and 48). Hence, it will be assumed for the subsequent

analysis that

sy =y (101)

With this assumption, equation (101), the first two of equations (100) are

identically satisfied and the third leads to

(102)

Continuity of surface traction at the interface C1 requires that

1:2 (dx/dn) + Tiz (dy/dn) = 7 (dx/dn) + T?z(dy/dn) (103)

where n denotes the outward normal coordinate to Cl’ hence, (dx/dn)
and(dy/dn) are the direction cosines of the unit normal vector to the

interface Cl'

In terms of the stress components defined in equactions (97), the
condition of equilibrium at the interface, equation (103), is cast readily

in the following form:

G, (X /an) - 6_(d X"/dn)
, - 2 - 2 - A
==(Gg-G) {[’5 vx~ + (1-% V) y J(dx/dn)+(2+V) x5 (dy/dn)
X J
on C (104)

1

The condition that the lateral surface is free frcz surface traction



leads to

(d X"/dn) = - {[% 5 %2+ (1-95\';)y2](dx/dn) + (2+§})xy(ey/dn)}

on C, (105)

The solutions to the problems posed by the governing differential
equations (99) and the boundary conditions, eqs. (102,10-,105) are now ob-
tained by assuming a pair of series solutions which are harmonic in the
respective fiber and matrix regions. The coefficients of these series
solutions are determined so as to satisfy the boundary ccnditions in the
least-square~error sense (see Appendix A, also Section 2.5.)

Since the solution procedure is very similar to thzt of Section
2,6, it will be high-lighted by listing thise equations which are pertinent
to the solution,

With the introduction of the following transformaticn,

£ =x/r, 1=yl x* =% (i=f,m)
(106)
V= @2 gD + @2t
eqs. (99), 102, 104, and 105) are rewritten in the following form, which
is convenient for numerical analysis:
v x'=0 in Ai (i = £,m) (107)

X =X on Cl (]08)
M fam - (@™ = -e-n {15957 + Q-89 Jcer/en)

+@+9 N @WaN)  ong (109)
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@ e = - {15 9 &% +(1-5) "] (@g/an)
+@+9) €@} e, (110)

The series solutions, which are harmonic in the respective regions,

are assumed to be:

-]

xf=a°+ z akpkcoskG
k=1
- (111)

m k -k .

= +

X bo z (bkp + b_kp ) cos k'O

k=1

In view of eqs. (108 and 109), which warrant displacement con-
tinuity and stress equilibrium conditions, the coefficients a3,

(k = 1,2,..,.) may be expressed in terms of b, as:

and b_ K

k

a =b
o o

2 b,/ (x+1) - 11(3+2\3)/4

2 b3/(k+1)+ ( l1/4)

2 b, /(xH) (k = 3,4,...) L (112)

[
L]

[~
|

= - [bl + (3+29) /4]

o’
!

.3 = - kl (bB-*)

b = = kl bk (k = 3,4,..-) J

where

A, = -D/O%D)
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Because of the anti-symmetry of the displacement component w with
respect to the € axis, it may be shown readily that those coefficients
with even subscripts are zero. The condition that the lateral surface

is free from surface traction, eq. (110), takes the form:

®
2: k bk [pk'1 cos (k~1) 0 + xlp'k_l cos (k+1) @) )
k=1,3,...

= - (X1/4) [(34-2\_));)“2 cos 2 0 - 3p-4 cos 4 0]
- 2 -2
--DLY¥vE + (1-5VTN)

(0sestan”’s, Zau, 0STELS)

) & (113)
E: k b [-pk-l sin (k-1) 8 + klp.k-l sin (k+1) 8]
k=1,3,5
- =2 . <4
= - (11/4) [(342y) p “ sin 2 8 . 3p ' sin 4 0]
-G 2+V) g
(tan™} gsosn/2, 0sS<u, TAub) y

Next the coefficients bk (k = 1,3,,...) are obtained according to
the boundary-point least-square method as described in Appendix A.

With the coefficients bk thus obtained, the constant B which
appears in eqs. (96 and 97) is calculated from the condition that the

resultant shear force is equal to the externally applied tip load Q:

JJ Tz dx dy = Q (114)
A
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Since the stress components in eqs. (97) satisfy equations of equili-

brium in the absence of body forces, the following relation must hold:

{ { i .
Toep = BE X = T =T, (=Em (115)
or
Lol 4B x=0 (i=£,m (116)
ZX,X zy,y i ?

In view of eq. (116), eq. (114) may be written as

- I, o

i=f,m
igf ) ”A [Ty, + 'riy),y] dx dy
i i
+B z: JI x dx dy

Bz E” x? dx dy

i=f,m

B IE (117)

where Af and Am are the cross-sectional areas of the respective fiber
and matrix regions and IE is the weighted moment of inertia of the

cross section. From eq. (117}, the constant B is readily obtained as

B = Q/IE (118)

where
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= 2
IE = EE Ei J] x° dx dy (119)
i=f,m Ai

Finally, the longitudinal thickness-shear flexibility 855 is obtained

from eq. (95) as

855 = [Q/ (o) )y, ¢

=A1lg [ (Ix-Iy) - (A/Iy) J.J.Ax &i-yxyz)dx dy]'1 (120)

For an equivalent homogeneous beam with a rectangular cross

section, the longitudinal thickness-shear stiffness is given by

Sg5 = Kb G,/ (3ubr) (121)

where the shear coefficient K is obtained as (ref. 60)

K =10 (1+v)/(12411V) (122)

Thus, on equating eqs. (120) and (121), one obtains the equivalent

shear modulus G55 as

65 = 1 (124119 T10(1+9) 3~} (01,1 )

-~ 2 -
- (A/Iy) jJA X cx*+xy ) dx dy] 1 (123)

2.8 Transverse Thickness-Shear Stiffness

A typical repeating one-quarter cross section shown in figure 9

is considered. As @ first approximation assuming that the Bernoulli-
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Buler hypothesis holds, we make an elementary Jourawski-type mechanics-
of-materials analysis to obtain the shear stress and strain distri-
butions in the cross section due to the application of shear force Qx
along the vertical boundary of the cross section. (See figure 9(a).)
Then the strain energy is calculated and Castigliano's principle is
applied to obtain the macroscopic shearing strain Yy The transverse
thickness-shear stiffness S44 is then obtained in terms of definite

integrals arising from the strain energy calculations,
Assuming that the cross section remains plane, one obtains the
flexural strain distribution as

e, = - o, ¥ (124)

where €, denotes the flexural strain of an element located at a distance
y from the midplane, and @ denotes the bending curvature of the mid-

plane. The corresponding stress distribution is
-1
O, =-0o ¥ Ei (i=f,m) (125)

Summing the moment due to the stress distribution, one finds that

the flexural moment acting on the cross section is

2 3/2

(2/3) E,,(67) [1+<>J 1)(u6) Jv,,

Osésl
Moo= < (126)

@2/3) B, W)’ a, 1<€su

where
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A = Ef/Em , € =x/r (127)

From equation (126), the flexural stiffness of a strip Ax in

width is found to be

KZ Em(“ﬁf)B [0 -1 @) -2 32
D22 = 4 0sg<l (128)
\ 2/3) Emﬂlér)3 1sE<u

In view of equations (125-128), the flexural stress distribution

is now given by the expression:

cxi = - (Mx/Dzz) y E; (i=f,m) (129)

The thickness-shear distribution Txy is then obtained readily
from the equilibrium of the forces acting on the strip. (See figure

9(b).)
uor ¥} 4
i i _
-jy [0 b, dy + jy [0, Ty = Ty, % (130)

Solving for Txy in equation (130) and using equation (126), one obtains

br

_ -1
Txy = (A Mx/Ax) 022 , Ei y dy (131)

where

AM = (132)

ps [Mx]x+Ax - [Mx]x

Since the shear force Qx = A Mx/Ax and the integrzl on the right-

hand side of cquation (131) can be evaluated, the thickness-shear
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distribution is given by:

For Osxsr
=G
Txy fyky

(Qx/ZDx) Emrz[(x'-l) (1-52) -)\'T\2+(ué)2] OSyS(rz-yz)!5

= (133)
@ /) Ex? [ue)? - 15 (P-yD) %yuse
and, for <xdUr
T =Gy =(Q/2D) E r[@e)’-1");osysupr  (138)
Xy m'xy “°x ¥ m >

In view of equations (133 and 134), that part of the strain
energy per unit z-length due to shearing stresses is readily cal-

culated.

u_ = (1/2)” TegVay % 7

- [3qi/(scmu5)]m-1)+(9qi/3 6 )F, + (92/8G))F, (135)
where
r 2 2 2
F, = {Lor-n a-dran a1
(o}

- @/»Hia-na- n)+(.45) Q- n)3/2

+ ot a-h*? - teodarn a2 an ase

1

r, = [ {@n90o’-0-D i en-@m en?a-drars aah?y)
(o]
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2,3/2

'[0J6)3 + (W= (1-1) ]-2 a7 (137)

Using Castigliano's theorem, one can compute the mean macroscopic

shearing strain ny from equation (135) as

Yy = (30,730 (un) ™!

= (3Qx/a.1r) {[2/(5 G“}_la)](u-l)+(3/4)G;1F1+(3/4)G;1F2} (138)

The average transverse thickness-shear stiffness 844 is given

by
Si = Gl Vyy =EAGY,
= (r 6 /[ /5) G-1)/@s) +(3/6) (F A +F) 77 (139)
where |
i = Gf/Gm (140)

For a homogeneous rectangular corss section, Cowper's shear
factor K is given by eq. (122). Thus, the equivalent transverse

thickness-shear modulus G,, is given by

44

Gy = 844/(&16r K) (141



SECTION III

DAMPING ANALYSES

This section is concerned with the analyses leading toward the char-
acterization of dynamic properties of a single layer of monofilaﬁent
composites. Many solids, whether they are metallic or otherwise, exhibit
a damping effect ; this phenomenon is essentially due to the dissipation
of energy associated with the deformation, It is convenient, especially
in the case of steady-state vibrational analysis, to represent the dy-
namic properties of the solid by the use of complex dynamic moduli,

For example, the major Young's modulus E. . may be considered to be of

11

the form

1 is the storage modulus and E{l

since the latter is associated with that component of the strain 90°

is the loss modulus,

where i = /T , E?

out of phase from the stress component which gives rise to the energy

dissipation (reference 64). Alternatively, equation (142) may also be

written as

_ R
E), = En(l+igEu) (143)

vhere &g is referred to as the loss tangent which is related to the
11

storage and loss moduli by the equation,

55
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I,
B - (8,)/E,}) = tan y (144)

Here the term, y, 1s the phase angle by which the sinusoidally varying
strain component lags behind the accompanying stress component on the
phase plane, and is referred to as the loss angle. (See Figure 10.)

In the following subsections, detailed analyses based on the results
of Section II are made to obtain the loss tangents associated with all
the stiffnesses necessary for the characterizing of the damping properties

of a single layer of monofilament composite.
3.1 Introduction

As previously discussed in Section 1.1, one of the main advantages
that composite materials have over conventional homogenéous materials
is their macroscopic anisotropic nature which gives the modern structural
designer the ability to design stiffness and damping properties and strengths
to fit the requirements of the application by means of lamination. In the
dynamic analysis of a structure consisting of multiple layers of composites,
as in the case of elastic characteristics, damping characteristics of a
single layer must be known beforehand in order to predict the dynamic
behavior of the laminated structure,

There have been numerous experimental investigations on damping
characteristics of sandwich and filamentary composite materials (ref. 8-19).
Analytically, Hashin (ref. 20-21) derived a correspondence principle for
the determination of complex moduli of viscoelastic composites (particulate
and filamentary). This correspondence principle is particularly suitable
when the elastic moduli are of a form explicit in terms of the moduli of
the constituent materials., However, Hashin's approach cannot be applied

to cases where the moduli are given in terms of numerical elastic results.
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Kimball and Lovell (ref., 22) observed that many engineering materials
undergoing sinusoidal motion exhibited energy losses which were proportional
to the square of the amplitude and independent of the frequency. Bert
et al, (ref. 13), in their investigation of damping in sandwich beams,
assumed Kimball-lovell type damping for the facing and core materials
and obtained good agreements between the theoretically-calculated and
experimentally-obtained values of the logarithmic decrement for free vibra-
tion,

It is noted that the ratio of the total damping energy dissipated per
cycle Uy to the total potential energy stored per cycle U can be related

to the logarithmic decrement § as follows (reference 65):
6 = (1/2) 1n[1-(U4/0)] (145)

For most structural materials, where the logarithmic decrement is small,

it may be approximated by
6 = (1/2)u 4/v) (146)

In turn, the loss tangeﬁt g may be related to § by (See Appendix B for

details,)

g = (1/2n)(Ud/U) (147)

The total potential and dissipative energy per cycle of a solid under-

going sinusoidal motion are given by *

U= %ﬂ;fa e, .dv (148)

ij ij

Ud = Cd‘{;'U\oijo-ijdv (149)

. *Repeated subscripts denote summation where i,j = 1,2,3,
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where o, . and €53 denote respective stress and strain amplitudes,

i)

Cd the damping coefficient, and V the total volume (fiber and matrix)
occupied by the composite.

In performing the integfation indicated in equations (143 and
149), the stress distributions are approximated by those obtained from
the elastic analyses of Section II, Inherently, the stress distributions
are dependent on the excitation frequency; however, for the frequency
range of interest here (well below any micro-scale resonance), the
stress distributions obtained from the elastic analyses of Section 1I
are expected to be valid.

For the monofilament composite ciement under consideration
here, with the exceptions of in-plane longitudinal shear modulus G66
and the Poisson's ratio Vigo the following general procedure is adopted
for the calculation of loss tangent of the composite element:

1. First, with the composite element subjected to an appropriate
loading*, the strain energy is calculated for the respective fiber and
matrix regions (Uf and.UHB.

2. In view of equation (147), the damping energies for the re~
spective fiber and matrix regions are obtained as follows:

i

vl = o g, Ut (1=f,m) (150)

d

¥
By an appropriate loading, we mean the type of loading which
is appropriate for the property under consideration, i.e., longitudinal

tension for Ell‘ etc.,
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3. Then, the composite loss tangent associated with the pro-

perty under consideration is computed as

g = (1/2m) 211;/ z vt (i=f,m) (151)
i1

The determinations of the real parts of the complex moduli;
namely, the storage moduli; are carried out in an analogous manner to
that of Section II by simply replacing the elastic property parameters
with their respective counterparts in the complex moduli.

As for the determinations of the loss tangents for the in-plane
longitudinal shear modulus G66 and the Poisson's ratio Vigs Hashin's
corraspondence principle is used. The equivalence of the correspondence
principle and the general procedure described above is substantiated
analytically for the case of the longitudinal Young's modulus E11 and
numerically for the case of the iransverse Young's modulus E22.

In the subsections that follow, detailed analyses are carried
out for the loss tangents correspending to all of the stiffnesses

characterizing the composite properties.

3.2 Longitudinal In-plane Loss Tangents

Two loss tangents, namely 8E17 and Bag6" will be obtained in
this subsection, As previously discussed in Section 2,2, the major
Young's modulus E11 is obtained explicitly from the law of mixtures,
whereas the longitudinal in-plane shear modulus G66 is based on the

results of the elasticity analysis of Adams and Doner (ref, 46),
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Loss tangent 8311 associated with the Major Young's modulus Ell'

In terms of the notations used in Section 2,2, the total strain energy

per cycle in the respective fiber and matrix regions are calculated as

follows:

(1/2) A

feam ]
U™ = (1/2) f \ Ogeq dx dy £96€;
f

(152)

(1/2) LGN

™ = (1/2) jj e, dx dy
m'1
A
m
In view of equations (152 and 150), the total strain energy per cycle
in the composite and the damping energy per .tycle are readily cal-

culated as follows:

f m _
U=U +U =% (Afof + Amom)e1 (153)

m
Ud = Ud + Ud =1 (ngfcf + gmAmO'n)e1 (154)

where 8¢ and g, are the loss tangents associated with the longitudinal
Young's moduli of the fiber and matrix materials. The composite loss
tangent 8Eq3 associated with the major Young's modulus E11 is now

readily calculated on substituting equations (153 and 154) into equation

(151).

gEll = (ngfof + gmAmOHQ/(ofAf+gmAm) (155)

In view of equations (5 and 9), equation (155) may be written

in terms of volume fractions Vf and Vm and )' as follouws:
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. ' '
gEu (' Vg + Vg ) /(N Vet V) (156)
where
v op Rp R .
A Ef /Em (157)
The composite storage modulus EIT is obtained from eq. (10)
as

R R R
Ejy = V;Ep + VB (158)

It is interesting to note that identical results for the
storage modulus and the loss tangent can also be obtained on utilizing
the elastic-viscoelastic correspondence principle of ref. 21. Re-
placing the elastic moduli in the right-hand side of ecq. (10) with the
corresponding complex moduli, and separating the real and the imagin-

ary parts, one obtains

_ R R ) R R R
Ejy = (VfEf+VmEm)[1 + i (ngfEf+ngmE:I)/ (vaf+vam)]

(159)

from which equations (156 and 158) readily follow., This substantiates

the equivalence of the correspondence principle and the formula (151).

Loss tangent 8Cp6 associated with the in-plane longitudinal

shear modulus G . - As mentioned previously, the storage modulus Gg

66 6

is approximated by the elastic analysis of Adams and Doner (ref. 46).

To calculate the loss tangent BGgg according to eq. (151) would require
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lengthy numerical analyges for the determinations of the stress and
strain distributions. To avoid this, it is surmised rere that the
results of ref. 47 may be empirically approximated bv a much simpler
formula due to Hashin and Rosen (ref. 35), which is given here in

modified form as follows:

Gee/C. = Cy ALV I+(1-v) J/IN(1-v ) +(14V ) ]

(160)

where CVf is an empirical factor brought in here so that the shear
modulus as calculated by equation (160) coincides with that given
in ref. 46, ) is the fiber and matrix shear-moduli ratio defined in

eq. (31), and V_ is the fiber volume fraction,

f

In view of the explicit expression of eq. (1€0), the loss

tangent g is readily obtained on replacing A by its complex counter-
Ce6

part.
R
A= 1+ igl) (161)
where
W= ¥R (1 Y /(1+2.2) )
f m &£86m 4.8Gm
> (162)
g, =(g. —8g.)/ (1+ )
A % B 8¢ 8op )

Substitution of equations (161 and 162) into eq. (1€0) yields:
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2

R - cVf {(1-vfz)[xR (1-gi)+1] + 2)\R(1+Vf2)

R
Ce6

/G
m
R
- & gxgcmvf} )
. R 2 R 21 -1
{[x (1-vf)+(1+vf)] + [ (1-Vf)g}\]} (163)

2
B, {gcm LavHDR a-g a1+ nfawh)

N

,.R
+ 4) ngf } .

2 \

< SapaR R 2 R -1
{ av AN a-drpalaw S -a g)\gcmvff

(164)

3.3 Transverse In-plane Loss Tangents

Based on the result of elastic analysis and the c>cervation made
in section 2.3, two loss tangents 8Ey) and 8v1 associatel with the in-
plane transverse Young's modulus E22 and the major Poisscn's ratio Vi2

will be obtained as follows.

Loss tangent 8522 associated with the transverse In-plane Young's

modulus, - Owing to symmetry in the loading depicted in fig. 4, shear
stresses L and Tyz vanish, Hence, the total strain enerzies per cycle

for the fiber and the m trix regions, respectively, are:

i 2.2
U ==[1/(l4c'ri)]JrJrA La-v) (o, +oy)-2viox0y+2'rxy2]dx dy
i
(i = £,m) (165)
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where the stress components OX’cy’Txy are given by the equations (C-4,
5, and 6). In view of equations (150 and 165), the damping energies per

cycle are:

i 2 2 2 .
Ud =(ﬂgi/ZEi)JJ[(1-vi)(ox+oy)-2viox0y+27xy Jdx dy (i=f,m) (166)

A,
i

The loss tangent 8322 is then readily calculated from eq. (151).
The storage modulus Ezg is calculated from the first of equations
(36) by means of appropriate storage moduli of the constituent materials

corresponding to the particular frequency of excitation,

Loss tangent N associated with the in-plane major Poisson's

ratio. - Since the in-plane major Poisson's ratio Vi2 is related to the
constituent Poisson's ratios Vo and Ve by a simple law-of-mechanical-
mixture formula, eq. (38), the complex Poisson's ratio Vi is readily
obtained in a manner similar to that used for Ell’ eq. (159), by the use

of Hashin's correspondence principle as follows:

R R , R R R )
vy = (v £V f+vm\;m([ 1+i (gva £V f+gvmvm"m) /(v f\;f+vamR) Ji (167)
where
\
R R R
Vig = Vgve * Vv
> (168)
_ R R R R
gV12 - (gvafvf + gv vam )/(vaf +vam )
m J

3.4 Longitudinal Flexural Loss Tangents

In this subsection are treated damping analyses for determining
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the loss tangents 8Dy and 8D12 associated with the longitudinal and
Poisson flexural stiffnesses., The former is obtained according to eq.
(151), whereas the latter is obtained by the application of Hashin's

correspondence principle,

Loss tangent ngl associated with the longitudinal flexural

stiffness. - 1In view of eq., (42) derived previously in Section 2.4,
the strain energies per cycle in the fiber and matrix regions are
readily obtained as follows:
f 2 R 4,
U =a, B m /32
(169)
0" = 0,2 £ N {(Pun /6] - (eti3n)}

'z 'm

Using eqs. (150 and 151), one can readily obtain the following

expression for the longitudinal flexural stiffness:

8011 = {[(k'gf-gm)n/32]+(gm63u4/6)}

-1
Arat-nem+ e} a70)

The storage stiffness D R is readily calculated from eq. (46) with

11
the help of eq. (44) by replacing the static moduli and the Poisson's
ratios with their respective real parts of the corresponding complex

moduli and ratios.

Loss tangent ngz associated with the Poisson flexural stiffness. -

According to Hashin's correspondence principle, the complex Poisson

flexural stiffness D,, may be calculated from equation (50) by replacing
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the elastic moduli and Poisson's ratios appearing on the right-hand
side of the equation with their respective complex moduli and Poisson's

ratios as follows:

R
Dyp = Dyp (1+1 gpyy)

1
2 1% B N1+ g ) { J.O[FR(Tp+ i FL(D] dy

2
+ (UNLEe 10 g ) T1-f 041 g% } (171)

where FR(TD and FI(TD are the real and imaginary parts of the function
F(7) defined in equation (51). Separating the real and imaginary parts

on the right-hand side of equation (171), one readily obtains:

R 1 3
o= 25 ] OEFR(m-sEmFI(n)]dn + /L1 AT (172)
1
I 3
0= 2 £ 2 { IO[gEm P v+ FLep Jan+a/nLas >k al) (173)
where
g2 2 )
A= (14 gEm)(1+i gvm) M-y (14 gvm) ]

AR=Rea1 (A)

R2 2 1
- {(1-gEmng>-<1+gEmgvm) vn (18,0} /1

? (174)
A" = Imaginary (A)

2

2
e - R
{(gEmegvm)+(g\,‘u gEm)vm (l+g"m) } A,

~\
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|

2 2 7
i} R 2 .2 R 2

Ay [1-v_ (1 gvm)] + {2 v gvm] J

The loss tangent 8Dy, can now be calculated from eqs. (172-173)

to yield:
I, R
g, =D,/D
D, 12712
or 1
& ={ [1ey o+ F@lama/mien’ant v}
(o} m
1
. {J [FR(TD-gE FLep Jane(1/) o) -1 1E AR} (175)
o m

3.5 Transverse Flexural Loss Tangent

Owing to antisymmetry in loading with respect to the M axis
as depicted in fig. 6, shear stresses Tyz again vanish as for the case
of the transverse in-plane Young's modulus E22, Section 3.,3. There-
fore, the total strain energy and damping energies per cycle are given
by the eqs. (165 and 166), The loss tangent 8Dy, and the storage
stiffness Dgz are obtained by a procedure similar to that deécribed

in the first subsection of Section 3.3.

3.6 Twisting Loss Tangent

For a composite layer subjected to a pure twisting torque, all
the stress components except_sz and Tyz vanish, Thus, the strain
energy and the damping energy per cycle in the fiber and matrix re-

~glons, respectively,are calculated from the following formulas:
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Ui = IJ (Tiz + Tiz) dx dy / (2 Gi) (i=f,m) (176)
Ai

i = =

Uy = 2m g(;i v, | (i=f,m) (177)

where the shear stress compqnents Tz and Tyz are as given by egs.
(C-19 through C-22) for each typical composite element depicted in
fig. 7. With the strain energies and damping energies calculated

from eqs. (176 and 177), the loss tangent 8Dg6 associated with the

twisting stiffness D66 is obtained readily from eq. (151).

3.7 Longitudinal Thickness-Shear Loss Tangent

In view of eqs. (97), the strain energies per cycle for the fiber

and matrix regions are:

vt - IJ (Tiz+7§z)dx dy/(2 G+ JJ oi dx dy/(2 Ei)

A A
1 i (i=f,m) (178)

where the strain components are as given by eqs. (97). According to

eq. (147), the damping cnergies per cycle in the respective fiber and

matrix regions are therefore equal to:

i_ JI 2 2
Ud 2n gci (sz+7yz)dx dy/(2 Gi)'

Ay

vomg, [[oPaxayrae)  Getm (179)
i

Ay
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The loss tangent 8355 associated with the longitudinal thickness-
shear stiffness is then calculated according to the general procedure

described in Section 3.1 with the help of eq. (151).

3.8 Transverse Thickness-Shear Loss Tangent

The strain energies per cycle for the fiber and matrix regions
may be readily calculated from the results of elastic analysis in

Section 2.8, eqs. (128, 129, and 135-137), as follows:

£ _ f £
Ut = U+ U
= (9Q2/8G )F +{3>\' Q2/[4E (;45)6]}5' (180)
x f71 X m 3
m - m m
U Us + Ub

adiie) {@-n/@me+amr, )
+ {3Qi/[4Em(u6)3]} [(2/3) @-1) (4P+u+1) + F,) (181)

where the subscripts s and b refer to shear and bending, respectively;
F1 and F2 are as defined in equations (136 and 137); and F3 and F4 are

given by the following expressions:

F3=.[

1
{womar-nenah e o asy
-1
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1

F, =I . {‘“'g)/[l'*'(k'-l)@5)'3(1-52)3/2]}2

3/2

c Lwey3-1-853%) ag | (183)

In view of equations (181 and 182), the damping energies per
cycle in the respective fiber and matrix regions are equal to:
f

- 2 ] 2 6
Uy = Zﬂgcf (9Qx/8Gf)F1+2ngEf {31 Qx/[éEm(ub) ]}F3 (184)

W - g (3Qi/Gm){m-1)/(5u 6)+(3/8)F2}

+omgy {32/0E o) L@/ @-D @D 4R,]  (185)
m

Finally, the loss tangent associated with the transverse thick-
ness-shear stiffness is calculated on substitution of equations (180,
181, 184, and 185) into-eq. (151). It is noted that Qi, the square
of the shear force per unit z-length, cancels and thus the loss tangent
is expressed in terms of the loss tangents, moduli ratios, and Poisson's
ratios., -

This completes the damping analyses for the determinations of
the loss tangents associated with all the stiffnesses pertinent to
the characterization of the damping behaviors of a‘single lay;r of a
monofilament composite. Tﬁe results obtained herein are used in the
next secticn, Section I/, for the construction of the design curves and
comparisons of the numerical results with available analytical and

experimental data,



SECTION 1V

NUMERICAL RESULTS

In this section, numerical results as obtained from the foregoing
elastic and damping analyses, Sections II and III, are presented. First,
in Section 4.1, the results of the present elastic analyses are compared
with some available analytical and experimental results obtained else-
where as a verification of the present analyses. Secondly, in Section 4.2,
property data deduction procedures for some of the constituent materials
are briefly described. Then comparisons of the dynamic stiffnesses and
their associated loss tangents are made with the‘limited experimental
results which are available., Finally, in Section 4.3, the results of the
present analyses are summarized in the form of a set of design curves for
boron-epoxy composites, and in a tabulated form for boron-aluminum and
glass-epoxy composites. This set of design curves is particularly useful
in predicting the elastic and damping behavior of structural elements

consisting of one or more layers of monofilament composites (reference 64).

4,1 Comparison with Conventional Micromechanics Results

This section i8 concerned with the numerical comparisons of the
stiffnesses calculated from the present analyses with those obtained else-
where in order to assess the accuracy of the present analyses. Two aspects

of the comparisons to be considered here are:

7L
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1. Comparisons of the in-plane and thickness-shear stiffnesses
with those obtained from conventional micromechanics analysis
where the composite layer consists of many small fibers randomly
or regularly distributed throughout the entire cross section;
see fig. 1(b).

2. Comparisons of the flexural and twisting stiffnesses with those

deduced from the in-plane stiffnesses by the use of eq. (4).

Major Young's modulus Ell' « There have been many analytical in-

vestigations to determine the major Young's modulus Ell (refs, 1,39,47, and

48) ranging from a simple mechanics-of-materials analysis to a more sophis-
ticated elastic analysis, In all cases, however, it was demonstrated that

the effect of difference in the Poisson's ratios pf the constituent materials
is negligibly small, 1In fact, Hill (ref. 47) showed by a variational method
that the rule of mixtures, eq. (11), is the lower bound. Therefore, for all
practical design purposes, eq. (11) is deemed sufficiently accurate. Further-
more, experimentally, thgxgublished data for Narmco 5505 boron-epoxy com-
posite (reference 65) gave values of Ell to be 30,6 x 106 psi in tension and
34,0 x 106 psi in compression; whereas, the value of 30.3 x 106 psi was
obtained from eq. (11) by using nominal Young's modulus values of 60 x 106 psi

for boron and 0.5 x 106 psi for epoxy.

Major in-plane Poisson's ratio Vige © Many analytical investigations

have shown that the major Poisson's ratio may be predicted by the rule of
mixtures, eq. (38), with sufficient accuracy. In particular, Abolin'sh (ref.
53) presented in detail the derivation of eq. (38) where the major Poisson's
ratio of the fiber Ve may be allowed to be transversely isotropic with the

plane of isotropy normal to the fiber. However, in his derivation, no
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allowance was made for the actual fiber cross-sectional shape. Within the
context of mechanics-of-materials theory, Bert showed that eq. (38) holds

for circular cross-section fibers (reference 66). Halpin and Tsai (reference
67) devised an interpolation method and applied it to the elastic numerical
results in a graphical form obtained previously by Hermans (reference 69) to
show that the numerical data can be empirically approximated by eq. (38).

As a further verification of eq. (38), the numerical results for Vig» 38
obtained from the second of eqs. (36), are shown in table I for various

fiber volume fractions, It is observed that, for all practical purposes,

the rule of mixtures, eq. (38), may be used for estimating the major Poisson's
ratio Vig: Unfortunately, comparison with the experimental result (ref. 65)
showed that the theory predicted a much lower value of 0.30 against 0.36

for Narmco 5505 boron-epoxy composite with a fiber volume fraction of 0.50.
This is attributed mainly to the discrepancies in the nominal constituent-

material data used for calculation.

Minor Young's modulus EZZ’ - The minor Young's modulus E22 as

calculated from the first of eqs. (36) and those obtained by other investi-
gators are plotted against Young's modulus ratio Ef/Em for various fiber
volume fractions for comparison as shown in figure 11, Foye has summarized
the results of analytical investigations on the various estimates of the
transverse properties of filamentary composites (ref. 40). It was concluded
that, in general, the transverse stiffness is relatively insensitive to the

types of models chosen. The specific analytical results for E 2 chosen

2
here for comparison are those due to Tsai (reference 69) and Adams and Doner
(ref. 56). 1Inm fig. 11, it is observed that the present theory predicts

values for Ezz which are consistently lower than those of Tsai and of Adams
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and Doner. However, it must be remembered that in their analyses, a
square-array composite model was used. Thus, the free-edge effect was
completely eliminated. In the present analyais, a single-layer model

was chosen in order to obtain a more realistic representation of the

layer property on the micro-scale. Hulbert and Rybicki (reference 70)
showed in their recent paper that the free-edge effect for some filamentary
composites may range from 9.8% (for boron-epoxy) to 5.0% (for boron-
aluminum) at a fiber volume fraction of 0.50, It is believed that this
accounts for the lower estimates of the present analysis shown in fig. 11.Chen
and Cheng (ref. 38) chose a hexagonal-array model and gave some numerical
results for an E glass-epoxy composite and showed that their result from
the elastic analysis is well within the previous results obtained by

Hashin and Rosen (ref. 35) and Dow and Rosen (reference 71). The present

analysis also gave a result that is bounded by the results of the above

two references (refs. 35 and 71).

In-plane longitudinal shear stiffness G66' - Adams and Doner (ref.

46) determined the in-plane shear modulus G,, using a square-array model

66
and compared their results obtained from an over-relaxation procedure with
other analytical results (refs. 35, 38, and 72) and a limited number of
experimental results. Excellent agreement was observed between their re-
sults and the complex-variable elastic solution of Wilson and Goree (ref.
72), whereas comparison with the analytical work of Chen and Cheng (ref.
38) and that of Hashin and Rosen (ref. 35) showed some discrepancy due to
the hexagonal-array model used by these investigators. A fair agreement

is observed batween Adam and Doner's results and that of experiment;

theoretical values being consistenly lower by 5.3% for boron-epoxy, 6.7%



75

for carbon-epoxy, and 13.5% for glass-epoxy composites. From an engineering
design point of view, an explicit formula such as the one given by Hashin
and Rosen ( ref, 35) would be highly desirable. For this reason, an
empirical correction factor Cvf was introduced in Hashin ard Rosen's formula
in order to bring their results to coincide with that of Adams and Doner

(ref. 46).

Longitudinal flexural stiffness Dll’ - In eq. (48), it is observed

that the ratio E(b)/E represents a measure of flexural stiffness ef-

ficiency which is less than unity for all realistic values of the parameters.
In effect, this means that, unlike those composites containing many small

fibers, the longitudinal flexural stiffness D 1 calculated from eq. (4)

1
using the in-plane major Young's moudlus would be highly unconservative.
A lower bound for the equivalent Young's modulus can be estimated readily
from a "netting type' analysis in which the contribution of the matrix

material to the composite flexural stiffness is completely neglected. This

leads to the expression, originally derived by Margolin (reference 73).

® (3/4) /(ua)2 (186)

(b)
(e} /EII]Netting Analysis

In table Il are shown the flexural stiffness efficiency, E( )/Ell’

various constituent-material combinations, aspect ratios §, and volume
fractions (reference?4 ). It is noted that the effect of § on the flexural
stiffness efficiency is much stronger than those of u and Vf.
Flexural stiffness efficiencies for various constituent-material

combinations and fiber volume fractions are plotted as shown in figure 12

for square typical elements, i.e., a square array of. fibers. For example,
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in the case of a boron-epoxy monofilament composite with a fiber volume
fraction of 0,50, conventional theory, eq. (4), predicts a value for
flexural stiffness D11 that is twice as large as the actual flexural
stiffness for a single layer. Also shown in the figure as dashed lines
are lower-bound estimates for fiber volume fractions of 0.20 and 0.70.

It is seen that the lower-bound estimate, eq. (186), increases in accuracy
as the fiber becomes stiffer (large Ef/Em ratio), and as the fiber volume

fraction increases.

Poisson flexural stiffness D12' - The values of Poisson flexural

stiffness as calculated from the present analysis, eq. (50), are compared

with those calculated from eq. (4) by the use of in~plane stiffnesses and
Poisson ratios. Again, it is found that Poisson flexural stiffnesses cal-
culated in a conventional fashion are much greater than those of present
analysis as demonstrated in TableIILIl, For all of the composites compared,

it is observed that for a low Ef/Em'ratio (<6) and low fiber volume fraction
(<0.40), D12 as calculated from eq. (4) is in fair agreement, the difference
being less than 77%. However, for a high-stiffness-fiber composite such as
boron-epoxy, the conventional formula, eq. (4), over-estimates by as much

as 40% or more at a fiber volume fraction of 0.60.

Transverse flexural stiffness D22. - In order to assess the trans-

verse flexural stiffness efficiency in an analogous manner as that of
longitudinal flexural stiffness, the ratio of the value of D22 as obtained
from eq. (59) and that obtained from eq. (4) is plotted against the Ef/Em
ratio for various fiber volume fractions as shown in figure 13. It is
observed that the conventional estimates from eq. (4) are again on the

unconserwative side. However, variance in the transverse flexural rigidity



efficiency due to fiber volume fraction is relatively weak., This is
perhaps due to the rather insignificant stiffening effect that the fiber
has on the transverse in-plane and flexural stiffnesses. For a boron-
epoxy composite with fiber volume fractions ranging from 0.4 to 0.6,

the stiffening effect, as reflected by the value of E22/Em, ranges

from 2 to 4, whereas in the case of the longitudinal modulus, the

values of ElllEm ranges from 48 to 72!

Twisting stiffness D66' -~ The torsional problem of a composite

layer presented in Section 2,6 is particularized to a simple case of a

single typical element and compared with the result obtained by Ely and
Zienkiewicz, who solved the problem by the application of the relaxation
method (ref. 75). Comparisons of the values of the Prandtl torsion
function at the mesh points showed that the present analysis is in good
agreement with that of ref. 74; see figure 14, A series of exploratory
computer runs indicated that the solution was relatively insemsitive to
the number of boundary points and the number of terms retained in the
series solutions, eq. (80), for the values of parameters used in this
example (Gf/Gm =10,u =2, § = 1), In the example shown, 31 equally
spaced points on the vertical edge of the cross section and a 3l-term
series solution were used.

