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INTRODUCTION

It is well-known that in certain structural members an initial tensile
overload produces a beneficial compressive residual stress upon unloading.
This fact has been utilized extensively in armament designs such as breech
rings to reduce their operating stresses and to improve their fatigue lives.
It is also known that stress concentrations in the elastoplastic state are
different from those in the elastic state (ref 1). Thus, elastic stress
concentration factors cannot be used to calculate the maximum stress at over-—
load. This report describes two experimental methods; namely, photoplasticity
and photoelastic coatings, for determining stress concentration factors in the
elastic and elastoplastic states. Basic principles are stated herein, along
with examples of the application of both methods. Maximum free boundary
stress at overload, elastic-plastic boundary, and residual stress after
unloading are found. The results show that stress concentration in the
elastoplastic state is lower than that in the elastic state and decreases

continuously as yielding progresses.

PHOTOPLASTICLITY

Experimental Method

Photoelastic stress analysis is based on the linear stress—optic law

(refs 2,3). The discovery of the non-linear stress—optic law extends the

1Thomson, R. A. and Frocht, M. M., "Further Work on Plane Elastoplastic Stress
Distributions,” Proceedings of the International Symposium on
Photoelasticity, TIT, Chicago, 1961, pp. 185-193.

2Coker, E. G. and Filon, L. H. G., A Treatise on Photoelasticity, Second
Edition, Cambridge University Press, 1957.

3Frocht, M. M., Photoelasticity, John Wiley and Sons, 1958.




photoelastic method to the plastic state (ref 4). Specifically, at any point
in a model, the isochromatic fringe is related to the secondary principal
stress difference (01'- 02'), and the isoclinic parameter gives the directions
of the secondary principal stresses o;' and 07'. 1In two-dimensional cases,
the secondary principal stresses become principal stresses 0] and 0j.

In this report, we are interested only in the boundary stress and maximum
shear in two-dimensional models. No attempts were made to determine the
individual stress distribution, although techniques are readily available. On
the free boundary, one of the principal stresses is identically zero, and the
remaining principal stress tangent to the boundary is given by the boundary
fringe order. It is known that the maximum shear, Ty,y, equals one-half of
the principal stress difference; i.e., Ty, = (01-02)/2. For a material
obeying the yield condition of maximum shear, the elastic-plastic boundary is
defined by the fringe having a maximum shear of °y/2a where oy is the yielding
stress.

Model_ﬁaterial

Polycarbonate resin (ester of carbonic acid and bisphenol A) was first
suggested by Ito (ref 5) in 1962 for use as model material. It is ductile and
has good transparency In both elastic and plastic states. Gurtman et al (ref

6) conducted uniaxial tension tests on flat specimens of polycarbonate in 1965

4Frocht, M. M. and Cheng, Y. F., "An Experimental Study of the Laws of Double
Refraction in the Plastic State in Cellulose Nitrate - Foundations for Three-
Dimensional Photoplasticity,” Proceedings of the International Symposium on
Photoelasticity, IIT, Chicago, 1961, pp. 195-216.

5It:o, K., "New Model Materials for Photoelasticity and Photoplasticity,”
Experimental Mechanics, 2(12), December 1962, pp. 373-376.

Gurtman, G. A., Jenkins, W. C., and Tung, T. K., "Characterization of a Bire-
fringent Material for Use in Photoelastoplasticity,” Douglas Report SM 7796,
January 1965.




and reported a Poisson's ratio of 0.38 in the elastic state and a limiting
value of 0.5 in the plastic state. They also found that polycarbonate creeps
optically and mechanically (birefringence and strain) at a stress of above
4000 psi.

The polycarbonate resin used in this work was supplied by the General
Electric Company under the trade name LEXAN. It had a thickness of 0.12 inch.
Calibration tests were made at a temperature of 73° % 3°F and a relative
humnidity of 10Z * 5%Z. Strain was calculated from deformation readings
obtained through a travelling telemicroscope. Birefringence was determined by
means of Senarmont's principal of compensation with a collimated monochromatic
light of 5461 A. The results show that this material creeps both optically
and mechanically at a stress of above 4000 psi, confirming Gurtman's work, and
that both creeps stabilize after 240 minutes. Figures 1 and 2 show the
stress—-fringe and stress—strain curves. The polycarbonate has an elastic
material fringe value of 36 psi per inch, a Young's modulus E of 3.25 x 105
psi, a proportional limit stress of 6.2 x 103 psil, and a secant yield
strength, Ogec, defined by the point of intersection of secant modulus (Ege. =
0.7E) and the stress-strain curve of 8.7 x 103 psi. The non-dimensional
stress-strain curve given by the Ramberg-Osgood equation (ref 7) for this
material has the following form:

