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TABLE 4 date was added and shaked for 15 min. The product
formed was filtered off, recrystallised from ethanol

uaternary Ammonrnium Salts of 4-N-dimethyviamino- ,
¢ d f Y and m.p. determined (table 4).

pyridine and their periodate and perchlorate derivates:

18 December 1982; Revised § March 1983
Compound  m.p.°C —————

Il a 246 (100%) . Einhan, A. and Gottler, M., Chem. Liebigs, 1908,

l1b 240 ( 64%) 203, 207.

lc 270 ( 58%) 2. De Benneville, P. L., “Medicinal Chemistry” Vol.

Id 275 (100%) [11 (eds) F. F. Blieke and R. H., Cos, John

Ile 71 ( 85%) Willey and Sons, Inc., New York, 1956, p. 114

Hf 120 ( 60%) and 122,

lg 219 ( 65%) 3. Teltel, S., Heck, P., Grunberg E. and Goldberg

Ik 86 ( S55%) M. W., J Med. Chem., 1963, 6, 780.

I 211 (100%) 4. Klarman, E. G. and Wright, E. S., Am. J.

11} 188 ( 56%) Pharma, 1954, 126, 267.

11la 212 ( 40%) 5. Burger, A., in “Fundamental Concepts in Drug-

111b 125 ( 549%) Recepror Interactions™, (eds) J. F. Moranan
- - . and D.-J. Triggle, Academic Press, New York,

1970, p. 10.

The yield percentage of each compound 1s shown n

brackets. 6. Bahner, C. T., Easly, W. K., Biggerstoff, G. E.,

Brown, E., Close, M., Isenberg M, M_, Lyons,
H.D., Stephen, E., Stums, B., Walden Blanc,
B. G.and Watkins, M., J. Am. Chem. Soc.,
1953, 75, 1472

Krohnke, F., Ber., 1935, 68, 1177.

8. Libman, D. D., Pain, D. L. and Slack, R., /.

Chem. Soc., 1958, 2305.
9. Austin, W. C,, Potter, M, D. and Tayler, E. P,

required alkyl halide or alkyl dihalide (0.01 mole) in
acetone (50 ml). The reaction mixture was heated
under reflux for 3-5 hr, then allowed to stand until
precipitation took places. The precipitated solid was
collected, washed with benzene, recrystallised from
ethanol and the m.p. shown in table 4.

-~

Periodate and Perchlorate derivatives (I1b) and (lic): J. Chem. Soc., 1958. 1489

The methiodide derivative (11a) about | g. was dis- 10. Imam, G. M., Ph.D. Thesis, Faculty of Science
solved in cold water {20 ml) and an excess of cold Ain Shams University, p. 239, 19635.
saturated solution of potassium perchlorate or perto- 11. Epstein, J. A,, Cab. Med., 1944, p. 29, 31, 319.
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ABSTRACT

The strength of laminated composites can be calculated by measuring the strength and elastic
properties of the unidirectional lamina and by applying a latlure criterion. The results obtained
distinguish between the first ply failure and the ultimate faiture of the laminate. Using the first ply
failure as the design criterion, a simple method for laminate optimisation is suggested and used fora
specific problem. The present approach which takes into account the anisotropic composite
properties and their tensor transformations and simplifies them by using graphical mcthods, will
lead to simple methods of optimal design with composite laminates.

INTRODUCHION contains continuous aligned fibres in a matnx, The
structuril clements are then made by stacking up the
N the laminsted composites, the basic building plics and cach ply can be selected fo have any given

block is the unidirectiona! lamina or the ply which oricntation, Such a matertal ollers a remarhable oppor-
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tunity to tailor the material to meect a given loading
condition. The number of plies and the onientation for
each ply can be so chosen as to get a structure with
minimum weight. However, the designers often suor-
rendet this opportunauty and tend to use the laminates in
a guasik-isotropic configuration so that the formulas,
so familiar in conyentional matenal technology can be
used. This approach to design is too conservative and
penalises the composite materials. To counteract this
tendency, simple methods of calculations must be
made available so that designing with composites ¢an
become conceptually simple. The aim of the present
work is to discuss a simple method for the optumal
design of lamuinates for biaxial loading conditions,

MICRO vs MACRO DESCRIPTION OF STRENGTH

The failure of composite laminates can be studied at
two levels. At the microscopic level, several features
have to be studies' such as (i) the occurrence of cracks
at the fibre end: (i1) crack propagation along the fibre;
{(11) cracking in the matrix; (V) morphology of cracks;
(v) delamination.

Most of the studies are post-mortem as it 1s difficult
to follow the varitous events mmvalved in fracture.