In figure 15 is shown the values of the normalized Dirichlet
torsion function V¥ at equally-spaced mesh points of the one-quarter
cross section of a composite layer containing three repeating typical
elements., In this example, a total of 50 points and 10-term and 20-
term series solutions of the respective zeroth and first regions were

used. Pertinent data are: Gf/Gm =0,u=2, and § =1, It is interesting
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to note the similarity and symmetry in the Y - value in the first and
the second quarter-sections, It is also of interest to note the decrease
in the ¥ - value in the third quarter-section that is farthest from the
origin. This means that for a layer containing many fibers, the
torsional rigidity (not the layer twisting stiffness) can be approxi-
mated as the number-of-fiber multiples of the torsional rigidity of a
single element,

Figure 16 shows the twisting stiffness ratio D66/D'26 for various
values of fiber volume fractions and shear modulus ratio Gf/Gm'

Comparisons of the twisting stiffnesses for a square single
element cross section calculated from eq. (84) and eq. (4) are tabulated
as shown in Table IV. It is apparent that a twisting analysis is a must

in predicting the layer-twisting stiffness.

Longitudinal thickness-shear stiffness GSS' - For a small-fiber

composite or parallel laminates consisting of many layers, it is generally

accepted that the longitudinal thickness-shear modulus G_, is equal to the

55
in-plane longitudinal shear modulus G66 (references 76 and 77). However,
in the case of a single-layer composite with only a single row of fibers,
the longitudinal thickness-shear modulus G55 is expected to be greater

than the in-plane shear modulus G,, due to the shear-stiffening effect of

66
the fiber. Bert used an approximate Jourawski-type shear theofy to pre-
dict that the ratio GSS/G66 may vary from 2.86 for boron-aluminum to 37
for boron-epoxy coﬁposites with a volume fraction of 0.482 (ref.74). In
the present more refined analysis, this ratio is found to vary from 1.5

for boron-aluminum to 16.2 for boron-epoxy composites with a volume fraction

of 0.5,
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Numerical results for the longitudinal thickness-shear modulus
are summarized as shown in figure 17 for various volume fractions and

constituent-material combinations,

Transverse thickness~shear modulus G44. ~ The transverse thick-

ness-shear modulus G44 is plotted against volume fractions for various
constituent-material combinations as shown in figure 18. Comparison with
the analytical results obtained by Heaton (ref.?76) showed that fair
agreement is observed for fiber volume fractions below 0.5, but at higher
fiber volume fractions, 0.6 say, the present estimate for boron-epoxy
composites gave a 14% higher value for 644. The discrepancy is attributed
to the differences in the models chosen for the analyses; Heaton's model

being that of a multi-fiber square array.
4,2 Storage Moduli and Associated Loss Tangents.

Prior to evaluations of the dynamic stiffness and damping be-
havior of a layer of a monofilament composite characterized by nine
stiffnesses and a Poisson ratio with their respective associated loss
tangents, accurate dynamic constitutive properties of each constituent
material must Be known, A survey of the literature revealed that
numerous experiments have been made to determine damping characteristics
of glass (references 78-81) , epoxy (ref. 9), and aluminum (references
82-84), However, apparently no such data are available on boron. Because
of different experimental techniques and perhaps slight differesnces in
material compositions in the specimens, the damping properties obtained
by these investigators do not always correlate with those obtained for

the composite specimens. Therefore, it would be necessary to have avail-
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able good data for the constituent-material properties for the micro-
mechanics prediction of the composite macroscopic properties. However,
sometimes this may be difficult to obtain experimentally, for example,
due to frailty of fibers in the filamentary composites.or nonlinear

effects (see Appendix C).

In view of this, a scheme for obtaining in-situ constituent
material properties from tests on composites may be necessary. Some
successful attempts at deducing such constituent-material properties
were reported by Papirno and Slepetz (reference 85) and Bett (reference
§6) for static properties. Therefore, this deduction procedure was
used in the present investigation properties to obtain the dynamic
properties of some of the constituents from the test data on filamentary
composites when necessary.

To characterize the isotropic behavior of the material completely,
two independent moduli and their associated loss tangents must be known.
For the subsequent data deduction, it is assumed here that each material
behaves elastically in dilatation, With thisassumption andthe knowledge
of the Young's modulus and associated loss tangent, the second pertinent
modulus (shear modulus or Poisson's ratio) and its associated .loss
tangent may be readily obtained.

The dynamic Young's modulus and associated loss tangent for boron,
epoxy, E glass, aluminum 2lloy 2024-T3, and aluminum alloy 6061 are
summarized as shown in figures 19-23. Data for E glass (fig., 21) were
obtained from ref. 79; for aluminum 2024-T3 (fig. 22), from ref. 81;
for aluminum 6061 (fig. 23), from refs. 82 and 8; and curve B for epoxy

(fig. 20), from ref, 9,
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Curve A for epoxy (fig. 20) was deduced from the experimental
data on glass-epoxy filamentary composites by Mazza et al, (reference
86); and the data for boron (fig, 19) werededuced from curve A and the
experimental results on boron-epoxy filamentary composites of the same
reference,

A quick comparison showed that the prediction of the loss
tangent associated with the transverse Young's modulus for glass-epoxy
is in good agreement with the experimental results of ref, 9, both vary-
ing from 1% to 3% for the frequency range between 20 and 200 Hz,

The same comparison for boron-epoxy filamentary composites
also indicated excellent agreement on the prediction of the loss tangent
associated with the transverse Young's modulus; in both cases, ref, 87
and the present analysis, the value of loss tangent varies between 1,6
and 2,0% in the frequency range 20-400 Hz.

Pertinent data for the complete characterization of the con-

stituent properties are summarized in Tables V-IX,

4,3 Design Curves and Tables - Storage Moduli and Associated
Loss Tangents Versus Frequency for Various Fiber Volume

Fractions

The results of the present analyses are summarized in the form
of design curves for a boron-epoxy filamentary composite as shown infigs,
24-33 for the frequency range 50-2000Hz, and the fiber volume fractions
Vf=0.1+, 0.5, and 0,6, In application, the curve A series should be
used for better predictions of the composite stiffnesses and associated

loss tangents;the curve Bseries is included for comparison purposes only,



82

Tn Tables X-XXIX are listed all the pertinent dynamic stiff-
nesses and associated loss tangents for the characterization of the layer
properties of boron-aluminum and E glass-epoXy composites for the same

ranges of frequency and fiber volume fractions,



V. CONCLUSIONS

Elastic and damping analyses resulting in determination of
all pertinent stiffnesses and associated loss tangents for the
characterization of the elastic and damping behavior of a mono-
filament composite were carried out,

The numerical results obtained for the stiffnesses and
associated loss tangents compared favorably with some existing
analytical and experimental results for some typical filamentary
composites, such as, boron-epoxy, boron-aluminum, E glass-epoxy.

The results of the flexural and twisting stiffness analyses
showed that these properties cannot be deduced accurately from the
in~plane-properties, and, thereby, the necessity for such analyses
for a monofilament composite layer.

The assumption of Kimball-Lovell type damping was shown to
be equivalent to the elastic-viscoelastic correspondence ;finciple
for the case of the in-plane longitudinal stiffness.

The results of this investigation were summarized in a set
of design curves for a boron-epoxy composite, and in a set of design
data tables for boron-aluminum and E glass-epoxy composites. The

former were applied to the problem of predicting resonant frequencies

nodal patterns, and damping ratios for laminated boron-epoxy plates
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(ref. 64) and achieved excellent agreement with available experimental

results for six different plates (ref.i4 ).

Recommendations for future investigation. - For future re-

searches, the following topics are suggested:

1. Experimental characterization of the complete set of dynamic
stiffness and damping properties of various filamentary
composite materials of technological importance.

2. Analytical investigation of the viscoelastic behavior of
composite materials with thermo-mechanical coupling.

3. A unified viscoelastic analysis for filamentary composite,



APPENDIX A

BOUNDARY-POINT LEAST-SQUARE METHOD

Numerous approximate methods are available for the solution of
boundary-value problems., To name a few, there are the Rayleigh-Ritz,
Galerkin, Kantorovich, finite element, relaxation, and collocation
methods. Of these methods, especially with the availability of modern
digital computers, probably the boundary-point least-square version
(ref. 5) of the collocation method is thewost efficient for solution of
mixed boundary-value problems, such as those investigated in Section
I1, The main useful features of the method are:

1. It may be applied to mixed boundary-value problems with re-

lative ease.

2, The assumed solution may be made to satisfy the boundary conditions
at a set of sufficiently dense points in the sense of minimiz-
ing the square error; hence the solution may be made independent
of the number of boundary points chosen.

In general then, the solutioy is reduced to the satisfaction of a set

of overdetermined algebraic simultaneous equations |

~ P

AX

"
w

(A-1)

~
where X =mxncoefficient matrix (m>n), X = n~-dimension column vecter

~
of unknown coefficients, B = n-dimension column vector of prescribed
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boundary values, m = number of chosen boundary points, and n = number
of unknown coefficients,
Then the mean-square-error matrix (Ez) for equation (A-1) is given

as

lda o d T [l XY}

2 = (AX-B) ~ (AX-B) (A-2)

where the superscript T denotes the transpose of the matrix quantity
which it follows,

On minimizing equation (A-2) with respect to X, one obtains

a™HX = & (a-3)
or
TR =% (A-4)

~%k .
where A isan nxn matrix given by

b

~k ~

A =A (A-5)
and'ﬁx is an n-dimension column vector given by

5 -x% (A-6)

Finally, the solution-ccefficient vector X that minimizes the squere
error is obtained readily from equation (A-4) by using a number of stanizrd

computer scientific subroutines. However, care must be taken in the chcice
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of appropriate forms of the stress functions and in the choice of
boundary points to avoid any boundary points at which the prescribed

boundary values are identically satisfied.




APPENDIX B
DETAILS OF FORMULAS USED IN SECTION II

Bl, Airy Stress Function and the Associated

Stress, Strain, and Displacement Components

Some useful formulas pertaining to analyses carried out in Section
2.3 and 2.5 are summarized as follows. See the main text and the list
of symbols for the definitions of notations wsed. It is to be noted that
the same formula will apply to fiber as well as matrix regions with ap-
propriate interpretations of the material property values, E and v, etc.,
and choices of terms in the series. For example, in the fiber region,
terms containing negative powers of p must be omitted to prevent a

singularity in stress.

Polar stress components. - Stress components O,> Og» and T.g 9re

given by:
0=ap-2+2b +2b cosQ-Za"3cos9
r o o 1P 1P
-]
. Z [an(n-1)o"2 + b (n-2) (nt]) "
n=2,3,...
' -n-2 ! -n
+a n(nt+l) p +b (+2) (n-1)p ") cos n @ (B-1)
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e o2 ' -3
O ==2,° + 2b°+ 6 blp cos 9 + 2 a;p "~ cos e
-]
) [a n(a-1) %2 4 b_(242) (ntl) o2’ n(ntl) o072
n n n
n=2,3,...
' - .
+ b (n-2) (n-1) p n] cos n @ (B=2)
. ' -3
o " 2b1p sin @ - 2 a;p sin @
o
+ z [ann(n-l) p“-2 +b n(n+l) pn
n=2,3,..
' -n-2 ! T
-a_ n(ntl) p - b n(n-1)p ] sinn @ (B-3)

Rectangular stress components. ~ Stress components ox,oy, and Txy
are given by:

O =ap cos20+2b +20D
o . )

2 pcose-Zaip-3c0s3G

1

-]
.z {an n(n-1) pn-2 cos (n-2) 9+bn(n+1) pn[n cos (n-2) 0@

n=2,3,...

-2 cosn @)+ ar'l n(n+l) p"n-2 cos (n+2) ©

+ br'l(n-l) p-n [ncos (n¥2) 8 + 2 cos n 9]} (B-4)

_ -2 v =3
Gy- ap cos26 +2b°+6b1pc059+281p cos 30

-]
+z {an n (n-1) pn-2 cos (n-2) 9+bn(n+1) cn[n cos (n-2) 6
n=2,3,...
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+ 2 cos n 0] + a; n(n+1)p“n-2 cos (nt2) ©

+ b&(n-l)p-n[n cos (nt2) 8- 2 cos n 9] } (B-5)

T = aop-2 sin 2 @ - 2 blp sin @ + 2 aip-?’ sin@ (1-4 coszg)

Xy
[--]
4—}5 [an n(n-l)pn-z + b n(n+1)pn - a; n(n+1)p-n-2
n=2,3,...
+ b; n(n-l)p‘n] sin (n+2) © (B-6)

Rectangular displacement components. - Displacement components u

and v are given by:
-1 1
E (1+v) (u/R)=—a°p cos 9 + 2 b°(1-2\0p cos O
2 -2
- blp (344 (14v)]) cos 2 0 + aip cos 2 8

[- -] .
+ }E {-annpn-1 cos (n-1) 6 + bnpn+1 [-n cos (n-1) @
n=2,3,...
+ 2 (1-2y) cos (n+l) 8 - 2 sin n @ sin 0]
' -n"l
+ al np cos (n+l) @

-n+l

+ b;p [n cos (ntl) & + 2 (1-2y) cos (n-1) @

+ 2 sin n @ sin 8] } (B-7)
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E (1+\))-1(v/R)= --.aoo"1 sin 0 + 2 b0(1-2v)p sin @ + 4 blpz(l-v) sin2 90

-]
+ a]'.p-2 sin 2 0 + z {an npn-1 sin (n-1) O

n=2,3,ooo
+ bnan[ n sin (n-1) 8 + 2 (1-2y) sin (n+l) 6+2 sinn 8 cos 0]

+ aI; np-n-1 sin (n+l) 6

+ b['lp-nﬂ [n sin (n+1) 6 -2 (1-2v) s;f.n {(n-1) @ -2sinnBcos O 'l}
(B-8)

B2, Details of Formulas Used in Section 2.6

Dirichlet torsion function Yl(a,Q) (i=f,m), - Torsion functions

‘.'r'f and Ym that satisfy Laplace equation in the fiber and matrix regions,

respectively are assumed to be:

-]

‘}’f(p,G) =a + z akpk cos k @ (B-9)
k=1,2,...
©

(5,0 = b_+ 2 (b 0" + b_p™) cos k 0 (B-10)
k=1,2,...

Relationships among fiber-region and matrix-region coefficients a

and bk.-— For the nth element, the distance of the fiber from the origin is

d = 2(n-1)u. The boundary conditions at the fiber-matrix interface are:
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wE = v+ 5 - D)
on C, (B-11)

av¥/dn = av™/dn

On the interface Cl,p=1, hence, equations (C-11) becomes

[- -] -]
)\(ao + z a, cos k 8) = b°+z (bk+b-k) cos k ©
k=1,2,... k=132,...
2
+ (3 (A-1D)(QH"+ 2dcos 9) (B=12)
bod ®
Ek a, cos k 8 =2 k (bk - b-k) cos k 0 (B=13)
k=1,2,... k=1,2,...
Equating the coefficients of cos k © in equations ~and 13), we
have:
ﬂ
a, = [b_+ (-1) (1+a2) /2]
a; = 2 b1/(1+1) + xld
ak =2 bk/()\'H-) (k=2939°-0) ? (B—ll“)
b_y= A, (b -d)
b= Ay (k=2,3,...)
v
vhere

Ay = =D/ () (B-15)
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Inter-element boundary conditions between the n~th and (n+l)-th

elements. - On the inter-face boundary C7 where § = (2 n-1) u, the
local coordinate systems [p(i), 0(1)],[5(1),Tki)] (i=1,2,...n) are inter-

related as

@) P () 9(n) STe 9(n+1)’ “(n)= 1 §(n)=§-2(n-1)u
(B-16)

Thus the boundary conditions VTn)= Y?;Hq)and aYTn)/ag = aw?n+1)/a§

which warrant the displacement continuity and stress equilibrium on C2

become, respectively:

(n) . (n+1) < (n) k., (n+l)., k -k
(b, b, J+z (b, -(-1)7b, Moy * M Pemy 08 k 8¢y
k=1,2,...
_ -1 |
=2 xl(dﬁJ) O(m) 8 Q(n) (B~17)
and
< (n) k. (n+1) - k-1 -k-1
Z k[bk + (-1)" b, ][p(n) cos (k-1) O m MO ©O8 (k+1) e(n)}
k=1,2,...
= ZXﬂJ p.2 cos 2 Q(n) (B-18)

i .
Shear stress formulas, - The shear stresses Tz ,Tyz (i=f,m) in

the fiber and matrix regions of the n-th element are calculated from

cquations (79 and 80) (Section 2.6) as follows:
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T /(@61 = (RE/aD - 1

=) ke sin (k1) 0 -7 (B-19)
k=1,2,...

Ty:/(ammr) = - (a\ff/ag) + €

x
= -}: k akpk“1 cos (k-1) 6 + € (B-20)
k=1,2,...

| Txﬁl(aGmr) = ¢ /oM - M

o
- -Z kb [0 sin (k=1) 042,07 Tsin (ict) 0 ]
k=1,2,...
+Odp sin20o -1 (3-21)

m _ m
Tyz/(aGmr) = - (Y /3E) + €

= - z k bk[pk"1 cos (k-1) 0 - }\lp-k
k=1,2,...

-1 cos (k+1) 6}

+ (1,9 p'2 cos 2 @ +E (B-22)

Torsional rigidity calculations for the nth element. - The torsional

rigidity D(n) for the n-th element is calculated from equation (83 and 84)

as
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Deay/Cr™) = 4 (2 RiRy) + (2 Ry-R)) (B-23)
where
\
R1=J. ¥ dg dN=ma_
Re
R, =[] (€ +1%) ag an = n (v +e%]
Re
. )
R, = ” v' dg dT| (B~24)
R

m

= b, (buls-m+ b, [4/3)u’s (1-67) +4 (7 - arctan 8)]

+4) b u*ae) (s p+e
k=46, ...

k+2
0 ' SZ)

(- -]
' -k+2 -k+2
+ 4 N 2 bkp /(~k+2) (s3+5 sa)

k=4’6’.. .

R, = /3 u's (%) + 4u’s & - n [ + )

J
-1
tan 3
S1 = J seck+2 B8 cos kB do T
0 .
[(k+2) /2]
m-12 m-1 k
= y (-7 "¢ €y (m-1) /2 1)
m=1
L~
/2 a/
82 =z csck-’-2 8 cos k 9 do

tan"lb
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[(x+2) /2] ,
_ m-1_-k+2m-3 k
= z -7 78 Cy (po1)/ (k=2 w+3)

v | ) (B-25)

tan-lé
J sec“k+2 8 cos k 6 dO
0

k-1 [(k-mt+2)/2)
(k-l)‘l z (- 1)n+1 -m 2m 1(1+6 )m -k lzznm-ll-l
m=1 n=1

k-1 [ (k-2mwt3) /2]

- -1 k- +2 -2m+2
~(k-1) l[z z (1) 201 k-2mH20-1 ) 2, -kt 2 101;“_:;

wn
ft

m-1 n=1

(k-2) /2 [(k-2m+3) /2]
+ Z (- 1)m+n 2m k 2m+2n- 3(1+6 ) k+2m l;(iur;)l] )

m=1 n=1

B3, Details of Formulas Used in Section 2.7

Saint-Venant flexural function Xi(p,g) (i=f,m). - Flexural functions

xf and Xm that satisfy the Laplace equation in the respective fiber and

matrix regions are assumed in series form as follows:

- 9
Xf(p,g) =2 akpk cos k ©
k=1,3
?
«x
X (p,0) = 2 (bkpk + b_kp-k) cos k 8
k=1,3 /

Note that in equations (B=26), coefficients with even-numbered
subscripts are zero due to the anti-symmetry condition with respect to

the T-axis.
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Relationships among fiber-region and matrix-region coefficients,

ay and bk. - In view of the displacement-continuity and the stress-

equilibrium requirements at the fiber-matrix interface, where p = 1,

a, ere related to b , on substitution of eq. (B-26) into eqs. (109 and

k
110), as follows:

a =b +b (k = 1,3,...)
lak = bk - b-k (k = 5,7,..'0)
) (B-27)
Aap =by-b ;- (- 1) (% v) /4
Ng=b -b_+ -1/ )

Equation (B.27) may be solved for ay and b_, in terms of b to yield:

k k
- N\
a, =2 b. /(1) - 1,(3+2V) /4
1 1 1
a; = 2 b3/(x+1) + x1/4
a, = 2 bk/(x+1) (k=3,5,...)
i, y ! (B-28)
b_1 = -xl [b1 + (342v) /4]
by = - [b3 + (1/4)]
b“‘k = ')\lbk (k=3,5,---)
v/
where A, is as defined in eq. (B=25),
Longitudinal thickness-shear stiffness S ~ In view of notations

55"

in eq. (100), the longitudinal thickness-shear stiffness expression, eq.

(120), may be written as
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Sos/(Ex) =4 s at-1) (n/4) + 4 5 u4/3)/e (8-29)
where
Pt = (2/3) s u® [V(s2-1) -2 62]

- D) Tmay/y + [ g™ ag an]
A

m

1

” £x"dE dm = - (nb1/4)[L12 tan = § - (n/4) +u262(6'1-%n
A

m

+ tan"'8)] + b_y[2 (b - tan™l) + km - 26/(146%)]
tan-15 m/2
+4 Jo G,(8) do + 4 f G,(8) de

-1
tan "6 , (B-30)

GI(G) = (b1/4) u4 sec29 + (b3/6)(u sec 9)6 cos @ cos 30

*S b [k#3) ™ @ sec 0 oy (1) T sec 97

k=5,7,...

+ cos @ cos k @

GZ(Q) = (b1/4) (@ 6 csc 9)4 cosze + (b3/6)015 csc 9)6 cos O cos 3 8

3

+ ) b )™ Qo ese K2 o ™t s s 0

k=5,7,... J
vcos B cos k ©

7.



APPENDIX C

EXPERIMENTAL OBSERVATION ON THE

DAMPING BEHAVIOR OF A BORON FIBER

In the damping analysis of a monofilament composite, it was found that
the loss tangent 8E11 associated with the in-plane Young's modulus is re-
lated to the volume fractions, stiffness ratio, and the loss tangents of

the constituent materials by the equation, [eq. (156)])

gEu = (A Vngf + v gEm)/(x' Ve + V)
In the case of boron-epoxy composite, the stiffness ratio A' is usually of
the order of 120; whereas the loss tangent of boron is expected to be about
one-tenth that of epoxy. The complete omission of the contribution of
the boron fibers to the damping of the composite will then lead to a com-
posite loss tangent which is unreasonably low.

Unfortunately, so far a; known to the author, no experimental data
dealing with the damping behavior of boron material alone are available
in the literature. 1in view of this, a crude exploratory experiment wes
carried out on an Avco 4.5-mil-diameter boron fiber in order to assess
reughly the order of magnitude of damping in the boron material, A boron-
fiber cantilever with a concentrated mass attached at its tip was deflected

a certain prescribed distance and then released to oscillate in the vertical
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plane, The profile of the oscillation was recorded by a 16-mm motion-picture
camera (set at 64 frames per second) until the motion of the fiber decays
and returns to its initial equilibrium position, The decaying sinusoidal
motion of the concentrated mess at the fiber tip is then reconstructed from
the frame-by-frame observation of the film, The experiment was repeated
several times with different initial deflections,

The logarithmic decrement was obtained from the displacement versus
time plots of the fiber tip (figure C-1) and then related to the loss
tangent using eq,(B-75) from Appendix B, ref, 63, Averages of several runs
were summerized as in figure €-2, where logarithmic decrements § based on the
number of cycles elapsed were calculated for three cases with initial
deflections egual to 1.5,1.0, and 0,5 inch, respectively, These curves
show clearly the amplitude dependency of the logarithmic decrement which
is attributed mainly to the air damping., In view of the air damping which
predominated, the loss tangent at small deflections, as estimated from
this experiment, is of the order of 0,02 to 0.05, which is roughly ten
times that of the estimated loss tangent for boron in vacuum (see Section
IV), Tt is concluded that, in order to assess the material damping of a
boron fiber, the experiment must be carried out in vacuum to eliminate the

effects of air damping which is both nonlinear and amplitude-dependent,



APPENDIX D
COMPUTER PROGRAM DOCUMENTATION AND LISTING

The computer program for computing the stiffnesses and the
associated loss tangents consists of one lead-in program and ten
subroutine programs,

The lead-in program is concerned with the input of the material
data, calling of each subprogram, and the output of the computed
results,

The input data consist of various pertinent material data
such as Young's modulus, shear modulus, Poisson's ratio, and their
respective loss tangents for specific frequencies as listed in Tables
V-1x,

Each subprogram is concerned with the calculation of a
specific stiffness and associated loss tangent based on tﬁé input
data. For example, subprogram COMPEll calculates the major Young's
modulus Ell and the associated loss tangent 8Eyp°

Each subprogram is designed to accomplish three functions:

1. Generation of the parameters necessary for solution,

2, Evaluation of the stiffness, and

3. Evaluation of the loss tangent.
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The program was written in FORTRAN IV language as prescribed
in IBM System Reference Library Form C-28-6274-3,
A complete listing of the computer program is presented at

the end of this report,
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TABLE I, - COMPARISON OF LONGITUDINAL IN-PLANE POISSON'S RATIO

Ef/E Longitudinal In-Plane Poisson's Ratio Vio v
n Eq. (30) Eq. (38)

120, 0.331 0.322 0.3
0.317 0.311 0.4

0.316 0.300 0.5

0.292 0.288 0.6

5.3 0.286 0.282 0.4
0.273 0.270 0.5

0.260 0.258 0.6

24.1 0.299 0.29 0.4
0.284 0.282 0.5

0.269 0.268 0.6
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TABLE II, - LONGITUDINAL FLEXURAL STIFFNESS EFFICIENCY OF
MONOFILAMENT COMPOSITES

Composite Ef/Em 6 v Ve Eq. (48) | Eq. (142)

Steel-Epoxy 74 1.00 1.11 0.636 0.616 0.608
1.00 1.06 0.708 0.683 0.677

0.95 1.11 0.673 0.683 0.677

0.90 1.11 0,707 0.755 0.750

0.95 1.06 0.746 0.755 0.750

0.93 1.16 0.743 0.730 0.725

1.00 1.00 0.785 0.755 0.750

S glass-Epoxy 24 0.85 1,38 0.482 0.578 0.542
| 0.0 | 1.23 | o.572 0.636 | 0.608

0.95 1.11 0.673 0.697 0.677

Boron-Epoxy 120 0.85 1.38 0.482 0.549 0.542
0.90 1.23 0.572 0.614 0.608

0.95 1.11 0.673 0.681 0.677

Boron-Al. 6 | 0.85 1.38 0.482 0.678 0.542
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TABLE III, - COMPARISONS OF POISSON FLEXURAL STIFFNESS FOR
COMPOSITES HAVING SQUARE TYPICAL ELEMENTS

Fiber ] 0. ]
Composite Volume ) / [D
Fract ion 12°eq. (50) 12°eq. (4)
Boron-Epoxy 0.4 0.725
0.5 ) 0.593
0.6 0.567
Glass-Epoxy 0.4 0.780
0.5 0.657
0.6 0.638
BO!‘OH‘A].. 0.4 0. 930
0.5 0.835
0.6 0.833
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TABLE IV, - COMPARISONS OF IN-PLANE LONGITUDINAL SHEAR MODULUS
AND PQUIVALENT SHEAR MODULUS AS CALCULATED FROM
THE TORSION ANALYSIS

Fiber Ratio G, /G
Composite Gf/Gm‘ volume
fraction In-Plane Equivalent in Torsion
Boron-Epoxy 135, 0.4 2.30 25,30
0.5 3.23 38.98
0.6 4,67 55.66
E Glass-Epoxy 23.4 0.4 2,16 5.04
0.5 2.84 7.34
0.6 3.80 10.13
BOI‘OH-AI. 6.7 004 1084 -2001
0.5 2,22 2,58
0.6 2,72 3.29
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FREQ

Hz

S

7.
10,
20,
50.
70.
100.
200.
500.
700.
1000.
2000,

K
1.E6 PSI
0.488E 00
0.488E 00
0.488E 00
0.488F 00
0.4BBE 00
0.488E 00
0.488E 00
C.488€ 00
0.488E 00
0.488E 00
N.488E 00
0.488E 00

TABLE VI. - ELASTIC AND DAMPING PROPERTIES OF EPOXY A

E
l.E6 PSI
0.444E 00
0.448E 00
0.452E 00
0.460€E 00
0.475F 00
0.480€ 00
0.47T5E CO
0.420E 00
0.364E 00
0.355E 00
0.348E 0N
0.340E 00

GE

PER CENT

0.160F 01
0.161E O1
0.162E 01
0.165E 01
0.173E 01
0.179E 01
0.183€ 01
0.200t O1
0.230F 01
0.252€ 01
0.263E 01
0.310€ 01

G
1.E6 PSI
0.164E 00
0.166E 00
0.167€ 00
0.171E 00
0.177E 00
0.179E 00
0.177€ 00
0.154€ 00
0.132E 00
0.128E 00
0.125€ 0Q
0.122€ 09

GG
PER CENT
0.177€ 01
0.179E 01
0.180F 01
0.184E 01
0.193E 01
0.200F Ol
0.205E 01
0.221& 01
0.250E 01
0.274€ 01
0.285E 01
0.336€ 01

RNU

0. 348E
0.346E
0. 345E
0.342F
0.337€E
0.336E
0.337E
0.356E
0.375€
0.378E
0.381E
0.383E

GNU

PER CENT
~-0.696E 00
-0.709E 00
-0.723E 00
-0.755%€ 00
~-0.830E 090
-0.873E 00
-0.878E Q0
-0.804E 00
-0.761E 00
-0.8Q06E Q0
-0.820E 09
~0.,937€ 00

ozt



FREQ

HZ

Se

10.
29%.
50.
70.
100.
200,
500.
700,
1n00.
2000.

K

1.E6 PSI

0.244F
0.244E
0. 244E
0.244E
0.244F
0.244F
0.244E
0,244E
N.244E
0.244E
D.244F
0.244E

09
00
00
00
0o
0o
00
00
00
00
00
no

TABLE VII. - ELASTIC AND DAMPING PROPERTIES OF EPOXY B

E

1.E6 PSI

0. 256E
0.290E
0.328E
0.415€
0.490€
0.500€E
0.489€
0.420€E
0.364E
D.355€
0.348E
0.340€E

00
00
00
00
00
00
00

GE

PER CENT

0.160E
Q0.161E
0.162E
0.165E
0.173E
0.1 7SE
0.183E
0.200E
0.230F
0.252€
0.263FE
0.310E

01
ot
1)
o1
o1
01
o1
o1
01
o1
o1
o1

G

1.E6 PSI

Oe965E~-

0.1l11E
0.128E
0.170E
0.210€
0.215€
0. 209E
0.173€
0.145€E
0.141E
0.137E
0.134E

01
0o
00
00
00
00
00
00
00
00
00
00

GG

PER CENT

0.181E
0.185E
0.190E
0.203E
0.222E
0.231E
0.235E
0.247E
0.275E
0.300E
0.312E
0.366E

RNU

0«325E
0.301E
0.275E
0.216E
0.165E
0.158E
0. 165E
0.213E
0.251F
0.257E
0.262E
N0.267E

GNU

PER CENY

-0.860E
~-0.105€E
-0.131E
-0.216E
-0.350E
-0.385€E
"0.2696
-0.227E
-0.237E
"'0. 2385
-0.268€

00
o1
01
01
01
01
ol
ol
o1
01
01
ot

et



FREQ

HZ

S5e

10.
20.
50.
70.
100.
200.
500.
700.
1090.
20090,

K

1.6 PSI

0.106E
0+106E
0.106E
0.106E
0.106E
0.106€
0.106E
0.106E
0.106F
0.106E
ND.106E
0.106E

02
02
02
02
02
02
02
02
02
02
02
02

TABLE VIII. - ELASTIC AND DAMPING PROPERTIES OF ALU 2224.T3

E

l.E6 PSI

0.107E
0.107E
0.107E
0.107E
0.108E
0.108E
0.108E
0.108E
0.108E
0.108E
0.108E
0.108E

02

GE

PER CENT

0.980E-01

0.121E
0.150E
0.211E
0.176E
0.142€
0.110E
0.110€

0.340E~-
0.290E~-
0.210E-

00
00
00
00
00
00
Q90
01
o1
01
ol

G

1.E6 PSI

0.402E
0.403E
0.404E
0.405E
0. 406E
0.407TE
0.407E
0.407€E
0.407E
0.407€E
0.407E
0.406E

o1
01
ot
ol
01
o1
o1
01
01
01
ol
01

GG

PER CENT

0.110E
0.136E
0.169E
0.237E
0.198E
0.160E
0.124E
0.124E

00
00
00
00
00
00
00
00

0.383E-01
0.327E-01

0.282E~-

01

0.236E-01

RNU

0.331E
0.331E
0.330E
0.330€
0.329E
0.329E
0.329E
0.329E
0.329E
0.329€
0.329E
0.329E

00
00
00
00

00
00
00
00
00
09
00

GNU

PER CENT

-0.498E~-01
~0.617E-01
-0.767TE-01
-0.108E 00
=0,907E-D1
~0.733E-01
~0.568€E~-01

—0 05686-01 »

~-0.175€E-01
-0.149E-01
-0,129E-01
-0.108E-01

et



FREQ

HZ

5.

10.
20.
50.
70.
100.
299,
500,
T00.
1000.
20NJ.