E€/0gec = (0/0gec) + (3/7)(0/0gec)tt"? )

7Ramberg, W. and Osgood, W. R., “"Description of Stress-Strain Curves of Three
Parameters,” NACA TN 902, 1943.




where € denotes strain, and o stress. During calibration, Luder's lines were
observed, Figure 3, indicating that polycarbonate follows the yield condition
of maximum shear.

Experiments and Results

1. Experiments on C-Shaped and Compact Tensile Specimens. The purposes

of this series of experiments were to determine stress concentration factors
in elastic and plastic states, and residual stresses after unloading. Three
models each of the C-shaped and compact tensile specimens, Figures 4 and 5,
were made. In order to minimize any effect of material nonhomogeneity, they
were cut closely to the calibration specimens with their lines of loading
parallel to each other. One model was tested in the elastic state. The other
two models were tested in the elastoplastic state. Each elastoplastic test
requires a new model. The load was applied through pins.

Photographs of isochromatic fringe pattern were taken for each load at
240 minutes after loading. The fringe and maximum shear distributions across
the narrowest section were determined, Figures 6 and 7.

It was mentioned previously that for a material obeying the yield
criterion of maximum shear, such as LEXAN, the elastic-plastic boundary is
defined by the fringe having a maximum shear of oy/2. In this work, we chose
the proportional 1limit stress of 6.2 x 10% psl as Oy e Hence, the elastic-
plastic boundary was given by the fringe having a maximum shear of 3.1 x 103
psi. The depth of the plastic region on the narrowest section AB, Figures 4
and 5, and its extended angle along the notch were found at two levels of load

and are shown in Table I.




TABLE I. SIZE OF PLASTIC REGION

|
| Plastic Region

| I |
I I I
| Specimen | Load, Pound | Depth, 1/AB | Extended Angle, Degrees |
l I I I I
| [ I I I
| C-shaped | 15.2 | 0.02 : 50 |
| I I I
| c-shaped | 18.7 | 0.04 : 65 |
| I I |
| Compact | 56 | 0.006 I 70 |
I I I I |
| Compact | 64 | 0.01 I 90 |
I I | I |

Boundary fringe order and stress o were determined for end points A and
B. Stress concentration factor K was defined as the ratio of o/onom, where
- %nom,A = (P/td)(1+6D/4d) (2)

Onom,B = (P/td)(1-6D/d) 3
Subscripts refer to points A and B, respectively. These values are shown in
Figure 8 and are listed in Tables II and III.

The results show that as long as the material is in the elastic state,
stress varies linearly with the load. Stress concentration factor K is a
constant and the K~0,,n curve is straight and horizontal. When load is
increased such that local yielding sets in, the linear stress-load relation
breaks down and the stress concentration factor decreases continuously as
ylelding progresses. The stress at point B in the C-shaped specimen is less
than the nominal value. Hence, at this point the stress concentration factor
is less than one. At 18.7 pounds of load, point B was still in the elastic
state, although the plastic region had already progressed to a depth of 0.04

AB from point A. Assuming that the material property in compression 1s the

same as in tension, point B would yield at a load of approximately 6200/(325 x




0.83) = 23 pounds.*

For the purpose of calculating residual stress, the usual assumption that
unloading is inherently an elastic process was made. For example, an
unloading from 18.7 pounds of load would reduce a stress of (1.53)(352)(18.7)
= 10.1 x 103 psi* at point A in the C-shaped specimen. Superposition of this
value with 7.85 x 103 psi from elastoplastic load of 18.7 pounds gives a
residual stress of 2.22 x 103 psil compression, as shown in Table II.

The percentage of overloading is defined as [(P/Pp) -1] x 100% where Pp
denotes the proportional limit load, the load that produces the proportional
limit stress. The proportional limit load has a value of 11.5 and 41.6 pounds
for C-shaped and compact tensile specimens, respectively.

The residual stress and percentage of overloading were calculated for
both specimens and are listed in Tables II and III.