At the macroscopic level, the application of fracture
mechanics 1S frustrating because, unlike 1n metals,
Iracture does not occur by the propagation of a single
dominent flow. Again, composites differ from metals
in another respect. High strength metals tend to have
low fracture toughness but this ts not the case with
composites.

These considerations lead us te the third possibility,
that of describing the strength of composites by using
a macroscopic failure criterion. By using an approp-
rate criterion, the strength of laminates can be calcu-
lated and comparisons can be made between the
lamtinates so as to evolve the optimum.

FAILURE CRITERION

A failure criterion enables the prediction of strength
under different conditions of loading using data
obtained in simple tests, for example a tensile test. For

malerials that are isotropic on the macroscale, a single
parameter such as the yield or ulumate strength may
suffice,

But anisotropic materials require a more general
criterion. A guadratic criterion® is used in the present

paper.

F,o0,0,% F o =] (1)

where a's are applied stresses and F's are coetficients.
This criterion 18 applicable to anisotropic materials
such as composites, bone, wood, paper etc. The coeffi-
cients obey the transformation laws for the fourth
rank tensor and (1) is often referred to as the tensor
polynomia cniterion”. Applications of this criterion
are known in the literature “®and hence the discussion
1s here cut to the bone. For a tensile test (1) specialises
to

Fua X+ KX =1 (2)
where X 1s the tensile strength and for a compression
1€st,

Fo X2 —F(X)2=] (3)

The two unknown Fix and Fx are determined from the
two simullaneous equations (2} and (3). The other
coefficients in (1) are determined similarly in trans-
verse tension and compression and shear tests,

The interaction term Fpy Is difficult to determine

unambiguously’®. In this paper it is assumed to have a
value such that

Fay/{Fx F3*} =—~1/2 (4)
The plane-stress approximation of the (1) i1s given by
Fax 0%+ 2Fy 0x 0y + Fyy 05+ Fas 06" FFuox+ Fyay = |

By using the (anisotropic) stress-strain relation, (1)
can be expressed in strain (¢) coordinates:

Gyee,+ Ge =1 (6)

and the coefficients of {6) and (1) are related by the
moduli, Q. The physical significnee of the (1) and (6)
can be stated simply, using four points determined
experimentally an ellipse isdrawn through them and s
used to represent the failure surface.

Tatr |

Input parameters of the unudirectional phv for Lanunate Stength Calcvdations

ELASTIC PROPERTIES

STRENGTH PROPERTIES

No. No.
. Longitudinal young's Modulus, £ I. Longitudinal Tensile Stength, X
2. Transverse Young's Modulus, £ 2. Longitudinal Compressive Stength, X
3. Shear Modulus, £ 3. Transverse Tensile Strength, Y
4. Longitudinal Poisson’s ratio, v, 4. Transverse Compressive Strength, Y
5. Shear Strength, §
6. Assumed Value of 1the Interaction Parameter, Fy,

il o
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Figures 1. Failure Surface of Unidirectional (0 ply)
Graphite/ Epoxy AS/3501 in Strain Space. The load-
ing path in longitudinal tension is given by a line
passing through the origin with slope equal to major
Poisson ratio.

1. AMINA FAILURE AND LAMINATE FAILURE

For any material, a plot of the (6) can be obtained by
using the input parameters listed in table 1. In the
present approach, the unidirectional ply properties
form the starting point and these are measured experi-
mentally. The micromechanics approach of measur-
ing the fibre and matrix properties and calculating the
composite properties is not used here. A graphite-
epoxy material, AS 3501 is used as an example and the
properties of the unidirectional, 0° ply are listed in
table 2. Using these data, the coefficients of the (6) can
be calculated and the equation plotted as shown in
figure I. If the imposed strain (e, €;) is represented by a
point within the ellipse, the material will not fail. Ifthe

TABLE 2
Properties of Unidirectional (0°) Graphite Epoxy

e -

Fibre: Graphite AS
Resin:Epoxy 350!
Volume Fraction of the Fibre 0.66

E. = 138 GPa
E, = 896 GPa
vy = 0.3

£ =T71GPa
X = 1447 MPa
X' = 1447 MPa
Y =51.7T MPa
Y’ = 206 MPa

S =93 MPa

point lies on the ellipse, the material will fail. In a
tensile test, a strain 1n the direction of the test, ¢; and
the Poisson strain ez are produced. The test can there-
fore be represented by a straight line with a slope of v,
the Poisson ratio as shown in figure 1.

A laminate in which the fibres are unidirectional but
the direction is at an angle 8 to the loading axis is
known as the off-axis unidirectional composite. The
failure surface of this composite can be mapped using
the (6) but with the new value of coefficients now
calculated using the tensor transformation equations”
for G,.