K

1.E6 PSI

0.630E
0.630E
0.630E
0.630E
0.630E
0.630F
0.630E
0.630E
2.630E
0.630E
D.630F
0.630F

o1
01
o1
o1
ol
01
01
o1
01
ol
01
21

TABLE IX. - ELASTIC AND DAMPING PROPERTIES OF E-GLASS

E

1.E6 PSI

0.107E
0.107E
0.107€E
0.108E
0.108E
0.108E
0.108E
0.108E
0.108E
0.107E
0.107€
0.105E

GE

PER CENT

0.270E
0.265€
0.260E
0.258E
0.260E
0.265E
0.310€E
0.310F
0.420E
0.480E
N.550E
N.,700E

G

1.E6 PSI

0.442E
0.443€
0.443E
O¢446E
0.447TE
0. 448E
0.448E
0.447E
0. 444E
0.443E
0.440E
0.433E

o1
o1
ol
01
o1
01
o1
0ol
ol
0ol
o1
01

GG

PER CENT

0.333E
0.327E
0.321FE
0.318E
0.321E
0.327E
0.383E
0.383E
0.518F
0.592€
0.678E
0.860E

RNU

0.215E
0. 215€E
0.214E
0.213E
0.212E
0.212E
0.212E
0.212E
0.214E
0.215E
0.216E
0. 220F

GNU

PER CENT

-0.356E
~0.351E
-0.345E
~0e346E
~-0.351E
-0.358E
~-0.419E
'0.61 7E
-0.559E
"Oo 6358
~0.888FE

€et



FREQUENCY

HFERTZ

05000E
07000C
O0«1000E
0.2000E
05000E
0«7000E
01000EC
0e2000k
0e3000E
0e7000¢:
01000
0¢2000°¢

01
01
02
02
o2
o2
03
03
03
03
04
04

TABLE X, - IN-PLANE LONGITUDINAIL YOUNG'S MODULUS AND ASSOCIATED LOSS TANGENT
FOR A BORON-ALUMINUM 2024-T3 MONOFILAMENT COMPOSITE

1IDATA

3 RMU

1.401

DELTA

1,000

V&

* x5 *¥*BORON-ALUMINUM 2024-T3%k%%x%

€11

1«€E6 PSI

042891E
0+283SE
0e62791E
062735€
0+2689E
0e2673E
0.2661€E
Qe2641€E
0.2625E
0.2621E
0.2617E
0e¢2609E

o2
02
o2
02
o2
02
02
02
02
02
02
02

GE1l1

PER CENT

0«1221E
0.1280E
0«1354E
O0«1521E
0«1456E
0e1390E
O«1335E
Oe1372E
Cel244C
0.1261cC
0.1273E
0Oe131SE

o0
00
00
co
00
00
00
00
Qo
o
00
oo

EF/EM

045252E
OeS5121EC
0.5019€E
C«4888E
0e4722E
0« 468B5E
0e¢46S7E
0e4611ECE
OeA4S74LE
0e4565C
0« 4556E
0.4537E

0« 400

o1
01
o1
o1
01
o1
01
ot
o1
ol
o1
01

EL1L1/7EM

0.2702E
0.26A49E
0.2608E
0+.25SS6E
0+.2489E
0.247SE
0+2463E
0.244SE
0«2430E
0.2426E
0.2423E
0.241S5E

01
01
o1
o1
o1
o1
o1
o1
o1
01
01
o1

el




FRIGQUENCY

HERTZ

0+3000&
0.7000E
0«1000E
0.2000L
05000
0.7000L
0«1000E
Q2000+
0.5000%=
0.7000E&
0.1000&
02000c

01
o1
o2
02
02
02
o3
03
03
03
Q4
04

TABLE X, - IN-PLANE LONGTTUDINAL YOUNG'S MODULUS AND ASSOCIATED LOSS TANGENT

IDATA

FOR A BORON-ALUMINUM 2024-T3 MONOFILAMENT COMPOSITE (CONTINUED)

4 RMU

DELTA

VF

***¥52BORON-ALUMINUM 2024-T3%& k%%

El1l

1+€£6 PSI

0e¢ 3346C
0e3276E
0«3221E
0«31S1E
0.3091E
03071E
Oe 3056E
03031E
Q0e3011E
0«3006E
0¢3001EC
0e2931E

02
02
02
o2
02
o2
02
02
02
02
02
02

GE1l1

PER CENT

0.1240E
0.128SE
0e1342E
0.1471E
0«1430E
0.1387E
O0.1355E
0+1396E
O0e.1325E
0.1348E
O«1365E
0«1415E

00
00
0o
oo
00
00
0o
00
[ ]0]
00
00
00

EF/EM

05252E
0«5121E
0+5019€
0.4888E
0.4722E
0+« 4685E
0+4657E
0.4611E
0+4574E
0+« 4565E
0. 4556€
044537¢E

0500

o1
o1
o1
o1
o1
o1
01
o1
01
o1
a1
01

E11/7EM

0.33127€E
0«3062E
0+3010E
0.2945E
0.2862E
0«2844E
0.2830E
0.2806E
0.2788E
0.2783E
02779E
0.2769€E

o1
o1
o1
01
o1
o1
o1
o1
o1
o1
01
01

Get



FREQUENCY

HERTZ

0.500U0E
0«7000E
061000
02000
0¢3000E
Qe 70001
041000
0.2000E
O e3000F
De7000E
De¢1000c
020002

o1
o1
02
02
02
o2
03
03
03
03
04
04

TABLE X, - IN-PLANE LONGITUDINAL YOUNG 'S MODULUS AND ASSOCIATED 1.0SS TANGENT
FOR A BORON-ALUMINUM 2024-T3 MONOFILAMENT COMPOSITE (CONTINUED)

IDATA

S RMU

lel144

DELTA

1000

VEF

¥k kBORON—-ALUMINUM 2024-T3%k%x%xx%

Elt

leE6 PSI

0.3801E
0«3717E
03651t
0¢3566E
0+ 3492E
O+« 3468E
0« 3450¢
O« 3420E
0+ 3396E
04 3390E
0e¢3384F
0e3372E

02
o2
o2
02
o2
o2
02
02
02
02
02
02

GE1l1l

PER

0.1255E
Oe1290E
O0.1332€
0.1432E
0.1409E
0 1385E
O.1371E
Oe¢e141SE
O«1387E
Oes1416E
Oe«1436E
0«1492E

CENT

00
00
00
00
00
o0
(+]4)
00
00
00
00
00

EF/EM

0 5252E
0«5121E
0.5019E
0. 4888€
0.4722E
0« 4685E
044657E
0.4611€E
Oe«4574E
0.4565¢
0+4556€
0.4537E

Oe¢ 600

o1
01
01
o1
o1
o1
o1
o1
o1
01
o1
o1

E11/7EM

03552E
0.3473E
0¢3412E
043333E
0¢3234E
0.3212€
03195
0.3167E
O0«314SE
03139E
Oe3134E
0.3123E

01
01
01
o1
o1
o1
01
ot
a1
01
o1
01

92t



FREGQUENCY

HERTZ

0.5000E
0.7000E
0.1000C
0.2000&
0.5000E
0«7000E
0.1000E
0«2000E
0.5000E
0e7000L
0.1000E
0+.2000E

o1
o1
02
o2
02
oz
03
03
03
03
04
04

TABLE XI. - IN-PLANE MAJOR POISSON'S RATIO AND ASSOCIATED LOSS TANGENT

IDATA

FOR A BORON-ALUMINUM 2024-T3 MONOFILAMENT COMPOSITE

3 RMU

1.401

DELTA

1000

VF

xxxx¥BORON-ALUMINUM 2024-TIi&kx%kx%x

RNU12

0.2822E
0.2850E
0.2868€E
0.2896E
0.2918E
0e2926E
0+ 2930E
0.2942E
0e2950E
02950E
0+2954E
0.2958E

00
oo
00
o0
00
00
00
00
oo
00
00
0o

GNU12

PER CENT

-0.8809E—-01
- 0e94SSE-01
—0+.1034E 00
~041238BE 00
~0.1105E 00
~0.9859E~-01
—0.8820E-01
—0.8912E-01
—0.6500E-01
-—0+6425€E-01
—0e6404E-01
—0+6445E-01

RNUF

0. 2090CE
0.2160€
02220E
0+2290E
0« 2360E
0.2380E
0.2390E
0.2420E
0e¢2440E
0¢2440E
0« 2450E
0« 2460E

0400

Qo
00
00
00
00
oo
00
00
00
00
00
00

RNUM

0«3310€E
03310E
0+3300E
03300E
03290E
043290E
04 3290E
0+3290E
03290
03290E
03290E
0.3290E

ao
00
00
(0] ¢]
oo
o0
00
00
00
00
00
oo

let



ABLE XT. - IN-PLANE MAJOR POISSON'S RATIO AND ASSOCIATED LOSS TANGENT
TAEL FOR A BORON-ALUMINUM 2024T3 MONOFILAMENT COMPOSITE (CONTINUED)

FREQUINCY

HERTZ

0.5000t
0.7000E
01000t
0«2000€
05000
0.7000L
0.1000¢
0+2000E
03000
0e7000t

Uel0O00C
02000¢

o1
01
02
02
02
02
03
03
03
03
04
04

a4 RMU

1253

DELTA

VF

* %2 XxBORON-ALUMINUM 2024-T3%%k%%x%

RNUL 2

0+2700E
0«273SE
062760E
0.279S5E
002825E
02835€E
0.2840C
Oe¢28SSF
0¢28B65SE
0« 286SE
0.2870E
02875E

00
00
oo
00
oo
o0
00
00
00
00
00
00

GNU12

PER CENT

=0 9984E-01

~0+1045E
—-0e1114E
~04128SE
-0¢1163E
-010S9E

Q0
00
(11 ¢]
00
Qo

-0.9730E-01

—0+.9844E-

o1

-0.7864E-01
~0.7843€E-01
—0.7871E-01
~0+7981E-01

RNUF

0.2090E
0 2160E
Qe 2220E
0e¢ 2290E
0.2380FE
O+ 2380E
0« 2390E
0. 2420E
0. 2440E
0.2440E
0.2450€
0. 2460E

0500

00
00
00
00
00
00
00
00
00
00
00
00

‘RNUM

043310E
03310E
0¢3300€E
03300E
0+3290E
0¢3290E
0e3290E
0¢3290E
03290E
0.3290E
0+3290E
03290E

00
o0
Qo
Q0
00
00
ao
00
o0
00
00
00

g2t



FREQUENCY

HERTZ

0«S000E
0.7000E
0+1000E
0.2000E
05000E
0.?7000E
O.1000¢C
0.2000E
0+.35000E
0«7000tL
01000
0e.2000E

01
o1
02
02
02
o2
03
03
03
03
04
04

TABLE XI, - IN-PLANE MAJOR POISSON'S RATIO AND ASSOCIATED LOSS TANGENT
FOR A BORON-ALUMINUM @)8$-T3 MONOFILAMENT COMPOSITE (CONTINUED)

LDATA S RMU 1.144 DELTA 1.000 VF 0. 600

* %Xk %x%kDORON-ALUMINUM 2024-T3**%x%x%

RNU12 GNUL2 RNUF RNUM
PER CENT

0.2578E 00 —0.1127€ 00 02090 0O 0.3310E
042620E 0O —0411S3E 00 0«2160E 0O 0¢3310E
0.2652E 00 -0.1201E 0O 0+ 2220E 00 03300E
0«2694E 0O -0.1335E 00 0. 2290E 0O 03300€
0.2732E 0O =0.1225E 0O 042360E 00 0¢3290E
0e2744E 0O ~-0.1137E 0O 02380E 0O 0.3290€E
0«2750E 00 -0.1070E 00 0.2390€ 00 0¢3290E
0.2768E 00 -01083E 00 0+2420E 00 03290E
0.2780E 0O ~0¢9309E-01 0.2440E 0O 0.+.3290E
0.2780E 00 ~0e9344E-~-01 0.2440€ 00 03290&
042786E 00 ~09423E-01 0.2450& 00 0 3290E
0e2792E 0O —09604E-01 042460E 0O 0«3290E

00
o0
00
00
00
00
00
00
o0
00
00
00

621




TABLE XII, - IN-PIANE TRANSVERSE YOQUNG'S MODULUS AND ASSOCTATED LOSS TANGENT FOR
A BORON-ALUMINUM 2024-T3 MONOFILAMENT COMPOSITE

FREQUENCY

HERTZ

0.5090E
0.7000€
0.1000E
0. 2000E
0.5000E
0.70920E
0.1090E
0.2000F
0.5000E
0. TOODE
0.1090€
D« 2000F

ol

02
02
02
02
03
03
03

04
04

IDATAR 1

€22

1.E6 PSI

0.1722E
O0«1714E
0.1705E
0.16SS5E
0.1702€
0.1698E
0. 1695E
0.1692E
0.1689E
0.1689E
0.1688E
Je1686E

02
02
02
D02
02
02
02
02
02
02
02
02

RMU#

GE 22

1.401

PER CENT

0.1028E
0.1225E
0.1472E
0. 1990E
0. 1697€
0.1415€
0.1152E
0. 1160E

00
00
00
00
00
00
00
090

0.5388E-01

0.5036E~
0.4758E~

01
01

0.4543E~01

DELTA#

RNU12

0.2863E
0.2893E
0.2912E
0.2943E
0.2967E
0.2976E
D.2981E
0.2993E
0.3001E
J+3001E
7+3005€E
0.3011E

1.000

*¥%x*xXBORON-ALUMINUM 2024-T3%tkkx%

EF/EM

0.5252€
0.5121F
0.5019E
0.4888E
0.4T722€
0.4685F
0.4657E
0.4611E
0.4574E
0.4565F
0. 4556€E
0.4537E

VF#

o1
01
o1
01
01
o1
01
1821
o1
01
01
01

0.400

E22/7EM

0.1610E
0.1602E
0.1593E
0.1584E
0.1576E
0.1572E
0.1570E
0.1566E
0.1564F
0.1564E
0.1563F
0.1561F

IKS

VOOURLOULWLWOOOoV

0€T




TABLE XIT. - IN-PIANE TRANSVERSE YOUNG'S MODULUS AND ASSOCIATED LOSS TANGENT FOR
A BORON-ALUMINUM 2024-T3 MONOFILAMENT COMPOSITE (CONTINUED)

FREQUENCY

HERTZ

0.5000E
0. TO00E
0. 1000E
0.20900E
C.59000E
0.7000E
U«1000E
0. 2000E
0.5000E
C. 7J00E
GC. 1090E
0.2000E

ol
oL
G2
02
02
02
03

03
23
Ca
04

10ATA#% 1

E22

l.E6 PSI

0«.1S78E
0.1964E
0.1952E
0.1937E
0.1941E
0.1937E
0.1933E
0.1928E
0.1923E
0.1923E
0.1927E
0.1918F

RMU#

CE22

1.253

PER CENT

C.1049E
0.1232E
Ce 1459€
C.1936E
Ce1669E
C.1413E
0.1175E
C.1187E

Ce6262E~
C.5976E~
0.5770E-
Ce5611E-~

990
00
00
09
00
00
Q90
J9
01
Q1
01
01

DELTA#

RNU12

0.2730E
0.276TE
0.,2795E
0.,2836E
0.2865E
0.2876E
0.2882E
0.2900€E
C.2909E
U.2909E
0.2923E
Je2917E

1.000

00
00
0o

00
00
00
00
oG
VIV
00
ocC

*kxxEXBORON-ALUMINUM 2024-T3%x%3%

EF/EM

0.5252E
0.5121€
0.5019E
C.4888E
0.4722E
0.4685E
C.4657E
0.4611E
0.4574E
0.4565E
0.4556E
0.4537E

VF #

ol

o1
ol
01
o1l
01l
J1
o1
01
o1
01

0.530

E22/7EM

0.1849E
0.1836E
0.1824E
0O.1811€
0.1797E€
0.1793E
0.17SCE
0.1785E
0.178lE
0.17€1E
0.1784E
0.1776E

01
o1
01
01

o1

01
01
ol
o1
o1
o1
o1

IKS

COOO0OOCLOOCOCO

et




TABLE XTI, - IN-PLANE TRANSVERSE YOUNG S MODULUS AND ASSOCTATED L0SS TANGENT FOR

A BORON-ALUMINUM 2024-T3 MONOFILAMENT C

FREGUENCY

HEPRPTZ

CeH0COE
D 7000FE
0e1000E
Ce2000F
0.5CODE
C.7CO0L
Cel1000¢H
Ce2CGCCHL
GCeSCUOOL
OCe7UCOF
T elODDF
De2C00E

01
C1l
02
02
02
o2
¢3
Co
(O3}
(€3]
C4
va

INDAT AR 1

|
\

2

leE6 PSI

Je2301E
De228CE
0.2262E
De2245E
0.2239E
Je2231E
De2224¢
VMe2219¢E
Je2211E
Je2211¢6
Je220%E
Je22C7E

Q2
02
02
02
o2
ue
02
Q<
02

Jdz
Jde

RMU# 1el164

G=22

PER CENT

Vel1070FE 0O
Ce1238FK 0O
Qe l446tE 00
Oe1882E O0C
Oel41ltE QOO0
Oel4l10F 0O
Qel1197C 00
Qel212U0 OO0
Ce7112E—-D1
DedH33E-01
OeO717{—91
JeLUBOE=~QL

RNUL 2

Qe2602E
Oe2640L
062675
0.2720E
Oe2702E
0e2770E
06273 UL
Ce2798E
Ve2811lE
Qe2311E
Ce2817
C e 28B22E

SRV
(620}
00
(0F¢)
coO
0o
63V
GO
ov
(v
(9K

.

[V

OMPOSITE (CONTINUED)

xxXRBURON-ALUMINUM 2024 -T3%% k%X

VF # Ce600
tF /7EM E22/7EM
Ve5H25H2E C1 0.2151E
0e5121E 01 0e2131L
0«5019E 01 O0«2114E
J«4888F 01 0.2098E
O0.4722E 01 0.2073E
O0e4 685 01 0.2066E
De4657E Q1 0.2060E
Oed611E O1 0+ 2055E
Jed5S574F (1 0e2048LC
JedHB65F C1 0e2047E
Jed4S556E C1 0.2046E
Oea4537E C1 0.2043E

Cc1
01
o1
Gt
o1
01
01
1
Cc1
01
G1
C1

IKS

oOCcCooO0CoOC

¢ oCco

< C

2€T



TABLE XIIT, - IN-PLANE LONGITUDINAL SHEAR MODULUS AND ASSOCIATED LOSS TANGENT FOR
A BORON-ALUMINUM 2024-T3 MONOFILAMENT COMPOSTITE

IDATA

FREGUENCY

HERTZ

0.5000E
0.7000E
0.1000L
0.2000E
0.5000c
07000E
0«1000€E
02000E
05000«
0+7000L
0«1000E
0.2000F

o1
o1
02
02
02
02
03
03
03
03
04
04

3

G66

RMU

¥k EBORON-ALUMINUM 2024-T3kk¥x*xX

1.E6 PSI1

0.7177E
0. 7143E
Oe711 3E
Oe 7073E
Oe¢ 7039E
0« 7036E
Oe 701 9E
0. 7002E
0« 69853E
Oe H98SE
0e6977E
O« 6955E

o1
o1l
ot
o1
01
o1
01
01
o1
o1
o1
01

1401

GG66

PER CENT

0.1209E
Oe1414E
O0«.1€£70E
0.2198E
0.1902E
0«1617E
0«13951€E
Oel1366E

00
00
00
(o] ¢]
Q0
00
00
c0

0e7399€-01
067097E-01

O0«.6842E~
0.6720E~

01
01

DELTA

GF/7GM

0.5771E
05583E
0.5421E
Q0.5235€
0«S074€
0.5012E
0+.4963FE
0e4914FE
0+4865FE
0.4865k
0+48B40E
0+4828E

1.000

o1
o1
o1
o1
o1l
01
o1
o1
o1
01
o1
o1

V§ 0400

G66/GM

0«1785E
Oe 1 772E .
Qs1761E
Oe 1746E
Cel1734E
Oe1729E
Oe 1l 725E
06 1720E
Oe1716E
0.1716E
Oel1714E
0.1713E

01
01
01
o1
o1
o1
01
01
o1
01
o1
o1

SHAPE

Oe 1044€E
04 1046€E
0.1047E
0«1049E
0.10S1€E
0.1052€
O« 1052¢€
0+10S3E
0410S3E
0«1053€E
0« 10S4E
0.10S4E

o1
01
o1
ol
o1
o1
01
o1
01
o1
o1
01

€et



TABLE XITI, - IN
A BORON-ALUMINUM 202

IDATA

FREGUENCY

HERTZ

05000E
Oe.7000L
0.1000E
0.2000E
0e5000r
0.7000€
0.1000L
0.2000¢
0.5000L
0.7000Lt
0.1000E
0.2000E

01
ot
o2
02
02
02
03
03
03
03
04
Oa

4

G66

RMU

*x¥x k¥ *HORON—ALUMINUM 2024-T 3%k*k%k%x

1.E6 PS1

0.8607€E
O+« 8546E
Oe B493E
O« 8425E
0+ 836S5€E
0e8354E
O« 8328E
0« 8302E
0. 8275E
0.8275€E
0 8262E
0. 8235E

o1l
01
01
01
ot
o1l
01
ot
o1
[+ }
o1
01

1.253

GG66

~PLANE LONGITUDINAL S

LT

PER CENT

O0«1244E
0«1430E
0e1663€E
0+.2145E
O« 1878E
0.1622E
Oe1384E
Oe1404E

(1 10]
00
00
00
a0
00
00
00

0.8488€~01

0.8265E-

01

08067E-01

08049E-

o1

DELTA

GF/GM

QeS771E
0.5583E
0.5421E
0«5235E
0.5074F
0.5012€E
044963E
0.4914FE
04865E
0«4865E
0«4840E
0.4828E

1000

01
01
o1
o1
01
o1
o1
ol
01
o1
01
o1

VF 0e¢S00

G66/GM

O0e2181E
0.2121E
Oe«2102E
0« 2080E
Qe 2060E
0.20S2E
0. 2046E
Qe 2040E
0.2033€
0«2033E
0«2030E
0.2028€

01
01
o1
a1
o1
01
o1
Q1
01
o1
01
o1t

HEAR MODULUS AND ASSOCTATED LOSS TANGENT FOR
3 MONOFTLAMENT COMPOSITE (CONTINUED)

SHAPE

0.1035€
0.1038E€E
0.1039E
0.1042€
0.1044E
0+.104SE
0+ 1045€E
0.1046€E
0. 1047E
0.1047E
0+1047E
0.1048E

01
o1
o1
o1
01
01
ol
o1
01
o1
01
o1

fET



TABLE XIIT. - IN-PLANE LOI

fOATA

FREGUENCY

HERTZ

0¢5000E
0.7000x
0.1000F
02000t
05000F
0. 7000C
0.1000&
02000k
0.5000E
0.7000£
0.1000€
0.2000E

o1
o1
0z
o2
02
o2
03
03
03
03
04
o4

A BORCN-ALUMINUN 2024-T3 MONOFILAMENT COMPOSITE (CONTINUED)

S RMU 1144 DELTA 1.000 VF 0. 600
*xxx¥PJORON—-ALUMINUM 2024-T3%%x%*%
G66 GG66 GF/GM G66/7GM
1.6 PSI PER CENT
O«1041E 02 O«.1284E QO 0.5771€ 01 0+2589E 01

0.2557E 01
0.2529E 01
0.2495E 01
0.2465E 01
0«24S3E 01
0.2443E 01
0e2434E O1
0s2424E 01
0.2424E 01
02419 01
0.2416€E 01

0«5583F 01
0.5421E 01
0.5235E 01
05074 01
0.5012E O1
0.4963€ 01
0.4914E 01
04865 O1
0.4865E 01
0«4840E 01
0.4828¢ 01

0.1450E QO
0«1656E QO
0.2083€ 0O
0.18S0E 00
0.1628 00
Oe1423E 0O
0+1448E 00
Q.9734E~-01
0.9601E-01
0.9469E-01
0e9567E-01

041030E 02
O« 1022E 02
0.1010E 02
O« 1001E 02
0.9983E O1
Oe 93944E 01
0e99053E 01
0« 9865E 01
0+ 9865E 01
Oe 9845SF 01
0«.9810E 01

IGTTUDINAL SHEAR MODULUS AND ASSOCIATED 1LOSS TANGENT FOR

SHAPE

0+.1026E
O« 1029E
O.1032E
0.103SE
01037E
0.1038E
O« 1039E
Oe¢1040E
Oe1041E
0«1041E
0.1041E
0.1042€E

o1
o1
o1
o1
(1 |
o1
o1
o1
o1
o1
o1
01

Gl



TABLE XIV. - LONGITUDINAL FLEXURAL STIFFNESS AND ASSOCIATED LOSS TANGENT FOR

FREGUENCY

HERTZ

0.S000E
0.7000E
0.1000E
0,2000€E
0.5000¢€
0.7CGOE
0«1000E
0.2000¢
0.5000E
0.700G0E
0.1000E
0.20G0OE

o1
01
02
02
02
02
0232
03
03
03
04
o4

A BORON-ALUMINUM 2024-T3 MONOFILAMENT COMPOSITE

3 RMU

DELTA

VF

* %%k ¥BORON—ALUMINUM 2024-T3x*%x%xx%

0o11s

1.E6 PSI

O0Oe1766E
Oe«1744E
0.1727E
0.1706E
O« 169SE
O« 1689E
Qe 1684E
Oel1676E
0e1670E
0« 1669E
0Oe1667E
Oe 1 664E

o2
02
02
02
o2
o2
o2
02
02
02
o2
02

GOo11

PER CENTY

O«1131E
0«1253E
O.1410E
O«1749E
0«1S76E
Oe1402E
0e1242€
O0«.1264E

00
Qo0
00
00
00
G0
co
00

08827E-01

0e8727E~-

01

0«8637E~-C1
0.8718€E-C1

EF/EN

Qe S252E
0e5121E
0.5019E
0« 4888E
Qe a722E
Oe 468SE
0.46S7E
Ce«4611E
0e4S74EC
Qe 4565E
044556E
0.4537E

0.400

o1
o1
a1
01
01
o1
01
ot
a1
a1
o1
ot

D11/D11M

0«16S50E
0«1630E
0e1614E
01594E
0.1569E
0.1563E
0«1559€E
01552
O0«1S546E
0.1545€E
O0e1544€E
0+1541E

o1
01
o1
o1
01
01
o1
01
o1
ot
a1
o1

9et



TABGE XIV. - LONGITUDINAL FLEXURAL, STIFFNESS AND ASSOCIATED LOSS TANGENT FOR

FRECUENCY

HERTZ

0«5000E
0.7000€E
0«1000E
0«2000E
0.5000E
O0e«7000kt
O«1000E
0.,2000¢€
065000€E
0«7000E
0«1000E
02000E

o1
o1
02
02
02
o2
03
03
03
03
o4
o4

IDATA

A BORON-ALUMINUM 2024-T3 MONOFILAMENT COMPOSITE (CONTINUED)

4 RMU

1253

DELTA

1.000

VF

¥ 3%k ¥BORON—ALUMINUM 2C24—-T3%%x%%%

D11s

1.€6 PSI

062157E
0.2124E
0.2098E
0.2064€
02041€E
0.2031E
0.2024E
02012E
02002&
02000E
Oe¢1998E
01993

o2
02
02
02
02
o2
02
02
02
02
02
02

GD11

PER CENT

0.1173E
0e126SE
OCe.1384E
Oe1644E
Gel1S21E
0¢1396E
0« 1284E
0e1313E
O0e«1047E
O«10S0E
0«1050E
Oe1074E

aQ
00
00
00
oo
00
(o]0]
ao
Cco
00
Q0
Q0

EF/EM

0eS25S2E
O0eS5121E
0«5019E
O+ 4888€
Oe 4722E
Oe 4685E
0¢465S7€
0e.4611E
0eAS74E
Oe 456SE
0+4S5S6E
0e4S37E

0.500

o1
o1
o1
o1
02
a1
o1
01
01
o1
01
o1

O11/7011M

0.2016E
0¢198SE
0¢1960E
0.1929E
0.,1890E
Ce1881E
O0.1874E
0.1863E
0.18S4E
0.1852E
0.18S0E
O e 184SE

o1
o1
01
o1
o1
o1
01
01
01
o1
o1t
o1

LT




TABLE XIV, - LONGITUDINAIL FLEXURAI, STIFFNESS AND ASSOCIATED LOSS TANGENT FOR

FREGUENCY

HERTZ

0.5000E
0.7000E
0.1000€
0+2000E
0.5000E
0.7C00E
0.1000&
0.2000E
0«S000E
0«7C00E
0.10Q0E
0.2000E

01
at
02
o2
o2
o2
03
03
03
03
Q4
04

IDATA

A BORON-ALUMINUM 2024-T3 MOMOFIIAMENT COMPOSITE (CONTINUED)

S RMU lel4s DELTA 1.000 VF 0. €00

¥ x5k %XB0ORON~ALUMINUM 2024—-T3%k%k¥%x%

D11s GD11 EF/EWm

le«E6 PSI1 PER CENT

0+5252E 01
0«S121E 01
0.S019E 01
O« 4888€E 01
04722F 01
0«468SE 01
0«4657E 01
O0«4611E 01
0+4574E 01
0+ 4565E 01
0«¢4556E& 01
0«4S37€ 01

0+.263SE 02
0.2587 02
0.2549E 02
0«2S01E 02
0+.2463E 02
0e«2449E 02
0+.2438E 02
0.2421E 02
0«2407E 02
0+.2404E 02
0e2401E 02
0e23G4E 02

0«1207€E 00
0.1276E 0O
0.1362E 0O
0.1556E QO
0.1475SE 0O
0.1392E 00
0.1320E 0O
0«13SSE 00
0«1187€ 0O
0.1200E 00
C«.1209E 0O
O«1245€ 0O

O11/7011m

02462E
0.2417E
0.2382E
0.2337E
0.2280E
042267€
0.2258E
0.2242E
0.2229€
02226E
0e2223E
0.2216E

01
o1
01
o1
o1
91
01
01
01
o1
01
o1

g€t




TABLE XV, - POISSON FLEXURAI, STIFFNESS AND ASSOCIATED LOSS TANGENT FOR
A BORON-ALUMINUM 2024-T3 MONOFILAMENT COMPOSITE

FREQUENCY

HERTZ

045000€
0.7000€
0.1000LE
0.2000E
050002
0670060
0.1000¢€
0.2000E
0e9000F
0«7000L
0.1000E
0.2000c

o1
01
o2
02
02z
o2
03
03
03
03
04
04

IDATA

3 RMU

l1¢401

DELTA

1.000

VF

***xk*¥BORON—-ALUMINUM 2024~-T3%k&k¥%

Di2s

leE6 PSI

0«4305E
0.4 322E
0e4323E
O0«4340E
0e.4381CE
0«.438SE
0e4387E
0e4394E
04399
0.4398E
0«.4401€E
044403¢c

01
o1
o1
o1
01
o1
01
o1
o1
01
01
(e §

GDt2

PER CENT

0.2139E-0Q1
0.3189E-01
0.4482E-01
07120E-01
0.5638BE-01
0¢4206E~-01
0.+.2832€E-01
02808E-01
~0.4588E-02
~0e6946E-02
—0e9127€~02
~0e1130E-01

EF/EM

0e5252¢€
0«.S5121E
0«5019E
0.4888¢&
0e4722E
0e46BSE
Ge46STE
0es4611¢%
Oe4574C
0.4565¢E
0.4556E
04537

0400

01
01
o1
01
o1
0t
o1
o1
ot
o1
ot
01

D12/012M

0.4024E
0.4039E
0+4040E
040S6€E
0.4056E
0.4061E
0.4062E
0.4069E
0.4073E
0.4073€E
0.4075€E
0.4077E

00
00
00
00
00
00
Q0
0o
oe
00
00
00

6€T



TABLE XV, - POISSON FLEXURAL STIFFMESS AND ASSOCIATED LOSS TANGENT FOR
A BORON-ALUMINUM 2024-T3 MONOFILAMENT COMPOSITE (CONTINUED)

FREQGUENCY

HERTZ

045000c 01
0«7000E O1
0.1000€& 02
02000 02
0.5000L 02
07000t 02
0.1000E 03
0.2000E 03
0.5000E 03
0«7000E 03
0.1000t 04
0.2000. 04

IDATA

4 RMU

1253

DELTA

1,000

VF

* ¥ k% XBORON—ALUMINUM 2024-T3%k®£%x

D12s

1.E6 Ps1

0.4567E 01
04594t 01
04605E 01
0+.4632E O1
0.4685t 01
064692 01
064695E 01
0.4706E 01
04713 01
0.4712E 01
0e4717E 01
O0eq4720t O1

GDO12

PER CENT

0«1212E-01
0.2375E-01
0e3777E-01
0«6S78E-01
0eSO077E-01
0e3592E-01
062146E-01
0.2117E-01

—0+1329E-01
—01586E-01
—0e1831E-01
—02077E~01

EF/EM

052S2E
0.S121E
0.5019E
0. 4888E
0e4722E
O0«4685E
064657
Oe46l11E
0e4S74E
0.4S6SE
0.4556C
0e4S37:

0500

o1
o1
01
o1
01
01
01
01
o1
o1
01
01

D12/7D12M
0.4268E 00
0¢4294E 00
0.4304E 0O
0.4329E 00
0.4338E 00
0.4344E 0O
0.4347E 0O
0.43S8E QO
0.4364E 00
0.4363E QO
0.4367E 090
0.4371E 00

o4t




IDATA 5 RMU l1el4b4 DELTA 1.000 VF 0¢ 600
**%x%*BORUN-ALUMINUM 2024~T3x%%k%%k
FREGUENCY D12s GD12 EF/EM
HERYZ 1.E6 PSI PER CENT

0.S000E O1 0+4946E O1 0.8237€-03 00S5S2S2E 01
0.7000E 01 0.4987E 01 0.1364€E-01 05121E 01
0.1000t 02 0.5011€ 01 0.2870E-01 0.5019& 01
0.2000& 02 0+.5050E 01 0.5801E-01 0.4888E 01
0.5000£ 02 0.5118E 01 0.4326E£-01 0.4722€ 01
0.7000E O2 0.5128E 01 0.2823E-01 0+.4685€ 01
0.1000E 03 0.5132C 01 Oe1334E-01 04657 01
0.2000E 03 O0e5149E 01 0+.1305E-01 0.4611£ 01
0.3000c 03 05160 01 —0.2250E-01 0«4S74E 01
O0«7000E 03 05158 01 —02522E-01 0. 4565 01
0.1000E 04 05165t 01 —02791E~-01 0.4556: 01
0.2000t 04 05170t 01 ~03059€~-01 0.4S37E 0}

S TANGENT FCR
- EXURAI, STIFFNESS AND ASSOCIATED LOS
TAPLE V. iogggﬁ-ﬁmamm 2024-T3 MONOFILAMENT COMPOSITE (CONTINUED)

D12/7D12M

Ced4622E
0+44661E
0+4683E
044720t
0¢4739E
0e4749E
0e4752E
0e4768E
0.4777E
0.4776E
O.4782E
04787

00
go
oo
Q0
0o
00
00
00
(o] o)
Q0
oo
o0

™t




TABLE XVI, - TRANSVERSE FLEXURAL STIFFNESS AND ASSOCIATED LOSS TANGENT FOR
A BORON-ALUMINUM 2024-T3 MONOFILAMENT COMPOSITE

FREGULENCY

FERTZ

0«S5CO00E
0«7CCOO0E
Q«1COQE
Ce«2C00E
0«S000LE
C«7000E
Ce«1CO0E
0«2CCGOE
0.5000€
Ce7CCOE
C«1000E
0«2000E€E

01
o1
g2
02
02
02
o3
c3
03
03
04
Oa

IDATA 1

D22s

1.E€6 PSI1

0«123SE
Oe«1230E
Oe1222€
O«121SE
0«1224E
0«.1218E
O«1217E
0«12 10E
0«1210€E
O« 1209E
0«1207E
0«.1205€

02
o2
a2
02
c2
02
o2
02
02
o2
02
02

RMU

GC22

1.401

PER CENT

O«1061E
Oe1278E
O e1SS2E
0«2125E
Cel797E
OCe«1484E
0«1192E
O«1169E

O0e4G21E~-

00
(o] 0]
o0
00
00
(0] ¢]
ocC
ocC
o1

0«4501E-01

0«4272E~
0«4039E~

o1
o1

DELTA

EF/EM

0«5252E
0«.S121E
0.S01SE
O.4E888EE
Qe4722E
O«4CEEE
OC«4€ES7E
O«4€11E
0+4S74E
Ce4SEECE
0.A4S5S5€E
0«4E37E

1.000

o1
o1
c1
a1
a1
c1
o1
a1
ot
a1
01
c1

**x2**¥B0RON-ALUMINUM 2C24-T3%x>¥%*

VF

C22/022M

Ce1150E
Ce11S2E
Ce1142E
Cel1140E
Ce1130E
Ce1128E
Ce1130E
Ce1126E
Cel124E
Cel124E
Ce1122E
Ce1120E

a1
c1
o1
o1
c1
o1
o1
a1
c1
c1
c1
c1

0.400

IKS

000000000000

r4]




TABLE XVI, - TRANSVERSE FLEXURAL STIFFNESS AND ASSOCIATED LOSS TANGENT TFOR
A BORON-ALUMINUM 2024-T3 MONOFTLAMENT COMPOSTITE (CONTTIMUED)

FReCLENCY

FEWRTZ

Ce.ECO0E
Oe?7CCOE
CelCOOF
Ce2CO0E
C«5CC0E
C«7COOCE
CelCCCE
Ca2CCOLE
CeZS0GCOE
Ce7CO0E
CelCCORE
Ce2CGOE

o1
01
oz
02
G2
02
03
03
03
(%]
04
o4

ICATA 2

D22s

le€ PSI

0«1521E
0e1512E
0« 15S03F
Oe14S0E
Oe 14 G2E
CelaB2E
Oel4E80E
Oel148B6E
0Oe1478E
Oe«1478E
O« 1480E
Oel14€8E

02
o2
02
g2
02
c2
G2
62
02
02
c2
02

RMU le

Ny

GCc22

n

PER CENT

0«1077E
O.1283F
O«.1540E
0«2Q77E
041773E
O«1481E
O0«1207E
0el1217&

(X o]
GO
oo
00
o¢
(0] 9]
ocC
00

0e£720E-01
0eS3260E-01
O0«SCE7E-01
0.4858€-01

DELTA

EF/EWM

CeS52S52E
0.S121E
OC«SC1CSE
O0+.488EE
O«4722E
O« 4EBEE
O« 4€ES57E
Oe4€11E
O0e4S74E
Ces4SECE
Ce4EEEE
O0«4S37E

1.00C VF

Cci
Ct
01
o1
o1
c1
C1
Cct
o1
Cc1
(o} §
01

*% %%k ¥ECRON—ALUNMINUN 2C24-T3 kD h*k

c22/022

Ce1420E
Ce1406E
Ce 14 04E
Ce1392E
Ce1380E
Ce1381E
Ce1380E
Cel372E
C«.1370E
Ces1370CE
Ces1373E
Ce1365E

14

o1
o1
01
ot
o1
c1
o1
C1
o1
Ct
o1
Ct

0500

I1KS

QCO0OO00000OO00QCOO0O

eHt



TABLE XVI, ~ TRANSVERSE FLEXURAI, STIFFNESS AND ASSOCIATED 10SS TANGENT FCR
A BORON-ALUMINUM 2024-T3 MONOFILAMENT COMPCSITE (CONTINUED)

FREGCLEACY

FERTZ

CeSCCOE
Ce7CCOE
Ce«1CO0E
Ce.2CCOCE
CeSCGOE
Ce7CCOQE
Cel1CCOL
Ce2C000E
CeSCCOE
Ce7CcCOL
Oel1C0O0E
C«2COOE

01
01
02
(634
c2
02
03
03
03
03
04
04

ICATA 3

D22s

1l.EE PS1I

O«1882E
O«1873E
0«1860E
0e1844E
O«183SE
Oe«1835&
0«18 324¢€
O«1830E
O« 1320E
0e1818E
O«1817E
O«1816E

02
02
o2
¢c2
o2
a2
02
02
c2
02
02
0z

RMU

Gca22

lelas

PER CENT

Oe1086E
0«1287E
0.1530E
0«2036E
Oel17S1E
0«1478E
041223E
0.1237E

00
cg¢
ocC
00
o0
oo
00
00

0«€367E-01

0+€E057E—

Q1

Q0 eS79GE-01
O0«SESSE-O1

DELTA

EF/EW

O0e5252E
OeS121E
0«SC1GE
0+.4888€E
04722E
O«4E8CE
O+4€ES7E
Ce4€E11E
O0«4574E
Qe4S6EE
0«4 4ESEE
0e¢4S37E

1«00C VF

o1
(o] §
Cc1
Ct
01
c1
01
o1
C1
a1
c1
Cl1

2% ¥BORON—ALUMINUN 2C24-TI3%k%33+%

D22/7022

Cel764E
C+17S0E
Cel1732E
Ce1729E
C.1702E
C«1700E
Ce16G1E
Ce168€E
Cel682E
Cel16E1E
C«1680E
Ce1675E

o1
c1
c1
01
C1
C1
c1
01
01
c1
o1
c1

Ce 600

IKS

0C0O0OO0O0O0OO0OO0OO00OOO

ol



TABLE XVII, - TWISTING STIFFNESS AND ASSOCTATED LOSS TANGENT FOR A BCRON-
ALUMINUM 2024-T3 MONOFILAMENT COMPOSITE

FREQUENCY

HERTZ

0.5000E
0«7000E
0.1000E
‘02000E
0.5000¢&
0«7000E
0« 1000F
0«2000E
CeS5000FC
Ce«7000E
C«1000E
042000E

01
o1
02
02
02
oz
03
03
03
03
o4
04

IDATA# 1

D66S

1l.E6 PSI

0e7387E
0e7298E
0.7189E
0.7087E
0 6995E
0.6989E
Oe7424E
0e6766E
0.6866E
0.6866F
0.6804E
066793E

01
01
01
o1
o1
01
o1
o1
01
01
01
1

RMU #

GD66

1401

PER CENT

0-,1378E
O0«1492E
Oe1641E
041976E
0«1807E
O0e«1636E
0.1477E
0e1S09E
0e1137E
Qel1136E
Oel1127E
0.1150E

