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ABSTRACT

With the interpretation of isochromatic and isoclinic fringes in trans-
parent, birefringent, orthotropic composites established, efforts have been
in progress to determine the individual values of the principal stresses or
strains. Several methods have recently been proposed. Some of them utilize
the photoelastic results only partially and rely on numerical procedures.
Others have attempted to obtain the required information based entirely on
experimental data. In this paper, the classical oblique incidence technique
is applied to transversely isotropic hirefringent composites. The proposed
extension is verified'by applying it to the problem of an orthotropic half-

plane subjected to an edge-load.
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NOMENCLATORE
E Young's modulus
f stress-fringe value
h thickness
k derived elastic constant
N isochromatic fringe order
P Toad
u derived elastic constant
X,y cartesian coordinates
o normal stress
T shear stress
] angle of oblique incidence
e’ optical isoclinic angle
v Pofsson's ratio
Subscripts
L direction along the reinforcement
n normal fncidence
T direction perpendicular to the reinforcement
] oblique incidence, corre#ponding to angle 9

x,y along the coordinate axes
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INTRODUCTION

Continuous fiber reinforced composites are heterogenous and exhibit several
modes of failure such as matrix crazing, delamination, fiber failure and inter-
facial bond failure. Therefore stress analysis and failure analysis based on
micromechanics considerations appear more realistic. Howrver, such analyses are

not only complex, Hut also difficult to apply in design. Macromechanics analyses,

such as failure theories and fracture mechanics, treat the composite as a continuum

with anisotropic properties. The results from such simplified analyses are easy
to apply in design and have been shown to agree with experimental results, at
least in some cases. A macromechanics treatment of composites requires the
individual values of the stress components,

Photoelasticity is well established as a useful whole-field method of
obtaining principal or shear stresses in isotropic models or structures.
Considerable progress has been achieved in the application of transmission photo-
elastic techniques to composite orthotropic model materials in recent years.

The developments in the subject have been reviewed by Prabhakaran(1’2). Th

e
interpretation of the photoelastic response is not straight-forward, in terms
of stresses or strains. The isochromatic fringe order is a complex function of
the principal stresses (or strains), their orientation, etc. For a balanced
(fL - fT) material, the fringe order is proportional to the difference in
principal stresses (or strains); for an unbalanced laminate, when the principal
stress (or strain) directions coincide with the material symmetry axes, the
fringe order is a linear function ‘' f the principal stresses (or strains). The
fsoclinic fringes give the directions of the principal birefringence components

according to a Mohr circle of birefringence; the principal strain directions are

a better approximation to the isoclinic parameter than are the principal stress




directions. It is, therefore, clear that for the transmission photoelastic
analysis of an orthotropic model to yield useful information, methods must
be developed to determine the individual values of principal stresses (or
strains).

Several methods have already been proposed for this purpose. The applica-
tion of the shear difference method to orthotropic models in¢onjunctfon with an
approximate strain-optic law was suggested by Hayashi(3) and was later developed
and utilised by Netrebko(4) ar: M.trebko and Z1enko(5). Sampson(s) proposed
that the components of birefringence according to the Mohr circle of birefringence,
along with the differentiai equations of equilibrium, be used in a shear difference
method for separating the principal stresses. Knight and Pih(7) developed the
method and applied it to the solution of an orthotropic tensile strip with a

(8,9) combined the phtoelastic results

circular hole. Chandrasekhara and Abraham
on the boundary with the numerical solution of the compatibility equation, for

the special case when the material- and model- symmetry axes were coincident.
Rowlands and co-workers(10) obtained the isopachic and isochromatic fringes by
transmission holography for an orthotropic plate with a central crack and con- :
cluded that in general this method of stress separation was difficult. Prabhakaran(11) $
has proposed that the transmission and reflection photoelastic methods be combined

to obtain the individual values of the principal stress (or 'strain). Prabhakaran(iz)
has also extended the method of drilling small holes to orthotropic birefringent

models. In this paper, the oblique incidence method is applied to unidirectionally

reinforced Lirefringent composite models.
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OBLIQUE INCIDENCE METHOD FOR TRANSVERSELY ISOTROPIC
MODELS

In the case of isotropic photoelastic models or coatings, the model (or
the specimen with the photoelastic coating) is usually rotated about one of
the principal stress (or strain) directions. The isoclinic parameter in such
situations identifies the principal directions at a point. In the case of
orthotropic photoelastic models, the principal stress direction is not given
by the optical isoclinic and therefore totation of the model about a principal
stress direction is not possible. It is, however, po:sible to rotate the gi
model about a principal strain direction if it is assumed that the isoclinic
parameter approximately indicates the principal strain direction. But the
resulting equations are very complex.

