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INTRODUCTION 

In guns with a sliding breech mechanism, breech ring failures have been 

observed originating from the lower fillet In the vicinity of the contact 

region which Indicates that high tensile stress produced by stress concen- 

tration at the fillet was responsible for the failure.  One can reduce the 

stress concentration by changing the fillet geometry or the breech ring 

can be overloaded into the plastic range to produce beneficial residual stress 

as long as future loadings are within the linearly elastic behavior of the 

material.  Using a two dimensional polycarbonate model, the residual stress 

at the fillet of an overloaded breech ring after unloading has been deter- 

2 -i 
mined by means of photoplasticity and finite element analysis. 

In the two-dimensional elastic state of stress the transition of data 

from model to prototype requires the following conditions:  equilibrium, 

compatibility, boundary value, and similarity of geometry and loadings.  In 

order to make the transition involving plastic flow, at least three more 

conditions must be met:  (a) the stress-strain curves of the materials of 

model and prototype must have the same shape, (b) the law of yielding must be 

the same for both materials, and (c) Poisson's ratio in the plastic range 

must be equivalent.  The Poisson's ratio and the law of yielding are known 

^•Cheng, Y. F., "On Maximum Fillet Stresses in Breech Ring ," Watervliet 
Arsenal Technical Report WVT-7255, October 1972. 

2Cheng, Y. F., "A Photoplastic Study of Residual Stress in An Overloaded 
Breech Ring," Technical Report ARLCB-TR-78018, Benet Weapons Laboratory, 
LCWSL, ARRADCOM, US Army, 1978. 

3Chen, P. C. T. and Cheng, Y. F., "Stress Analysis of An Overloaded Breech 
Ring," To be presented at the International Conference on Reliability Stress 
Analysis and Failure Presentation, ASME, San Francisco, August 1980. 



for the polycarbonate material used.  Experimental data is transferable from 

polycarbonate model to any other material having the same value of Poisson's 

ratio and following the same law of yielding.  The shape of the stress strain 

4 
curve is represented by a parameter in the Ramberg-Osgood equation.  It is 

possible to alter the shape of the stress-strain curve of polycarbonate 

material by adjusting the temperature and relative humidity of the laboratory 

so that the curve corresponds more closely to that of a particular prototype 

material. 

This report describes a further study on stresses at the lower fillet in 

a two dimensional steel model of an overloaded breech ring by means of photo- 

elastic coating technique.  The basis of the technique is given.  Expressions 

for stress and strain in both the elastic and elastoplastic state are derived. 

The steel model was loaded up to more than 100% of overloading. Maximum 

fillet stress, stress concentration factor, as well as the residual stress 

after unloading were found.  The results were compared with previous data 

from polycarbonate model.  The reliability of both photoplasticity and coating 

technique are ascertained. 

PHOTOELASTIC COATING TECHNIQUE 

The photoelastic coating technique was initially introduced by Mesnager 

in 1930. The method is based upon the bonding of a thin sheet of photo- 

elastic material to the surface of a specimen. When load is applied to the 

specimen, strains are transmitted to the coating material which then becomes 

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

^Mesnager, M., "Sur la Determination Optique des Tensions Interieures dan les 
Solides a Trois Dimensions," Compt. Rend. I'Acad, Sci., Vol. 190, 1249-1250, 
1930. 
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birefringent.  Polarized light is reflected from the surface of the specimen 

at normal incidence, and fringe patterns are obtained as in the photoelastic 

method.  The photoelastic coating material in effect acts as a strain gage 

and permits the determination of the strains of the specimen over the coated 

area. 

The fringe pattern is related to the principal strain difference, 

(£,-£«) , on the surface of the specimen by the following equation 

N = 2C,t(e1-e2)s (1) 

and 

^re2>8 ■ (ere2)p (2) 

where N denotes the fringe order, C' a strain-fringe constant, t thickness 

of the coating layer, and subscripts s and p refer to the specimen and coat- 

ing, respectively. 

The fringe pattern, therefore, directly gives the distribution of the 

principal strain difference on the surface of the specimen.  Total strain 

difference, the sum of the elastic and plastic parts, are measured. 