00
00
00
00
00
00
00
00
00
00
00
Q0

DELTA#

GF/7GM

0eS5771E
05583¢€
0e5421E
0+5235E
05074E
0.5012E
0495 3E
O0e4914E
0 «4865E
0 «4865E
0¢4840E
0.4823E

1000

o1
01
o1
o1
01
o1
01
o1
01
01
01
01

X%k %k XkBORON-ALUMINUM 2024-T3 %k k¥xxXx

VF #

DE6/7D66M

Oe1837E
0.1811E
0«1779E
Oel17S0E
0e1723E
Oe1717E
Oe1824FE
Oel 662E
0.1687E
0e1687E
0e1672E
0.1673F

01

01
01
01
01
01
01
01
01
o1
01
o1

C.400

RTK

0+1406E
0.1406E
0+1406E
0.1406E
0«1406E
0.1406E
0+1406E
0«1406E
0-.1406E
Ce1406E
0.1406E
OCe1406E

00
GO
00
00
00
0o
00
co
00
00
00
00

OCOO0CO0O00O0OO0OO0DOO0CO0O

St



TABLE XVIT, - TWISTING STIFFNESS AND ASSOCIATED LOSS TANGENT FOR A BORON-

FREQUENCY

HERT Z

C«5000E
0.7000F
0.1000E
0.2000E
0«5000E
0.7000E
0+1000E
0«2000E
0«5000E

0«700Q0FE

0.1000CE
0«2000E

01
01
02
02
02
02
03
03
03
(0163
04
Oa

ATUMINUM 2024-T3 MONOFILAMENT COMPOSITE (CONTINUED)

LOATAH 2

D66S

l1.€E6 PSI

0e9376E
0e9197E
0.9033€
0.8844E
04 8679E
0e8740E
08S77E
048517t
QeB3467E
Je8BA46TE
Je8430F
Je83400E

o1
o1
01
01
o1
o1
01
01
01
o1
o1
01

RMU#

GD6E6

1253

PER CENT

Oe1449E
Oe1526E
O«1628E
0e¢1869E
0.1759E
Oe 164 7E
Oe 1546E
0. 1585E
0. 1353E
041367k
Cel1370E
Oeldl 3E

0o
00
00
00
00
00
00
00
00
00
o0
00

DELTA¥

GF/ GM

QeS771E
0558 3E
0eS54821E
0.5235E
05074E
0501 2E
0 ¢ 496 3E
0 e49l 4t
0« 4865E
C e4865L
Oe4840E
Ce4828E

1.000

o1
o1
01
o1
o1
o1
o1
o1
01
o1
o1
01

*% k%% BORUN—ALUMINUM 2024-T 3% &xx%

VF#

D66/D66M

0e2332E
0.2282E
0.2236F
Qe«2184F
Oe21 38K
062147E
0e2107E
0e2093FC
0.2080F
0.2080E
Qe2071E
02070FE

o1
o1
01
o1
01
o1
01
01
o1
o1
o1
01

0500

RTK

O¢1406FE
0¢1406E
0.1406E
0¢1406E
0+1406E
Oe1406E
0.1406E
0.1406E
0«.1406E
Oe1406E
Oel406E
Ce1406E

00
00
00
00
00
Qo0
co
00
00
00
oo
oo

IKS

QOO0 QOO0OD0DO0OO0OOQ

oL



TABLE XVIT. - TWISTING STIFFNESS AND ASSOC
ALUMINUM 2024-T3 MONOFILAMEN

FREQUENCY

HERTZ

05000E€
0«7000E
0«1COO0E
C«2000FE
Ce5000F
Ce7000F
Cel1000E
0e2COOF
O«3000E
C«7000F
0.1000F
02CO0F

o1
o1
02
02
02
o2
03
03
03
03
o4
o4

IDATAN 3

D66S

1.E6 PSI1

0.1178E
Ce1150E
0.1126€
0.1095E
0«.1076E
NelUHTE
0.1058€E
0.1050F
0«1042F
Q0.1042LC
O0.1038¢E
0+1034E

Q2
02
02
02
02
02
02
02
Q2
02
02
o2

RMU#

GD66

lel44

PER CENT

Cel493E
0154 7E
01620E
0+1800E
0.1728E
Oe 1653E
O« 1590C
Oel634E
Ce 14933C
V0151 7F
Oe 1S2HE
Oe1584E

00
00
00
(e1e)
00
00
00
00
00
00
00
00

DELTA#

GF/7 GM

0eS771k
0 «558 3E
0.5421E
05235E
0 .5074E
05012t
0 e 490 3L
0 «491 4E
0e48BOOBE
O e 4805SE
Ced840cL
0 e 4823E

1000

01
01
01
o1
o1
o1
01
G1
o1
cl1
o1
o1

kX kXBORON-ALUMINUM 2024-T3 %k %Xx

VF #

D66/7D66M

0.2930E
0.2853E
0.2788E
0.27CAE
0.2650L
O0e2621E
0e2600E
00.2581€
Ve2S61E
Oe2561F
02550
Qe 25406E

01
o1
01
01
01
Ot
C1
01
01
01
o1
o1

TATED LOSS TANGENT FOR A BORON-
T COMPOSITE (CONTINUED)

0600

RTK

0Oe¢1406E
Oe1406E
0.1406E
Oe1406£
0e.1406E
0e1406E
0.1406E
Oc1406E
Oel14a06f
Oo 1 406E
Oe«e1406L
O.1406E

00
00
00
o0
(s ]¢)
00
o
00
00
00
00
00

IKS

CO0OVOOOOOOOO

L



TABLE XVIII. =

FREQUENCY

HERTZ

0«S000E
0.7000E
0«1000E
0.2000E
0S000E
0«700Q0E
0+.1000E
0.2000€
0«S5000E
07000E
0«1000E
02000E

o1
o1
o2
o2
02
02
03
03
03
03
04
o4

IDATA i

GSS

1¢E6 P

0«92S4E
0.8926E
0.8928E
0.8918€E
0+ 87S3E
0«87 10€
0.8580E
0+8547E
0+8490E
084 90E
O0e8311E
0.8217E

LONGITUDINAL THICKNESS-SHEAR MODULUS AND ASSOCIATED LOSS TANGENT

FOR A BORON-ALUMINUM 2024.-T3 MONOFILAMENT COMPOSITE

S1I

o1
o1
o1
o1
01
o1
01
o1
o1
o1
o1
o1

RMU

GGSS

1401

PER CENT

Oe1542E
0«1570E
O«1612E
Cel1740E
041703k
0«16S8E
0.1623E
0«1670E
Oe 1S92E
01623E
0e1637E
O«1701E

00
00
00
oo
00
00
00
00
00
00
00
00

DELTA

GF/GM

0«S771E
055S83E
O0.5421€
0.523SE
05074E
0«S012E
04963
0+4914E
0«4865E
0.4865E
0«4840E
0e¢482EE

1000 VF

o1l
01
o1
o1
01
01
o1
01
o1
01
ot
o1

* %% *xBORON-ALUMINUM 2024—-T3x%k%x$%

GS5/GM

02302E
0.2215E
0.2210E
0«¢2202E
0e21S6E
0e2140E
0« 2108E
0.2100E
Qe 2086E
0.2086E
0.2042E
0¢2024€E

01
o1
o1
o1
o1
o1
01
o1l
o1
o1
o1
01

0400

SHAPE

0.8489E
0, 8490E
0.8491E
08492E
0+.8493E
0+ 8494E
0+8494E
0«8494E
0¢8495E
0« 849SE
0+ 849SE
0+ 8495E

00
00
00
00
00
00
00
Q0
00
00
00
00

IKS

000000 OO0OCOO0OO0

gl



TABLE XVIIT, -

FREGQUENCY

HERYZ

05000E
0.7000E
0«.1000E
0.2000E
0.5000E
0+.7000E
0.1000E
042000E
0.S000E
0.7000E
041000E
02000E

o1l
o1
02
02
o2
02
03
03
03
03
04
04

IDATA 2

GSS

LONGTITUDINAL THICKNESS-SHEAR MODULUS AND ASSOCTATED L.OSS TANGENT
FOR A BORON-ALUMINUM 2024-T3 MONOFILAMENT COMPOSITE (CONTINUED)

1E6 PS1

O0e1401E
0+1339E
0.1289E
0«1290E
0.1260E
O0e1246E
01243E
0.1239E
0«1223E
0e1222E
O0e1217E
0.1201E

02
02
02
o2
02
02
02
02
o2
o2
o2
02

RMU

GGSS

12853

PER CENT

0¢1S7TOE
O« 1584E
O0e1606E
O« 1688E
0+1678E
Oe 1664E
Oe¢165S9E
O0e¢1772E
O«1711E
Oe17S1E
Oel?771cE
Oel847E

oo
oo
00
00
00
00
00
00
00
00
00
00

DELTA

GF/GM

0«ST71E
0.5583E
0«S421E
0.5235E
045074E
0.5012E
0«4963E
0491 4E
0486SE
04486S5E
0+484A0E
0.482¢€EE

1000 VF

01
o1
01
01
o1
01
01
01
o1
01

o1

%5 %%2BORON~-ALUMINUM 2024-=-T3%%x k%%

GS5S/GM

Q¢ 348SE
03323E
0e3191E
0.318SE
0«3104E
03062E
0¢30S3E
043044E
04300SE
03002E
02990E
042958E

o1
o1
a1
o1
o1
o1
o1
o1
01
o1
01
o1

0500

SHAPE

0.8484E
0«8485E
0e¢8486€
0.8488E
0+8489E
0+8490E
0« 8490E
0+ 8490E
0e8491E
0e¢8491E
0+8491E
0eB8491E

00
00
00
00
00
00
00
00
Q0
00
00
00

iIKs

000000000000

641



TABLE XVIII, -

FREQUENCY

HERTZ

0.5000E
Ce7000E
0.1000E
0.2000E
0.5000E
0«7000E
0«1000E
0+2000E
0.S5000E
0+.7000E
0.1000E
02000E

o1
01
o2
02
02
02
03
03
03
03
o4
o4

IDATA '3

GSS

LONGITUDINAL THICKNESS-SHEAR MODULUS AND ASSOCIATED LOSS TANGENT

FOR A BORON-ALUMINUM 2024-T3 MONOFILAMENT COMPOSITE (CONTINUED)

1<E6 PSI

0e¢1616E
O0e¢1613E
OCe1612E
0«15 73E
0e¢1528E
O+« 1486E
Oe14 66E
O+ 14 65E
0«1447E
Oe¢1446E
0«14 33E
0e 14 24E

Q2
o2
02
02
02
02
02
02
02
02
02
02

RMU

GGSS

1e144

* k%% BORON-ALUMINUM

PER CENT

0.1580E
0«1589E
0«1604E
0«.1670E
0«1669E
0« 1666€E
O«1671E
O0e«1742E
0«1762E
0.1800E
0«184SE
0+1952E

00
oo
00
00
00
o0
oo
Q0
00
o0
00
00

OELTA 1000
2024-T3%%k*%%
GF/GM GSS5/GM
0«S771E 01 0+.4021E
0«SS583E 01 0.4003E
0+S421E 01t Ce3991E
0«523SE 01 0« 388SE
05074E 01 O«3764E
0.5012 01 036S2E
0.4963E 0Ot 0e3603E
0«4914E 01 0«3600E
048G5 01 0¢3SSSE
0+.486SE 01 0. 3554€E
0.484CE 01 0«3S20E
0.4828E 01 0«3S08E

VF

01
01
o1
o1
o1
01
o1
01
o1
ot
o1
o1

0600

SHAPE

0.8478E
0.8480E
0+8481E
0.8483E
0. 848SE
O0«8486E
0«8486E
0.8487E
0.8487E
0«8487E
0.8487E
0.8488E

00
00
00
00
00
00
00
00
00
00
00
00

IKS

000000000000

05T
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00
00
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3teve*C
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388v¥9°0
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3v8¥8°0

3dVHS

¥Ood INIONVI SSOT QELVIOOSSY ANV SNINIOW ¥ VAHS-SSHNMOIHI ISYIASNWIL — °XIX 3TVl
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10
o
i0
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10
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o0V
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TABLE XIX, - TRANSVERSE THICKNESS~SHEAR MODULUS AND ASSOCIATED LOSS TANGENT FOR

IDATA

FREGUENCY

FERTZ

0.5000E&
0.7000E
0.1000E
0.2000&
0.5000E
Ce7000cC
01000k
0.2000E
0+5000E
0«7000E
0.1000E
0.2000¢&

01
01
02
o2
o2
02
03
03
03
03
04
04

A BORON-ALUMINUM 2024-T3 MONOFILAMENT COMPOSITE (CONTINUED)

4

Ga4a

RMU

* ¥ %% BORON-ALUMINUM 2024-TI% %k %%k

1.E6 PSI

0e9427E
Oe 9334E
Oe 9254E
0« 9153E
0« 906€CE
Oe 904 5E
O« 9010E
Oe 8B975E
Oe H939E
Oe 89393CE
0.8921E
0. 8890¢E

o1
01
o1
01
o1
01
o1
01
01l
o1
o1
01

1253

GGaa

PER CENT

0e«2441E-01
02500E-01
0.2547€-01
0.2650E-01
0e«2638E-01
0.2651E-01
0.2686E~-01
0e2784E~-01
0.2909E-01
0.2588€E-01
0«3037E-01
0«3182E-01

DELTA

GF/GM

0«5771E
0.5583E
0.5421E
0.523S5E
0.5074E
0.5012€
0+4963E
0«4914E
0.4865¢E
0.486SE
0«.4840E
0.4828E

1.000

o1
o1
o1
01
o1
01
o1
o1
o1
o1
o1
01

VF 0500

G4a4a/GM

0«234SE
042316E
0e22G1€E
0«2260E
0e2233E
0.2222E
0e.2214E
06220SE
0.21G96E
0.2196¢&
0e2192E
0.2190K

o1
o1
o1
ot
o1
01
o1
o1
01
01
ot
01

SHAPE

0«8484E
O0«8485E
0.8486E
0.8488E
O« 8489€E
08490F
0«8490E
0.8490E
0.8491FE
0.8491FE
0.8491€E
0«8491€E

(1]4)
00
(1 ]¢]
00
00
00
Qo
oo
oo
00
(s 1)
oo

g5t



TABLE XIX, - TRANSVERSE THICKNESS-SHEAR MCDULUS AND ASSOCIATED LOSS TANGENT FOR

IDATA

FRECUENCY

FERTZ

0.5000iz
0«7000E
0.1000E
0.2C00E
05000E
0.,7000L
O«.1000K&
0.2000E
05000k
0«7000E
0.1000<
0«.?2000F

o1
o1t
02
o2
o2
02
03
03
03
Q3
0a
04

A BORON-ALUMINUM 2024-T3 MONOFIIAMENT COMPOSITE (CONTINUED)

5

Gaa

RMU

*¥kx*¥*BORON-ALUMINUM 2024-T3%¥¥%xxXx

1.6 PSI1

O0e1133E
Oe1117E€
0.1104E
0. 1088E
0+1074E
0. 1070LC
Oe 1064E
0. 1059E
0. 10S4E
O« 105S4E
0.10S1E
0.1047E

02
o2
o2
02
02
02
02
02
02
o2
02
02

lel44

GGa 4

PER CENTY

0es2329€E-01
0e¢2431E-01
0.2541E-01
042769E-C1
Oe2678E~-01
0«2616E-01
0e2S78E-01
0.2€676-C1
0.2€24E-01
0.2€85E-01
0e2722E-01
0.2846E-01

DELTA

GF/GM

0.5771E
045583E
0.S5421E
0.5235E
05074E
0.5012E
04963€
0.4914E
0<«A48€ESE
0.4365E
0.4840F
0.4828€

1.00¢C

o1
o1
01
01
o1
o1
o1
o1l
o1
o1
ol
01

VF 0.€00

Ga4a/GM

0e2817E
0e2772E
02733E
0e2686E
Qe 2645E
Oe2628¢
0e2€15E
Ce2602F
0e2589E
Oe25E9E
0.2582E
0e2572FE

o1

o1
o1
o1l
ot
01
o1
o1
01
o1
o1
01

SHAPE

0+8484€E
0.848S€E
0.8486E
0+.8488E
0.8489€
0.8490E
0 «e8490E
0.8490E
0.8491E
0 «8491E
0.8491E
0.8491E

o0
00
00
00
00
00
00
00
o0
00
(¢1¢]
00

€st



FRECUENCY

HERTZ

0e3000E
07000E
01000¢&
0.2000E
05000c
0«7000E
01000t
02000E
VeS000c.
047000
0.1000E
0.2000E

o1
01
02
02
02
02
03
03
03
03
04
04

TABLE XX, - IN-PLANE LONGITUDINAIL YOUNG'S MODULUS AND ASSOCIATED LCSS TANGENT
FOR AN E GLASS-EPOXY MONOFILAMENT COMPOSITE

IDATA

3 RMU

Ell

1401

DELTA

1000

xkkkkE GLASS—E#OXY AXxkkkk

1.E6 PSI

0e4548E
0«4550E
0«4553E
044S97E
0+4606E
0+4609E
0.4606E
0+.4573E
0+4S5S40€E
O0e4494E
0+4430E
04405E

01
o1
ot
01
o1
o1
01
o1
o1
o1
o1
o1

GEl1l

PER CENT

0 «3479E
Oe3444E
0.3410E
0.3415€E
0¢3509E
0.3603E
0.4040E
04031E
0e5104€
05767E
0.6467E
0e.8111E

00
00
00
00
00
00
00
00
oo
co
oo
00

VF

EF/EM

0e«2410E
0«2388E
062367::
0.2348E
0e2274E
0e2250E
0e2274E
0«2571E
0e2967E
0e¢3014E
06 307SE
Oe 3088E

0.400

02
02
02
02
o2
02
02
02
02
02
02
02

E11/7EM

0«1024E
0.1016E
0«1007E
0.9994E
0.9698E
0.9603E
0.9698E
0.1089E
041247€
0«1266E
0.1290E
0+1296€

02
02
02
o1
o1
o1
o1
02
02
o2
02
02

75t



FREQUENCY

HERTZ

0.5000L
0e7000E
0+.1000E
062000
0e30001
067000z
0.1000€E
020001
05000
De7000c
01000¢C
0e2G0O0:

01
01
02
Q2
02
02
03
03
03
03
04
04

TABLE XX, - IN-PLANE LONGITUDINAI, YOUNG'S MODULUS AND ASSOCIATED I,0SS TANGENT
FOR AN E GLASS~EPOXY MONOFILAMENT COMPOSITE (CONTINUED)

IDATA

4 RMU

Ell

1253

DELTA

1000

*¥¥rkkE GLASS—EPOXY A¥xk*kx

1.E6 PSI

0.5575¢€
04S577E
0«5579E
05633E
0+¢5640E
0e¢5643E
0«S640E
0.5613E
0955S8SE
0+5530E
05527E
0e5423E

01
01
01
01
o1
o1
o1
o1
o1
o1
o1
01

GE1l1l

PER CENT

03229E
03190E
0+31S1E
0.3148E
063219E
0¢3298E
0.3740E
03732E
0.4812E
0+5454E
06155
07752E

00
00
00
00
00
00
00
00
(1] 0)
(o] 0)
00
00

VF

EF/EM

0+.2410E
0+2388E
0.2367C
0+ 2348E
0e2274E
042250E
0.2274E
0.2S71E
0e2967E
O0+3014E
0.3075E
O« 3088E

0e500

02
02
o2
02
02
02
02
02
02
02
02
02

E11/7€EM

041256E
0.1245SE
0+1234E
0.1224E
0.1187€
0.1176E
0.1187E
0.1336€
0.1534E
0.1558E
0.1588E
0.159S5E

o2
02
o2
02
02
02
02
02
o2
02
02
02

get



FREQUENCY

HERTZ

065000k
0.7000LE
0+1000F
02000c
03000c
0.7000¢t
0«1000E
0.2000¢L
05000c
0« 7000E
0el100LOC
0.2000c

o1
o1
02
02
o2
02
03
03
03
03
04
04

TABLE XX, - IN-PLANE LONGITUDINAI, YOUNG'S MCDULUS AND ASSOCTATED LO0OSS TANGENT
FOR AN E GLASS~EPOXY MONOFILAMENT COMPOSITE (CONTINUED)

1OATA

S RMU

Ell

lel4a

DELTA

1000

X% %C GLASS—EPOXY Afkk%xx%

1eE6 PSI

0«6599E
0+6600E
0.6602E
0.6665€
0.6671E
0.6673E
O0.6671E
0.6649E
0.6627E
0+6563E
0.6560E
0.6437E

o1
01
o1
o1
o1
o1
o1
o1
o1
o1
o1
o1

GE1ll

PER CENT

0+30S8E
0+301SE
0.2972E
0.2964E
03019E
0.3089E
03533
0+3527€
0.4613E
0e5241E
0+5941E
0.7507E

00
Qo
Q0
Qo
00
00
00
¢o
oo
00
00
{e14]

VF

EF/EM

0« 2410E
0.2388E
02367E
0e02348¢
0e2274E
02250k
0e.2274FE
0e2571E
0e62967E
Oe 3014FE
06 3075E
O« 3088E

0600

02
02
02
02
o2
o2
02
02
02
02
02
02

E11/7EM

0«1486E
O+1473E
0.1461€
0¢1449E
0.1404E
0.1390E
0.140AE
0¢1S5S83E
0.1821E
0.1849E
Ce«1885E
0.1893E

o2
o2
02
o2
o2
02
02
02
02
02
02
02

951



FRECUENCY

HERTZ

05000E
067000k
01000t
0.2000€E
0s5000L
0e7000¢
0.1000CLE
0e2000E
0e5000¢:
0.7000L
O0«1000E
02000142

o1l
01
02
02
02
02
03
03
03
03
04
04

TABLE XXI. - IN-PLANE MAJOR POISSON'S RATIO AND ASSOCTATED LOSS TANGENT FOR
AN E GIASS-EPOXY MONOFILAMENT COMPCSITE

1DATA 3 RMU 1401 DELTA 1000 VF 0.400
*¥*¥kk*E GLASS—-EPOXY ASXk%k%
RNU1 2 GNU12 RNUF RNUM
PER CENT

0«2948E 00 —0e5968E 00 0.21S0E 00 0 +3480E
0.2936E 00 —06041E 0O 0.215S0€ 00 0+3460E
02926E 00 ~0.6124E 00 0«.2140E 0O 0+34S0E
0«2904E 0O =0+.6350E 0O 0.2130E 0O 0¢3420E
0.2870E 00 =0+6884E 00 0.2120E OO 03370E
0.2864E 00 —047205E 00 0.2120E 0O G«3360E
0«2870E 00 -0e7423E 0O 0.2120F 00 0.3370E
0.2984E 0O -0.6940E 0O 0.2120E OO 0«3560E
0«3106E OO -047053E 0O 0.2140E 0O 037S0E
0«3128E 0O —0.7S90E 00 Ce2150E 0O 0.3780E
031S0E 0O —0e7926E 00 0.2160E 00 0.3810E
0+3178E o©O =0.9234E 0O 02200E 00 043830E

00
00
00
00
g0
00
00
00
00
00
00
o0

45T




FRECUENCY

HFEFRTZ

05000E
O0e7000E
QOel0005
0.2000c
03000t
0.7000&
0.1000E
0.2000k
0e353000E
0670004
01000k
0e2000:

o1
o1
02
02
02
02
03
03
03
03
04

TABLE XXT. - IN-PLANE MAJOR POISSON'S RATIO AND ASSOCIATED LOSS TANGENT FOR
AN E GIASS-EPOXY MONOFILAMENT COMPCSITE ( CONTINUED)

IDATA

04

4 RMU

RNU12

0.2815E
0.280SE
0e2795E
02775E
02745E
0.2740E
0274SE
0.2840C
0e¢2945E
06 2965E
0.2985E
03015E

1253

DELTA

1.000

*¥%%k%kE GLASS-EPOXY A®x:x%x&x

00
00
00
00
00
00
00
00
00
oo
00
oo

GNU12

PER CENT

—0e5661E
-0eS717E
~05782E
- 0e5979E
—0.6449E
—06736E

~0e7006E
—0e6595E
~0e6876E
—0e7440E
—07838E
—0e9191E

co
00
Qo
00
00
Qo
go
o0
0o
00
00
00

VF

RNUF

0«21S0E
021S5S0E
0.2140E
0.2130E
0.2120E
0.2120E
0.2120E
0.2120E
Oe 2140FE
02150E
0e2160€E
0.2200€&

06500

00
00
00
00
00
00
0o
00
00
00
00
00

RNUM

0«3480E
0.3460E
0+34S50€E
0.3420€
03370E
0¢3360E
03370E
03S60€E
0¢37S0E
0¢3780E
0.3810E
03830E

00
00
00
oo
00
00
00
00
00
00
00
00

85T



FREQUENCY

HERTZ

035000 O1f
0.7000E 01

TABLE XXTI, - IN-PLANE MAJOR POISSON'S RATIO AND ASSOCIATED LGSS TANGENT FOR
AN E GIASS-EPOXY MONOFILAMENT COMPOSITE (CONTINUED)

IDATA

0«1000& 02

0.2000& 02

0«3000E 02
0«7000& 02
01000 03
02000 03
03000 03
07000t 03
04.1000E O4

0.2000E 04

S RMU

RNU12

042682€E
042674E
0+2664E
0+2646E
0+2620E
0+2616E
0¢2620E
0.2696E
0«278BA4E
0+.2802E
0.2820E
0+2852E

lel44

DELTA

1000

*¥kxk%kE GLASS-EPOXY Akkkkxk

00
00
00
00
00
00
oo
oo
00
00
0o
(1

GNU12

PER CENT

—05324E
—05362E
=0.5408E
= 05574E
—05974E
-0.6225E
—0.6551€
~0.6214€
- 06678E
-0.7273E
-0.7740E
=0.9143E

00
00
00
00
co
00
0o
00
00
00
00
00

VF

RNUF

0.21S0E
0.2150€E
0.2140E
0.2130E
0.2120E
0.2120E
0.2120E
0.2120E
O« 2140E
0+2150€
0.2160€E
0.2200E

0600

00
00
00
00
00
00
00
00
00
oo
00
00

RNUM

0+3480E
0+3460E
0.34S0E
0.3420E
0+3370E
0.3360E
0.3370€E
0.3S60E
0.37SO0E
0.3780E
0.3810E
0+3830E

00
00
o0
oo
oo
00
00
00
00
00
00
ago

65T



TABLE XXII. - IN-PIANE TRANSVERSE YOUNG'S MODULUS AND ASSOCIATED LOSS TANGENT FOR
AN E GLASS-EPOXY MONOFTLAMENT COMPOSITE

1DATA# 1 RMU#  1.401 DELTA# 1.000 VF# 0.400
*%kkhkE GLASS-EPOXY A**kk*
FREQUENCY €22 GE22 RNU12 EF/EM E22/EM IKS
HERTZ 1.E6 PSI PER CENT
0.5000E 01 0.8450E 00 0.1550€E 01 0.2994E 00 0.2410E 02 0.1903E 01 0
Q. TOO0E 91 0.8508E 00 0.1559€ 01 0.2981€ 00 0.2388E 02 0.1899E 01 0
0.1000E 02 0.8584E 00 0.1568E 01 0.2971E 00 0.2367E 02 0.1899E 01 0
0.2000E 02 0.8710E QO 0.1597E 01 0.2947E 00 0.2348E 02 0.1894E 01 0
0.5900E 02 0.8958E 30 0.1672E 01 2.2910E 00 0.2274E 02 0.1886E 01 0
D0.T00DF 02 0.9045E 00 0.1730E 01 D¢2904E 00 0.2250E 02 0.1884E 01 0
0.1000E 93 0.8962E 00 0.1770E 01 0.2911E 00 0,2274E 02 0.1887E 01 0
0.2903E 03 0.8059E 00 0.1940E O1 0.3933E 00 0.2571E 02 0.1919E€ 01 0
0.5909E 03 2«T106E 20 0.2241F O1 0.3167E 00 0.2967E 02 0.1952E 01 0
04 TOJ0E 93 0.6951F 00 0.2457E 01 0.3193E 929 0.3014E€ 02 0.1958E 01 0
0.1029€ 24 J.6831F 00 0.2567F 01 0.3215E 00 0.3075€ 02 0.1963E 01 0
062990F N4 J«6690E 920 N+3028E 01 9.3248€ 00 0.3088E 02 0.1968E 01 0

091



TAB%E XXITI, - IN-PLANE TRANSVERSE YOUNG'S MODULUS AND ASSOCIATED LOSS TANGENT FOR
AN E GLASS-EPOXY MONOFILAMENT COMPOSITE (CONTINUED)

IDATA4 1 RMU# 1.253 DELTA# 1.000 VFE# 0.500
*kkkkE GLASS—-EPOXY Axkdckk
FREQUENCY €22 GE22 RNU12 EF/EM E22/EM IKS
HERTZ 1.66 PSI PER CENT
0.5000E 01 0.1019E 01 0. 1522E 01 0.2844E 00 0.2410E 02 0.2295E 01 0
0.7000E€ 01 0.1028E 01 0.1531E 01 0.2837€ 00 0.2388E 02 0.228%5E 01 0
0. 1OQOE Q2 0.1037€E 01 C.1539E 01 0.2827E 00 0.2367E 02 0.2295E 01 0
0.2000E Q2 0.1052€ 01 C.1567E 01 0.2805E 0C 0.2348E 02 0.2287E 01 0
0.5000€E 02 0.1080E 01 0.1640E 01 0.2770E 00 0.2274E 02 0.2273E 01 0
C. 70008 Q2 0.10S1E 01 C. 1695E 01 0.2767€ 00 0.2250E 02 0.2274E 01 0
0.1000E 03 0.1082E 01 Ce1737E 01 0.2774E 00 0.2274E 02 0.2278E 01 0
0.2000E 03 0.9763E 00 0.1906E 01 0.2877€ 00 0.2571E 02 0.2324E 01 0
0.5000€ 03 0.8632€ 00 C.2206E 01 0.2989E 00 0.2967E 02 0.2371E 01 0
0s7J3JVE I3 0.8420E 00 G.2421E 01 03006E 00 0.3014E Q2 0.2372E 01 0
C. 1000E C4 0.8209E 00 C.2532E 01 U«3015€E 00 0.3075€ 02 0.2359E 01 J
0.2090E 04 0.8117E 0O C.2986E 01 0.3064E 00 0.3088E 02 0.2387E 01 0

9T



FREGQUEN

HLRTZ

CeSCO0E
Ge70CAOE
C«.1000E
0.2C0O0E
0«5V0OVE
Qe7CCOE
Q.1000F
De2N0IF
Na5C00¢L
Qe 7CC:TE
CelCODE
Ce2000F

TABLE XXII. - IN
AN E GIASS-EPOXY MONOFILAMENT COMPOS

cy

Cl
g1
¢c2
2
oz
02
C3
03
63
03
Oaq
v4é

IDATAX 1

22

—-PLANE TRANSVERSE YOUNG'S MODULUS AND ASSOCIATED LCSS TANGENT FOR

l.£6 PSI

Jel265C
0.1281¢t
0.1289E
De1296E
Ne1345E
De1350E
Vel 345E
Del1215L
De1078E
JelDOOE
JelD4G1llE
DelI1I7E

Q1
al
01
o1
o1
o1
o1
01
o1
01
o1
91

RMU#

ok R E

GE22

1el4a

GLASS-EPOXY Ax%kx¥k¥k

PER CENT

Oe 1492E
0 e1499F
0.1508E
0.1536E
0.1604F
Oe1659E
O«.1701F
O+ 1369F
Oe2109t
Oe2381E
0« 2489E
Je2940F

o1
o1
ot
o1
J1
01
01
o1
01
01
01
01

DELTA#

RNU1 2

0«2698E
0 «26995E
0.2680E
0 «268B6E
0.2639E
Ce2637E
0 « 264 2E
De2722E
0e2822€E
0e2842E
02865t
02897t

1000

o
vo
00
00
(03 ¢)
00
cce
co
00
ov
co
(O V)

EF/7EM

0«2410E
02388E
0.2367E
0.2348E
0.2274E
02250F
Q0«2274€
0e2S571E
0e2967E
03014E
0,3075E
0.3088E

ITE (CONTINUED)

VF #

02
02
02
02
02
02
02
c2
o2
c2
02
o2

0.600

E22/7EM

0.2850E
0.2859E
0.2851E
Oe2817E
0.2832E
0.2825E
0.2833E
0.2894E
0.2963¢t
0.2975E
0.2992€E
0.2992E

01
ot
o1
o1
01
o1
o1
o1
01
(08 }
o1
01

IKS

COO0CO0OCOO00O0O00OO

29t



TABLE XXITI. - IN-PLANE LONGITUDINAIL, SHEAR MODULUS AND ASSOCIATED LCSS TANGENT FOR

IDATA

FRE QUENCY

HERTZ

0SO000E
0«7000&
0.1000E
02000E
05000E
Qe7000L
01000&
02000E
0.S000E
0e7000E
0+1000E
02000

o1
01
02
02
02
02
03
03
03
03
04
04

AN E GLASS-EPOXY MOMNOFILAMENT COMPOSITE

3

G66

RMU

1 «E6 PSI

Oe 3S79E
Oe 3621E
Oe¢ 364 1E
Oe 3724E
Oe 384 6E
Oe 3887E
Oe¢ 384 7E
Oe 3376E
Oe 291 8E
Oe 2834E
0. 2770E
06 2704CE

00
oo
(0] 4]
00
oo
00
00
00
oo
00
oo
0o

1.401

GG66

PER CENT

0«1678E
0e169SE
0.1704E
0«1740E
O.1821€
0« 188SE
0.1937
0.2101E
0.2396E
02630E
Q0e2741E
0«3235€

o1
o1
o1
o1
o1
o1
o1
01
o1
o1
a1
o1

DELTA

GF /GM

0.269SE
0.2669E
026S3E
0.2608E
0.2525€E
0.2S03E
0.2531E
0.2903€
0e3364E
0.3461€
0.3520F
0+ 3549E

1.000

kkkkk€E GLASS—-EPOXY AXxXkkkx%k

02
02
02
02
02
02
02
02
02
02
o2
02

VF 0.400

G66/GM

0.2182E
0«2181E
0.2180E
0.2178E
0e2173E
0.2172E
0.2173E
0.2192E
0.2211E
0.2214E
02216E
0.2217E

o1
o1
o1
o1
o1
01
o1
o1l
o1
01
01
o1

SHAPRE

0.1053E
0+10S2E
0.1052€
0.1050E
0«1047E
0.1047E
0.1047E
0.10S6E
0+.106SE
0.1066E
0+.1068E
0.1070€

o1
01
01
o1
o1
o1
o1
01
01
01
01
o1

€91



TABLE XXIITI, - IN-PLANE LONGTTUDINAL SHEAR MODULUS AND ASSOCIATED LOSS TANGENT FOR
AN E GLASS-EPOXY MONOFILAMENT COMPOSITE (CONTINUED)

IDATA

FREGUENCY

HERTZ

05000€E
0.7000¢
01000E
0+2000L
0«.5000F
07000E
Oe1000E
02000F
065000¢x
0-7000¢C.
01000t
0e2000E

ot
o1
02
02
o2
02
03
Gc3
03
03
04
04

4

G66

RMU

1.E6 PSI

0+ 4709E
0. 4763E
O« 4789E
O+« 4896€E
Oe¢ SO0S3E
0. S1006E
0¢5054€E
0+ 4450E
O+ 3858E
O« 3749E
Oe 366S5E
Oe 3580E

00
00
00
oo
00
00
00
00
00
00
o0
00

1.253

GG66

PER CENT

0+1643E
0«1660FE
0.1668E
0«1702E
0+.1780€E
O0«1843E
0.1895E
0.20959E
0.23S7E
0.2589E
0«2700E
Oe3188E

o1
o1
o1
01
o1
ol
01
o1
01
01
ot
01

DELTA

GF/GM

02695€
0.2669CE
0.2653E
0.2608E
0.2525€
02503€E
0.2531E
0.2903F
0+ 3364E
0+.3461FE
03520E
0«3549E

1.000

*xkkkkE GLASS-EPOXY AxkkEk

oz
02
02
02
02
02
02
02
02
02
02
o2

VF O«S5S00

G66/7GM

0.2872E
0« 2869E
0.2868E
0«2863E
0+ 285SE
02852
0.285S€
0e2890E
0e2923E
0.2929FE
0.29332E
062S354E

01
01
01
o1
o1
ot
o1
01
o1
o1
(0]
o1

SHAPE

0«1043E
0+.1043E
0.1042E
0«1040E
0« 1038E
0.1038E
0.1038E
0.104SE
0«10S3E
0.1054€E
0.1056E
0.1058E

01
01
o1l
o1
o1
ot
01
o1
01
01
01
01

9t




TABLE XXITI, - IN-PIANE LONGITUDINAL SHEAR MODULUS AND ASSOCIATED LOSS TANGENT FOR
AN E GLASS-EPOXY MONOFILAMENT COMPOSITE (CONTINUED)