In engineering practice laminates are formed by
stacking up plies, each displaced at an angle 8 from 0°
ply. For such a laminate the failure surface can be
obtained by superposing the failure surfaces of indi-
vidual plies. This is shown fora (0/90/ 45) ;laminate
in figure 2. What makes the superposition possible s
the fact that the strain remains the same through the
entire thickness of the laminate.

AS/3501
wne2 FmXY==-1/2

Figure 2. Failure Surface of (0/90/145), laminate.

In the present paper only the laminates which are
symmetric with respect to the midplane are consi-
dered; that is why the subscript Sis used. Although the
unsymmetric laminates have unique properties, a dis-
cussion of this topic is beyond the scope of this paper.
In figure 2, there is a failure surface corresponding to
each ply. The failure surfaces for the +45 and —45
plics overlap in the absence of shear (es = 0). There is
an inner envelope corresponding to the first ply {faalure
and an outer one corresponding to the final {atlure,
There are thcories which apply the failure cnierion
such as equation [ to the laminate as a whole, They
obtain only one failure surface and cannot distinguish
between the {irst and final ply fatlures, Furthermeore,
for cach laminate the propertics shownan table 1 hase
to be determined and used in equation 1 The present
approach needs only the propertics of the 0 ply. 1o
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Figure 3. The Failure Surface of AS/3501 Compo-
sites. The innermost envelope represents the minimum
first ply failure strength in normal strain space for this
material. All failure surfaces meet at two points Aand

A’

obtain the munimum strength properties of the graph
ite-epoxy material considered, all onentations from
0° to 90° are considered in steps of 5° in figure 3. The
inner envelope corresponds to the mimimum strength
of this material, no matter what orientations are
employed'® !, Simultaneous ply failure occurs at two
points whose co-ordinates are e = e.

Beyond the first ply failure, the stress-strain curveis
non-linear and the load has to be redistnibuted among
the surviving plies’* ', The ultimate failure can then
be calculated. In design, a clear distinction must be
made between these two modes and the required fac-
tor of safety is much less if the first ply failure is used as

-is done in the present paper. Instress co-ordinates, the
laminate failure can be written as

H) Ny N+ HON* = |

where N* are the stress resultants {or the average
stresses) and H:; are obtained from Guand the lami-
nate compliances. The superscript @ denotes that a
failure surface is obtained for cach ply of angle 8inthe
laminate. Equation (7) and its graphical representa-

tion have been discussed elsewhere!®,

APPLICATIONS TO DESION

The optimum lamunate for a given loading condiiion:

The ideas discussed above-can be used for laminate
optimisation'”, Consider a biaxial Joading condition
in which the longitudinal tensie stress is twice the
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transverse tensile stress, <<2,1,0>>. It is intended to
design the optimum laminate and to predict how much
of stress it can withstand. In the solution, only the O
and 90 plies need be considered since there is no shear
stress. From figure 3, the condition for simultaneous
ply failure is

& = € (8)

By applying the stress-strain relation, (8) can be writ-
ten in stress co-ordinates as

N% + N

E (Qux + 0y +20,,) |
N* — N*

(Qux — )

e .

(Vo — Vo

where (), are the elements of the modulus matrix and
can be calculated from the elastic properties given in
the table 1 and ¥, and Ve are the volume fractions of
the 0 and 90 piies.

For N% = N*,

Vo — Vog = (.38 (10)
and

Vo + Veg = 1 (]:l)
Hence

Ve = 0.69 (12)
and

Voo = 0.31 (13)

A laminate with 11 plies at 0° and 5 plies at 90° is the
optimum. The stress, it will withstand is

N%2={(0Ox+ Oy + 20) X 2/3 X469 X107 (14)
= 462 MPa OR
<462, 231, 0> MPa

TABLE 3

Ply Failure Stress (M Pa) for (2,1,0) loading of
AS/3501 Cross-ply lamunates

]
e ——

Laminate 0 Ply 90 Ply
{90) - 26
[0/904] 53.5 335
{0/905] 105 67.6
[0/90,] 151.3 100.2
[0/90:] 209 147.4
[0/90] 251 199
[02/90] 239.7 230
[011/905] 231.3 231.3
[04/50] 186.5 217
[0s/90] )32.7 176
[049/90] 68 10 ]
(0} 53 -
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If any other laminate is chosen either the O or the Y0 ply
will fail at lower stresses as shown in table 3. The data
for other candidate laminates are plotted in figure 4
and 1t is seen that the maximum value for first ply
strength 1s at the point of intersection of the ply failure
stresses. This point corresponds to €; = € in strain
space. There are other laminates with higher value for
the ultimate strength but if the first ply failure is used
as a design cnterion the optimum is the laminate
(011/905)s. If a biaxial stress greater than <462, 231,0>
MPa must be withstood, then the choice will have to
be another material subject to the constraints of
thickness, cost, weight etc.