Simplification is achieved in the case of a transversely isotropic bire- !
fringent model if the state of stress at any point is expressed in terms of the
three in-plane stress components referred to the material symmetry axes OLs O |
and oW The normal incidence isochromatic fringe order can be expressed in

terms of these stress components as

g o 2 21 2 1/2
N =h (__L. - ..l) + ( LT) (1)
n ifl- fT fLT

where fL' fT and fLT are the principal stress-fringe values and h is the

model thickness. According ¢c the Mohr circle of birefringence, the optical
isoclinic parametef, o', is related to the stress components by
2t

Al (2)
-
fL fT
Let the model be rotated about the L-axis, which is the fiber direction,

tan 28' =

by an angle & as shown in Fig. 1. The oblique incidence fringe order is given

by




N h (OLa UTn 2 (zTLoTl 2} 1/2 (3)
‘ - - ¢+ | =
;L 9 coso le le chTu
t\ where the transformed stress components are
ag s g
g e
" . 2
i ) UT| CT cos< @ (4)
TL|T| = TLT cos 8
|
. and the transformed stress-fringe val.es are
|
: fle=fL
| fro = f; (due to transverse isotropy) (5)
; fL'T' = fLT (due to transverse isotropy)
;
} Therefore, Equation (3) can be rewritten as
D 2 2 2
s g4€0s%0 \* 2 1,4C088 1/2
| No = co:e (?E B Tf. * ( %T ) (6)
| L T LT
i
he stress components o s Or an WT can be obtained from Equations ’
] h d be obtained f £ i (1), (2)

be obtained.

and (6). The principal stresses and their directions, if required, can then
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DESCRIPTION OF TESTS AND RESULTS

To verify the proposed experimental method, a 0.6 cm. thick, 30 cm. by
30 cm. composite plate was tested under a compressive edge load. The plate
was fabricated from E-glass roving and a polyester resin and contained the
fibers in only one direction. Two tests were conducted, one with the edge ~
load perpendicular to the reinforcement and the other with the load parallel
to the reinforcement. The elastic and photoelastic constants for the model
material, incorporating 40 per cent fibers by volume, are given in Table 1.

In order to measure the isochromatic fringe order under oblique incidence,
a chopped prism arrangement, shown in Fig. 2, was used. To rotate the model
about the L-axis, the chopped prism was aligqed with the L-direction and
the fringe order Ne on either side of the central region was measured. The
angle o was established for the model material by calibrating two tensile
specimens, one with the fibers running parellel to the specimen axis and the
other with the fibers perpendicular to the specimen axis. In both cases, the
prismn axis was aligned with the fiber direction. For the first tensile specimen
coso = Nn/Ne and for the second specimen cos® -”Ne/Nn. The angles were foun-
to be 35 and 39 degrees, respectively, and an average value of 37 degrees was
used for o.

The theoretical solution for an orthotropic half-plane subjected to an
edge-load {is given by Lekhnitsk11(13).‘ For a concentrated force P acting

normal to an edge of the plate, the cartesian stress components are given by

g = - P(Ul + Uz) . x3

X ThK TyZ + U1 2x2)(y% + uz2x?) (7)
y TRk (¥F + up <x2J(y? + u;2x?) (8)
. = . Plup +up) x2y

Xy Thk Ty? + upox?) (y? + up?x<) (9)




where the x-axis is taken along the direction of the load and the y-axis is

along the loaded edge. The constant k is given by

2 L
k = E-; . (10)

when the reinforcement {is perpendicular to the load and the constants u; and

uz are the roots of

. 2v .
T 1 LT 2 Al
-« — us + = ( (] 1
ET 9T EL EL .

Typical normal-incidence light-field isochromatic fringes corresponding
to the edge load perpendicilar to the fibers and parallel to the fibers are
shown in Figs. 3 and 4, respectively. The cartesian stress components referred
to the material symmetry axes, given by Equations (7)-(9) are shown in Figure 5
for the case whan the lcad is perpendicular to the reinforcement. In this
figure, the strnss components are shown as a function of the angle from the
load direction, for a radial distance of 25 mm. Also shown in the figure are
the experimental values obtained from Equations (1),(2) and (6). The experi-
mental values agree quite well with the theoretical values. Similar results,
shown in Figure 6 for the case when the load is parallel to the reinforcement,
also indicate good agreement between theory and experiment. In Figures 7 and
8, the stress components are shown as a function of the radial distance from
the point of loading. In both cases, when the radial 1ine makes 45° with the
direction of loading, the three stress components are equal; the experimental
points are not shown. Directly below the point of loadirg (8 = 0°), the stress

is radial compressive and therefore the other two stress components vanish.
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CONCLUSIONS

