
 

 

 

 

N O T I C E 

 

THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 

CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 

INFORMATION AS POSSIBLE 



^^ti:.SA —CR-1 b3 867) DETERtlINATION OF PRINCIPAL
STRESS IN BIREFRINGENT COdPOSITES sY
BOLE-DRILLING tlETBOD (Old Dovinion Oniv.,
Norf olk, Va.) 18 p IiC A02/tlF A01	 CSCL 11D

G3/24

DETERMINATION Or" PrZINCI?AL STRESSES

IN BIREFRINGENT COMPOSITES

BY HOLE-DRILLING METIIOD

Y

R. Prabhakaran
Associate Professor
Mechanical Engineering and Mechanics
Old Dominion University
Norfolk, Ui rgi ni a 2'3508

I'Lt3 i 81

RECEIVED	 -NA,

^, NASA STI FACILITY ,

"' ACCESS DEPT. ^>

\°'
'sue	 .,,n^^, ,	, v i

j



:.
^.. _,_

ABSTRACT

A complete stress analysis and reliable failure criteria are essential

for important structural applications of composites in order to fully util-

lise their unique properties. The inhpmogeneity, anisotropy end inelasti-

city of many composites make the use of experimental methods indispensable.

Among the experimental techniques, transmission photoelasticity has been

extended to birefringent composites in recent years. The extension is not

straight-forward, in view of the complex nature of the photoelastic res-

ponse of such model materials. This paper very briefly reviews the impor-

tant developments in the subject and then describes ^n^ theoretical basis

fora new method of determining the individual values of principal stresses

in composite models. The method consists in drilling very small holes at

points where the state of stress has to be determined. Experiments are

then described which verify the theoretical predictions. The limitations

of the method are pointed out and it is concluded that valuable information

concerning the state of stress in a composite model can be obtained through

the suggested method.



I^^TRODUCTIOP^

Considerable progress has been achieved in the application of trans-

mission photoelastic techniques to composite orthotropic model materials

•	 in recent years. The developments in the subject have been reviewed by

the author (1). The inter;^retation 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

orientations, etc. When the in-plane elastic or photoelastic properties

are equal in two mutually perpendicular directions, the fringe order is

proportional to the difference in principal stresses (or strains); when

the in-plane properties in the two perpendicular directions are unequal,

the fringe order is a linear function of the principalstresses(orstrains)

if the principal stress (or strain) directions coincide with the material

symmetry axes.	 The isoclinic fringes give the directions of the princi-

pal bi refri ngenre components according to a Mohr ci rci e o f bi refri ngenc^ ;

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, such as shesr diff-

erence, numerical solution of the compatibility equation and holography.

These methods have been re^^iewed by the author (2). Some of these pro-

posed techniques suffer from the disadvantage that they use the photo-

elastic response partially and rely on analytical procedures which either

give rise to error or are cumbersome. The holographic method of combining
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.	 isochromatics and isopachics is not feasible for composites because of

the complex nature of both families of fringes. There is consequently

a need fora simple and completely experimental method of determining

the individual values of principal stresses or strains.

A new method, consisting of perforating the composite photoelastic

model with small circular holes and determining the photoelastic response

on the boundaries of the holes, is described in this paper. The method,

as applied to isotropic models, is reviewed and its extension to ortho-

tropic models is explained. Then experimental results are presented to

verify the proposed technique.

HOLE• DRILLING METH00 APPLIED TO ISOTROPIC MODELS

In order to determine the magnitudes and directions of the principal

stresses at a given point in the interior of an isotropic photoelastic

model, Tesa^ (3) suggested making a very small circular hole at the point.

Thus an artificial free boundary is created for which the knowledge of

isochromatics will be sufficient to establish the values of the principal

stresses and their directions. Referring to Fig. 1, the hole is represented

by the circle of radius a. The stresses at the points A and Bare deter-

mined from the isochromatic fringe orders at these points. Then it is

possible to show that the principal stress magnitudes are given by

This method has the disadvantage of depending on the precise determination

of the boundary stresses at the edge of a small hole. Durelli and Murray

(4) have overcome this disadvantage by determining the principal stresses
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(corresponding to the center of the hole) from the principal stress differ-

ences measured at Interior points. These interior points are represented

as C and 0 on a circle of radius 2a in Figure 1. If the principal stress

differences at the points C and 0 are denoted by 0 C and o0 . then it is

possible to show that

v:	 1500 + 70C ^ /11	 (3)

0z	 ^15 0C + 100 y /11	 (4 )

NOSE-DRILLING METN00 APPLIED TO COMPOSITE MonELS

The state of stress around a circular hole in a composite plate sub-

^erted to a biaxial loading is quite complex, 1n the general case. Simpli-

fications can be oiade if the composite plate is considered to be subjected

to stresses which act along the material symmetry axes, as shown in fig. 2.