2. Experiment on Breech Ring Section. It 1is known that most breech ring

failures are caused by the presence of high tensile stress at the lower
fillet. It is also known that by introducing residual compressive stress at
the lower fillet, ring failure can be delayed. The purpose of this experiment
was to determine the residual stress at the lower fillet in an overloaded
breech ring after unloading.

A model of the meridian section of a breech ring was made, Figure 9. It
was cut closely to the calibration specimens with their lines of loading

parallel to each other. The block was made of aluminum. The top of the ring

*In C-shaped specimens, real dimensions give %nom,A = 352 P and op4q,p = 325
P, respectively. !




TABLE 1I.

STRESS CONCENTRATION FACTOR, PERCENTAGE OF OVERLOADING,

AND RESIDUAL STRESS IN POLYCARBONATE C-SHAPED SPECIMENS

[ | | 1 | | I
| | Nominal | Boundary | Stress Concentration | | |
| | Stress | Stress | Factor | | |
| ‘T [ | | | I | | Residual |
| Load | o | ogg | a4 | o [ | | Percentage | Stress |
| (pounds) | (psi) | (psi) | (psi) | (psi) | Ky | Kn | of Overloading | (psi) |
1 [ | | [ [ I [ [ |
| 3.846 | 1350 | -1250 | 2040 | -1050 | 1.51 | 0.84 | | |
| I | | | I I I | I
| 5.15 | 1810 | =-1670 | 2850 | -1410 | 1.57 | 0.84 | | |
| I I I | I | I | [
| 6.45 | 2270 | =-2100 | 3450 | =-1710 | 1.52 | 0.81 | I |
| | | | I | | I | |
I | I | | | Av: 1.53 | | I I
I I I | I I I I I I
| 15.2 | 5350 | -4940 | 7000 | -4200 | 1.31 | 0.85 | 32 | =-1190 |
I | I | | I [ | | I
| 18.7 | 6580 | -6080 | 7850 | =5000 | 1.19 | 0.82 | 63 | =-2220 |
I | I I | I | I I I
I I I | I I | Av: 0.83 | | |
e ——— ——y




TABLE ITII. STRESS CONCENTRATION FACTOR, PERCENTAGE OF OVERLOADING, AND

RESIDUAL STRESS IN POLYCARBONATE COMPACT TENSILE SPECIMENS

I A I
ominal Stress | Boundary Stress Stress | Percentage of Residual
OAn | oA Concentration Factor | Overloading Stress

(psi) (psi) K (psi)

550 1190 2.16

1790 2.18

2980 2.18

1370
Av: 2.18
1.96

1.88

| N
|

|

r

|

|

| 820
|

|

|

I

|

|

I

I

I

|

|

——— e L —— e e e e e e

I
r
I
I
I
I
1090 | 2380 2.18
I
I
I
I
I
I
I
I
I




was fixed. The load was applied through a pin at the top of the block. Guide
plates were used to prevent buckling.

Maximum fringe order at the lower fillet was closely watched during
loading. The loads corresponding to the first four integral fringes were
recorded, Table IV. It was found that in the elastic state a load of 27
pounds was necessary to raise one order of fringe, or 300 psi, at the fillet.
After the elastic stress was determined, the load was increased to the elasto-
plastic state of 1144 pounds and held for 240 minutes. Maximum fringe order
at the fillet was measured intermittently. At 240 minutes it had an order of
43 indicating a plastic stress of 9.3 x 103 psi. A complete unloading would
produce a stress reduction of (1144)(300/27) = 12.7 x 103 psi giving a
residual stress of 3.4 x 103 psi compression.

TABLE IV. LOAD AND FRINGE ORDER AT LOWER FILLET OF

A POLYCARBONATE BREECH RING SECTION

| I | |
: Fringe Order : Load, Pound | Remarks |

| |
| | | |
| 1 | 23 ] Elastic |
| | I |
l 2 | 51 I |
| | | |
| 3 | 78 | |
I | I |
I 4 | 104 | |
| | | |
{ 43 } 1144 l Elastoplastic =

Transition to Prototype

Solutions of problems in stress distribution, whether elastic or plastic,

must satisfy three conditions: equilibrium, compatibility, and boundary




values. The elastic stresses, except those in the immediate vicinity of
contact, are proportional directly to the loads and inversely to the square of
the scale ratio. The transition of data from model to prototype can be made
through the following equation:

Op/ Oy = (Pp/Py)(Ly/Lp)2 (4)
where L 1s a characteristic length, and subscripts m and p refer to model and
prototype, respectively.