IDATA

FREQUENCY

HERTZ

05000t
0.7000L
0.1000E
0.2000E
05000&
07000E
O« 1000E
02000F
0.5000E
07000t
0e 2000t

o1
01
02
02
02
02
03
03
03
03
04
04

5

G66

RMU

1 .E6 PS1

0. 6344E€
0. 6414E
Oe 644 8E
Oe 6589E
0.6792E
0. 6861E
0. 6794E
Oe 6009E
Oe S232E
0.5087E
0. 4976E
0. 4860FE

00
00
(114]
00
00
00
oo
00
00
00
0G
00

1.144

GG66

PER CENT

Oe1597€
0e1613E
0« 1620E
Oe16S2E
Oe1726E
O«1786E
O« 1839€E
0«2004E
0.2304€E
0e25323E
0.2643E
Ce3124E

o1
o1
o1
o1
01
01
o1
o1
01
o1
a1
01

DELTA

GF/GM

0.2695€
02669E
0.2653E
0.2608E
0.2525€
0+2503E
0.2531E
042903E
Oe3364€E
0.3461F%
0+ 3520E
0e3549E

1.000

k¥ kR¥E GLASS-EPOXY A*xkkkik

02
o2
02
o2
02
02
02
02
o2
02
Q2
02

VF 0. 600

G66/GM

0.3868E
O0e«3864E
0.3861E
0+3853E
0«3838E
0.3833E
0e3839€
0.3902E
00 3963C
O0e+3374E
0.3381E
00 3384C

ol
01
01
01
o1
o1

o1

o1
0%
o1
o1
01

SHAPE

C«1034E
0.1033E
0.1032E
0.1031E
0+1029E
0.1029E
0.1029€
0.1035E
0.1041E
0«1042E
0.1044E
0.1046E

o1
o1
o1
01
o1
o1
01
01
ol
o1
01
(¢

691



TABLE XXIV, - LONGITUDINAL FLEXURAIL STIFFNESS AND ASSOCTIATED LOSS TANGENT FOR

FRECULENCY

HERTZ

0.5000E
0«.7000E
01000E
0.2000E
0«S00C0E
0«7000E
Q«1000KE
0«2000E
0.5000E
07CCOE
01060LE
0.2C00CE

01
01
o2
o2
02
02
02
03
03
03
04
04

IDATA

AN E GLASS-EPOXY MONOFILAMENT COMPOSITE

3 RMU

D11S

*¥%kEk%kE GLASS—EPOXY A%xkk%x%

1.E6 PS1

0.2012E
0+2015E
0.2019E
0.2041E
0.20S4E
0.2058E
0«2054E
02007E
0.1960E
0.1937E
C+1931E
0.1893E

ol
o1
o1
o1
o1
o1
o1
o1
ot
01
ol
o1

DELTA

GD11}

PER CENTY

0«5186E
0.5183E
0eS179E
0.5238€E
0.5480E
045663E
0.6078E
0.6096€E
C.7158E
0«7968E
0 .8676E
0.106SE

00
Qo
00
00
(1] ]
00
co
00
00
o¢C
co
C1

VF

EF/EM

O« 2410E€
0.2388E
0.2367E
0.2348E
0.2274E
0+ 2250E
0.2274E
0.2571€E
0e2967E
0.3014€
06 3075¢
O.3C88E

0.400

02
02
02
02
02
02
02
02
o2
G2
o2
02

O11/011M

0.4532E
0.4499E
0«4467E
0.4437E
0.4323E
0.4287E
0+4323E
0«4779E
05384E
0.5456€
0.5548€
0 «S5569E

01
o1
o1
01
o1
o1
01
o1
Q1
ot
o1
o1l

991



TABLE XXTIV, - LONGITUDINAL FLEXURAL STIFFNESS AND ASSOCYATED LOSS TANGENT FOR
AN E GLASS-EPOXY MONOFILAMENT COMPOSITE (CONTINUED)

FRECLENCY

HERTZ

0«500Q0E
07000E
0.1000E&
0.2000E
0.5000E
07000E
0.1000€E
0.2000E
0.5000E
0.7000E
0.1000€
0«2000€

ot
o1
02
02
02
02
03
03
03
03
04
04

IDATA

4 RMU

Cits

1.2S3

DELTA

1000

**k%k%kE GLASS—EPOXY Akx*xkk

1.€6 PS1

0 «289SE
0«2898E
02901E
0e2931E
062942E
0e2946E
0¢2942E
02901E
Oe2858EF
0.2827¢C
00.2822E
Qe276BE

o1
o1
o1
01
o1
01
o1
ol
o1
01
o1
o1

GD11

PER CENT

0+.4252€E
0ea232E
0.4213€E
0«4243E
0.4406E
0«4S41E
0.4967E
0.4962E
0.€022E
0.6749E
0e74S2E
0«9244E

(e]s)
co
00
00
00
go
0o
(V1)
(/]1]
00
00
0¢

VF

EF/ENM

0¢2410E
O0e.2388E
0e2367E
0« 2348E
O0e 2274E
0.2250E
02274FE
0e2571E
06 2367E
O0s3014C
Oe 3075E
0. 3088FC

0« 500

02
o2
02
02
g2
g2
02
02
02
0z
oz
a2

D11/D011 M

0.6520E
0 «6469E
0C«6418E
06372E
0«e6194E
0«6138E
0+6194E
0.6906E
0.7851E
0e7964&E
0«.8109&
Oe8141E

ot
o1
o1
o1
o1
o1
ot
01
ol
ot
01
01

L9t



TABLE XXIV, - LONGITUDINAL FLEXURAL STIFFNESS AND ASSOCIATED 1.0SS TANGENT FOR
AN E GLASS~EPOXY MONOFIIAMENT COMPOSITE (CONTINUED)

FREGUENCY

HERTZ

0S000E
0«7000E
0+1000E
0+2000E
05000E
0.7C0O0OE
0+10COE
0.2000E
0.5S000E
07000E
0.1000E
0+2000E

01
01
02
o2
02
02
03
03
03
03
04
04

IDAYA

S RMU

C11s

1el144

DELTA

*%%k%kE GLASS-EPOXY

1.E6 PSI

03971E
03974E
O e 3976E
0.4016€
0+ 4026E
0+4029E
0«4026E
Oe¢ 3990E
06 3953E
0e¢3913€
0¢3908C
Oe3834E

.01

01
o1
o1
01
01
o1
01
01
01
o1
01

GD11

PER CENT

0.3676E

0364S5E
0e3614E
0¢3626E
0e3738E
0 «3842E
064277E
0.4267E
0 «£336E
0e6014AE
0e671SE
0¢8396E

€0

ao
00
Qo
Q0
ao
00
co
co
00
0o
oo

1.000

Ak Kk Xk

VF

EF/EM

0¢2410E

0« 2388E
0.2367E
0.2348FE
0e2274E
022S0E
0.2274€
0.2571E
02967E
Oe3014E
0«3075E
Oe 3C88E

0.600

02
02
02
02
02
02
02
02
02
02
02
02

O11/011M

0.8944E
08870E
0.8797E
0«8731E
0.8476E
0«8394E
0.8476E
09S00E
0«1086E
O0.1102E
Oe1123E
0.1128E

ot

o1
o1
ol
o1
o1
o1
o1
o2
02
02
02

891



TABLE XXV, - POISSON FLEXURAL STIFFNESS AND ASSOCIATED 1LOSS TANGENT FOR

FREQUENCY

HERTZ

0.5000E
0+7000E
0.1000E
0.2000L
0.5000E
0.7000E
0.1000&
0.2000L
0.5000E
0.7000E
0.1000E
0.2000E

o1
o1
02
o2
02
o2
03
03
03
03
04
Ca

AN E GLASS~EPOXY MONOFILAMENT COMPCSITE

3 RMU

D12S

DELTA

1.000

*E$%4E GLASS-EPOXY ARk%&%

1E6 PS1

O« 1964E
01970E
Oe¢ 1980E
0¢1996E
02029E
0+2044E
02029¢€
0¢1899¢E
Oe1742E
O«1715E
0¢1697E
0e1672E

00
00
00
00
00
00
00
00
00
00
00
00

GD12

PER CENT

0.8239E
0.8229E
0.8199E
0.8195E
0+8264E
0«8424E
0.8672E
041093E
0.1400E
0«1557E
0+1637€E
0«19SSE

00
Qo
00
00
00
00
Qo0
a1
o1
o1
o1
01

VF

EF/7EM

0+2410E
0.2388€C
0«2367E
0+2348E
0.2274E
0.2250E
0+2274E
0+2571E
062967E
0+43014E
0«307SE
0+3088E

0. 400

02
o2
02
02

02
o2
02
02
02
02
02

Dl12/70D12Mm

0+4424E
0«4397E
O0«4381E
0«4339E
044271E
0.42S7TE
0+4271E
0«4521E
O«478B7E
0.4831E
0«4876E
0.4917E

00
00
00
o0
00
00
00
00
go
00
00
00

691



TABLE XXV, - POISSON FLEXURAL STIFFNESS AND ASSOCIATED LOSS TANGENT FOR
AN E GLASS-EPOXY MONOFILAMENT COMPOSITE (CONTINUED)

FREGQUENCY

HERTZ

05000
0+7000E
0.1000E
0.2000E
0.5000E
0.7000E
0.1000E
0.2000E
045000k
0.7000E
0.1000€E
0.2000L

o1
o1t
02
02
o2
02
03
03
03
03
04
04

IDATA

4 RMU

D12s

1253

DELTA

1000

EEKkEEE GLASS—EPOXY ASkr&s

1.E6 PSI

0.2157€E
0.2165E
0.2176E
04219SE
0.2233€
0422S50E
0.2233€
0.2078E
0.1897E
0.1866E
0.1845E
0.1820E

00
00
00
00
00
00
oo
00
00
00
00
00

GD12

PER

.0«8698E

08704E
0.8694E
0.8722E
0+8864E
0906SE
09263€
O«1146E
0+1438E
0+1595E
0.1670E
0.1986E

CZNT

00
00
00
00
00
00
00
01
01
01
01
0t

VF

EF/EM

0.2410E
0.2388E
042367E
0«2348E
0.2274E
0.22S0E
0e2274E
0e2571C
0e2967C
0¢3014E
0e3075E
O« 3088¢&

0500

02
02
02
o2
02
02
02
o2
02
o2
02
02

D12/7D12M

04858E
0.4833€E
O.4814E
0«4T771E
0«4701E
0.4688E
0.4701E
0+4947€
0.5211E
0«5257E
0«S303E
0.5352E

00
00
Qo
a0
00
ao
00
o0
00
00
00
g0

041




TABLE XXV, - POISSON FLEXURAL STIFFNESS AND ASSOCIATED LOSS TANGENT FOR

FREQUENCY

HERTZ

05000E
0«7000E
01000€&
0.2000L
0+5000E
0«7000E
0.1000E
0.2000L
05000E
0«7000L
0+1000E
02000E

01
o1
o2
02
02
o2
03
03
03
03
04
04

IDATA

AN E GLASS5~EPOXY MONOFILAMENT COMPOSITE (CONTINUED)

S RMU

D12S

lel144

DELTA

1000

*kkk%kE GLASS—EPOXY AXkk%kXk

1.E6 PSI1

0.2470E
0.2481E
0e2493E
0+42S516E
0+2563E
0.2583E
02563
02370F
02154E
0.2118E
0.2093E
0«2067E

00
00
oo
00
00
00
00
00

.00

00
00
00

GD12

PER CENT

09097E
0.9121E
0e9132E
0¢9194E
0e9411E
0¢9653E
0.9793E
0«1192E
0«1466E
0¢1620E
0.1688E
02000E

oo
oo
00
ao
oo
00
00
o1
01
o1
o1
o1

VF

EF/EM

0.2410E
0«2388E
0e2367E
O« 2348E
0.2274E
0.2250E
0. 2274E
0.2571E€
0e2967E
0«3014E
04 3075E
0.3088¢L

0« 600

02
02
o2
02
02
o2
02
02
02
o2
02
02

D12/7D12M

0SS64E
0.5539E
05516E
0+5470E
0.5395E
0.5381E
0.5395€E
0.5643E
0.5917E
05966E
0.6015E
0.6080E

0o
00
00
o
g0
ao
00
00
00
o0
00
(¢ R¢)

1748




TABLE XXVI, - TRANSVERSE FLEXURAL STIFFNESS AND ASSOCIATED LOSS TANGENT FOR
AN E GLASS-EPOXY MONOFILAMENT COMPOSITE

FREGU=NCY

FERTZ

0«SCQOE
C«7CQ0E
C«1C00E
0.2C00E
0eSCO0E
Ce7CCOE
Ces1CCOE
C.2C00E

«ZC00LE
Ce7CCOL
CelCCGE
C«2CCOE

ol
o1
02
02
02
02
03
03
03
03
04
o4

IDATA 1

D22s

1.E6 PSI

0SS0 70E
0.85100E
0«S150E
0+5251E
0eS370E
OS54 3CE
0«S370E
0.4840E
042 7QE
044172E
Oe4al1COE
0.4020E

[e]¢)
[o]¢
00
oo
Q¢
(o]
(6] ¢
co
00
co
(o] o]
(0] ¢

RMU

*¥kkkkE GLASS—EPOXY AX%%#*x¥

Gc22

1e401

PER CENT

O« 1650€
O« 1E62E
C.1€E71E
C«1708E
O«1788E
Ge1E51E
0.1892E
02062E
0.2362E
0+2589¢
0« 2696E
C.32179E

ot
o1
o1
ot
o1
c1
o1
01
o1
01
o1
o1

DELTA

EF/ENM

OCe241CE
0.238BEE
042367E
Ce234EE
0e2274E
Ce«22S5CE
G0e2274E
Ce«2571E
Qe29€7E
0e2014E
0«307€E
0«.3C8BEE

1.00C VF

o2
02
o2
o2
o2
02
o2
o2
c2
c2
02
o2

D22/7022

Ce11S53E
Ce1151E
CellS1E
Cel1150E
Cel148E
Ce1134E
Cel1143E
Ce1163E
CellEBE
C+1190E
Cel1182E
O.119SE

| 4

01
o1
o1
a1
01
o1
o1
o1
c1
c1
cl1
o1

0400

IKS

00000 O0OO0O0OO0OO

2Lt



TABLE XXVI, - TRANSVERSE FLEXURAL STIFFNESS AND ASSOCIATED 1LOSS TANGENT FOR
AN E GLASS-EPOXY MONOFILAMENT COMPOSITE (CONTINUED)

FREGCULENCY

FERTZ

OeSCLOL
Ce7000E
0.1C0O0E
0+2000E
C«SCOOE
0.7CCOE
Ce1CCOE
U«2C00E
CeSCCOE
C.7CU0U0C
Ces1CO0O0E
Ce«2C00E

01
01
02
02

‘02

02
o3
03
03
02
04
04

ICATA 2

D22s

leEE€ PSI

Oe7340E
0«74 00€E
Oe74 EQE
0«75 86E
0e77G1E
0787 3E
0+78COE
0«7048E
O0e€E244E
0.€073E
0+591SE
0+EBEO0E

0o
00
0o¢C
00
00
a¢o
(01 ¢)
00
0o
00
00
0o

RMU

*¥**%kE GLASS—EPOXY A*kk&x

GC22

1253

PER CENTY

Oel€41lE
O«1€S3E
O«1€63E
O« 1€94E
0e1776E
Oes1838E
Oe.1881E
Ce2050E
0e2348E
0e2574E
Oe.2€83E
0+3163E

o1
o1
o1
01
o1
01
o1
c1
01
o1
o1
01

DELTA

EF/EM

0.241CE
C.238EE
0.2367E
OCe234EE
Ce2274E
C«22S5CE
0.2274E
Ce2E71E
0e2SE€E7E
0«3Ctl4E
C«307CE
0.3CE8EE

1«0CC VF

a2
o2
02
o2
02
c2
g2
g2
c2
c2
c2
o2

D22/022

C«1650E
C«1650E
Ce 16S0E
Ce1648E
Ce163SE
Ce1636E
Ce1640E
Cel1675E
Ce1720CE
Cel1712E
C«1699E
Cel1723E

]

c1
o1
o1
01
c1
o1
o1
o1
c1
o1
C1
01

0500

I1KS

000000 ODOOOO

€T



TABLE XXVI, - TRANSVERSE FLEXURAL STIFFNESS AND ASSOCIATED LOSS TANGENT FOR
AN E GLASS-EPOXY MONOFILAMENT COMPOSITE (CONTINUED)

FREGUENCY

FERTZ

C«SCO0E
Ce7C00E
01000k
GC«2C00E
C«S0COE
C«7CCOE
C«10C0OE
Ce2C00E
U«5CCOE
0«7C0O0E
G+.1CO0E
Ge2CGLOE

01
[0 }
o2
02
02
02
03
03
03
03
04
04

ICATA 3

D22s

le6 PSI

O0.5648E
0G725E
0«G799E
0«9850E
O«1023E
O«1031E
0«1022E
0e9250E
0.8190E
0+.8040E
O0e7912E
Qe7722E

00
00
00
o
o1
01
o1
o
(o] ¢]
00
Go
o

RMU

*x%x%kkE GLASS—-EPCOXY A®kk%x

GCc22

lelda

PER CENT

O«1€31E
O«1€43E
O« 1€S2E
O«1€83E
O0e1764E
0+.182SE
0.1868E
0«2036E
0233SE
0+2559E
OCe2668E
0e314€EE

o1
o1
o1
o1
o1
o1
o1
01
o1
01
o1
o1

DEL TA

EF/EM

Ce241CE
Ce.238EE
C.23€7E
0«234EE
0e2274E
0.22SCE
0e2274E
0e2S71E
0.2G667€
0«3014E
0+3C7€E
Ce3C8EE

1.0CC VF

02
Q2
c2
2
Q2
o2
g2
c2
02
02
02
Q2

D22s7022

Ce2162E
Ce2175E
Ce2178E
Ce2144E
Ce2153E
C.2143E
Ce2159E
Oe2192E
Ce224SE
Ce2260E
Ce2273E
Ce2273E

[

o1
o1
o1
o1
g1
o1
Cc1
c1
01
o1l
Q1
o1

0+.600

IKS

000000000000

U728



TABLE XXVIT, - TWISTING STIFFNESS AND ASSOCIATED LOSS TANGENT FOR AN E GLASS-

FREGQUENCY

HEPTZ

0.50CCE
07000E
O0«1000E
0.2000E
0.5000€E
Ce7CTOL
0«1G60OCE
0e.20C00L
Ce5C0OCYF
O0e700O0E
0.100CL
C.2000F

01
01
o2
o2
02
02
03
3
03
03
Q4
04

IDATAH 1

D66S

EPOXY MONOFITAMENT COMPOSITE

1.E6 PSI

069332E
09356E
0¢9326E
0¢9445FE
0«9548E
09573E
De9511FE
0.9335E
0.9110F
0e69024E
0e8977L
0 e RB2HE

00
00
Q0
00
0o
00
0C
00
00
00
00
o0

RMU#

kkEkEXE GLASS—EPOXY AXxxkkk

GD66

1401

PER CENT

Q¢ 544 7F
OeS443F
0+ 5414E
O« 5484F
0.571 7€
0¢5895F
0e6417E
0« 6356E
067591FE
0.8462€
0.9319E
0.1150E

00
00
00
00
oo
00
00
010)
oo
o¢
00
01

DELTA#

GF /7 GM

0e 2695E
0« 2669E
042653E
0 .2608¢
0 «2525E
0«2503E
0e2531E
0 .2903E
Oe 3364k
0e3461L
0 «3520¢&
0 e 3549k

1000

02
02
02
02
02
o2
o2
02
o2
o2
02
02

VF #

D66/7D66M

0+5690E
056 36E
05585€E
Qe5524E
0.5394E
O0e5348E
0e65373F
0.6062E
0eH6901E
Qe 7050E
0.7182E
0e7233E

o1
o1
o1
ot
ot
01
o1
o1
01
01
01
01

0.400

RTK

0.1406E
O0.1406E
0«1406E
0.1406E
0.1406E
0.1406E
0.1406E
O«1406E
O0.1406E
0.1406E
O0«.1406E
0+.1406E

00
00
00
(o] ¢)
00
0o
00
00
00
00
00
00

IKS

C0O0OO0O0O0LODOOODOOO

QLT



TABLE XXVIT. - TWISTING STIFFNESS AND ASSOCIATED LOSS TANGENT FOR AN E GLASS-

FRCQUENCY

HERTY 7

0e5COCE
0«7000E
0e1GOCE
0«2C00F
Ce5COO0E
Ce7CO0OE
0e10UGE
Ce2CUGOF
0-50\)()£
Qe?70Q00 T
Oe«l1COUE
0e20COC

(e} §
o1
G2
c2
02
o2
c3
G4
G3
o3
‘a
(SR

IATAS Z

\

066S

EPOXY MONOFILAMENT COMPOSITE (CONTINUED)

1eE6 PSI

0.1367C
01371E
Oel 372F
Oel 362E
Qel1391E
01394t
NDel393L
Oel373E
Ne1350C
Oel345E
Cel 334E
Jel 312F

o1
o1
o1
o1
o1
01
01
01
01
o1
01
01

RMU #

*¥kXx¥¥E GLASS-EPOXY Axkkxxk

GD66

1253

PER CENT

0.4968E
0e4542E
04503E
0« 4525E
0.4681E
O«4811E
0.5350L
0e.35301€E
0.6573C
Ce 7390E
Ce3243E
0a1027F

00
00
Q0
o0
00
00
90
00
00
00
00
o1

DELTA#

GF/ GM

0+2695E
0.2669E
02653
0e 2608E
Ce 2525
0.2503E
0e62531E
0 «2903E
0Oe3354¢L
0e3461L
0 ¢3520&
0e3549L

1000

02
02
(V-4
o2
0oz
02
02
02
o2
o2
ce

- VF#

DLo6/7D66M

0+8336E
0.8260E
O0e8213E
0.7962E
Q0e7859E
0.7789E
Qe 7869E
0.8920F
0.1022F€
0¢1050C
0.1067E
O0«1075E

01
01
01
01
01
o1
01
o1
02
c2
02
o2

0.500

RTK

0.1406E
0«1406E
O«1406E
O«1406E
Oe«1406E
0.1406E
0«¢1406E
0+1406E
Oe«1406E
Oe1406E
0+1406E
Oel 406F

00
00
00
00
00
00
o0
00
00
00
00
00

IKS

COO0C000000O0O0O0

9LT



TABLE XXVII, - TWISTING STIFFNESS AND ASSOCIATED LOSS TANGENT FOR AN E GLASS-

FREQUENCY

HERTZ

0.5000CL
0.7000E
O.1000F
062CO00E
05000k
Oe70COE
Oel1COCE
Ce20Q0E
CeSCI0OEL
Ce70CNE
Oel1COOF
0e2000F

01
o1
o2
o2
ce2
02
U3
o3
03
23
(Ve
C4

IVATA~# 3

D66S

EPOXY MONOFILAMENT COMPOSITE (CONTINUED)

leEE& PSI

Qel1 397E
0e¢1901E
De190C2E
Oe1316E
Oel324C
O0e1929E
Oel329F
Del1910KE
01886E€
Oe 173t
De1836HE
0e1R35E

01
01
01
01
01
01
o1
o1
01
o1
01
01

RMU#

k¥ GLASS—-EPOXY AXx¥x&Xk¥

GD66

leldba

PER CENT

Oe4138E
0¢409GE
0«4053E
0.4062E
0e4170E
0e427T7E
Oe4824E
04787
0.5083E
0.6869f
Ce7728E
O« 96G82EL

0o
00
oo
00
00
(0]
o0
oo
00
00
00
0C

DELTA#

GF /7 GM

0 «2695E
0+ 2669E
0 «265 3E
02608E
0e2525€E
0 «2503E
0e2531E
0« 290 3
0e33b4L
Ce3401tE
0 «3520E
0e 354 9L

10350

o2
c2
02
o2
o2
oz
o2
c2
c2
G2
G2
02

VE#

D66/D66M

0.1157E
01145
0.1139E
Oell21E
0.1087E
O.1078E
O« 10Q0E
Oe1240E
0+1429F
Je1463E
0.14S2E
0e1504C

o2
o2
02
02
02
02
oz
o2
o2
oz
o2
c2

0.600

RTK

O0«1406E
0.1406E
Oe¢1406E
0«1406E
0«1406E
Oel1406E
0+1406E
0.1406E
Oe1406E
O0s1406E
Oe1406E
O0«1406E

oo
o0
00
00
00
Cco
o
co
00
0
o0
co

IKS

0OQ0O0O0O0O00O0O0O0ODOO

LT



TABLE XXVIII, -

FREGUENCY

HERTZ

0.S5000E
0+7000E
0+.1000E
0.2000E
0.5000E
0.7000E
0+.1000E
0.2000E
050008
0«7000E
0«1000E
0«2000E

o1
01
o2
o2
02
02
03
03
03
03
o4
04

IDATA 1

GSS

LONGITUDINAL THICKNESS-SHEAR MODULUS AND ASSOCIATED LOSS TANGENT
FOR AN E GLASS-EPOXY MONOFILAMENT COMPOSITE

1.E6 PS1

0e8372E
0+8398E
0+835SE
0e8547E
08823E
08902E
0«8829E
0«8167E
Q0e7371E
O«7400E
Oe 7S 76E
Oe7453E

00
Qo0
00
00
00
00
00
00
00
00
00
00

RMU

1401

DELTA

*2%x%k2E GLASS—EPOXY

GGSS

PER CENT

0¢30S58E
03300E
0e¢3241E
03213E
0+¢3249E
0e3249E
0.3312E
0.3870E
0+45199E
05939E
0«6799E
0«8621E

00
00
00
00
00
00
00
00
00
00
00
00

GF/GM

0269SE
0.2669E
0¢2653€E
0.2608E
0.252SE
02S503E
042531E
02903E
0+3364E
0e3461E
043520E
G« 3549E

1000

ARk
GS5S/7GM
02 0510SE
02 0eS0S9E
02 0«5003E
02 04998E
02 0+ 4985E
o2 0¢4973E
02 0« 4988E
02 0eS5303E
02 0«SSB4E
02 0«S5781E
02 0«¢6061E
02 0«6109E

VF

01
o1
01
o1
o1
01
01
01
o1
o1
o1
01

0e 400

SHAPE

0« 8494E
0« BA494E
O0«8494E
0¢8493E
0«8491E
08491E
0«8491E
0¢8496E
0+8501E
0«8502E
O« 8503E
0«8504E

00
00
00
00
00
00
00
Qo
00
00
00
00

IKS

00000000000

841



TABLE XXVITII, -

FREGQUENCY

HERTZ

0S000E
07000E
0«1000E
02000E
05000E
0«7000E
0«1000E
02000E
0.5000E
0+7000€
0.1000E
042000E

o1
01
02
02
02
02
03
03
03
03
04
o4

IDATA 2

LONGITUDINAL THICKNESS-SHEAR MODULUS AND ASSOCIATED LOSS TANGENT
FOR AN E GLASS-EPOXY MONOFITAMENT COMPOSITE (CONTINUED)

RMU  1.253 DELTA  1.000 VF  0.500
SESXBE GLASS—EPOXY ARE®®%
GSS GGS5S GF/GM GS5/GM SHAPE
1.E6 PS1 PER CENT
0.1310E 01 0e3342E 00 O0e269SE 02 0.7985E 01 0.8489E 00
0e1296E O1 0e3283E 00 O0.2669E 02 O0.7809E 01 O0.8488E 00
0.1345E 01 0e3223E 00 O0.2653E 02 0.8053E 01 0.8488E 00
0¢133SE 01 O0.3194E 00 O0.2608E 02 0.7808E 01 0.8487E 00
0e1367€E 01 0e3226E 00 O0.252SE 02 0.7725E 01 0.8486E 00
0.1388E O1 O0¢3288E 00 0.2503E 02 O0e77S3E 01 0.848SE 00
0.1386E O1 O0e3847E 00 O0.2531E 02 0o7831E 01 0e.8486E 00
0.1279E 01 0e3847E OO0 0.2903E 02 O0.8303E 01 O0.B8490E 00
0.1183E O1 0.S188E 00 O0.3364E 02 O0.8964E 01 O0.8494E 00
0e¢1167E 01 O0e¢5928E 00 O0.3461E 02 0e.9121E 01 0.849SE 00
0¢1165E O1 O0o678B8E OO0 O0e3S20E 02 0.9320E 01 O0e8496E 00
0.1292E 01 O0e8609E 00 0.3549E 02 O0.10S9E 02 0.8497E 00

IKS

000000000000

6.1



TABLE XXVIII, -

FREGQUENCY

HERTZ

0S000E
0«7000E
0«1000E
02000E
0.5000E
0«7000E
O0«1000E
0¢2000E
0eSO000E
07000E
0«1000E
0«2000E

o1
o1
02
02
02
o2
03
03
03
03
o4
o4

IDATA 3

GSS

LONGITUDINAL THICKNESS-SHEAR MODULUS AND ASSOCIATED LOSS TANGENT
FOR AN E GLASS-EPOXY MONOFILAMENT COMPOSITE (CONTINUED)

1.E6 PS1I

O«1796E
0177SE
0¢1792E
0.1821E
0«1832E
O0«1842E
0+1807E
O0el1714E
O¢1602E
0e¢1S76E
0415S0E
0e1560€E

o1
01
01
01
01
01
o1
o1
01
o1
01
o1

RMU

*kE*XE GLASS—EPOXY A**%%x%

GGSS

lel44

PER CENT

03336E
0¢3276E
063217E
0«3187E
03218E
03279E
043839E
0¢3836E
O0«S18AE
0«5924E
046784AE
0+860SE

o0
00
00
00
oo
00
00
00
00
00
00
00

DELTA

GF/GM

0.269SE
0.2669E
0.26S3E
0.2608E
0.252SE
02503E
02S31E
02903E
03364E
043461E
0«.3520E
0e3S4SE

1000

o2
02
02
02
02
02
o2
o2
02
02
02
02

GSS/GM

0«109SE
0+1069E
0«1073E
C«106SE
0« 103SE
0.1029E
C«1021€
O0«1113E
0«1214E
O0«1231E
0«1240E
0«1279E

VF

02
02
02
02
02
02
02
02
o2
02
g2
02

0e 600

SHAPE

0.8483E
0.8482E
0.8482E
0.8481E
0.8480E
0e8480E
0+8480E
0.8483E
0«8487E
0.8488E
0.8489E
08490E

Q0
00
00
00
00
00
00
00
00
00
00
0o

IKS

CO000Q0OOO0OO00OOO

081



TABLE XXIX, - TRANSVERSE THICKNESS-SHEAR MODULUS AND ASSOCIATED LOSS TANGENT FOR

IDATA

FREGUENCY

HERTZ

045S000E
0«7000E
0.1000E
0«2000E
05000E
0+7000E
01000E
0.2000C
0eS000E
0.7000E
01000&
0.2000E

o1
o1
o2
02
02
02
03
03
03
03
04
04

AN E GLASS-EPOXY MONOFILAMENT COMPOSITE

3 RMU 1401 DELTA 1000 VF 0400 .
#x*%*¥E GLASS—EPOXY A¥¥x&kik%
Gaa GGa44 GF/GM Ga4a/GM
1 «E6 PSI PER CENT

0.15S08E 00
0.1534E 00
0.15S5E 00
0.1597E 0OOC
0.1733E 0O
0.1812E 0O
0.1872E 0O
O0«1659E€ 00
0.1407E QO
0.1506E 00
01563 CO
0.1G04E 00

0.2695E 02
0.2669E 02
0e2653E 02
0.2608E 02
0.2525€ 02
0.2503E 02
0.2531€ 02
0.2903€ 02
0.3364E 02
0.3461E 02
0.3520E 02
0.3549E 02

0.2713€E 01
0.2710E 01
0¢2707E O}
0.2702E 01
0.2689E& 01
0«2686E 01
0.2690E 01
Q0e274%E 01
062794E 01}
0.2803€E 01}
0«280%9E 0%
0.2811E 01

0« 4450E 0O
0e4498E 00
0. 4521E 00
0+ 4620E 00
0« 4760E 0O
0.4807E 0O
0.4761E 0C
0.4221E 00
O« 3688E& 00
Ce 3587E 0O
0e 3511E OO
Oe 3429E 0O

SHAPE

0.8489E
0+.8488E
0 .8488E

0.8487€

0.8486E
0.+848SE
0.3486E
0.8490€
0.+.8494E
0+8495E
0+8496E
0.8497E

00
00
00

00

00
00
00
00
00
00
00
00

8T



TABLE XXIX, - TRANSVERSE THICKNESS-SHEAR MODULUS AND ASSOCIATED L(BS‘TANGENT FOR

IDATA

FRECUENCY

FERTZ

0¢S000E
0«7000E
0.1000E
0.2000E
0.5000E
047000&
. 0e¢1000E
02000¢
0«5000L
0«7000E
0.1000&
0.2000&

(13
01
02
02
02
o2
o3
03
03
03
04
04

AN E GLASS-EPOXY MONOFILAMENT COMPOSITE (CONTINUED)

) RMU 1253 DELTA 1000 VF 0.500
*¥&¥k%kkE GLASS—-EPOXY AXE&%xx
Gaa GGaa GF/GM G44/GM
1 «E6 PSI PER CENT
0+S870E 0O 0.6074E~- 01 0+2695E 02 0.3579E 01

0. S930E 00
O« S9S8E 00

0.6114E-01
0.6162E-01

062669E 02
0.2653E 02

063572€ 01
0.3S€8E 01

O« 6084E
Oe¢ 62S7E
Oe €316E
Qe 6259E
Oe SS89E
Oe 492 1E
0« 4792E
Oe 4695E
0e4587E

00
00
Qo0
Qo0
00
00
00
00
00

0¢6275S€E-C1
0«7001E-01
Qe 7396E-01
0.80S0E—-01
0.6283€E~-01
0+.89S51E~01
0+1045€E 00
0«1222E 00
0.1544E 00

02608E
0252SE
0«2503E
02531E
02903E
0¢3364E
063461E
03520E
0«3549E

o2
02
02
02
02
02
02
02
02

0435%58€
043535E
O0e3S28E
0e3536E
0e3629E
0e3728E
Oe 3744E
0.3756E
0.3760F

o1
o1
o1
01
o1
(0} 1
o1l
o1
o1

SHAPE

0.8489E
0+8488E
0.8488E
0.8487€E
0.8486E
0 +8485€E
0.8486E
0.8490E
0+8494E
0.849SE
0.8496E
0.8497E

00
00
00
00
00
00
00
00
00
00
00
00

28t



TABLE XXIX, - TRANSVERSE THICKNESS-SHEAR MODULUS AND ASSOCIATED LOSS TANGENT FOR

10ATA

FREGCUENCY

FERTZ

0.5000E
0.7000E
01000E
0.2000E
0.5000E
0«7000E
0.1000€E
0.2000Lt
0«S0OO00E
0+.7000E
0.1000E
0«2000E

01
01
02
o2
02
o2
03
03
03
03
04
o4

AN E GLASS-EPOXY MONOFILAMENT COMPOSITE

S RMU lel44s DELTA 1000 VF 0. 600
kddkkE GLASS—EPOXY AXkrikxx
Ga4a GGAa4s GF/GM G44/GM
1 .E6 PSI PER CENT
00 8239E 00 0«+6026E-01 04269S5E 02 0eS5024E 01

0.8317€ 00
0.83S1E 00
0« 8516E 00
0. 8733E 00
0.8807& 0O
0.8737€ 00
Oe 7895E 00
Oe 7039E 0O
0« 6869E 0O
0. 86733E 00
O« €S88BE 00

0.5859E-01
0.5694E-01
0.5591E-01
0+.5418E-01
0.S4S6E-01
0.6415E-01
0+7908E-01
0.1298€E 0O
0.1492E 00
0.1682E 00
0.2074E 00

0.2669E 02
042653E 02
0.2608E 02
0.252SF 02
0.2503E 02
0.2531E 02
0¢2903E 02
0e3364E 02
0e3461E 02
0.3520E 02
0.35S49E 02

0S010E 01
0S001E O1
0«.a4S80E 01
064934 O}
0.4920E 01
Ce4936E 01
0eS127E 01
Ce5333E Ot
0.5367€ 0Ot
O0«S39LE 01
0e¢5400E 01

SHAPE

0.8489E
0 +8488E
0+8488E
0«8487E
0.8486E
0«848SE
0«8486E
0.8430E
0 «8494E
0+849SE
0 «8496E
0« 8497E

00
00
00
00
00
00
00
00
(o]
00
00
0o

€81
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(a) Monofilament composite
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(b) Composite with randomly distributed filoments

Figure 1. Filamentary composites.
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(a) Uniaxial loading
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Figure 2. Uniaxial loading of a typical composite element
in the longitudinal direction.
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Figure 3. Longitudinal shear loading of a typical composite clement.
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Figure 4. Transverse tension loading of a typical composite element.
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{a) Pure bending of a typical element
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(b) One-quarter cross section

Figure 5.