<2,1,0> Loading o 90ply
4001t
|

<{
O
= (
< “
h )
5 200 i C
N .

O | I

0-4 0-8
ALL O VF 90 ALLSO

Figure 4. Ply failure stresses for cross-ply laminates
of graphite-epoxy for <2, 1, 0> loading. In the opti-
mum laminate the strain induced is hydrostatic and
the plies fail simultancously.

Design of bolted jointis:

Composites are joined to each other or to metals by
bolted joints. The failure criterion discussed in .the
present paper can be used to predict the strength of
bolted joints®’. The stress analysis can be done using
the finite element method. The hole is filled with a
rigid cone simulating a bolt and to represent the
forces acting at the bolted joint, displacement boun-~
dary conditions are applied to the rigid core. The
predicted stress data are substituted in (1) and the
individual ply failures determinced as discussed above.
The stress distribution for the laminate can be deter-
mined by the application of the rule of mixtures if the
stress distribution for the individual plies are known.
The predicted strength data are in reasonably good
agreement with the experimental results, although a
number of complicating factors, e.g. stacking

sequence, delamination etc have not been considered.

These would necessitate a three dimensional stress
analysis.

CONCLUDING REMARKS

The recent progress made by combining the lami-
nated plate theory with computer graphics enables a
simple evaluation of first ply failure stresses. Conse-
quently designing with composites is now better
under-stood. It 1s no longer necessary to lay up com-
posites in quasi-isotropic configurations in order to
simpliy the design procedure.

Although a number of unique properties of compo-
sites are well appreciated®’, a lack of confidence on the
part of designers has acted as a deterrent in the wide-
spread use of composites. It is hoped that this situation
will improve and the composite laminates will be used
in novel and cost-effective configurations.
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A REVIEW OF THE TAXONOMIC POSITION OF MINIOPTERUS BASED ON
EMBRYOLOGICAL CHARACTERS
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ABSTRACT

On the basis of morphological characters the genus Miniopterus has been included in the family
Vespertilionidae among Microchiroptera. However, a study of the embryology of Mwniopterus schreiber-
sii_fuliginosus reveals that this bat differs from all vespertilionids in several important embrological
characters, such as, the nature of implantation of the blastocyst, the method of development of the amnion
and the morphogenesis and the final structure of the chono-allanto: placenta. These developmental
characters suggest that the morphological resemblances between Miniopterus and the vespertilionied
bats are due to convergent evolution rather than to phyletic relationship, and that Minioprerus deserves a
familial status. The creation of a new family, Miniopteridae, has been proposed to receive this genus,

INTRODUCTION

HE relative conservatism of developmental char-

acters in mammals, and therefore, the importance
of these characters in determining the phylogenetic
relationships of mammalian orders and families were
demonstrated by Mossman™ . He showed by pumer-
ous illustrations that the morphological characters,
(such as, those of the skin, dentition, foot, alimentary
canal etc) being under the direct influence of the envir-
onment, are precisely the characters which are pliable
and are, therefore, adaptive. On the other hand the
developmental characters of mammals are not directly
under the influence of environment since the develop-
ment takes place inside the maternal uterus in all
mammals (except monotremes). Torpin' supported
this thesis and wmentioned that “classification of
animal evolution be founded upon embryological pro-
gression rather than upon morphological similarities,
which are ecologically determined”. Several authors™

have utilised foetal membrane characters for deter-
mining phylogenetic relationships of different
mamallian groups. The present paper embodies the

description of some major features in the development
of Miniopterus schreibersii fuliginosus. These embry-
ological characters Justify the separation of the genus
Miniopterus from the family Vespertilionidae, in
which it has been included so far, and the ¢creation of a
new family, Miniopteridae, to include this genus.

MATERIAL AND METHODS

352 specimens of Miniopterus schreibersii fuligino-
sus carrying different stages of pregnancy were exam-
ined for the present study. The female genitalia were
dissected out after killing the specimens with chloro-
form and fixed in various ways such as in neutral
formalin, Bouin’s, Carnoy’s, Rossman’s and Zenker's
fixative. The fixed tissues were dehydrated by passing
through graded ethanol, cleared in xylol, embedded in
paraffin and sectioned serially at a thickness of 3-8 .
For routine histological study the sections were stained
with Ehrlich’s haecmatoxylin and counter stained with
eosin. A few selected sections from each series were
stained by the periodic acid-Schiff (PAS) procedure™,
some by Heidenhain’s Azan technique and some by
Mallory triple procedure.