The transition of plastic stress from model to prototype requires at
least three more conditions: the same shape of non-dimensional stress—strain
curves of both materials, the same law of yielding, and the same Poisson's
ratio in the plastic state. Elastoplastic data from the polycarbonate model
are transferable to prototype material having a Polsson's ratio of 0.5 in the
plastic state and obeying the maximum shear yleld criterion. By adjusting the
temperature and relative humidity of the laboratory, the shape of non-
dimensional stress—straln curve of polycarbonate can be altered to closely

resemble that of prototype.

PHOTOELASTIC COATING

Experimental Method

The photoelastic coating technique was initially introduced by Mesnager
(ref 8) in 1930. The method 1s based on the bonding of a thin layer of photo-
elastic material to the surface of the specimen. When load is applied to the

8Mesnager, M., "Sur la Determination Optique des Tensions Interieures dan les
Solides a Trois Dimensions,” Compt. Rend. 1'Acad. Sci., Vol. 190, 1930, pp.
1249-1250.
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specimen, strains are transmitted to the coating which then becomes bire-
fringent. Polarized light is reflected from the surface of the specimen at
normal incidence, and fringe patterns are obtained as in the photoelastic
method.

Neglecting thickness effect of the reflective layer, the fringe order N
18 related to the principal strain difference (€;-€3) on the surface of the
specimen as

N = 2¢' (€1-¢€3) (5)

where ¢' denotes the strain-fringe constant, and t thickness of the coating.

In this report, we are interested only in the boundary stress in
two-dimensional models, although techniques for separating individual strains

and stresses are readily available.

In the elastic state, stress—strain relation has the following form:
€1 - € = (1+up)(01-02)/E (6)
where p denotes Poisson's ratio. Combining Eqs. (5) and (6), we have
0p = 0 = (N/2c') [E/(1+m)] (7)
On the free boundary one of the principal stresses is identically zero and the
remaining principal stress tangent to the boundary can readily be found.
In the plastic state, in addition to Eq. (5), we have
€] + €9 + €3 = 0 (8)
where subscript 3 refers to the third principal component acting in the
direction perpendicular to the surface. On the free boundary of a plane
stress problem we have

02 = 03 =0 (9

11




and
€) = €3 = —€1/2 (10)
The principal strain €] tangent to the free boundary becomes
€1 = N/3c't (11)
and the corresponding principal stress o) can be found from the uniaxial
stress-strain relation of the material.

Model and Coating Materials

Flat ground steel plate of 0.12-inch thickness with a chemical content of
0.85-0.95 ¢, 1.00-1.25 Mn, 0.20-0.40 Si, 0.40-0.60 Cr, 0.40-0.60 W, and 0.10-
0.20 V was used as the model material. It was supplied by Simons Saw and
Steel, Fitchburg, MA. Type PS-1 photoelastic sheet of 0.04-inch thickness was
used as the coating material. It was supplied by Measurement Group, Raleigh,
NC.

Tensile calibration specimens of steel were prepared with electric
resistance strain gages (EA-13-015DJ-120, Micromeasurement), which were bonded
at the specimen midsections, one gage on each side. Coating was applied on
the surface of the specimens. Figure 10 shows the stress-strain curve
obtained from strain gage readings. The steel has a Young's modulus E of 30 x
108 psi, a proportional limit stress of 51 x 103 psi, and a secant yield
strength Oz, of 60 x 103 psi. Poisson's ratlo was taken to be 0.3 in the
elastic state. During calibration the coating material registered one fringe
per 1890 x 10-% in./in. of axial strain €} or a principal strain difference
of

€ - € = 1.3 € = 2460 x 1078 in./in. (12)

Monochromatic light of 5461 A was used.

12




Experiment and Result

Due to the limited availability of the material, a 55/65 scale, two-
dimensional model of the meridian section of a breech ring and block was made
with its line of loading parallel to those of the calibration specimens.
Photoelastic coating was bonded to both surfaces of the lower part of the
ring. The boundary of the coating was carefully machined so as to coincide
with the fillet. The model was mounted in the Testing Machine (Baldwin-
Tate-Emery) and the loads were applied through pins at the top of the block
and ring.