Longitudinal flexural loading of a typical mono-
filament composite element.
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Figure 6. Transverse flexural loading of a typical monofilament composite
element.
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Figure 7,

Torsional loading of a monofilament composite layer.
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(b) Cross-sectional view

Figure 8. Tip loading of a monofilament composite

element,
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(a) Transverse thickness-shear -loading
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(b) Equilibrium of stresses in a
typical strip

Figure 9. Transverse thickness-shear loading of a mono-

filament composite element.
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Figure 10, Concept of complex modull and loss angle,
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Transverse Youns's moculus,
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Figure 12,

Flexural stiffness efficiency.
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Figure 14, Comparisons of Prandtl torsion

function (#x10%) of a square
matrix with a circular insert,
Remarks: Numbers at the mesh
poin&s denote the valuss of
#¥10” obtained by Ely and
Zienkiewics (ref, 75) and
those from the point-matching
method (in parentheses),
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Figure 15, Valuss of normalized Prandtl torsion furection
for a three-element model.
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Figure 16, Twisting stiffness versus fiber volume fraction,
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Figure 17, Longitudinal thickness-shear modulus,
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(1)|Boron-Epoxy| 120 | 135
(2)|stecl-Epoxy| 74 | 78
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Figure 18, Transverse thickness-shear modulus
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Figure 19, Dynamic Young's modulus and associated loss tangent for boron,
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Figure 20. Dynamic Young's modulus aad associated loss tangent for epoxy.
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DYNAMIC YOUNG'S MCDULUS E (108 pg)
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Figure 21, Dynamic Young's modﬁlus and associated loss tangent' for E-glass,
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oy
-

o

I1Il!li 1] TITIIII[ ] f‘rllllll i 1
— E
// \\
P \
’ \\
/// \\
/’/ AN ;9
7 \\ //
i NG /
7 ~ //
\\J
>~
. \\\
\‘___~-
Illllll 1 llllllll | | lllllli ]

10 102 103
_ FREQUENCY (Hz)
‘Figure 22, Dynamic Young's modulus and associated loss tangent for
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Figure 25. In-plane major Poisson's ratio and associated loss tangent
for a boron-epoxy monofilament composite, '
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Fisure 26, In-plane transverse foung'a modulus and associated loss
tanyent for a boron-cpoxy moaoiilamoent compositas.
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In-plane lengitudinal shear mndulus and associated loss tangent for a
boron-cpoxy monofilament composite.
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¥k kx| _EAD-IN FOR COMPE1L 1 kkkkk
DIMENSION FMT2%20+6<+FNT2X20<
COMMON RMULDELTAs AMDAy AMDAP s AMDAL s AMDAZ2,EF s GEF ¢ GF s GGF s INUF s GNUF
1 EMsGEMeGMsGGM e RNUMsGNUMIRPI s VF s VMeE11Ss DATAX128+8<s=119GE1l1ly
2 RNU12+sGNU12+AMDA3
*x%xDATA INPUT
READ %5,2000< FMT2
2000 FORMAT X20A4<
CALL GIVEN
*READ GEOMETRICAL PARAMETERS RMU AND DELTA
IDAT A¥1
RPI#3.1415927
700 READ X5+106< RMUSDELTA
106 FORMAT X2F10.3<
IF XRMUL 999,999,800
800 CONTINUE
VF#RP1I/%4 .0 *RMU X 2%DEL TAL
VM#1,0-VF
IBEGH#1!
IEND#6
TINC#1
DO 31 IJK¥IBEGs IEND, ITNC
IF XIJUK-5< 50+50,51
SO NBEG#12%XIJUK-1<KE1
NENDA#NBEGE1L11
NINC#1
GO TN S2
S1 NBEG#61
NEND#NBEGE 3
52 CONTINUE
WRITE %X6+107< IDATA+RMUDELTASVF
107 FORMAT X1HL1 o/ / /7 /7777777 +2BX+DIDATARD 13,9 RMU#D+F7 43,
1a DELTA#DeF7e39d VFE#deF7e3s/7/777<
DO 2222 LMN#1,20
2222 FNT2XLMNSA#FMT2XLMN, [ UKL
WRITE %X6,FNT 2L

612



IF XIJUK-5< 53+53,54
S3 CONTINUE
WRITE X6+330<
330 FORMAT %X1S5X,13H FREQUENCY ,18H

1 131 GE1l1l s 18H
2 18H E11/7EM 2 /<
WRITE X6+331<

331 FORMAT X15X,13H HERTZ +18H
1 18H PER CENT ,//<
GO TO SS

S4 WRITE X6+332<

332 FORMAT X27X»20H FIBER

WRITE %X6+,333<
333 FORMAT X27X+20H VOLUME FRACTION
1 20H E11/7EM o/77<
S5 CONTINUE
DO 30 I#NBEGsNENDNINC
II#1£64
FREQ#DAT AX1,1<
EF#DATAX I +3<
GEF#DATA%XI,4<
GF#DATAX[I,5<
GGF#DATAXI +6<
RNUF#DATAXI, 7<
GNUF#DATAX1,8<
EM#DATAXII »3<
GEM#DATAXI1,4<
GM#DATAXII+5<
GGM#DATAXII 46<
RNUM#DATAXII,L7<
GNUM#DATAXIT 8<
AMDAXGF /GM
AMDAP ¥EF/EM
AMDAL #XAMDA~-1,0</%XAMDAE1.+0<

AMDA2 #XAMDA®X L e 0=2¢ OX¥RNUMC X1 ¢ 0-2 0 *RNUFKC/XAMDAE 1 +s0—-2+ D¥RNJIFL

El1l »

EF/ZM .

»20H

1.€6 PST

EF/7EM

ALPHARAMDAXX3.0~4 0%RNUME ] ,0</X30~4.0%RNUFEAMD AL

0ee



onon

BETA#4.0%AMDA%X% 1 « 0-RNUML/XAMDA~1 ¢ 0<
GAMMA#BETA-1 40 )
CALL COMPE11
GO TO %81:81981+¢8181¢82<,1JK

81 WRITE %6s109< FREQeE11+GE11+AMDAPLE11S

109 FORMAT X15XsE13¢4+4E1844<
GO TO 83

82 WRITE X6+110< VF 4AMDAP,E11S

110 FORMAY X32XsF7e3311XsE13e448XeE1364<

83 CONTINUE

30 CONTINUE

31 CONTINUE
IDATA#IDATAEL
GO TO 700

999 STOP
END

*%*%*SUBROUTINE GIVEN*#%%
SUBROUTINE GIVEN
DIMENSION FMT1X20+.6<sFNT1X20<
COMMON RMUDELTAs AMDAs AMDAP, AMDA1 , AMDA2,EF ¢ GEF s GF s GGF s INUT 3 GNUT
1 EMyGEMs GMsGGMsRNUMsGNUMIRPTI s VF s VMyE1 1S, DATAX128+8<sE11,GE11,
2 RNU12,GNU12,AMDA3
READXS5.,1< FMT]1
1 FORMAT X20A4<
READ X5, 100< XXODATAXI»J<sJ¥1+8<+I#1,128<
100 FORMAT X8E10.3<
IBEG#1
IEND#6
TINC#1
DO 30 I#IBEG.IENDSIINC
DD 111! JUK#1,20
1111 FNTIXJUKSH#FMTIXJIK IC
WRITE %X6,FNT1C
GO TD %7 1:72:73¢74:7Se76<s1

12z



71 JUBEG#1
GO TO 77

72 JBEG#6S5
GO TN 77

73 JBEG#77
GO TO 77

74 JBFG#R9
GO YO 77

75 JBEG# 37

77 JFND#JBEGE1L11
WRITE X6,150<
WRITE X6.,151<
WRITE X6+107< XXDATAXJ K< eK#1+8<+JI# JBEG, JENDL
GO TO 78

76 CONTINUE
WRITE %6,152<
WRITE %X6+153<
WRITE X6+154< XDATAXG61 +NS oN#347,42<
WRITE X64155< XDATAXG62:N<CsN#3 97,4 2<
WRITE X6:156< XDATAXG63 +N<C+N#3,4 7+ 2<
WRITE X6:157< XDATAX127 +sNCKN#35742<
WRITE X6,158< XDATAX128sN<sN#3, 79 2<

150 FORMAT X1SX,8H FREQs11H K »11H E ’
111H GE s11H G +11H GG 211 H RNU
211H GNU /<

151 FORMAT X 15X, 8H HZ +11H 1eEG6 PSI +11H 1.E6 PSI »

1114 PER CENT o11H 1«E6 PSI L11H PER CENT 11X,
3114 PER CENT ,//<
107 FORMAT X 1SXFB8es0s7E11¢3<

152 FORMAT X25X, 16H MATERI AL s 16H =4 ’
116H G * 16H : RNU o /<

153 FORMAT X41Xe16H . 1leE6 PSI +16H 1+E6 PSI +//77<

154 FORMAT %25Xs 16H BORON 93E16444/<

165 FORMAT X25Xs16H STEEL 23F16e4+7<

156 FORMAT X25Xs16H E-GLASS 2 3E16e845 /<

157 FORMAT %2SX.16H EPOXY 23F16e4+/<

eee



158 FORMAT X25X,16H AL UMINUM

78 CONTINUE
30 CONTINUF
RETURN

END

naon

SUBROUTINE COMPE11

*x X%k ¥SUBROUT INE COM:Z11 *kkkx%

93E16e4+/<

COMMON RMUDELTA+ AMDA s AMDAP 3 AMDA1 s AMDA2 sEF s GEF 9 GF ¢ GGF o RNUF ¢ GNUT »
1 EM, GEMy GMGGMs RNUMs GNUMJRPI s VF o, VM, E1 1Sy DATAX 128,8<+sZ11+GE11,

2 RNU12,GNU12 ,AMDA3
E11#EFXVFLEMXYM

GE11#XEF*VFXGEFEEMXVMEGEML/EL L

E11S¥E11/EM
RETURN
END

C

C

C *%x %%k *DATA DECK FOR HEADING: -

XA6X» d%kXx%kxXkBORON-EPOXY A*%X%%%¥3,///<
AAEX s DXk EXXBORON—EPOXY Bhkkk%k@e///<
RA1 X, D%k kAXBORON-ALUMINUM 2024-T3*%xXx&k%kD4///<
X4SX s d¥%k%k%k¥E GLASS—-EPOXY AXE&%k%k®,///<
X4SX s D*%k%k%X%kE GLASS-EPOXY BXk%%k%kd,///<
X32X » %% %k %X LONGITUDINAL IN-PLANE SYIFFNESS

COMPE 1 1 %%k k%

E11/7EMX%%%k %8, ///<

XANHV o/ /77777777777 +31X+dDATA 1 ELASTIC AND DAMPING PROPERTIES
XNHY o/ /7777777777 30X DDATA 2 ELASTIC AND DAMPING PROPERTIES
X1N\HY o/ /7777777777 +30X+dDATA 3 ELASTIC AND DAMPING PROPERTIES
XAHY 2/ /7777777777 +30X+:DDATA & ELASTIC AND DAMPING PROPERTIES
XV\HY o/ /7777777777 29X +DDATA S ELASTIC AND DAMPING PROPERTIES
X1\HY o/ ///7/7777777 33X+ DNOMINAL ELASTIC PROPERTIES OF SELECTED
C

C

Cc *k%x%%xXDATA DECK FOR CONSTITUENT-MATERIAL PROPERT IES**%k%x%

oF
oF
OF
oF
OF

BORION®s//7/<
EPOXY A®+///<
EPJIXY B®es///<
ALJ 222886/ 7/<
E-GLASS®+//7/<

MATERIALS®s/7//<

O0eSOCE 01 04322FE 02 0eS62E 02 0129E 00 0.232E 02 0.160E 00 0.,209E J)0-D.179E 00

£ee



Oe 700E
De10CE
0.200E
0.500E
0.700E
0O.10CE
0200E
D eS00E
Oe 700E
0.100E
0.200E
0500E
Oe¢700F
Oe1 O0E
0«200E
0.500E
Oe 700F
O+100E
020CE
0«5 00E
0«700E
0.1 00E
0 ¢200E
0.500E
O«700F
O.100E
0.200E
0.500F
Oe«70CE
Oe100E
0.200E
0.500E
0e700E
Oe100E
0.20CE
Oe¢eSO0OF

01

o2
o2
02
o2
03
03
03
03
oa
0a
01
01

o2
o2
o2
02
o3
03
03
03
04
04
01

01

o2
o2
o2
n2
03
03
03
03
04
na
o1

0e 322E
De 322E
0e322E
0e322E
0e322E
0+322E
0e 322E
0e322E
0Oe 322
0e322E
D.322E
Qs 322E
0e322€E
0e 322E
0s 322E
0+ 322E
Qe 322E
Qe 322E
0.322E
0.322E
Ne322E
06322E
Oe 322E
0.322E
0.322E
Oe 322F
06322E
Oe¢ 322E
Q6 322E
0.322E
Oe 322E
06 322E
Qe 322E
Oe322F
0e322E
0+630E

02
o2
02
02
02
02
02
02
02
02
02
02
o2
02
02
02
02
02
02
02
02
02
o2
02
02
02
02
02
02
02
02
02
02
c2
02
01

0«54 BE
0eS37E
CeS23E
Qe S10E
0 «S06E
0 «S03E
Oe 498E
0«494E
0+¢493E
0e¢492E
0 +490E
0«56 2E
0« 54 8E
0«537E
OeS5S23E
0 eS10E
0«506€
0 .S03E
0 +498E
0.4943E
0 +493E
0 «492E
0« 490E
0« S62E
0 +548€E
0+537E
0 «523E
0eS5S10E
0 «S06E
0 «5S03E
0¢498E
0e494E
0 «493E
O 492E
0 «Q90E
Nes107E

02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
o2
o2
02
o2
02
02
02
02
02

0.130E
Oes131F
O« 134E
Oe136F
0. 138E
O«141E
Oe146E
Oel154F
0.158E
Oe161E
0.168E
O« 129€
0.130E
Oe¢131E
0+ 134F
0«136E
0.138E
O«141E
0.146E
O«1S4E
O« 15S8E
Oe«161E
O«168E
Ce 129E
0.130€E
Os131E
0+134E
0¢136E
O« 138E
Oe«141E
O«146E
0e¢154F
0«158E
Oe161E
Ne168E
0.270E

00
00
o0
00
20
00
00
00
00
00
00
o0
oo
00
00
00
o0
00
00
o0
00
00
oo
20
00
00
00
00
00
00
00
00
oo
00
00
00

022S5E
Oe 219E
0e212E
06206E
0e204E
0.202E
0200E
Oe¢ 198E
Oe198E
0e197E
O0e 196E
Ce232E
0e¢ 22SE
Ne219E
0e212E
Oe¢ 20 6E
0.204E
Oe 202E
O+ 200E
0.198E
Oe¢ 198E
0197E
0e196€E
0e232E
0 ¢225E
021 9E
0e212E
0e206E
0¢204E
0.202E
0.200E
O 198E
Oe198E
O0e6197E
Oe196E
0e442E

02
02
02
o2
02
o2
02
02
02
02
02
02
02
02
02
02
o2
o2
02
o2
02
02
o2
02
02
02
o2
02
02
02
o2
02
02
02
02
01

0e160E
Oe 160E
Oe 163E
Oe¢ 16SF
Oe167E
Oe 1 70F
0.176E
O. 18S5SE
O« 190E
0+ 193E
Oe 202E
O« 160E
Oe¢ 160E
Oe 160F
Oe163E
Oe 165E
0« 167E
Oe 170E
Oe¢ 176E
0O« 185E
Oe¢ 1 90F
O 193FE
0e 202E
Oe 160E
Oe 160F
O« 160E
O« 163E
Ne 16SE
Oe 167E
O¢170E
Oe 176E
Oe 185E
0. 190E
Oe193E
0. 2025
0. 333E

00
00
o0
00
00
00
00
o¢
00
00
00
co
(a1 ¢]
00
00
0o
00
00
00
00
00
00
oo
00
00
co
00
00
(0] ]
00
00
00
00
0o
o0
oo

0e216E
0e222E
0e229E
0«236E
0e238E
0e239<
0e2642E
0s244E
0e244E
O e245E
0e246E
0.203E
De216E
0e222E5
0e229E
0e236E
0 «238E
0O«239E
Oe242E
0De244E
0e244E
0¢245E
0246E
0209E
Qe 216E
0.222E
0e229E
0e236E
0«238E
0e239E
0e242E
0e26G4E
Oe244FE
0 «24SE
0e246E
0e215E

JO~06170E
J0~-0 .163E
00~0+158E
00-0152€E
20-04151€E
00-04153E
00~-0.155€E
00-0+161E
00-0e¢164E
00-De167€E
00-0e172E
00-0+179E
D0-0.170E
00-0¢ 163E
00~04158E
00-0.152€
00-0+151E
00~-0.153E
00-0.15SE
00-0.161FE
00-0e¢164E
00-0e¢ 167E
00~0.172E
00~0e179E
00-0e170E
00-0.163E
00-0.158E
00-0¢152E
D0-0De1S51E
00-0¢153E
00-0¢155E
20-0e161E
00-0¢ 164E
00-0167E
00-0.172E
00-0+356E

00
00
00
00
00
00
00
00
00
00
0o
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
(] o)
00
00
00
20
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0.700E
O« 1 00FE
Ce200E
Q«500F
Qe«700E
0«1 00E
0.200E
0e500E
O«70C0E
O« 1 00FE
0.200E
0+500E
O« 700E
0.100E
0.200E
0500E
0.700E
0« 100E
0«200E
0+500E
Oe 700E
0e¢100CE
0+200€E
0«000E
0«000E
0000E
0«000F
0«SO0E
0. 700E
0«100E
0.200E
0eS00E
0.700E
Q0es100E
Ce200E
0«S0OCE

01
02
o2
o2
o2
03
03
03
03
0a
0a
01
01
02
02
o2
02
03
03
03
03
04
Oa
o0
00
00
Q0
o1
01
02
02
o2
02
03
03
03

0.630E
0e¢630E
Ne630E
0e630E
De6530E
0+630F
0.630F
0«.630E
0.630E
0e630E
0+.630E
0.630FE
0+630E
0.630E
0.630E
0.630E
06 30E
0.630E
0. 630E
0.630E
0. 630E
0e630E
0e630E
0333E
0e250F
0e631E
O« 333E
0.488E
O« 488F
0.488¢E
Oe488E
0.488F
0.,488E
ND.488E
Oe 488E
D.488E

01
o1
o1

.
23

01
o1
o1
ot
01
01
o1
o1
o1
01
ot
o1
ot
o1
o1
o1
o1
o1
o1
02
o2
o1
o2
oo
00
00
00
00
00
00
00
ale)

0107E
0.107E
Oe108E
0+108BE
0«108E
0.108E
0+108E
0. 108E
0.107E
0.107E
0+10S5E
0.107E
0.107E
0.107E
0.108E
O« 108E
0.108E
0.108E
0.108E
0.108E
O«107E
0«107E
0+105E
0+ 600E
O0e300E
0«106E
0+ 600E
0«44 4AE
0e+448€E
0+452€
0 «460E
0+.475E
0. 480€
0 .475E
0+« 420E
C «364E

o2
02
02
02
02
o2
02
o2
o2
02
02
o2
02
o2
02
02
02
o2
02
02
02
02
02
02
02
02
o2
00
00
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00
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0o
00
00
oo

0e¢265E
0260FE
D¢ 25S8BE
0e260E
Oe 265E
Oe+310E
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Oe270E
0e265E
Oe260E
0+258E
0e260E
0 ¢ 265E
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0310E
0.420E
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0¢SS0E
Oe700E
0« 000F
0.000E
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0+ 000E
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Oel61E
Qe 162E
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Oe179E
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0« 200E
0230E

00
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00
00
00
o¢
00
00
00
00
00
00
00
o0
00
00
00
00
00
00
00
00
00
00
00
00
00
01
01
o1
01
o1
o1
01
o1
01
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0e¢443E
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Oe447E
Oe¢448E
0e448E
Oe447€E
O0e444E
Oe¢443E
O+440E
0+ 433E
0e442E
Oe443FE
Oe¢ 44 3F
0«446E
0.447E
O«448E
044 8E
0e847E
0+.344E
O e443E
Oe¢440E
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0.250€E
Oe¢116E
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0.250E
Oe 164FE
Oe166E
Qe 167E
Qe171E
O.177E
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0e.177E
0e4154E
Oe 132E

01
01
01
01
01
01
01
01
01
01
01
01
01
01
o1
01
01
01
o1
01
01
01
01
02
02
01
02
(0] ¢]
o0
00
oo
00
00
00
00
00

0e 327E
0«321E
O« 318F
O+ 321E
0Oe327E
0+ 383E
0+ 383E
0«518FE
Oe 592E
Qe 678E
O+ B60E
0« 333E
0e327E
Oe 321E
O+ 318F
Na321E
0e 327E
0Oe 383E
Qe I8B3E
O« 518E
Qe 592E
0. 678F
O« 860F
0+ 000E
Oe CO0OE
0. 000FE
0« 000E
Oe 177%
0 179E
O+ 180F
Qe 184E
0 193F
Oe 200E
Oe 20SE
0e221E
Oe 2505

00
00
00
00
00
00
00
oo
00
o0
00
00
00
0o
oo
00
00
00
a0
00
Qo0
00
00
00
00
00
00
o1
01
01
o1
o1
01
o1
01
01

Oe215E
0.214E
D.213E
0e212E
Oe212E
Oe212E
Oe212E
De214E
De215E
Oe216E
O0«220E
0e215E
Oe215E
Oe«21 4E
Oe213E
0.212E
0.212E
0.212E
0.212E
0e214E
De.215E
0e216E
GCe220Z
0200E
O0e300E
0.220E
0.200E
Oe 348E
Oe346E
Oe345E
Oe342C
0.337E
Qe3356E
0e337E
0 «356E
0e375E

00-0+351E
J0-0.34SE
20-0+346E
00-0+351E
00-0.,358E
20-0¢419€E
00-0.417E
00-05959E
00-0.635€
00~-0e720E
00-0.888€E
00-0¢356FE
00-03S1E
JO0-0+345E
0D0—-0e 346E
00-0e3S1E
00-0.358E
00-0+w419E
30-0.,417€
00-0559E
JO0-0+635E
00-0.720E
00-0.,888E
00 0.900E
20 D+.000E
00 O.000E
00 0.0200E
00~-0+696FE
00-0e709E
00=0.723E
00~0e755E
20-0+830E
00-0.873E
00-0., 878
00-0 «804E
00-0e761E

00
00
20
00
00
00
o0
014)
00
00
00
00
00
0o
00
00
00
00
oo
0]4]
00
N0
00
00
00
00
00
00
0o
20
oo
oo
0o
00
00
00

Gez
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00
00
00
g0
00
00
00
00
00

i0-

3194°0~-0C
3v08°0-00
3848°0-0C
JEL8°0~-00
30€8°0-00
3SSL°0-00
3€2SL4°0-00
3602°0-00
3969°0-00
3801°0-00

10-3621°0~-00C
10-36%¥1°0-00
10—-3S21°0-00
10-389%°0-0C
10-3895°0~-00

10—

3EEL°0-00

10-3406°0-00

00

3801°0-00

10~3L49£°0-00
10-3,19°0-00
10-386+v°0-00

10
10
10
10
10
10
10
10
10
10
10
Q¢
00
00
0o

3F89c°* 0-0C
3ggec°0-0C
34€2°0-00
3L2c*C—-00
3692°0-0C
389 °0~-0C
3GBE* 0-0C
30SE°*0-0C
3912°0-0C
JteT1*°0-0C
I601°0~-00
3096°0-0C
JLE6*0-00
3028°0-00
3908°C-00

3SL2€£°0
S9S€E°0
3L€€°0
3ogE*0
2LEE®O
32ve*0
IsveE* O
39vE°0
3BHE®O
362E°0
362€°0
362E°0
362E°0
362£°0
362E°*0
362E°O
362€t°*0
30€g£°0
30EE°*O
JTIEE*O
STEE®0
3292°0
3egc°* o
34S2C°0
31se°0
3g12°0
369T1°0
38S1*0
I691°0
3912°0
3G6L2°0
310£°0
IGCEO
JEVBE®O
3JI8E°®°0
28L€°0

10 30Se2°0
10 3122°0
10 3S02°0
10 A002°0
10 3€61°0
10 3v81°0
10 3081°0
10 36L41°0
10 324L41°0
10~39€2C *°0
10-3282°0
10-342£°0
10-3e8£°0
00 3Ivei‘®o
00 3veti°*o
00 =091 °0
00 3861°0
00 32£2°0
00 5691 °0
00 39£1°0
00 3011°0
10 399£°0
10 321E£°0
10 300f °0
10 3s22°0
10 3Jeve*o
10 =3S£2°0
10 3te2°*0
10 322e2°*0
10 3£02°0
10 3061°0
10 d581°0
10 3JI81°0
10 39€E°0
10 =582 °0
10 3veeeo

00 =CEl1°0
00 3v¥S1°0
00 3LLT°O0
00 3641°0
00 3421°0
00 3141°0
00 3491°0
00 3991°0
00 3v91°0
10 390v°0
10 340v°0
10 340%°0
10 340v°0
10 340v°0
10 3L0v°0
10 3L0v°0
10 390v°0
10 3S0v°0
10 30+ °0
10 3E0VvV*O
10 32ov°o
00 3vEI“®O
00 3ILET®O
00 31vI®0
00 3Sv1i‘°o
00 3IELI*O
00 3602°0
00 3S12°0
00 3012°0
00 30LT1°0
00 3s21°0
00 3111°0
10-3596°0
00 3¢2ci*0
00 35¢2t°0
00 38cl°0

10 30€2°0
10 3002°0
1CG 3EBT 0
10 3641°0C
T0 3€L1°0
10 3591°0
10 3291°0
IO 3191°0
10 3091°0
f0-3012°0
10-30s2°0
10-3062°0
10-30%E°0
00 3011°0
00 3011°0
G0 32evi‘co
00 3941°0
00 3112°0
00 30S1°0
00 3121°0
10-3086°0
10 301E°0
10 3£9E°0
10 3ese°o
10 30€2°0
10 3002°0
10 3£81°0
10 3641°0
10 3g21°0
10 3S91°0
10 3291°0
10 3191°0
10 3091°0
10 301€°0
10 3920
10 32s2°*0

00
00
00
00
oo
00
0o
00
00
co
0
0
<o
<0
4]
co
c0
r A
<0
co
<0
00
00
o0
00
00
00
00
00
00
00
00
o0
00
00
00

3Ivee o
30cv* O
JASLv°e 0
308v°0
3G4v°0
309%°0
3gsv®o
asyveo
3Ivvv 0
A801°0
3801°0
3801°0
3801°0
J80ti*o0
3801 °0
3801°0
3801°0
3401°0
32401°0
3401°0
3401°0
30vE* O
38YE O
3dSSE®*O
Ivee*0
Foev*o
368v°*0
3006 °0
306v°0
3ISiv*0
382 °0
3062°0
39ee*0
30%E°0
38¥E°0
38GE°*0

00
00
00
00
00
00
00
00
00
20
o
20
<o
20
o
rqs)
c0
<0
rA)
<0
c0
00
00
00
Q0
00
00
00
09
00
00
00
(e] o)
00
00
00

JB8Y°*0
388v°0
Isev°o
3IBBv°O
388v°0
3Jsev°0
Jse¥ 0
3Is8Y°* 0
388V °0
3901°0
3901°0
3901°0
3901°0
3901°0
3901°0
3901°0
3901°0
3901°0
3901°0
3901°0
3901°0
3vve*o
3vvee*o
aveveeo
3vv2*0
3vve°o
3veeceo
3vve°o
ER AL ALY
3vve°*0
3Fvveeo
3vveeo
3Jveve* 0
3BBV *°0
388%°0
JsgeveC

£0
£0
€0
20
c0
o
2o
10
10
vO0
v0
€0
€0
€0
€0
20
c0
c0
<0
10
10
vo
v0
€0
€0
€0
€0
Y]
rAv]
2o
cC
10
10
20
%0
£0

300S6°0
300ec°0
3001°0
3004°0
300S°0
300¢°0
F001°0
3004°0
300s°0
300¢°0
3001°0
3004°0
300s°0
3002°*0
3001°0
3004°0
300¢S°*0
3002°0
3001°0
3004°0
300S°0
3002°0
3001°0
3004°0
3000
3002°0
3001°C
4004 °0
300s°0
300c°*0
30010
3004°0
300%°0
300 °0
39001°0
40Ul *0



Oe«700E 03
OC«100E O4&
0.200E 04
0500 01
O0.700E 01
0.100E 02
0« 200E 02
0.500E 02
O«700E 02
0«.100E 03
0.200E 03
O«S00OE 03
O«+700F 03
0«.100E 04
0.200F O0a
0.000E 0O
0.000E 00
0.000E OO
0.000E 0O
C
Cc
C
1982
1e772
i.618
1498
1401
1¢321%
1253
1195
1e1448
1099
1,059
0.000

1.023

O« 488E
Oe 488E
Qe 488E
Oe244F
0e«244E
0e244E
Oe 244E
Oe244F
0e¢244F
Qe 244E
0es244E
0e244E
Oe 244E
0e244F
Oe 244F
0«556E
0«556E
0e5S6E
0.980F

00
00
oo
00
00
00
00
oo
00
00
00
00
o0
00
00
o0
00
00
01

*k*xkkDATA DECK

1.000
1,000
1.000
1.000
1.000
1.000
1000
1000
1000
1.000
1000
0.000
1.000

0 «355E
0+ 348E
0 «340E
0 e256E
0e¢290E
0,.,328E
0+415E
0« 490E
0+5S00E
0e 489E
0+420E
Oe364E
0« 35SE
0 +348E
0.340E
0 « SO0OE
0+SO00E
O« SO00E
0.100E

00
00
00
00
00
00
oo
00
00
00
00
00
00
00
00
00
00
00
02

0e252E
0+ 263E
0.310€
Oe160E
Oe«161E
O+ 162E
Ce165E
O+ 173E
OCel79E
0.183E
0«200E
0230€
De252E
0+ 263E
Oe310E
0.000E
0.000E
0.000€
O0«000E

o1
01
01
ot
o1
o1
01
o1
01
01
o1
01
01
01
01
00
no
00
00

0«12BE 00
D«125E 00
O«122E 0O

0.965E-01
Oec111E 00O
0.128E 00
O«170E 0O
0e210E 0O
0e215E 00
0.209E 00
0«173E 00
0145 00
0O«141E 0O
0.137€ 00
Ge134E 00
0+185€E 00
0«18SE 00
0.185E 00
0«37SE 01

0.274E
0. 285E
Oe 336E
0+181E
0. 185F
0+ 190E
0.203E
0.222E
0e231E
0.23SE
0. 247E
0.27SE
0.300E
0. 312E
0.+366E
0+ 000E
0+ 000E
0.000E
0+ 000E

FOR GEOMETRICAL PARAMETERS®&k%%k%

o1
01
o1
o1
o1
01
o1
01
o1
01
o1
01
o1
o1
01
00
00
00
(1]

0378
0«3B1E
0e¢383E
0e325E
0e301E
Qe275E
Oe216E
Oel165E
Oe158E
O0«165E
0e213E
0e251E
0e257E
0«262E
0e267E
035S0E
0e350€E
0+350E
0«330E

00-0+.806E 00
00-0.820E 00
00~-04937E 00
00-0860E 0O
00-0.10SE 01
00-0+131E 01
00-0e216E O1
20-0350E 01
00-0e38SE 01
00-0¢368E 01
D0-0.269E 01t
00-0227E 01
00-0.237E 01
00-0.238E 901
30-0.268F 01
00 0000E 00
00 0+000E 0O
00 0000E 0O
00 0.000E 0O
0«20
025
0«3
035
0040
0¢85
0650
055
0e60
Oe65
0«70
SENTRY
075

dez



*kkkkLEAD-IN FOR COMNU12%%xk*kxx
DIMENSION FMT2X20 +6<FNT2X20<
COMMON RMU DELTA ¢ AMDA s AMDAP s AMDAL s AMDA2 ¢ EF ¢ GEF 4 GF s GGF ¢ RNUF s GNJUF »
1 EMy GEMy GMyGGM e RNUMs GNUMsRP I s VF s VM E1 1SeDATAX 128+ 8<eZ114GE1L1,
2 RNU12,GNU12 s AMDA3
*¥kx%kDATA [INPUT
READ %5.2000< FMT2
2000 FORMAT %20A4<
CALL GIVEN
*READ GEOMETRICAL PARAMETERS RMU AND DELTA
IDATA#1
RPI#3.1415927
700 READ X5+106< RMULDELTA
106 FORMAT X2F 103<
IF XRMUK 999,999, 800
800 CONTINUE
VFE#RPI/%4, 0RMUR%2%DEL TAL
VM#L1 ,0~VF
IBEG#1
TIEND#6
TINC#1
DO 31 [JUK#KIBEG.IENDIINC
IF X1JK=-S5< S50¢50,51
SO0 NBEGr1I2%XIJUK-1<KE1
NEND#NBEGE 11
NINC#1
GO TD 52
51 NBEG#61
NEND#NBEGE 3
52 CONTINUE
WRITE X6+,107< IDATASRMUDELTALVF
107 FORMAT X1H1,//7/7/7/7777777 28X +sDIDATA#D 1 32 RMUSD oF7 63
12 DELTA#D«F7 0392 VFRBsF 7 e3:/7777<X
D0 2222 LMN#1,20
2222 FNT2XLMN<S#FFMT2%XL MN, I UKL
WRITE %6 .FNT2L

gee



IF XIJK-5< S53+53,54
53 CONTINUE
WRITE X6+330<

330 FORMAT X15Xs13H FREQUENCY +518H RNU12 .
1 18+ GhNU1l12 +1 8H RNUF )
2 18H RNUM /<
WRITE X6,331<

331 FORMAT X15X,13H HERTZ 218X+18H PER CENT +/7/<
GO TO 5SS

54 WRITE X6,4,332<

332 FORMAT %X27X,20H FIBER <
WRITE X6+333<

333 FORMAT X27X+20H VOLUME FRACTION »20H RNUF/RNUM )
1 20H RNU12 2 //7< '

55 CONTINUE
DO 30 I #NBEG.NENDNINC
1I#1664
FREQ#DATAXI+1<
EF#DATAXI »3<
GEF#DATAXI,4<
GF#DATAXI.5<
GGF #DATAXI 4 6<
RNUF#DAT AXI+7<
GNUF#DATAX]I 84
EM#DATAXII » 3<
GEM#DATA%X11,4<
GM#DATAXII ,S<
GGM#DATAXI1,6<
RNUM#DATAXII.7<
GNUMADATAXII ,8<
AMDA#GF/ GM
AMDAPHEF/EM
AMDA1 #XAMDA~1,0</XAMDAE1.0K<
AMDAZ #XAMDA%XX1 e 0 —2¢6 0 %¥RNUMLC~X1 e 0-2. 0%RNUF<K<K/XAMDAE 16 0—2¢ O%¥RNUFK
AMDA3#RNUF/RNUM
ALPHA#AMDA%XX3,0-4,0%RNUME160<K/X3e0—4¢ OXRNUFEAMD AL

622



BETA¥#4,0%AMDA*X1 . 0-RNUML/%XAMDA—-1 ,0<
GAMMA#BETA-1.0
CALL COMNU12
GO TO X81+481+81,81,81+82<s1J4K
81 WRITE %X6+:109< FREQIRNU12,GNUL2,4 RNUF s RNUM
109 FORMAT X1SX:E13¢4+4E18.4<
GO 70 83
82 WRITE X64110< VF, AMDA3,RNU12
110 FORMAT X32XsF7e3911XsE13e4+8XsE1364<
83 CONTINUE
30 CONTINUE
31 CONTINUE
IDATA¥#IDATAE]L
GO TO 700
999 STOP
END

*%* % &SUBROUTINE GIVEN*®*¥xk¥

s N NaNaNaNg)

*%%x %k SUBROUTINE COMNUL 2 *kk k%

SUBROUT INE COMNU12

COMMON RMUDELTA¢ AMDA AMDAP ¢ AMDA 1+ AMDA2+EF s GEF 3 GF s GGF ¢ RNUF s GNUF
1 EMsGEMsGM;GGM s RNUMs GNUMsRPI s VF o VME1 1SeDATAZ128B+8<+E11¢GE11,
2 RNU12,GNU12, AMDA3

RNU12Z2#RNUFXVFE RNUMXVM

GNU12#XRNUF £ VFRXGNUFERNUMRVMEGNUMS/RNUL 2

RETURN

END

C
C
C **k%k%DATA DECK FOR HEADING - COMNU12%%%k*%
Cc
C
%

X46X ¢ DX XXX XBORON-EPOXY AX*k%k%k%xdD,///<

0€e



XA6X s DX ¥k XkBORON-EPOXY BExX%k%%XDy///<

%41X o DhxkkkBORON-ALUMINUM 2024-T3%*%X%XDe ///<

XASX D,k k%k¥kE GLASS—EPOXY AXkkx%k%kDe///<
X4SX s DkkkkkE GLASS—-EPOXY BXxk%k%D,///<

X31X %%k kXLONGITUDINAL IN-PLANE POISSON RATIO RNUL12%*%k%%X3d¢// /<

X1HY e /7 /77777777731 XsdDATA 1 ELASTIC
XV\HY o/ / /777777777 3s30X+.dDATA 2 ELASTIC
XVHY o/ /7777777777 «30X+dDATA 3 ELASTIC
X1\HY /77777777777 30XedDATA 4 ELASTIC
XI\HY oSS/ 177777777 29X DDATA S ELASTIC
XAHY o/ /777777777733 X+DdNOMINAL ELASTIC

AND DAMPING
AND DAMPING
AND DAMPING
AND DAMPING
AND DAMPING

PROPERTIES
PROPERTIES
PROPERTIES
PROPERT IES
PROPERTIES

PROPERTIES OF SELECTED

OF
aF
oF
OF
oF

BOIIND7/77<
EPOXY A@s//77<
EPOXY B@,//7/<
ALS 2224977 /7<
E-GLASS®+//7/<

MATERIALS®,///<

€2



kxR EAD-IN FOR COMPE22%*k%kk%
DIMENSION FMT2X20+6<+FNT2X20<
COMMON RMUDELTAs AMDAs AMDAP sRP 1y ALPHAsBETA s GAMMALEF s GET 9 G- s GGF
1 RNUF s GNUF s EMs GEM s GM sGGM s RNUMsGNUM4 AX39< s BX39<s ANPX13<,BNPX19<,
2 XIX20+20<+ETAX20¢20<+IKSIE22,GE22+sRNU12+sVF VM, VAVSX21<,EYBAR
3 AMDA2,E22S»DATAX128,8<
READ X54+2000< FMT2
2000 FORMAT %X20A4<
*%x%*DATA INPUT
CALL GIVEN
*READ GEOMETRICAL PARAMETERS RMU AND DELTA
IDATA#1
RPI#3.1415927
700 READ XS4+106< RMULDELTA
106 FORMAT X2F103<
IF XRMU<K 999,999,800
B0O CONTINUE
CALL PTAO00
VF#RPI/%4. 0%RMU%¥2%DELTAL
VM#¥1 . 0—-VF
IBEG#1
IEND#6
IBEG#3
IEND#4
TINC#1
DO 31 TJK#IBEGs IEND,I1INC
IF XIJK-=5< S0¢50451
S0 NBEG#12*%XIJK—-1<E1
NEND#NBEGE11
NINC#1
GO O 52
S1 NBEG#61
NEND#NBEGE 3
NINC#1
52 CONTINUE
WRITE %6+4107< IDATA+RMULDELTAWVF