It has been shows in this paper that the state of stress at any point
of a transversely isotropic birefringent mede\ can be determined by combining
the normal incidence- and the oblique incidence- isochromatic fringe orders.
The procedure is greatly simplified {f the model (or the 1ight beam) is
rotated about the reinforcemert direction. Results from such an experimental
procedure show good agreement with theoretical results for a half-plane sub-

jected to a concentrated edge-load.
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Coordinate axes and their transformation under oblique incidence.
Chopped prism oblique incidence arrangement.

Normal-incidence 1ight-field isochromatic fringe pattern for loading
perpendicular to the reinforcement.

Normal-incidence 1ight-field isochromatic fringe pattern for loading
parallel to the reinforcement.

Stress components as a function of angle from the load-direction for
loading transverse to the reinforcement.

Stress components as a function of angle from the load-direction for
loading parallel to-the reinforcement.

St;ess components as a function of the radial distance from the
point of loading for 1dading transverse to the reinforcement.

Stress components as a function of (adlal distance from the point of
loading for loading parallel to the reinforcement.
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Table 1. Elastic and photoelastic properties of birefringent composite model



TABLE 1 ELASTIC AND PHOTOELASTIC PROPERTIES OF
BIREFRINGENT COMPOSITE MODEL

Property Value

EL 28.8°GPa

Er 9.4 GPa

Gt 3.2 GPa

VLT 0.3

fL 156 KPa-m/fringe
fr 78 KPa-m/fringe
fLT 69 KPa-m/fringe

14

1
4‘
o e
pap—

S .
st M i .













- ———

R

T ALt YN
R

S—
e
N e

A et
Yo




(s@aJbap) uoyoaJp poo) wouy sjbuy

S’ 09

Jisoleooyd e
021} Ajoup

‘WWIGZ = 32UD}SIp |DIPDJ

=]
(OdN) SSailsS




(S2a469p) uondsasp poo; woyy ajbuy

opsopojoyd e o
jpoApup

'WWGZ = 80UDISIP |DIPDI

(CdW) SS3AS




olisojaojoyd e

0213 AjouD

(ww) 6upoo) jo juod woyy 3dUD}SIP |DIPOY

Q
(OdW) SSans

P




(ww) 6UPDO] J0 JUOC WOJ} 3DUDISIP |OIPDY

|
=]
(OdiW) SSAUS

oisojeojoyd e
10213A|DUD

P T T P - S S (e (Y




	1981014959.pdf
	0008A02.TIF
	0008A03.TIF
	0008A04.TIF
	0008A05.TIF
	0008A06.TIF
	0008A07.TIF
	0008A08.TIF
	0008A09.TIF
	0008A10.TIF
	0008A11.TIF
	0008A12.TIF
	0008A13.TIF
	0008A14.TIF
	0008B01.TIF
	0008B02.JPG
	0008B03.JPG
	0008B04.JPG
	0008B05.JPG
	0008B06.TIF
	0008B07.TIF
	0008B08.TIF
	0008B09.TIF

	notice_poor quality MF.pdf
	0001A04.JPG
	0001A04.TIF
	0001A05.JPG
	0001A05.TIF
	0001A06.JPG
	0001A06.TIF
	0001A07.TIF
	0001A08.TIF
	0001A09.TIF
	0001A10.TIF
	0001A11.TIF
	0001A12.TIF
	0001A12a.JPG
	0001A12a.TIF
	0001B02.JPG
	0001B03.TIF
	0001B04.JPG
	0001B04.TIF
	0001B05.JPG
	0001B06.JPG
	0001B07.JPG
	0001B08.JPG
	0001B09.JPG
	0001B10.JPG
	0001B11.JPG
	0001B12.JPG
	0001B12a.JPG
	0001C02.JPG
	0001C03.JPG
	0001C04.JPG
	0001C05.JPG
	0001C06.JPG
	0001C07.JPG
	0001C08.JPG
	0001C09.JPG
	0001C10.JPG
	0001C11.JPG
	0001C12.JPG
	0001C12a.JPG
	0001E02.JPG
	0001E03.JPG
	0001E04.JPG
	0001E05.JPG
	0001E06.JPG