ANALYSIS OF STRESS AND STRAIN 

On the surface of the specimen and the coating material, stress-strain 

relations are governed by Hooke's law as follows 

(V^s" (14V<ara2VE8 (3) 

(e-L-e^p = (l+Pp) (a1-
02)p/Ep (4) 

where \i  denotes Poisson's ratio, E Young's modulus, and a. and a. the 

principal stresses. 



In the coating material, the fringe N Is directly proportional to the 

principal stress difference (c^-c^)  by the following equation 

N = 2Ct(CT1-a2)p (5) 

where C is the stress-fringe constant and 

C = (l+yp)(C'/Ep) (6) 

Combining equations (1) to (6), we have 

^"Vs = (N/2C't)[Es/(l+ys)] 

- (N/2C't)(Es/Ep)[(l+yp)/(l+ys)] (7) 

On the free boundary one of the principal stresses is identically zero. In 

the elastic state the other principal stress can be readily calculated from 

equation (7). 

In the plastic state we have 

(e1-e2)s = N/ZC't (1) 

and 

(el+e2+e3)8 = 0 W 

This is not sufficient to separate individual principal strain and stress 

except those on the free boundary of a plane stress problem where 

(a2)s " ^s " 0 C9) 

and 

(e2)B = (e3)s  = -0.5(e1)g (10) 

The principal strain (^j)s  in the specimen tangent to the free boundary 

becomes, from equation (1) 

(e1)s = N/3C't (11) 



The principal stress (c^),, in the specimen corresponding to the principal 

strain (e^g can be found from the stress-strain relation for the specimen 

material in uniaxlal tension. 

EXPERIMENTS AND RESULTS 

Apparatus 

A portable reflection type polariscope with monochromatic light of 
o 

5A6l A was used, and photoelastic patterns at normal incidence were recorded. 

Static loads were applied by means of Baldwin-Tate-Emery testing machine. 

Materials and Calibration 

Flat ground steel plate of 0.12 inch thickness with a chemical content of 

0.85 - 0.95 C, 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 (Division Wallace-Murray Corp.). 

Type PS-1 photoelastic sheet of 0.04 inch thickness was used as the 

coating material.  It was supplied by Measurement Group, Raleigh, NC. 

Uniaxial tension calibration specimens of steel having a cross 

section of 0.19 x 0,12 inch were prepared with electric resistance wire 

strain gages (EA-13-015DJ-120, Micromeasurement) bonded to each specimen at 

its midsection, one on each side.  Coating material was applied on the spec- 

imen surface. 

Figure 1 shows the stress-strain curve for steel from strain gage read- 

ings.  It has a Young's modulus of 30 x 106 psi, a proportional limit of 

51 x 103 psi and a yielding stress a , defined by the point of intersection 
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of secant modulus (£„„„ = 0.7E) and the stress-strain curve, of approximately 

60 x 103 psi.  Poisson's ratio was taken to be 0.3. 

The coating material registered one fringe every 1890 x 10~' in/in of 

axial strain.  In uniaxial tension 

and 

(ej = -(yO = -0.3(0 (12) 
2 s      Is        Is 

(e2)s = -570 x 10"
6 in/in 

From equation (1) 

l/(2C't) = (£,-£,)„ = 2460 x lO-6 in/in (13) 

Model and Loading 

Due to the available size of the model material, a 55/65 scale, two- 

dimensional model of the meridian section of a breech ring and block was 

made of 0.12 inch thick steel plate, as shown in Figure 2.  In order to 

minimize any effect of material homogeneity, the ring was cut closely to 

the calibration specimens and its line of loading was parallel with that of 

the calibration specimens.  Photoelastic coating material was bonded to both 

surfaces of the lower part of the ring.  The boundary of the coating layer 

was carefully machined so as to coincide with the fillet.  The model was 

mounted in the testing machine and the load was applied through pins at the 

top of the block and the ring. 