It was found that in the elastic state, 2100 pounds of load was required
to produce one-half of a fringe, or a principal strain difference (€1-g3) of
1230 x 107® {n./in. at the fillet. On the fillet boundary, o7 = O, and the
maximum fillet stress from Eq. (6)

01 = E(e1-€2)/(1+u) = (30)(1230)/1.3 = 28.4 x 103 psi (13)
The average stress 0,, at the cross-section has a value of
Oy = 2100/[(0.12)(5.75)(55/65)] = 3.6 x 103 psi (14)
The stress concentration factor K, defined as the ratio of maximum fillet
stress to average stress is
K= o0y/0,, = 7.88 (15)

Af ter the elastic solution was obtained, the model was loaded into the
elastoplastic state. The loads corresponding to each increasing integral
fringe order were recorded. Principal strain difference (€1-€3), maximum

principal strain €) and stress o), average stress 0O,,, Stress concentration
factor K, and residual stress after unloading were calculated and are listed

in Table V.

13
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TABLE V. LOAD, MAXIMUM STRESS, STRESS CONCENTRATION FACTOR, AND RESIDUAL STRESS

AT THE LOWER FILLET OF A STEEL BREECH RING SECTION

T [ [ [ | | [ [ | |
[ | | Principal | Maximum | Maximum | I I | I
| | | Strain | Principall Principall Average | Stress I | I
| Load | Fringe| Difference| Strain | Stress | Stress | Concentration| Percentage of| Residuall
| P | order | (ey-€p)g | (e)g | Copg | Oy | Factor | Overloading | Stress |
| Pounds| & | in./in. | in./in. | psi | psi | K= (oy)g/0,,] (P-3770)/3770| psi
I | I | I | I I | I
[ I | [ I I [ | I |
: 2100 | 0.5 : 1230x10~6 : 950x107°| 28.4x103 | 3.60x103| 7.88 | - | - I

| | | | I |
1 4100 : 1 : 2460%10~6 { 1870x10-5= 54.9x103 { 7.02x103’ 7.63 l 9 I —0.5x103{
: 6000 I 2 : 4920x10~6 I 3510x10-6= 61.2x103 | 10.3x103l 5.96 : 59 { -19.9x103I

I
I 7000 : 3 I 7380x1076 } 5150x10‘5} 63.1x103 } 12'0X103i 5.26 ’ 86 I -31.6x103{
| 7600 | 4 | 9840x1076 | 6790x10%| 64.7x103 | 13.0x103]| 4.97 | 102 | -38.1x103]
| | | I | I I | I |
I 8000 : 5 | 12300x1076| 8440x10”®] 66.3x103 | 13.7x103 4.84 | 112 }
| | |

-41.9x103=




Table V and Figure 11 show that as long as the model is in the elastic
state, stress concentration factor is constant. When load is increased such
that local yielding sets in, stress concentration factor decreases
continuously as ylelding progresses. These results are consistent with those

obtained from photoplasticity experiments.

COMPARISON BETWEEN RESULTS FROM PHOTOELASTOPLASTICITY AND PHOTOELASTIC COATING
Table VI shows a comparison between results obtained from steel and poly-

carbonate models of breech ring.

TABLE VI. COMPARISON BETWEEN STEEL AND POLYCARBONATE MODELS

T [ [ [

| | Steel | Polycarbonate |

| | | |
ESs | 1 | [
1 t | Load | 2100 pounds | 27 pounds |
aal | | |
s t | Maximum Fillet Stress | 28.4x103 psi | 300 psi |
t el | | |
i | Average Stress | 3.6x103 psi | 300 psi |
c | | | |

| Stress Concentration | | |

| Factor | 7.88 | 7.67 |

| | | |
ES |-—-- | — — | ==~ I
1t | | | |
a a | Load | 7600 pounds | 1144 pounds [
s t | | | |
t e | Maximum Fillet Stress | 64.7 x 103 psi | 9.3x103 psi |
o | | | |
p | Percentage of Over- | | |
1 | loading | 102 | 105 I
a | | I [
s I Average Stress | 13.0x103 psi | 1.66x103 psi |
t | | |
i | Stress Concentration | | I
c | Factor | 4,97 | 5.61 |

L5




In the elastic state, the steel model has a stress conceantration factor
of 7.88 in comparison with 7.67 from a polycarbonate model. Also, the steel
model shows a maximum fillet stress of 28.4 x 103 psi under a load of 2100
pounds in comparison with 27.6 x 103 psi obtained by means of transition, Eq.
(4), and data from the polycarbonate model. A good agreement is established.