22



107 FORMATY X1HY o /// /77777777 +28XeDIDATAR#Ds 1342 RMU#D+F7 3y

2222

S3

@ DELTA#D+F7e3sd VENDesFTe3s//77/7<
DO 2222 LMN#1,20

FNT2XLMNS#FMT2XLMN, [ UK<

WRITE X6.FNT2<

IF XIJK-5< 53,533,554

CONTINUE

WRITE %6,330<

330 FORMAT X1SX»13H FREQUENCY ,13H E22 » 1 3H GE22 »

331

54
332

333

1

1

13H RNU12 » 13H EF/EM v 13H E22/7EM e 7H IS +/<
WRITE X%6+,331<
FORMAT X15Xs13H HERTZ »13H 1+E6 PSI +13H PER CENT +/7/<
GO 7O SS
WRITE X6+332<
FORMAT X27X,20H FIBER <
WRITE %6+333<
FORMAT %X27Xs20H VOLUME FRACTION »220H EF/EM »
204 E227EM 2 //7<

SS CONTINUE

DO 30 I#NBEGNENDNINC
IT#1664
FREQ#DATAX1,1<
EF#DATAXI, 3<
GEF#DATAX%X1:4<
GF #DATAX1,5<
GGF #DATAXI +6<
RNUF#DATAXI »7<
GNUF #DATAXI 8<
EM¥DATAXII»3<
GEM#DATA%II +4<
GM#DATAXII«S<
GGM#DATAXII.6<
RNUM#DATAXII +7<
GNUM#DATAXII,8<
AMDA#GF/GM
AMDAP#EF/EM

€ee



NOOOOAN

8l
109

82
110
83
30
31

999

AMDAZHXAMDAXX] e 0-2¢ O¥RNUMK—%X1 e 0—2 s 0 XRNUF KK/ XAMDAE 1 4 0—2¢ 0INUFKL
ALPHA#AMDA%% 3¢ 0-40F¥RNUME 1 ¢ 0K/ X3 08¢ OFRNUFEAMD AL
BETA#4 . C*AMDA%XX1 s 0—RNUMK/ XAMDA-1 ,0<
GAMMASBETA-1,.,0

CALL COMPE22

GO TO %X81+,81:81+81:81,82<+1JK

WRITE X6+109< FREQ.E22+GE22+RNU12+AMDAP+E22S, IKS
FORMAT X1SX+6E13e4, I5<

GO TO 83

WRITE X6+110< VF s AMDAPLE22S

FORMAT X32XeF7e3+11X3sE13:.4+:8XsE13.4<

CONTINUE

CONTINUE

CONT INVUE

IDATASIDATAELE1L

GO TO 700

STOP

END

&Rk SUBROUTINE GIVEN®Z&kk*

*&%xPTL400 %&k

SUBROUTINE PT400

COMMON RMU+DELTAs AMDA+» AMDAP sRP I s ALPHA'BETA+sGAMMALEF 2 GEF s G~ GG »
1 RNUF ¢ GNUF s EMs GEM ¢ GM s GGM s RNUM 4 GNUM4 AX39< s B%39<e ANPX193<,BNPX19<,
2 XI%X20¢20<+FTAX20+20<+s IKSsE22+sGE22+sRNUL2sVF VM VAVSX21<+EYBAR
3 AMDAZ2,E22S,sDATAX128,8<

H#RMU/20,0

VH#RMUDELTA/20.0

DO 30 I#1,20

RI#I

DO 31 J#1,20

RIUNJ

Y#RMUKDELTA-XRI-0.5<*%V

%2



000

31
30

1
2
3

X#%XRJI—0 e S<%kH
XIXIoJd<#X
ETAXI s J<#Y
CONTINUE
CONT INUE
RETURN

END

*%xxx%kSUBROUT INE COMPE22 *¥kk*x Xk

SUBROUTINE COMPE22

DIMENSION CCCX78+39<sCX39+39<eBBX78<

COMMON RMUDELTA 4+ AMDAc AMDAP sRP I+ ALPHA BETAs GAMMALEF s GE=T ¢ G™ s GGT »
RNUF s GNUF s EM 3 GEM ¢ GM s GGM s RNUM ¢ GNUM 4 AX39< s BX39 <y ANPX19<,BNPX19<,
XIX20+20<sETAX20920<y IKSsE22+:GE22+sRNUL12,,VF VM, VAVSX21<sEYBAR»
AMDA2,E22SsDATAX128,8<

VERMUXDELTA/20.0

HERMU/20 .0

AREA¥VEH

Y#RMU*DELTA
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RE TURN

END

**XSUBROUTINE VAVGX*%
SUBROUT INE VAVG

COMMON RMUDELTA, AMDAs AMDAP +sRPI s ALPHASBETA+GAMMA, EF ¢ GES 4 G- ¢ GGF
1 RNUF s GNUF s EMy GEM s GM ¢ GGM s RNUM ¢ GNUM¢ AX 39< s BX39<, ANPX19<,BNPX13<,
2 XIX20¢20<KETAX20920< s IKSE22+GE22+sRNUL2eVF eVMVAVSX21<EYBAR

S0

S1
52

3

AMDA2,E22S,DATAX128+8<
Y#RMU*DELTA
DO 30 I#1,.,21
RI#I
X#XRI-1 ¢ 0<%XXRMU/20.0<
ROH#SQRTXX % %26 Y k% 2<
IF XI—-1< 50+,50+51
TETA#0.5%RP1I
GO TO 52
TETASATANXY/ XL
CONT INUE
SUM#0.0
DO 31 JU#2,20
JINJIELQ
JIIei-1
N#2%XJ-1<
RN#N
ROHN# ROH**N
ROHM 1 #ROHN/ROH
ROHP1 #ROHUNXROH
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DO 31 JU#1,78
CXIKHCXIKEA%RT I<X*BXIL
31 CONTINUE
30 CONTINUE
RETURN
END

*x%x%%*DATA DECK FOR HEADING — COMPE22*%%%x%xX

o000 NNn

%a6X » 2%k XkkBORON-EPOXY A%X*¥%k%%kd,///<

XA46X s Dk kX kBORON-EPOXY B*¥k%%xd,///<

X41X o DdhekXxxBORON—-ALUMINUM 2024-T3%¥k%k%de///<

XASX s 3% %% %¥E GLASS~EPOXY A*%&%*%k@d,///<

K45XK» DA %ARE GLASS~EPOXY BxR%%k%¥%®,///<

X34X o DX kX TRANSVERSE IN-PLANE STIFFNESS E22/EM®%%x%x%¥8,.,///<

XA\HY S/ / /777777777 31 XeDDATA 1 ELASTIC AND DAMPING PROPERTIES OF BOIINDs 7/7/<
XAVHY o /7 /777777777 +:30X:3DATA 2 ELASTIC AND DAMPING PROPERTIES OF EPDXY A®¢//7/<
XYHY o // /777777777 +3CXedDATA 3 ELASTIC AND DAMPING PROPERTIES OF EPOXY B@+//7/<
XAHY o /S /777777777 +30XsDdDATA 4 ELASTIC AND DAMPING PROPERTIES OF ALJ 2224d./7//<
X1HY o /// 77777777 7+29XeDDATA S ELASTIC AND DZMPING PROPERTIES OF E-GLASS®.///<
XIRY o/ /7 /777777777 33X +DNOMINAL ELASTIC PROPERTIES OF SELECTED MATERIALS®,/7//<

274



*¥kkxk{ EAD—-IN FOR COMPG6E6* ¥k &%
DIMENSION FMT2%20+6<FNT2X20<
*%xxkDATA INPUT
COMMON RMUDELTA, AMDAsAMDAP 3 AMDA L1 s AMDA2,EF s GEF ¢ GF 4 GGF s RNUT ¢ GNUT »
1 EMsGEMyGMGGM s RNUMy GNUM RPISVF VM E1 1S5, DATAX 128, 8<e566+566S,
2 GG66+ SHAPE
READ X5, 2000< FMT2
2000 FORMAT X20A4<
CALL GIVEN
*READ GEOMETRICAL PARAMETERS RMU AND DELTA
IDATA#1
RPI#3.1415927
700 READ X5+106< RMUL,DELTA
106 FORMAY X2F10.+3<
IF XRMUL 999,999, 800
800 CONTINUE
VFEFARPI/X4. OXRMUX X 2%DELTAL
VM#1 ,0-VF
INEG#1
IEND#6
IINC#1
D0 31 ITJK#IBEGIEND,IINC
IF XIJUK=5< 50+50,51
SO NREG#12%XIJK-1<E1
NEND#NBEGE 11
NINC#1
GO TO S2
S1 NBEG#61
NEND#NBEGE3
NINC#1
S2 CONTINUE
WRITE %6+107< IDATASRMULDELTA,LVF
107 FORMAT X1\HY o/ /// /77777777 28X+sDIDATAED 13,2 RMUK D oF7 e30
12 DELTA#D+F7e35 VFEF#@eF7e34/7/7/7/7<
DO 2222 LMN#1,20
2222 FNT2XLMNLS#FMT2XLMN, I JKL

9



"WRITE %6.,FNT2<

IF XIJUK-5< S53+53+54
S3 CONTINUE

WRITE %6+330<

330 FORMAT X1S5SXs14H FREQUENCY ,14H G66 »14H GG65
1 14H GF /GM s 14H G66/GM » 14H SHAPE 2/ <
WRITE X6,331<

331 FORMAT X15Xs14H HERTZ slaH 1 «eES PSI »
1 14H PER CENT ,4//<
GO TO 55

S4 WRITE %X6+332<

332 FORMAT X1S5Xs12H FIBERK
WRITE X6:333<

333 FORMAT X15X»,20H VOLUME FRACTION v21H GF7 GM .
1 21H G66/GM +21H SHAPE /7L

SS CONTINUE
DO 30 IN#NBEGsNENDNINC
1I#IE6L
FREQ#DATAXI 1<
EF#DATAXI,3<
GEF#DATAXI s4<
GF#DATAXI +5<
GGF#DATAXI6<
RNUF#DATAXI,7<
GNUF #DATAXI » 8<
EM#DATAXII,,3<
GEM#DATAXII s4<
GM#DATAXII S«
GGM#DATAXII+6<
RNUM#DATAXII »7<
GNUM#DATAXII»8<
AMDA# GF/ GM
AMDAP#EF/EM
AMDA 1L #XAMDA~ 1, 0</XAMDAE10<
AMDAZ2 #XAMDAXX] e 0—2 0 4RNUMC~X 1 e60-2 0F¥RNUFKK/XAMDAE 164 026 0XRNUFK
ALPHA#AMDA%XX 3¢ 0-4e0%RNUME 1+ 0</X3.0-4,0%¥RNUFEAMDAL

e
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52

SO
55

S4
53

NOHOOOONOOD

IF XAMDA-60.04 S50+50¢52
CVF#1.0EXVF~0es4<

GO TO S3

IF XAMDA-10.0< 54+54+55
CVF#1.0EGeaS*¥XVF-0.4<

GD TO 53

CVF #1 ¢0£8025%XVF-0+4<
CONTINUE

GO66#XGM/ XCx 226 D% % 2<<* XA XCEDB*D-GGMRXBARC—-A*D<K<*CVF
GG66#XXBC~ADCKEGGM*X AXCEB*D<K<C/ XA*CEBAD-GGM* XB*C~ A%XD<<*100,0

G66S#G66/GM
RETURN
END

**1%%kDATA DECK FOR HEADING — COMPG66k*E XX

X46X » D%k %k%x%kBORON-EPOXY AX%%k%k%kDy///<
X46X e DX NBORON~-EPOXY BkEkk%kD,///<
X481 X9 %%k xkBORON-ALUMINUM 2024-T3*%k%%%x8,///<
X45X o D% %Xk ¥E GLASS—-EPOXY AX%®%X*¥%x3®,///<

X45X s D%k %EXE GLASS—-EPOXY B*%%%k%kd,///<

X30X+ %%k X LONGITUDINAL IN-PLANE SHEAR
XAHY o /7777777777731 XeDDATA 1
XLHY o/ /7 /777777777 +30XsDDATA 2
XAHY o/ /7777777777 +30X:dDATA 3
X\HY o ////7/7777/7777+30XsdDATA &
XWHY o // /777777777 229X +DDATA S
X1HMY o ///7/ /7777777 «33XeDNOMINAL ELASTIC

ELASTIC
ELASTIC
ELASTIC
ELASTIC
ELASTIC

612

MODULUS G66/GMX%%x%X%de///<

AND DAMPING
AND DAMPING
AND DAMPING
AND DAMPING
AND DAMPING

PROPERT IES
PROPERTIES
PROPERYIES
PROPERTIES
PROPERTIES

PROPERTIES OF SELECTED

OF BORON®s/7/7/<
OF EPOXY AD+///<
OF EPIXY B®+s//7/<
OF ALY 2224@+/77<
OF E-GLASS®e//7/<
MATERIALS @+ 777<



*%x k%X _EAD-IN FOR COMPD1 1 %%¥kkx
DIMENSION FMT2X20+6<+sFNT2X20<
COMMON RMU.DELTA, AMDA, AMDAP ; AMDA 1 s AMDA2 ,EF +GEF y GF yGGF + RNUF s GNUT
1 FMoGEMs GMsGGM 3 RNUMs GNUMSRP I« VF s VMEL1 1S+sDATAX 1284 8<eD11S5GD1 1
2 D11SM
*%x%xDATA INPUT
READ X5,2000< FMT2
2000 FORMAT %20A4<
CALL GIVEN
*READ GEOMETRICAL PARAMETERS RMU AND DELTA
IDATANY
RPI#3,1415927
700 READ X5+106< RMULDELTA
106 FORMAT X2F103<
IF XRMU<C 999,999,800
800 CONTINUE
VF#RP 1/%4.0ARMUX%2%xDELTAL
VM#1 ¢ O-VF
IBEG#1
IEND#6
IINC#1
DO 31 TJKEIBEG+IENDJIINC
IF XIJUK-S< 50950651
S0 NBEGF12%XIJUK~1<E1
NENO#NBEGE 11
NINC#1
GO 7O s2
S1 NBEG#61
NEND#NBEGE 3
52 CONTINUE
WRITE X6+107< IDATA+RMUSDELTASVF
107 FORMAT X1H1e///7/77777777+28X+sdIDATAKD]3,d RMUS D +F7 43>
12 DELTA#DesF7e302 VF#BsFT7e39/77/7/7<
DO 2222 LMN#¥1,20
2222 FNT2XLMNSEFMT2 %L MN, T UKL
WRITE X6.FNT2L

052



IF XIJUK=5< 53¢+53+54
53 CONTINUE
WRITE %X6+,330<
330 FORMAT %X1S5SX,.13H FREQUENCY +,18H

1 18H GD11 + 1 8H
2 18+ D11/D11IM /<
WRITE %6+331<

331 FORMAT X1SX,13H HERTZ » 18H
1 18H PER CENT L//<
GO TO 55

S4 WRITE %X6,332<

332 FORMAT %X27X,20H FIBER

WRITE X6+,333<
333 FORMAT %X27X,20H VOLUME FRACTION
1 20H D11/D11M 2/ /<
5SS CONTINUE
DO 30 I#NBEGeNENDNINC
11#1£64
FREQ#DATAXI » 1<
EF#DATAXTI,3<
GEF#DATAXI s4<
GF#DATAXI,5<
GGF #DATAXI +6<
RNUF #DATAXI , 7<
GNUF #DATAX I, 8<
EMEDATAXII » 3<
GEMS#DATAXII s 4<
GM#DATAXII.S5<
GGM#DATAXII,,6<
RNUMS#DATAXII7<
GNUM#DATA%XI1,8<
AMDA#¥ GF/GM
AMDAP #EF/EM
AMDAL ¥XAMDA—-1+0</ XAMDAE1.0<

AMDA2#XAMDA*X] e 0—20¢ OXRNUMC=X1 e 0—2 0 XkRNUF <K/ XAMDAE 1 ¢ 0~2+ 0 XRNUF<

D11S .

EF/EM »

»20H

1leE6 PSI »

EF/EM

ALPHA#AMDAX% 3,04 0%RNUME 10 0</X 304, 0%¥RNUFEAMD AL

e

162



NOoONOO O

0000

BETA#4.0%AMDA*X 1 ¢ O—RNUMK/XAMDA-1 ¢0<
GAMMA#BETA-1 4,0
CALL DO1GD1 .
GO TO %XB1981:81+81+81+82<s1JK
81 WRITE X6,109< FREQsD11S+GD11,AMDAP,D11SM
109 FORMAT X 1SX+E13e¢4+4E1844<
GO 7o 83
B2 WRITE X6+110< VF s AMDAP+D11SM
110 FORMAT X32X3F7e3911XsE13e498XesE13e4<
83 CONTINUE
30 CONTINUE
31 CONTINUE
IDATA#IDATAE1
GO TO 700
999 STOP
END

*%x%x%x*SUBROUT INE GIVEN%X*%x&%x

*%x%XSUBRDUTINE D1GD1%%x%

SUBROUTINE D1GD1

COMMON RMULDELTA AMDA+s AMDAP ¢ AMDAL1 e AMDA2 +EF ¢ GEF s GF s GGF o RNUF s GNJF »
1 EM 9+ GEMs GM s GGMs RNUMs GNUMRPI s VF s VME11SeDATAX 128+8<+D115sGD11»
2 D11SM

DIISHEMEXEF—EM<CXk3 0*RPI/X1 6+ 0%¥RMUXX4XDELTA%%3L

GD1 1 #XXEFXGEF~EMXGEMCXRP I/ 32, 0L EMEXGEMXRMUX X4 XDE L TA%%3/6,0</
I1XXEF-EMSRRPI/3IZ2.0LEMRRMUR X4 XDEL TAX%3/7660<

D11SM#D11S/EM

RETURN

END

*%%%k%XDATA DECK FOR HEADING- COMPD1 1 %%x¥%x%

252



C

XA6X » DX * %k ¥BORON-EPOXY A%k%X%k%De///<
X46X s D*¥ % XX XBORON-EPOXY BX%x%k&%xDe///<
XA1X e d%k%x%xxxBORON-ALUMINUM 2024-T3*%%x%%x,///<
X45X s DA%k k%k*kE GLASS—-EPOXY AXk%x%%kDe///<
X4ASX s d%%kXx%¥E GLASS—-EPOXY BX%Xk%x%3,///<
X31X o Dkx%x%k kL ONGITUDINAL FLEXURAL STIFFNESS

XN\HY o/ /7777777777 531 XsdDATA
XAV\HY o /777777777777 930X dDATA
XVHY o/ /7777777777 :30XsdDATA
XANHY 2/ /7777777777 +30X+aDATA
XYHY W /77777777777 29X+ DDATA

1
2
3
4
S

ELASTIC
ELASTIC
ELASTIC
ELASTIC
ELASTIC

RXI1HKV /777777777777 s33X:dDNOMINAL ELASTIC

AND
AND
AND
AND
AND

D11/D11Mx%x%@,4,///<

DAMPING
DAMPING
DAMPING
DAMPING
DAMPING

PROPERTIES
PROPERTIES
PROPERTIES
PROPERT IES
PROPERTIES

PROPERTIES OF SELECTED

OF
OF
oF
OF
OF

BORIN@e/7//<
EPOXY A@4.//7/7<
EPIXY BDes/7/<
ALY 22243./7/77<
E-GLASS®@+7/7/<

MATERIALS®,//7/<
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xx%x%xkLEAD-IN FOR COMPD12%%%k%x%x
DIMENSION FMT2%X20+s6<FNT2X20<
COMMON RMU,DELTA, AMDAs AMDAP y AMDA 1 s AMDA2 JEF ¢ GEF ¢ GF ¢ GGF s RNUF s GNUF »
1 EMsGEMsGMsGGMsRNUMsGNUMIRPI « VFeVMs E1 1S+ DATAX128+8<9D2115,GD11,
2 D11SM+D12S.D125M4GD12
*%xxDATA INPUTk%xX
READ %X5+2000< FMYZ2
2000 FORMAT X20A4<
CALL GIVEN
*READ GEOMETRICAL PARAMETERS RMU AND DELTA
IDAT A#1
RPIZ#3.,1415927
700 READ %5+106< RMULDELTA
106 FORMAT X2F10.3<
IF XRMUC 999,999,800
800 CONTINUE
VFIRPI/%4 .0 s RMU X% 2%DEL T AL
VMl o 0-VF
IBEG#1
IEND#6
IINC#1
DO 31 IJK#IBEGs IENDs IINC
IF XIJK-5< S$0,50,51
SO NBEG#12%XIJK~-1<E1
NEND#NBEGE11
NINC#1
GO TO 52
51 NBEG#61
NEND#NBEGE 3
NINC#1
52 CONTINUE
WRITE X6+107< IDATASRMUDELTAVF
107 FORMATY X1HLY o/ / /7 /7777777 +28X+sDIDATAND 13+ RMUZ®»F7 3
1@ DELTANBsF7a3e@ VFEDeFT7e30//777/7<
DO 2222 LMN#1,20
2222 FNT2XLMN<S#FMT2XLMN, [ UKL

792



WRITE X6,FNT2<L
IF XIJUK=-5< 53¢53+54
S3 CONTINUE
WRITE %X6+330<
330 FORMAT X1SX,13H FREQUENCY ,18H

1 181 GD12 »18H
2 18H D12/7D12M 4/<
WRITE X6,331<

331 FORMAT X1SXs13H HERTZ »18H
1 18H PER CENT 4,//<
GO TO SS

54 WRITE X6.332<

332 FORMAT X27Xe20H FIBER

WRITE X%X6+:333<
333 FORMAT %27Xs20H VOLUME FRACTION
1 20H D12/D12Mm o /7/<
S5 CONTINUE

DO 30 I#NBEG.NENDNINC
II#IEGA

FREQ#DATAXI 1<

EF#DATAXI +3<

GEF#DATAXI,AL<

GF#DATAXI +5<

GGF#DATAXI +6<

RNUF #DATAXI,7<

GNUF#DATAXI , 8<

EM#DATAXII + 3<

GEMSDATAXIT,4<

GMA#DATAXII +S5< i
GGM#DATAXII +6<
RNUM#DATAXII7<
GNUMEDATAXII +8<

AMDA R GF/GM

AMDAP¥EF/EM

AMDA1 #XAMDA~1, 0</XAMDAE1.0<

AMDA2 #XAMDA%*X]1 ¢ 0= 26 OXRNUMC=X1 e 0-2s 0XRNUFKC/XAMDAE 1 ¢, 0=24, 0%INUFK

D12S »

EF/EM .

+20H

1E6 PSI

EF/EM

494



s NaNsNaNeNg)

ALPHAFSAMDAXX360~40%¥RNUME 10K/ X3e60-4¢60%kRNUFEAMDAL
BETA#4 .0 AMDAXX 1 o O-RNUM/XAMDA~-1,0<
GAMMAS#BETA-1,0
CALL D12GD
GO TO X81:81:81981,81,82<91JK
81 WRITE X6,109< FREQysD12S+GD12,AMDAP,D12SM
109 FORMAT %X 1SXeE13e64,4E18.4<
GO TO 83
82 WRITE %X6+110< VF s AMDAP+D12SM
110 FORMAT %32XsF7e39211XsE13e84+s8X,E13.4<
83 CONTINUE
30 CONTINUE
31 CONTINUE
IDATA#IDATAEL
GO TO 700
999 STOP
END

*%x%x%x%xSUBROUT INE GIVEN#®**%%

*%kXSUBROUT INE D12GD* &%
SUBROUTINE D12GD

EXTERNAL FREAL+FIMAG

COMMON RMU,DELTAs AMDAs AMDAP 3 AMDA 1+ AMDA2 ¢ EF ¢ GEF » GF s GGF o INUT s GNUT o
1 EMsGEMyGMsGGMeRNUMyGNUMRPTI s VF ¢ VMo E1 1S DATAX128,8<,)0115+,GD11,
2 D11SM,D12S,D12SM,GD12

GEF#GEF/100 .0

GNUF#GNUF/100,0

GEMN#GEM/100.0

GNUM#GNUM/100.0

AMDAD #%1 e O~RNUMER R 2KX 1 ¢ 0=~CGNUMERK2LC KRR 2EX2 e OXRNUMKR X2 kGNUMC k%2

AMDAR #X %1 ¢ O— GEMAGNUM<K~%X1 e 06 GEMX GNUMCRkRNUME X2%%X1 ¢ OEGNUME £2< </ AMD AD
AMDATI #%%X GEME GNUM<CEXGNUM—GEMCARNUMK* % 2% %1 o 0L GNUMX %x2<</AMDAD

CALL QGS%0.0+1e0sFREAL +FRL
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GN3

NyNl13y

CREXED>OTARNNIZHXNX/ONNk LLINKLXXY WIHS

>>0%d#¥C3D%D>24% V-2 kdX-VXXN3IOTF0VRd%D%0°2-0#>2%x%D-2CxidX—EX kNI #NN
>>0%d#0%0°2 -0 > %V~ %xdX—-BXkNIO-0%d%xQ30% > %k D~k %dX VX NI NN
O%>0%8-D0%VX3ds>0%830xVvEs¥LL

D>I%6830xVX~dAD>UB=I%VX#L

NWAUZAARD NNNOERNNANU=INNOX JNNUX INNNO ERNNN S #D
NRUZ/AAE>ROANG-ANNIX IWNNS#¥ D

>Ck%SSICkHSX/DOSSHU-SxVUX¥A

>Zk%SSICEkRSX/OSSHUYUISHUXHD

AARDNTO NN I -3 Ok 33X ~d430%4 IxNNWH#SS

AAXDONI=JIX—JdINNU¥S

DHNIO3ATOXANI I I xNWUF Y

PHIO$4AD -0 ° IXENIx ATRNKNTNY

NNYU/ AXDONIOENI~JIO%SIX3NIO NI

NRY/AARD>NI—~d3XINIAY

SAXLHOSHAA

CEEX—-0°1#A

c1G9*nscta*secia*nsiia e
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>XXIv3dd4 NOILLONNS
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aN3

NdN13Y

W3/SCIO#¥NSZIa

0°001x21QO#2105
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220=VX1243>D3VX1IDIXsEVIEO6EC® FANA
S%L9vEC69C*#D
230=VX1243>D3VXLDIX%vESVBITI*#A
9%6680ESV°#D

IX-NX#*#9

>AKINXXES*O NV

DA*LD4*NX*IXXSO0D INI LNOHANS
XEXRDACLDH4°NAX*TIXXSO0 INILNOUBNS k%%

anN3
NdNni3y
CEEXED>CEXNNICEENX/ONNEkL-N¥kLLXX#OVNI S
DO>0#d*C3D%>Ck* V- ¥dX~VX*NIOF0Sd%D%0°2 -0k > 22 D-ZxxdX—-BX R NI FNN
250%d3D%0°C 0> 2%k V- dX~HXXNIO-0%d*x03I%xD2* %0~k xdX-VX%RNI#N
Ox>0%8 -8 VX 3d%x>O%830%VX#1LL
0% >0%830%VX~d*x>0%B8-DVE#¥ 1L
NNY ZA A D ROND XWNNE ~SNNOXINNUX INNNO XNNNE#0O
NNU/AAE>NOANE-INNES X INNNA¥ D
DSk ¥SSIZHASXK/DSSkU-SxJAX# A
>Ck¥SSICkASXR/OSSHHUYISHUXAD
AAXORIO*NI~dI 0% JIX ~JTO*AIXNNU¥ SS
AAXDWI-43X -3k NWUHES
SHW393439 X NI I3 xNWUF VY
PR3O I39-0° IXENIk ST NHUMY
NNY/7AX>WN IO N3 ~439%4TX IN3O*WINEG
MNYB/AAXDNI—33X 3NNV
>AX1H0S#AA
CREX=0° I #A

C109*KwWS21a*sS2i1a*ws1 10

CTICO*STIC*>B8*B2IXVIVA*STIII*NACIAC ISHWNNO*NNNE*NIO*HND *W3D * W3
C=NAODCSNNESLDD 4D ¢439¢ 33¢2VANV S IVARNY VARV *VAOWY *V L1133 NWNY NOWWOD
>XXOVHWNI -4 NOI AONNS
DAXOVANTILd NOTILONNS*x
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YH#B8%XYE .2844444%FCTXALKL
RETURN
END

nNoonNno

X46X s " 25 x %k kBORON-EPOXY A%%k%k%%k?,///<
XA6X e " %%k x¢B0RON-EPOXY BRkkk%k?®,///<

*%x%k %X DATA DECK FOR HEADING -~ COMPDI1Z2%®*¥% &%k

X41X o * %%x%xxBORON—ALUMINUM 2024-T3 *¥%k%x%x?,///<

X4SX o " X%k%k%k%E GLASS—EPOXY AXx%k%k%k?,///<
X4SX e ' kkkktE GLASS—-EPOXY B*k%x*¥%k®,///<

X33X+ " *%%x%kxPOISSON FLEXURAL STIFFNESS D12/7D12M%%%%%x ", ///<

X1HY o/ /7777777777 +31X+*DATA 1 ELASTIC
X\HY 9/ /7777777777 +30Xs*DATA 2 ELASTIC
X1HY o/ /7777777777 230X ¢*DATA 3 ELASTIC
XAHY o/ /7777777777 +30X+"DATA & ELASTIC
XANHY o/ /7 /77777777 +29Xs*DATA S ELASTIC

RAIHY o /7 /777777777 33X s* NOMINAL ELASTIC

AND
AND
AND
AND
AND

DAMPING
DAMPING
DAMP ING
DAMPING
DAMPING

PROPERTIES
PROPERTIES
PROPERTIES
PROPERT IES
PROPERTIES

PROPERTIES OF SELECTE)D

OF BORIN®,///<
OF EPOXY A®,//7/<
0O EPOXY B®*,///<
OF ALJ 2224°%,//7/<
OF E-GLASS®.///<
MATERIALS®*s///<
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2000

700
106

800

S0

S1

52

*x%kkXkk | _EAD-IN FOR COMPD22%%kkxx*k

DIMENSION FMT2X20+6<FNT2%20<

COMMON RMU,DELTA+RP1¢AMDA, AMDAP, AMDA1,AMDA2,ALPHABETA, GAMMA,

1 EF ¢ GEF ¢ GF ¢ GGF s RNUF s GNUF s EMs GEM» GMs GGMeRNUMy GNUM, AX33<,BX38<,
2 XIX20220<KETAX20 420<+IKSANPX19< +BNPX19< +D22SeGD22 VF Vg D22SM,
3 DATAXIZ28 48K 4 X XXX3+3<sVYYY X339 3L

**¥%kDATA INPUT

READ XS5+ 2000< FMT2

FORMAT %20AA4K

CALL GIVEN

*READ GEOMETRICAL PARAMETERS RMU AND DELTA

IDATA#?

RPI#3,1415927

READ XS»106< RMULDELTA

FORMAT X2F10.3<
IF XRMU< 999,999,800

CONT INUE

CALL PT400 : N
CALL PT9 S

CALL TRND2
VFERPI/X4 . 0*RMUS X2 DELTAL
VM#1l,0-VF

IBEG#1

IBEG#3

IEND#4

TINC#1

DO 31 IJK#IBEGSIEND,[INC
IF XIJK—=5< S0+50,51
NBEG#12%X1JUK~-1<E1
NEND#NBEGE11

NINC#1

GO 70 S2

NBEG#61

NEND#NBEGE 3

NINC#1

CONT I NUE



WRITE %X6¢107< IDATASRMUIDELTA,VF

107 FORMAT X1IH1o0///7/7 /777777 +28X+DIDATA#D+13,d

2222

S3

1® DELTA#@:F7e3+2

DO 2222 LMN#1,20
FNT2XLMN<SSFMT2XLMN, I UK<
WRITE X6 .,FNT2<L

IF XIJK=5< S53.53,54
CONT INUE

WRITE %6,330<

330 FORMAT %X1S5X.13H FREQUENCY +13H

331

Sa
332

333

113H EF/7EM » 13H D227022M
WRITE X6,331<

FORMAT X15Xs13H HERTZ +13H
GO TO 55

WRITE X6+332<

FORMAT X27Xs20H FIBER

1

WRITE X6+333<
FORMAT %27X:20H VOLUME FRACTION
20H D22/D022M 2 7/<

56 CONTINUE

DO 30 I#NBEG.NENDNINC
I11#1664
FREQ#DATAXT,.1<
EF #DATAXI ,3<
GEF#DATAXI,a<
GF#DATAX I +5<
GGF #DATAXI 4 6<
RNUF #DAT AX T, 7<
GNUF #DATAX I ,8<
EM#DATAXIT ,»3<
GEMSDATAXI[,4<
GM#DATAXII +5<
GGM#DATAXII,6<
RNUM#DATAXIT,7<
GNUM#DATAXIT ¢8<
AMDA #GF / GM

VFEADeFT7e3e//777<

D22s
o 7TH IKS

o /<

RMUR D FT7 .3,

13H

1eE6 PSI +,13H

<

v20H

EF/7EM

GD22

PER CENT

v /7<

T9e



ANOOAOHOOOD

81
109

82
110
83
30
31

999

1
2
3

AMDAPREF/EM

AMDA1 #XAMDA—1,0</XAMDAE1,0<

AMDAZ #XAMDAX XL a0 =2, 0%RNUMC=X1 e 0~2, 0%¥RNUF<KK/XAMDAE 1 0~2¢ 0%INUFL
ALPHARAMDA%XX3, 04 ,0%RNUME 1,0</%3.0-4,0%«RNUFEAMDAL
BETA#4,0%AMDA%%X1 ¢ 0—RNUML/XAMDA~1 .0<
GAMMA#BETA~-1.0

CALL COMPD22

GO TO %81:81¢81:81:81:,82<461JK

WRITE X6+109< FREQesD22S+GD22 + AMDAP s D22SM, IKS
FORMAT X1S5X+SE13:4,18<

GO TO 83

WRITE X6:110< VF,ANDAP,D22SM

FORMAT X32XsF7e39 11 XesE13¢498XeE13048<

CONT INUE :

CONTINUE '

CONTINUE

IDATA#IDATAL 1

GO YO 700

sSTOP

END

*%x %%k SUBROUT INE GIVEN®®k&%
%%k SUBROUT INE GIVEN®*%&%

*%&%SUBROUTINE PTA400**%*

SUBROUTINE PT400

COMMON RMUDELTA+RPI+AMDA AMDAP ¢ AMDA]1 s AMDA2 c ALPHABET A, GAMMA,
EF ¢ GEF ¢ GF ¢ GGF ¢ RNUF ¢ GNUF 4 EM s GEM9yGM s GGMsRNUMsGNUM3s AX38<+3X38<
XIX20¢20€+sETAX20920< +IKSsANPX19< +BNPX19<sD22SesGD22,VF s VM, D22SM,
DATAX 1284 8<s X XXX393<sYYYX3,3<

H#RMU/20 .0

V#RMU*DELTA/20.0

c9e



Ono0n

DO 30 I#1,2C

RIMI

DO 31 uU#1,20

RINJ

XTIXT o JKH#XRI—00 S<EH

ETAXI s JSHRMURDELTA=-XRI-05<%VY
CONTINUE

CONTINUE

RETURN

END

xxxEXSUBROUTINE COMPD22 kkkk¥x

SUBROUTINE COMPD22

DIMENSION CCCX78,538<sCCX38+38<,CX38+,38<,8BX78<

COMMON RMUSDELTAJRPI.AMDAy AMDAP, AMDA1+AMDAZ2, ALPHA ,BETA, GAMMA»
1 EF s GEF ¢ GF yGGF ¢y RNUF s GNUF ¢ EMsGEMsGMsGGMe RNUMsGNUMy AX33<cBX38<,
2 XIX20020<sETAX2020<+IKS+sANPX19<+BNPX19<3D22S,GD22,VF o¥MD225SM,
3 DATAX 128, 8BC + XXXX393<4YYYX3,3<L

V#RMUXDELTA/20.0

H#RMU/20 .0

AREA#VEH

Y#RMUXDELTA

DO 30 1#1,20

1I#1820

RI#l

X#RI*H

ROH#SQRT XX % %2E Y% 2<

TETA#ATANXY/ XL

BBXI<#X/RMU i

BBXII<#0.0

D0 33 J#1,.19

NE2%JE 1

JJIRJIELO

RN#N

COSNT#COSXRNARTET AL

€9z
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SO

S1
S2

2
3

XI%20¢20<+ETAX20020<sIKSeANPX19< +BNPX19<4D22S+sGD22eVF ¢VMsD22SM,
DATAX 128 ¢8< s XX XX393<sYYYX343<L

ROH#SQRTX X%k %x2E Yk %k 2K
IF XX< 49,50,51
TETASRPIEATANXY/ XK
GO TO 52
TETA#0.5*RP1

GO TO S2
TETAZXATANXY/ XL

CONT INUE

IF XROH<C S53.:.53.:54%

CONTINUE

SIGX#%20.0

SIGY#0.,0

TAUXY#0.0

RETURN

CONTINUE

IF XROH—~1.0< 55:55+56

CONT INUE

SUM1#0.,0

SUM2#0.0

SUM3#0.0

DO 30 I#1.,19

N#2%1I¢61

RN#ZN

IT#1€619

ROHN#ROH %N

ROHM2 #ROHN/XROHX*ROHL

ROHP 2 # OHN*ROHM*ROH

COSNT #COSXRN*TET AL
COSM2#COSXXRN-2.0<*TETAL
CUSPZ‘COSXXRN&Z.Oﬁ‘TETA(
P1 #RN*XRN-1 , 0<*R0O 2%COSM2
P2#XRNE 1 ¢ OKEXROHN®*XRNECOSM2-2 0% COSNT
TERMI #-XAXI<*P1EAXTI I <P 2L
TERM2 FAX IK*PLIEAXT IKARXARNE]L e O K*¥ROHN®XXRNXCOSM2E2.0%COSNTL