Maximum Fillet Stress and Stress Concentration Factor in the Elastic State 

The load per half-fringe order at the fillet boundary in the elastic 

state was found to be 2100 pounds tension, which corresponds to a principal 

strain difference of (Ej-^s = 1230 x 10"6 in/in* 
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The maximum fillet stress, i.e., the maximum principal stress (cr,) > 

tangent to the fillet boundary can be calculated from equations (7) and (13), 

taking into consideration of (cOg = ^*  Thus 

(a1)s = (N/2C
,t)Es/(l+ys) 

= (0.5)(2460)(30 x 106)/1.3 

= 28.4 x 103 psi 

Alternately, it can also be obtained by means of Hooke's law.  Thus, 

at the free boundary 

(e2>s = "^s = -0-3(el)s (14) 

and 

1.3(e1)s = 1230 x 10"
6 in/in 

(a,) = (Ee.) = (30)(1230)/!.3 = 28.4 x 103 psi 
Is     Is 

The average stress a  at the cross section has a value of 

aav = 2100/[(0.12)(5.75)(55/65)] = 3.60 x 10
3 psi 

The stress concentration factor K, defined as the ratio between the 

maximum principal stress (a1)s and the average stress aav, is 

K = (a,) /a  =7.88 v 1's av 

Maximum Fillet Stress and Stress Concentration Factor in the Elastoplastic 

State 

After the elastic solution was obtained, the load was raised and the 

specimen was brought into the elastoplastic state.  The load corresponding 

to each increasing integral fringe order was recorded. Principal strain 

difference (£^£2)  and maximum principal strain (epg were calculated from 

equations (1), (11), and (14), considering both elastic and plastic parts. 



The proportional limit stress of the specimen material has a value of 

51 x 103 psi.  The corresponding strain is 

(e1)a = (51 x 10
3)/(30 x 106) = 1700 x lO"6 in/in 

From equation (14), (e^s = ~0,3^el^s and the elastic Part of the principal 

strain difference is 

(e -e.) = l.3(e1) = 2200 x 10"6 in/in 
12s       Is 

The plastic part of (Ei) was calculated by applying equations (1) and 

(11) to the plastic part of principal strain difference.  For example, at 

P - 6000 pounds, (e^-ep., = 4920 x 10"6 in/in with an elastic part of 2200 x 

10"6 in/in and a plastic part of 2720 x 10"6 in/in. 

^8.plastic = 4^2720) = 181o x lO"
6 in/in 

and 

^^s,total = ^s,elastic + ^1^,plastic 

= 1700 x lO-6 + 1810 x lO-6 

= 3510 x lO-6 in/in 

The corresponding principal stress (cOg was read from stress-strain 

curve. Figure 1. Average stress cr  and stress concentration factor K were 
3. v 

calculated.  They are shown in Table I. 

The results show that as long as the specimen is in the elastic state, 

stress concentration factor K is constant and the curve K versus a  is 
av 

straight and horizontal. However, if o      is increased so that local yielding 

sets in at the point of highest stress, the stress concentration factor begins 

to decrease rather sharply, as shown in Figure 3. 

10 
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DISCUSSIONS 

Calculated Residual Stress and Percentage of OverloadlnR 

The usual assumption that unloading is inherently an elastic process is 

made for the purpose of calculating the residual stress after unloading. 

For example, in the elastic state, a load of 2100 pounds produces a fillet 

stress of 28.4 x 103 psi. A load of 8000 pounds would produce a fillet stress 

of 108.2 x 103 psi.  Subtractive superposition of the value with 66.3 x 103 

psi from elastoplastic state of 8000 pounds gives a residual stress of 41.9 x 

103 compression, as shown in Table I. 

The proportional limit load is the load which produces a fillet stress 

equal to the proportional limit of the material.  It is used as the basis 

for calculating the percentage of overloading.  It can be shown the propor- 

tional limit load for the specimen has a value of 3770 pounds.  The percentage 

of overloading is defined as P"3770 x 100%. 
3770 

The residual stress and percentage of overloading for five loads in 

the elastoplastic state were calculated and shown in Table I. 

Comparison With Results Obtained Previously From Polycarbonate Model 

A comparison was also made between results obtained from steel and 

those from polycarbonate material. Table II. 

In the elastic state, stress concentration factors obtained from steel 

has a value of 7.88 and polycarbonate material has a value of 7.67.  The 

difference is within the range of experimental error. 