As mentioned earlier, the transition of data in the elastoplastic state
requires at least three additional conditions: same Poisson's ratio, same
law of ylelding, and same shape of non-dimensional stress—strain curve. A
comparison between Figures 2 and 10 clearly shows the violation of the last
condition. Specifically, steel and polycarbonate do not have the same shape
of non-dimensional stress-strain curves at room temperature, although it is
possible to match them closely by adjusting the temperature and relative
humidity of the laboratory. Nevertheless, the steel model at 102 percent
overloading shows a stress concentration factor of 4.97 in comparison with
5.61 from a 105 percent overloading polycarbonate model. The difference 1is

reasonable.

CONCLUSIONS

Principles of photoplasticity and photoelastic coating have been
described. Examples of the application of both methods to a C-shaped notched
specimen, a compact tensile notched specimen, and a breech ring section in the
elastoplastic state have been given. Maximum free boundary stress, stress
concentration in the elastic and plastic state, elastic-plastic boundary, aad

residual stress after unloading have been determined.
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In photoplastic analysis, data In the elastic state are transferable from
model to prototype with usual consideration of load and scale ratios. In the
plastic state, the transition of data requires at least the satisfaction of
three additional conditions on material property: Poisson's ratio, yleld
criterion, and stress—strain relation. The coating method gives data for
models of prototype material. The transition of data requires only the
consideration of load and scale ratios.

Stress concentration is constant in the elastic state and decreases
continuously as yielding progresses. Therefore, it is advisable to determine
stress concentration factor at each load in the elastoplastic state.

Results from photoplasticity and photoelastic coating for a breech ring
section have been compared. A reasonable agreement has been reached. The
reliability and ease of photoplastic analysis and photoelastic coating

technique in the elastoplastic state have been demonstrated.

17




REFERENCES

Thomson, R. A. and Frocht, M. M., "Further Work on Plane Elastoplastic

Stress Distributions,” Proceedings of the International Symposium on
Photoelasticity, IIT, Chicago, 1961, pp. 185-193.

Coker, E. G. and Filon, L. H. G., A Treatise on Photoelasticity, Second

Edition, Cambridge University Press, 1957.

Frocht, M. M., Photoelasticity, John Wiley and Sons, 1958.

Frocht, M. M and Cheng, Y. F., "An Experimental Study of the Laws of
Double Refraction in the Plastic State In Cellulose Nitrate - Foundations

For Three-Dimensional Photoplasticity,” Proceedings of the International
Symposium on Photoelasticity, IIT, Chicago, 1961, pp. 195-216.
Ito, K., "New Model Materials for Photoelasticity and Photoplasticity,”

Experimental Mechanics, 2(12), December 1962, pp. 373-376.

Gurtman, G. A., Jenkins, W. C., and Tung, T. K., "Characterization of a

Birefringent Material for Use in Photoelastoplasticity,” Douglas Report SM
7796, January 1965.

Ramberg, W. and Osgood, W. R., "Description of Stress-Strain Curves of
Three Parameters,” NACA TN 902, 1943.

Mesnager, M., "Sur la Determination Optique des Tensions Interieures dan

les Solides a Trois Dimensions,” Compt. Rend. 1'Acad. Sci., Vol. 190,

1930, pp. 1249-1250.

18




! /e-
8 //
5
Q
rnQ S
$ & 7
w\
9
£ 4
A (/ Model Fringe value af
/ elastic stafe: 300 psi/in.
]
= ﬂ/ Material fringe value af-
/ elastic state: 36 psi/in.
| | | |
0 /10 20 30 40 50 60

Fringe Order, N

Figure 1. Stress-Fringe Curve for Polycarbonate.

19




o7E
0‘/,’11””‘——

E ~ 325 x10% psi
g ~ 87 x 10? psi

Froportional /imit
~ 62x 107 pss

Stress, 10°psr
A (V)Y

0-/0

| Z/
/
0 0.06 0-08

0 -02 0-04

Strain

Figure 2. Stress-Strain Curve for Polycarbonate

20




e £
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