692
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noon

31

32
31
30

SUM2#SUM2ETERMZ

R1#RN*XRN—1 . 0<*ROHM2

R2#RN2XRNE1 « 0OKX*ROHN

R3I#FRNEXXRNEL s OK/RONHP2

R4 #RNE(XRN~-1., 0</ROHN

TERMISXBXI<K<*RIELEBXITICKERZ2CASINXARN-24 0K*TETAL
~XANPXJ<E*RIEBNPX J<SKkRICEAS INXXRNE2 s OK*TET AL

SUM3#SUM3ETERM3

CONT INVE

SIGX#SuUMm1

SIGY#SUM2

TAUXY#SUM3

RETURN

END

**%SUBROUTINE ATAXA,B8<k%xx%k
SUBROUTINE ATAXA,.B<
DIMENSTION AX78.38<,8X38,38<
DO 30 I#1.,38

DO 31 U#1.38

BXI.,J<#0.0

DO 32 mM#¥1,78

BXI 2 J<H#BXI s JSEAXM S ICKHAXM, I
CONTINUE

CONTINUE

CONT INUE

RE TURN

€ND

Xk ESUBROUTINE ATBXA+B.C<E&%kx%x
SUBROUTINE ATBXA.B+C<
DIMENSION AX78,38<,BX78<,CX%X38<
DO 30 i#1,38

CXI<#0.0

DO 31 JUw¥l.78
CXIK#CXIKEAX Iy [<XBXIL

T2



o0

s NNl gl

31
30

31
30

CONT INUE
CONTINUE
RETURN
END

*%XSUBROUT INE PTO*%xx

SUBROUTINE PT9

COMMON RMUDELTAIRPI + AMDA+ AMDAP ¢ AMDAL s AMDA2 s ALPHA+BETA, GAUMA,

1 EF » GEF ¢ GF s GGF ¢ RNUF ¢ GNUF s EMe GEM¢GM,GGMsRNUMeGNUM, AX3B8<,BX38<,
2 XIX20 ¢20<+sETAX20+20<sIKS+sANPX19<C +BNPX19<D225sGD22¢VFeVMsD225M,
3 DATAX 128+ 8< s XXXX393<sYYYX3+3<

DO 30 1#1,3

RI#I

DO 31 JU#1.3

RJI#J

XXXXI ¢+ JXEXRJI-10<E*RMU/240

YYYXI ¢ JISARMUSDELTA—-XRI-10<*RMUXDELTA/2.0

CONTINUE

CONTINUE

RETURN

END

*x%x%kDATA DECK FOR HEADING — COMPD22%%k%kx%kx%x

X46X » D%k %*XBORON-EPOXY AXXx%k&%k@y,///<

XA6X ¢ D4k EXXBORON-EPOXY BRx%kX%kPe///<

X41X o 2% xBORON-ALUMINUM 2024-T3%%x%k2%3,///<

XA4SX s D%k kE GLASS—-EPOXY Ax&kkk%ka,///<

X4SX o DX REE GLASS-EPOXY BXx%x%%3,///<

X33X » 3% %%k xXTRANSVERSE FLEXURAL STIFFNESS D22/7022Me%%xx%¥B+7///<

X1HY s 7/ /777777777 231 X+DDATA 1 ELASTIC AND DAMPING PROPERTIES 0T 30IN®.///<
XAHY o/ /7777777777 +30X+@DATA 2 ELASTIC AND OAMPING PROPERTIES OF EPIOXY A®e///<
X1HY o/ /7777777777 +30XsdDATA 3 ELASTIC AND DAMPING PROPERTIES OF EPOXY B@,7///<

[

ele



XN\HY 0/ /7777777777 +30X+DdDATA 4 ELASTIC AND DAMPING PROPERTIES
XA W/ / /7777777777 29X +DDATA S ELASTIC AND DAMPING PROPERTIES
XA\HL s ///7777/777777 «33X+sDNOMINAL ELASTIC PROPERTIES OF SELECTED

OF ALJ 22243d+//7/<
OF E-GLASS®,///<
MATERIALS®De/7/7/<

€le



*xkkkx{_EAD-IN FOR COMPD66F k¥ kX
DIMENSION FMT2X%X20:6<FNT2X20<
COMMON RMUSDELTA S AMDASsAMDALoRPI oEF « GEF o GF ¢ GGF s RNUF ¢ GNU=
1 EMesGEMs GMGGM s RNUM, GNUM, AX23<+BX23<s XIX20+60<ETAX2D,6D0<,
2 IKSsD6E6S,GD6E6,GAMA,D65SMsDATA%X128,8<
*%x%DATA INPUT
READ %5,2000< FMT2
2000 FORMAT X20A4<
CALL GIVEN
*READ GEOMETRICAL PARAMETERS RMU AND DELTA
IDATA#1)
RPI#3.1415927
700 READ X5+106< RMULDELTA
106 FORMAT X2F10e3<
IF XRMU<K 999 ;999,800
800 CONTINUE
CALL P1200
RTK#TKX3 0/DEL.TAL
VF#RP I/ X4 0XRMUX X2 DEL TAL
VM#1 .0-VF
IBEGH#1
IBEG#6
TEND#6
TINC#1
DO 31 [JUK#IBEG+IENDLIINC
IF XI1JUK-5< 5050, 51
S0 NBEG#12*X1JK-1<&1}
NEND#NBEGE 11
NINC#1
GO TO Ss2
51 NBEG#61
NENDENBEGE 3
NINC#1
52 CONTINUE
WRITE X64,107< IDATARMUJDELTA,,VF
107 FORMAT X1\HY G/ /7777777777 28X +BIDATA#D 91398 RMUNDsFT7 3

he



2222

S3

330

331

5S4
332

333

SS

l1a DELTA#DesF7 0392 VF#DesF 70

DO 2222 LMN#¥1,20
FNT2XLMN<S#FMT2XLMN, I UKL

WRITE X6 ,,FNT2<

IF XIJK=-5< S53,+53,54

CONT INUE

WRITE X6+330<

FORMAT %X15Xs13H FREQUENCY ,13H

113H GF/ GM » 13H D66/D66M
WRITE %6,331<

FORMAT X1SX.13H HERTZ +13H
GO TO 55

WRITE X6+332<

FORMAT X27X,20H FIBER

WRITE %6+,333<
FORMAT X27X+20H VOLUME FRACTION

13H D66/D66M +13H RTK
CONTINUE
DO 30 I#NBEG+NEND+NINC
II#1I664

FREQ#DATAXI » 1<
EF#DATAXI s 3<
GEF#DATAXI+4<
GF#DATAXI 5<
GGF#DATAXI+6<
RNUF#DATAXI.7<
GNUF#DATAXI »8<
EM#DATAXII»3<
GEM¥DATAXII AL
GM#DATAXII +5<
GGM#DATAXI I, 6<
RNUM#DATAXII »7<
GNUMADATAXII ,8<
AMDA # GF / GM
AMDAP#EF/EM
AMDAL#%XAMDA—-1.,0</XAMDAE 1+0<

3e/7/7/7<

D66S

+13H

s 13H RTK

1.E6 PSI

+13H
o //7<

»13H

GF/ GM

o 7TH

GD56

IKS +/¢

PER CENT

v /77<

VX



nNoOOoOnNn

81
109

82
110
83
30
31

999

AMDAZ#XAMDARX] ¢0=-2. 0%¥RNUMC X1 s0-2.0 ¥RNUF KK/ %AMDAE 1o 0—2¢ OXINUFC

ALPHASAMDARY 36 O—A4 0%XRNUME 1 e 0K/ X3e0-4¢ 0XRNUFEAMD AL
BETA#4 .0 %AMDAX%1 ¢ O-RNUMK/XAMDA~-1,0<
GAMMA#BETA—-1 .0

CALL COMPD66

GO TO %81:81,81:81,+,81,:82<, 14K

WRITE %X6:109< FREQ+D66S+sGDES6,AMDA,DH66SM,RTK, IKS
FORMAT X1SXe6E13.48415<

GO TO 83

WRITE X6+110<& VF s AMDAJDG66SMRTK

FORMAT X32XsF7e398Xs3E1364<

CONT I NUE

CONTINUE

CONT INUE

IDATA#IDATAEIL

GO TO 700

sSTOP

END

*%kxxXkSUBROUT INE GIVEN®%k k&%

%k SUBROUTINE P1200 % %%

SUBROUTINE P1200

COMMON RMUSDELTA,AMDA,AMDALl +sRPI +sEF ¢+ GEF s GF s GGF s RNUF s GNUT
1 EMsGEMsGM,GGM 3 RNUM, GNUM, AX23<,BX23<+s XIX20+s60<,ETAX20 260K
2 IKSeD66S ¢GD66 3 GAMA,D66SMyDATAXLIZ28¢8<

XX#RMU/Z720.0

YY#RMURDELTA/20.0

DO 30 I#1,20

RI#l

DO 31 JU¥1+,60

RJINMY

XIXI o JS<HXRI~0e5<EXX

ETAX] s JIKHXRMUDEL TACK=XRI -0 +5<%kYY

942



nno

31
30

50

S1
s2

31

CONT INUE
CONTINUFE
RETURN
END

*xx%x%xSUBROUT INE COMPODG66 kkkkk

SUBROUTINE COMPD66

DIMENSION DDDXA49+23<+DD%K23+523<»D%X23:,23<,BA%49<K

COMMON RMUDELTAs AMDA, AMDAL +RPIJEFy GEF 9 GF 9 GGF s RNUF s GNU~ ,
EMsGEMsGMsGGMs RNUMy GNUM, AX23<+BX23<e XIX20+60<sETAX2) 960<
IKS+sD66S+GD6E6 9+ GAMALDO66SM,DATAX128,8<

GAMA#2 .0 *RMU

V#RMU*DELTA/8.0

H#RMU /8.0

AREA#FRMUXX2%DELTA/400.0

**%kFIRST EDGE-9 POINTS

Y#RMUXDELTA

DO 30 1I#1,9

RI#I

X#XRI—1 e 0<%xH

ROH#SAQRT XX %26 Y x¥ 2<

IFXX< 50450451

TETA#0.5%RP1

GO -TO S2

TETA¥#ATANXY/ XL

CONT INUE

BBXI<#0 o 5S¥ROH®*2

DDODX1,1<#1.0

DDDX1,9<#0.0

00 31 Js»2,.8

K#2%%J-1<

RK#K

DDDX1I » JIKKXROH*X*KEAMDAL *ROHX %X ~K<<*XCOSXRKETETAL

CONT INUF

DO 32 JU#10,23

bz



ot

DDDXIT+J4<#0,0
32 CONTINUE
30 CONTINUE
*x%xSECOND EDGE-8POINTS X 16 EQUATIONS
X#RMU
DO 132 I#10.17
RI#I
Y#XRI—-10 ,0<*V
ROHASQRT EX %425 Y %%k 2<
TETA¥ATANXY /XL
11I#1&68
BBXI<#2 + O *RMUXRXAMDAL *ROH* %X~ 1< X*xCOSXTETAL
DDDXI ,1<#1 C
DDDXI +9<#-1,0
BBXII<K# 2.0%*RMUXAMDALlXROH**X-2<kCOSY%2.0%T=TAL
DDDX1I1I,1<#0.0
DDDXI 1+9<#0.0
DO 33 J#2,8
K#2%X J—-1<
RK #K
DDDXI s JK#XROHE XK EAMDAL ¥ ROH* X ~K < <*COSYRKEXTETAL
DDDXI 19 JX#RKERXROHXRXK~1 <k COSXXRK~10<%*TETAL
1 = AMDA 1 *ROH* % X~K—-1<%C0S XXRKE 1.0<*TETALL
33 CONTINUE
DO 34 JJ#10,.,23
K#JJ-9

RK#K
ODDXI o JJIKH#=XX~10 O<kEKALROH&AKE AMDA L *ROHX*XX~K<<K*¥COSXRKETET A<

DDDXI T4 JICKHER-] s OKERKSERKAXRDHE X XK~ 1 <HCOSAXRK~1 ¢ OKkTETAK
1 ~AMDA1*XROHXk®X~=K—-1<*COSXXRKEL s OK*TETALKL
34 CONTINUE
132 CONTINUE
*%k%kTHIRD EDGE-16 POINTS
Y#RMUXDELTA
DO 3S [#26,41
RI#I
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S3

Sa4

S5
S6

36

37
35

39

X#RQRMUEXRI =25 0 <*H
ROH#SQRTXXX—-GAMAK**2EY* ¥ 2
IF ¥X-GAMA<K S53,54,55
TETA¥RPIGATANXY/XX-GAMALK
GO TO S6

TETA#O0.5%RPI

GO TO S6
TETARATANXY/XX~-GAMALKL

CONT INUE

BBXIKHO e SEXXEX2E YRR 2EGAMARXAMDA ] *ROHX %X~ 1< *COSXTETAK
DDDXI»1<#0.0

ODDXI+9<#1 0

DO 36 J#2.8

DDDX14J<#0.0

CONTINUE

DO 37 JJU#10,23

K#JJ-9

RK#K

DDDXI ¢ JUSH#XROHX XK EAMDAL ¥ ROHR XX~ KL LCXCOSXRKERTETAKL
CONT INUE

CONTI NUE

***FOURTH EDGE-B8POINTS
X#3 ¢ 0 XRMU

DO 38 I¥#42.,49

RI#¥I

Y#XR]I =42 .0<*V
ROH#SQRTXRMUX¥2E Y%k 2<
TETARATANXY/RMUKL

BBXIKHO «SEXX¥¥2EV ¥%2<LE2 s 0 *¥RMUXAMDAL ¥*ROH* %X~ 1 <kCDSETETAK
DDDX1+1<#0.0

DODXI,9<#1 .0

DO 39 J¥2.8

DDDXI+J<#0.0

CONT INUE

DO 40 JJU#10,23

K#JJ-9
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40
38

42

43

59

60

RK#K

DDDXI s JUSHXROHXRKEAMDAL *ROH* *xX—K<<XkCOSXRK*TETAC
CONT I NUE

CONTI NUE

*%k%kSOLVE FOR COEFFICIENTS USING BPLS METHOD
CALL MATASXDDDD<

CALL ATBXDDD 88,8<

CALL SIMQXD.B,23,KS<

IKS#KS

*%x%xCOMPUTE FIBFR REGION COEFFICIENTS AX23<*%x%
AX1<AHAXBRX1<EO +S*XAMDA—1, 0<</AMDA

DO 42 I#2,8

AXI<K#2.,0%BXI</%XAMDAE1,0<

CONT INUE
AXI<KHXBXICED e SAXXAMDA-1 0<%k %1 ¢ 0E GAMAXX 2K/ AMDA
AX10<¥#2,0%B8%X10</%AMDAE 1 cO<KEAMDA1XGAMA

DO 43 1I#11,23

AXICK#2,0%¥BXI</XAMDAE] ,0<

CONT INUE

*xkCOMPUTE D66S AND GD66

SUM1#0.0

SUM2#0.0

SUM3#0.0

DO 44 11,20

DO 44 J¥1,20

CALL PSICXXIXI ¢J<,ETAXI 3 I<,PSIPL

CALL TXYCXXIXIsJ<IsETAXI 3 I<sTXZ4TYZL
ROH#SQRTXXIXI » JS*k%*2EETAXL ¢ J<k%k2<

IF XRNOH=1,0< 59+59,60

TERM1 #PSIP

TERM2ETXZRX2ETYZ R %2

SUM2#SUM2E TERM2

GO TO 61

TERM1 #PSIP

TERMI¥TXZX%2ETYZ #%2

SUM3 #SUM3ETERM3

082
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32
31
30

34
33

31
30

2% ¥SUBROUTINE MATASXA+.B< FOR TRITORC 49X23%%xx

SUBROUTINE MATASXA:8<
DIMENSION AX49+23<+8X23,23<
DO 30 1I#1,23

DO 31 JU¥1,23

BXI+J<#0.0

DO 32 M#1,49

BX1 o JKHAXM, IKEAXM L ILKEBX T, JL
CONTINUE

CONT INVE

CONTINUE

DO 33 1#2.,23

[I#1-1

DO 34 J#1,11

BX1+J<#BXJ,I<

CONTINUE

CONTINUE

RETURN

END

*%k%xSUBROUTINE ATBXA+BC<k%x%
SUBROUTINE ATBXA,B,C<
DIMENSION AX49+23<sBX49<,C%X23<
DO 30 I#1,23

CXI<#0.0

DO 31 J#1,49
CXIKH#CXI<CEAX I, I<%xBX UL

CONT INUVE

CONTINUE

RETURN

END

*%x*¥SUBROUTINE PSICXX.Y,PSIPL
SUBROUTINE PSICXX Y +PSIPL

COMMON RMUDELTA,AMDA,AMDALl sRPI +EF s GEF ¢ GF s GGF s RNUF s GNUT »
EMsGEMyGMsGGMs RNUMs GNUM9 AX23< s BX23<e XIX20+s60<sETAX2D 460K,
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65

30

S7

51

58

59

RE TURN

SUMFX#0e0

SUMFY#0.0

0o 30 J¥2.8

K#2%XJ-1<

RK#K
TERMFX#RKX¥AX JS*ROH*: R XK—=1< %S INXXRK~1 .O<ATET AL
SUMF X #SUMF X& TE RMF X
TERMFY#RKEAX IS X ROHA* XK -1 <k COSKXXRK~1 ,0<*TETAKL
SUMFY#SUMFYETERMFY

CONTINUE

TAUX#-AMDAX*XXSUMFXEY <

TAUY#—-AMDAXXSUMF Y=X<

CHANL #2.,0

RETURN

SUMMX#0.0

SUMMY #0 . 0

DO 31 J#¥2,8

K#2%XJ-1<

RK#K

TERMMXFRK*BX JCAXROHREXK~1<%*S INXXRK—1 ,0<%XTETA<E
1 AMDA 1 2 ROH® . X~ K—=1 <¥SINZXRKE 1 ¢ OKXTETALL
TERMMY#RK%X(BXJC X XROH® X XK~1 <*COSKXXRK—1,0<XTETAL~
1 AMDA 1 ¥*ROH®*X—~K—1 <&COSXXRKE 1 +O0<®(TET ALK
SUMMX #SUMMXETERMMX

SUMMY #SUMMY £ TERMMY

CONTINUE

TAUX#-SUMMX~-Y

TAUY#-SUMMYEX

CHANL #3.0

RETURN

ROHESOQRT XXX ~-GAMACX*2EY & %2LK

IF XX-GAMAL S58+59,60
TETA#RPIEATANXY/%X~-GAMALL

GO TO 61

TETA#O0.5*%RP [
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CHANL #6. 0
RETURN
END

oonn

EkEFUNCT ION TKXX<C%kx
FUNCTION TKXX<
RPI#3.1615927
SUM#Q «0
DO 30 I#1,9,2
RI¥X
TERMETANHXRIRPIXRX/2,0</XR I %5~
SUM¥SUME TE RM
IF XABSXTERM<~140E-4< 50,5¢,
S1 CONTINUE
30 CONTINUE
SO TK#X1e0-192.0%5SUM/XRPT &%
RETURN
END

88e

*+%x%%DATA DECK FOR HEAD INNE

nnnonn

X46X » %% 5% EBORON~EPOXY AREkR%dy///<
X46X+ xR K EBORON—-EPOXY B*&k%k*¥%3,///<
X481 X ,2%%%x¥ & B0RON-ALUMINUM 2024-T3%x%k%x2%k@,///<

X4SX s ¥k KEXE GLASS—EPOXY A%%K%x¥k%3,///<

X45SX s %Xk &kE GLASS—-EPOXY BXxEXx¥%de///<&

X3X »D* k¥ KX TWISTING STIFFNESS D66/D66 MRk k%D, /// <

XIRY o/ /777777777731 X+DDATA 1 ELASTIC AND DAMPING PROPERTIES OF BORIN@®e// /<
X1HY o/ // /77777777 +30Xe«eDDATA 2 ELASTIC AND DAMPING PROPERTIES 0OF EPJIXY Ad.///<
X1IHY o/ /77777777777 +30X+dDATA 3 ELASTIC AND DAMPING PROPERTIES OF EPIXY Bd,//7/7<
XAHRY e/ / /777777777 +30X+adDATA 4 ELASTIC AND DAMPING PROPERTIES OF ALY 222423,/7/<
RKAHL o 7/ /7777777777 29X +2DATA S ELASTIC AND DAMPING PROPERTIES OF Z-3LASS®s///<
XAHBY e/ /7777777777 +33X+DNOMINAL ELASTIC PROPERTIES OF SELECVED MATERIALS®»/7//<




CHANL #6¢ 0
RETURN
END

onnon

XkEFUNCTION TKXX<Ekk%
FUNCTION TKXXL
RPI#3.1415927
SUM#0 .0

DO 30 I#1,9.2

RI#l

TERMFTANHXRIXRPIXX/2,0</XRI*%5<

SUM#SUMETERM

IF XABSXTERM<K~1+40E~-4< S50,50,51

S1 CONTINUE
30 CONTINUE

SO0 TK#X10-192.0%SUM/XRPI*#%¥5%kX<</3.0

RETURN
END

nonon

X46X » %% XxkBORON-EPOXY AxRXkk%3,///<
X46X+ DRk XEXBORON-EPOXY BHE&k¥x%3,///<
XA1X D%k kBORON-ALUMINUM 2024~-T3%%k%%%d,///<
XASX s DEKXXERE GLASS—EPOXY AX&%X%k%k3d,///<
X45X s X% ¥k %kE GLASS—-EPOXY B*%%k%x%d,///<
X39X » %% %% TWISTING STIFFNESS

X1HY 0/ / /777777777 +31XeDDATA
XYHY o/ /7777777777 30X DDATA
X1HL o/ /7777777777 30X2dDATA
XA\HY o/ // /777777777 230X+dDATA
XVHY o /77777777777 29X o DDATA

1
2
3
a
S

*%kk%kxDATA DECK FOR HEADING - COMPD66*%%k*%

D66/D66M*kXX%%k@,/// <

ELASTIC
ELASTIC
ELASTIC
ELASTIC
ELASTIC

X1HY e/ /7777777777 33X DNOMINAL ELASTIC

AND
AND
AND
AND
AND

DAMPING
DAMPING
DAMPING
DAMPING
DAMPING

PROPERTIES
PROPERTIES
PROPERTIES
PROPERTI1ES
PRI/OPERTIES

PROPERTIES DOF SELECTED

OF
o=
OF
OF
OoF

88¢

BORIN®s /7/7/7<
EPJIXY A®+//7/<
EPIOXY Bds/7/7/<
ALY 2224d,/77//7<
E=3LASSD.//7/<

MATERIALS®Ds/7/7/<



20909

790
10¢

200

50

S1

52

107

#xkAEL CAL=IN FNR COMPGS Gkt
NIMENSICN E¥T2%220,6<, FNT2220<

COMMON RN Z,NELTALAMCALANDAP yAMNDAL 4 RFI 4 IKSySHAPELZEF,CFFyGF,4GGF,
1 ANUJF 3 CNIUIF y EMy CFM ) GMy CGMy RNUMyGNUMyRNUBA ¢ BE2D< AZ20< 9y XT 820, 20<

2 ETA?22,2N<,G55,GCG55,K,G55S
¥x%XDATA [NPUT

REAN 75,2030 FMT2

FCRMAT ®2CA4<

CALL GIVEN

*RFAD CECMETRICAL PARAMETERS RMU AND CFLTA
IDATA4]

RPI#3,1415G27

READ %%,106< RMU,DELTA

FORMAT 22zF10.3<

IF IRMUC 669,9GG5,890

CONTINUE

CALL PT4CC
VFERPI/34.03RMU%X2XCELTAL
VM#],0-VF

IBEG#1

1END#6

IINC#]

DO 31 IJUK#IBEG,»IEND,IINC

IF 2IJK~-5< 50,50,51
NBFG#12221JK-1<8&1

NEND#MBECELL

NINC#]

GO TC 52

NBEG#61

NENDANEFCE3

NINC#1

CONTINUE

WRITE 2¢,1177< INDATA,RMU,NELTA,VF
FORMAT R1HLY W/ /7777777777 +928X4+alDATAHdy13,42
13 NELTA#¥R9F7a394d VFH#@sFTe392/777<
0O 2222 LMN#1,2)

RMU#a,FT7e3y

682
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31
195

82
119
83
39
31

g9a9

1
2

BETAES ,C#AVMDA%Z] JD-RNUMS/YAMDA-1,CKL
GANNVAY¥PRETA-1,)

RNURAH#VFE 2QNUFSVMERNUM

CALL CCWFGSS

GC TC *£1,31,31,81,81,22<,1JK

WRPITE ¥£,1299< FREQ1GS59GG55+AVMDA,G55S SHAPE, TKS
FORMAT Z15X96013e4y15<

GO T A2

WRITF %€,117°< VF,AMRA,GSSS

FORMAT Z32X4FT7e3911X9F13.498X,yE13.4<
CAOMNTINLE

CONTINUE

CONTINUE

IDATA#]ICATAE]L

Cao 1T 71CC

sTne

END

*%x*SUBRCLTINE GTIVEN***

*¥uxPTLHGC #aok

SURROUTINE PT400

COMMON KNMUL,DELTAZAMCA, AMDAP , AMDA1,RPI 4 IKS,SHAPE ,EF,GEF ,GF 4GGF
RNUF s CANUF g EMaGEM GGV 4 GGM 3y RANUNMZGAUNRNUBA, BE220< 4, A%2:10< 9y X 122049 20<
CETAY2N,204,G55sGCE559G55S,NATA%128,8<

HERMLU/2Y,.D

VIRMURDELTA/2N.0

0O 32 T4#1,2C

RI4I]

DO 20 JH1L,2C

RJ 4.

YHRMURDELTA-2RT =N, 5%V

XBERJ=-T 4 E<*kH

XI%T4J<HX

162
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A>T =N=axxHOURTVOWYIDVLEId 1% >0 1=NdB&NISxD> I=-AHitxxHOd&xAd=0>1*1%00D
A AY

1-CxciM

ugtesl 1¢ LU

SAHJUXAHDYE/DAVLIFLX0°24SUIRTVGHVSC T8#>T141145023
SHIUXHIEL/DVLIIL R CWNISHTIVUnVH>T1412300
AARAA% <

DVANNYXG*0-0° T o—=XXAxXX%VENNAXG*0=>D>H & xAHOYZ/>AVLIdL#D*28S02%0*ET 1
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TAUYZ U4 (TEXAMDALXY V2 NE D2, IXRNUBACRSINT 2 JO*TFTAL/ 2RCH%RMHL
1 =3 NESGIMFG G IATFTAC/FROIHAXL ISR T2 CERNUBACKRXXYESUMY
2 ARZICHAMTATIXSINY 2 JIXTETAC/ TROKE%ER(EC

PETRY
Enp
C
o
C *kxXXNATA FECK FOR FEADING
o
C

46Xy aXEEXXBORCN-FDOXYY AXkkX%g, ///<

LLHbXya ki xICRCN-FPOXY RBiIkkkg,///<L
V41 Xy k% ¥RFXACRCA-ALUMINUM 2924 -T3%%%kXx%k3,///<
FLSX gy x%%XEE CLASS-FPOXY AX%kXx%ka,///<
P45 X g T ¥*HxRE CLASS—-EPCXY BA%%kX*%g,///<
BILX g axxxxXTRANSYERSE THICKNESS-SHEAR STIFFNESS GSS5/GMx%x%k*x%xg,///<

BLHY /77777777777 4,31X,3DATA
YAHY W /77777777777 4+33X,aDATA
BYHY /777777717777 ,43C%;3DATA
RIHY /17777777777 +33XyaDATA
Y1HY /777777171777 ,+,28X4aDATA

U W N =

ELASTIC
FLASTIC
ELASTIC
FLASTIC
ELASTIC

BAHY /77777777777 ,33Xs2NOMINAL ELASTIC

- CNMPGSS##* k%

AND CAMPING PROPERTIES
ANC CAMPING PROPERTIES
AND CAMPING PRCPERTIES
AND CAMPING PROPERTIES
ANT. CANMPING PRCPERTIES
PRCPERTIES OF SELECTED

CF BCRCN@,y/7/<
OF EPOXY A@,///<
CF EPCXY Ba@s///<
OF ALU 222484///<
OF E-GLASS@+,/7/<
MATERTIALS@y,///<

462



kkkk| EAD-IN FOR CUOMPG44%xkkk%
DIMENSION FMT2X20+6<+FNT2%20<
COMMON RMUSDELTA, AMDA, AMDAP s AMDA 1 s AMDAZ2 4EF s GEF s GF s GGF ¢ INUT s GNUF
1 EM;GEM,GM,GGMRNUMsGNUMRPT s VF, VM, E11S+DATAX 128+ 8<+G449 G44S
2 GG444+RK
*%x%DATA INPUT
READ %5,2000< FMT2
2000 FORMAT X20A4<
CALL GIVEN
*READ GEOMETRICAL PARAMETERS RMU AND DELTA
IDATA¥1
RPI#3.1415927
700 READ X5,106< RMULDELTA
106 FORMAT X2F10.3<
IF XRMU<K 999,999,800
800 CONTINUE
VFEF#RPI/%4 « 0 *RMU**2%DEL TAL
VM#¥ 146 0-VF
IBEG#1
TEND#O
IINC#1
DO 31 I1JUK#IBEG,IENDeIINC
IF X1JUK-5< 50,50.51
SO NBEG#12%X] JK-1<&1
NEND#NBEGE 11
NINC#1
GD TO 52
S1 NBEG#61
NEND#NBEGE 3
NINC#1
S2 CONTINUE
WRITE X64107< IDATASRMU,DELTA,VF
107 FORMAT XNHY s/ / /777777777 28X +DINATAXD +13,+® RMU#@+F7 e3
1a DELTA#¥D,F7e3+d VFH¥BsFTe3e /777X
D3 2222 LMN#1,20
2222 FNT2XLMNSAFMTZ2XLMN, I UKL

862



53

230

331

S4

332

333

55

WRITE X6 .,FNT2L

IF XIJUK~=-5< 53,535 54
CONTINUE

WRITE %X6+330<

WRITE %6+333<

FORMAT X1SX,20H VOLUME FRACTION +21H
1 214 G44/GNM +21H

CONT INUE

DO 30 I#NBEGNENDNINC

LI¥#IE64

FREQ#DATAXI,1<
EF#DATAXTY ¢« 3<
GEF#DATAXT,4<
GF#DATAX1,5<
GGF #DATAXI »6<
RNUF#DAT AXI« 7<
GNUF#DATAXT ,8<
EM#DATAXITI,»3<
GEM#DATA%XII4<
GMADATAXII »S<
GGM#DATAXII,6<
RNUM#DATAXITI 7<
GNUM#DATAXII ,8<
AMDA#GF/ GM
AMDAPHEF/EM
AMDALA%ZAMDA~-1, OK/XAMDAE1.0<

AMDAZ#XAMDA%XX] e 0—2e 0%¥RNUMC—=%X1 e 0-2s0%RNUFKK/XAMD AL 10 0—2,4 O%kRNUFK

GaasGMm

FORMAT %X15X,14H FREQUENCY ,14H G4 4 )
1 I4H GGaa e14H GF/GM s 14H

2 14H SHAPE s /<

WRITE %6+331<

FORMAT X1SX.14H HERTZ *+14H 1E6 PSI
) § 14H PER CENT ,//<

GO TO SS

WRITE X6+332<

FORMAT X1SX,12H FIBERKL

SHAPE

GF/7 GM
o /7/7<

662
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ALPHASAMDAXY 34 0-4 0%RNUME 1 « 0K/ X3 0—-4,0%RNUFEAMD AL
BETA#4 s 0 *AMDAX %1 s O—RNUMC/ XAMDA—-1 40<
GAMMA#BETA~1 .0
CALL COMPGa4
GO TO X81+81481+,81:81+82<s1JK
81 WRITE %X6+109< FREQ:sG44+GG44.AMDA,G44S,RK
109 FORMAT X1SX.6E14.4<
GO To 83
82 WRITE %6+110< VF+AMDA+G44S+RK
110 FORMAT X15X+E15e¢4+5X93E2164<
83 CONTINUE
30 CONTINUE
31 CONTINUE
IDATA#IDATAEL
GO TO 700
999 STOP
END

*k%k*xxSUBROUTINE GIVEN®&%xkX

*k ¥ SUBROUTINE GAGG4

SUBROUTINE GA4GG4

EXTERNAL FF1.,FF2,.FF3,FF4

COMMON RMUDELTA,AMDA,; AMDAP s AMDAL1 s AMDAR2 +EF s GEF » GF ¢« GGF 9 INUF » GNUF »
1 EMsGEMsGMsGGMsRNUMcGNUMsRPI 3 VF s VM E1 1S, DATAX 1289 8<¢G445G44Sy
2 GG44,RK

CALL QGSX0e0e¢10sFF1,F1<

CALL QGSXCe0s1e0sFF2,F2<

CALL QGS5%—1e091s0+sFF3,F3<

CALL QGS%X~1e0+s1.0sFF4.F4K

RNUAV #0 « SEXRNUFERNUML

RK#10.,0%%1 0ERNUAVLK/X12.0E11.0%¥RNUAVL

GA4#XGM/ X3 O0XDEL TARRKLSS /X 0e 42kXRMU=-]1 c OK/XRMUSDEL TALKED 75

1 *%F1/ AMDAEF 2<<

00€
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aN3
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o000

0ono

2 GG 44 + RK

Y#] eO=X%k%k2

SQRY#SQRTXYL<

ZARMUXDELTA

ZZNZ%7Z

ZZZHZ%722Z

A#BD*RZZ%227Z/150
BH¥-SQRYRXZARZZZ<-2e¢0/3e0%ZZ%kVYEQ2%Y%(RY L
CH¥XZZZEXAMDAP~1 e 0<%kSQRY k%k3 k%2
FF2#%XAEB</C

RETURN

END

*kE¥FUNCT ION FF3XX k%%

FUNCTION FF3%X<

COMMON RMUSDELTAs AMDAs AMDAP s AMDAL s AMDAZ2 sEF 9y GEF 9 GF s GGF s RNUF s GNUF »
1 EMs GEMy GMyGGM9 RNUMy GNUMsRP I s VF 3 VM E11SsDATAX 1284 8<95449G44Ss
2 GG44 . RK

Y#1eO0—-X%x%2

Z¥RMUXDELTA

SQRY#SQRTXYL

ZZHZ*%2Z

ZZZNZ%x2ZZ
FRF3#XXRMU-XL/%4]1 « 0O-XAMDAP-1 e 0</ZZ2*SARY ¥ %3 <%k %2 SQRY *%3

RETURN

END

*kXFUNCT ION FF4XX<Xx%X

FUNCTION FF4%XX<

COMMON RMUIDELTA, AMDA, AMDAP s AMDAL s AMDA2 +EF s GEF» GF e GGF s INUF s GNJT »
1 EMesGEMsGMyGGMs RNUMs GNUMRPI 4 VFo VM, E11S,DATAX 128, 8<+544+G44S,
2 GG4a4,4RK

Y#1e0—-X%%2

ZM¥RMU*DELTA

20€



(g e Ng)

(sl N aNals]

SQRY#SQRTXYL

ZZuZ%*Z

ZZZHZ*%Z2

FFAaAXARMU—X</X1 e 0EXAMDAP=140</ZZZ4%SQRY**3<<k%k2%kXZZZ-SQY%k& 3L
RETURN

END

*¥%xxSUBROUTINE QGSXXL o XU sFCT s ¥Y<k¥*%k
SUBROUT INE QGO XXL o XUFCTHY¥<
A#O.SEXXUEXLL

B# XU-XL

C#44530899%B
Y#.1184634%XFCTXAECLKEFCTXA-CLL
CH#e2692347%8

YR#YE «2393143%XFCTXAECKEFCTXA-CKLKKL
Y#B*XYE « 2844444 %FCTXALL

RETURN

END

**%x%x&DATA DECK FOR HEADING -~ COMPGA4%* k%X

X46X s 23H*%x%x % kBORON-EPOXY A%xEX%k%,///<

X46X 9 23HA %%k XkBORON—-EPOXY B¥x&k%k%k%k,///<

X4 1X 9 I2HEXXk*XXBORON-ALUMINUM 2024~-T3%k%kkkk,///<

XA45X » 25H%k%k%x%%XE GLASS-~EPOXY AX*x*%%%,///<

X45X s 2S5HXX X%k EE GLASS—EPOXY B¥*%xk%kky3///<

X31Xe SIHAXXkXkATRANSVERSE THICKNESS-SHEAR STIFFNESS G44/GMkXx %Xk ,4//7/<

XIHV o/ /7777777777 +31Xs4T7THDATA 1 ELASTIC AND DAMPING PROPERTIES 0F 33RON.///<
XNH Y/ /7777777777 +30X+s49HDATA 2 ELASTIC AND DAMPING PROPERTIES OF E20XY A,///<
XYHY O // /77 /777777 +30Xes89HDATA 3 ELASTIC AND DAMPING PROPFRTIES OF TPOXY B.///<
XN/ /7777777777 230X+sSOHDATA 4 ELASTIC AND DAMPING PROPERTIES OF ALU 22244.,/7//<
XKA\HY /7 /777777777 +29X949HDATA 5 ELASTIC AND DAMPING PROPERTIES OF £E-GLASS,///<
XVHL o/ /7 /77777777 333Xs48HNOMINAL ELASTIC PROPERTIES DF SELECTED MATERIALS//7/<

€0g