12 
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TABLE II.  COMPARISON BETWEEN STEEL AND POLYCARBONATE MODEL 

01 

u 

U 

M 

Steel Polycarbonate 

Load 2100 pounds 27 pounds 

Maximum 
Fillet 
Stress 28.4 x 103 psl 300 psl 

Average 
Stress 3.6 x 103 psl 39 psl 

Stress Concentration 
Factor 7.88 7.67 

Load 7600 pounds 1144 pounds 

• 0) 
•u 
cfl 
4-1 

CO 

u 
•H 
m 

H 
p. 
O 
■u 
w 
0) 
H 
W 

Maximum 
Fillet 
Stress 

Percentage of 
Overloading 

Average 
Stress 

Stress Concentration 
Factor 

64.7 x 103 psl 

102 

13.0 x 103 psl 

4.97 

9.3 x 103 psl 

105 

1.66 x 103 psi 

5.61 

14 



In the elastoplastlc state, stress concentration factor obtained from 

steel with 102% overloading has a value of 4.97 and that from polycarbonate 

material with 105% overloading has a value of 5.61. 

Figure 4 shows stress-strain curves of steel and polycarbonate.  The 

fact that polycarbonate has a higher strain-hardening effect explains its 

high value of stress concentration factor in the elastoplastlc state, although 

the slight difference in percentage of overloading may affect it also. 

A transition formula for stresses in the elastic state was given in the 

previous work.  It has the following form 

^s  £s (Lm)2 

am " Pm '(VT 

where L is the characteristic length and subscripts s and m refer to spec- 

imen and model respectively.  Using this equation, under a load of 2100 

pounds, the steel specimen should experience a maximum fillet stress of 

(2100/27)(65/55)(300) = 27.6 x 103 psi in comparison with the experimental 

value of 28.4 x 103 psi.  The difference is again within the range of exper- 

imental error. 

In the elastoplastlc state, the same equation gives the steel specimen, 

under a load of 7600 pounds and 102% overloading a maximum fillet stress of 

(7600/1144)(65/55)(9300) = 73 x 103 psi in comparison with the experimental 

value of 64.7 x 103 psi.  The difference can be explained by the difference 

in stress-strain behavior of these materials and possibly their laws of yield- 

ing, or the difference in percentage of overloading. 

15 
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CONCLUSIONS 

An experimental investigation of stresses in a steel model of the 

meridian section of a breech ring has been made by means of photoelastic 

coating technique. 

In the elastic state, steel model has a stress concentration factor 

of 7.88 in comparison with 7.67 from a polycarbonate model.  Also, steel 

model shows a maximum fillet stress of 28.4 x ID3 psi from a load of 2100 

pounds in comparison with 27.6 x 103 using the transition formula and 

data from polycarbonate model.  A good agreement is established. 

As stated earlier, the transition of data in the elastoplastic state 

requires at least three additional conditions:  (a) same value of Poisson's 

ratio, (b) same law of yielding, and (c) same shape of stress-strain curve. 

Figure 4 clearly shows the violation of the last condition.  Specifically, 

the stress-strain curves of steel and polycarbonate at room temperature do 

not have the same shape, although it is possible to match them closely 

by adjusting the temperature and relative humidity of the laboratory. 

Unfortunately, facilities at this laboratory do not provide for this kind 

of adjustment.  Nevertheless, steel model with 102% overloading shows a 

stress concentration factor of 4.97 in comparison with 5.61 from the poly- 

carbonate model with 105% overloading.  The difference is reasonable. 

The reliability of photoelastic coating technique and photoplasticity 

analysis have thus been confirmed in this experiment. 

17 



Now that two methods are available in studying stresses and strains in 

structures after yielding.  One is the photoelastoplastic stress analysis 

provided that the laboratory is equipped with temperature and humidity con- 

trols such that the conditions for data transition from model to prototype 

can be met.  This can not be realized, at present, due to the considerable 

expenses in refitting the laboratory.  The alternate method is the photo- 

elastic coating technique, described in this report, which reveals directly 

the stresses and strains existing on the surface of the structure. 

The gun steel (typical 4330) has a considerably higher proportional 

limit stress in comparison with the steel used in this investigation.  For 

. the purpose of thorough understanding the stresses and strains in an over- 

loaded breech ring, it is proposed for future work to repeat this investiga- 

tion in a 4330 steel model.  The results could further provide not only 

another evidence of the reliability of photoelastoplastic stress analysis 

but also the validity of data transition formula. 

18 
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