When only the stress parallel to the reinforcement, 0 1 , is acting, the

tangential stress on the boundary of the hole is given by

E0@ • 0 1	0	 - K cos 2 9 + (n+1) stn?@	 (5)
E
L

where

K	 l
ET

n	 2 E
- v	 +=

ET	LT	
GLT

E is the Young's modulus, G the shear modulus, v the Poisson's ratio. L and

T the material symmetry axes and @ is the angle measured from the c 1 direction.

At the points A and B (@	 0, n)

oA^ 8
	

- of/K	
(6)
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and at the points C and D (8 • i . ^ )

oC^ D • vi(1+n)	 (7)

when the stress perpendicular to the reinforcement. cz. is acting alone,

the tangential stress on the hole boundary is given by

ae • va E8	 (K+n) Kcos 2 9 - Ks1n^8	 (8)
E^

At the points A and 8

K+n

and at the points C and D

.-cC^ 
D	

cz	 (10)

Superposing the stresses c l and as and solving for them,

o f 	°g + K2oA

n(n+K+l)	 (11)

o • cB + K(1+n) cA
x

n(n+K+1)	 (12)

Wh11e the measurement of the isochromatic fringe order is difficult

on the hole boundary and it would be preferat^le to make the measurement at

interior points, the analytical expressions for stresses at interior points

in an orthotropic model are not available in closed form. T^erefore, the

stresses have to be determined fror^ Eqs. (11) and (12).

DESCRIPTION OF TESTS AND RESULTS

To verify the proposed experimental method, a circular disk of 1.6 cm.

diameter was tested in diametral compression. The disk was machined from a

unidirectionally reinforced E-glass-polyester laminate.. The elastic and
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photoelastic constants for the material were determined by following standard

calibration procedures and are given in Table 1.

Table 1	 ELASTIC ANO PHOTOELASTIC PROPERTIES

OF @IREFRINGENT COMPOSITE MOOEL

Pro ert Va_,lue

E^ 28.8 GPa

ET 9.4 GPa

GAT 3..17 GPa

v^T 0.3

f^ 156	 KPa - m/fringe

fT 78	 KPa - m/fringe

f^T 69	 KPa - m/fringe

Circular holes of 0.32 cm. diameter were drilled on radial lines

parallel and perpendicular to the reinforcement, at locations 1.27 cm. and

2.54 cm. from thc^ center. Electrical resistance strain gages were mounted

at similar points diametrically across from the holes.

The disk was loaded under diametral compression and the isochromatic

fringe pattern was photographed at a load of 2225N. Light-field and dark-

field isochromatic fringe patterns when the load was applied parallel to

the reinforcement direction are shown in Figs. 3 and 4. Strain gage readings

were recnrded and converted into stresses by making use of the measured

elastic constants. The test was repeated with the load perpendicular to

the reinforcement direction. The corresponding light-field and dark-field

isochromatic finge patterns are shown in Figs. 5 and 6. Again the stresses
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were computed from the strain gage readings. The fringe orders at the boun-

daries of the holes were determined in each case by photoelastic compensation

and the stresses were computed from Eqs. (11) and {12).

Typical results obtained from the various methods are shown in Fig. 1.

The non-dimensional principal stresses, for transverse loading, on the hori-

zontal diameter are shown as a function of the distance from the disk center.

The open circles represent strain gage results and the results from the

proposed hole-drilling technique are shown by closed circles. Results frees

a combined reflection-transmission technique described in Ref. 5 are shown

by the continuous line. The stress values given by Eqs. (11) and (12) are

seen to agree quite well with the strain gage results and also with the

reflection-transmission results.

CONCLUSIONS

It has been demonstrated in this paper that the individual values

of the principal stresses in orthotropic photoelastic models can be deter-

mined by drilling very small holes at the points of interest and measuring

the isochromatic fringe orders at the boundaries of these holes. The

necessary equations have been developed and the method has been verified

by comparison with strain gage results for a circular disk under dia-

metral compression.

The method was originally proposed for and applied to isotropic

models. For such models the method can be improved by measuring the fringe

order at interior points. This improvement can not be applied to ortho-

tropic models because analytical expressions for the state of stress away

from a hole are not rea dily available. Also, the method has been demon-

strated only for the special case when the principal stress directions and

-6-

^.
g'."°'°	 __._.^^K^..



!rial (and model)- symmetry axes coincide. Further work is required to

!the method more general.

A simple, reliable method of determining the complete state of stress

in a composite structure (by photoelastic modelling) will contribute to an

efficient utilisation of the fibers, resins and fabrication methods which

are constantly being improved. It is hoped that this paper can contribute

to working together for strength.
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Fig. 3 LIGHT-FIELD ISOCHR0^IATIC FRINGE PATTERN FOR
PARALLEL LOADING



Fig. 4 DARK-FIELD ISOCHROMATIC FRINGE PATTERN FOR
PARALLEL LOADING
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Fig. 5 LIGHT-FIELD ISOCHROMATIC FRINGE PATTERN FOR
TRANSVERSE LOADING



Fig. 6 DARK-FIELD iSOCHROMATIC FRINGE PATTE^2N FOR
TRANSVERSE LOADING
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TRANSVERSE LOADING
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