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m. IHDQRYQIJON 

ln the field of attes.1 ena1yata, there are many prablems that hove 

been solved mathemaUoally based upon the assumption that a state of 

plllne streas exists throughout the body. To verify the theory involved, 

each problem. must be experimentally confirmed. To fao.llltate this a-
per!mental Y!Crk. a method of loading a circulat c:Usk such as to create 

a u1i.iaxial tension field. was investigated for the wei.minaUon of stress 

concentration factors. 

A mejor portion of this Uleais deals With the photoelasuo invesu-

getton of the loading of a circular disk. As an example of the use of 

th1e disk, a series of slots with rounded ends were examined With re-

gard to the value of the stress conoentratton factors as the slot was 

orlen.ted at different angles with respect to th& direction of the tension 

field. 

The standard photoelaatlc method of photographing the fringe pat-

tern to determine the value of the ma.x.imum st.teas at the edge of the slot 

was not used. trusteed a method was developed for determining the 

value of the etreaa concentration faot.or which required only the recofd.... 

ing of tho load applied to the plate when each fringe appeared at the 

edQ'e of the slot. A portion of this paper was thu.a devoted to the diffi-

oulUee in using tb1a method and the technique of eliminating or mtn!-

mizinq the errors. 
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IV. THE BEVJJ;W OF LITEBA'l'YY 

Since the original conception of the photoelasuc effect by Sir 

David Brewster in 1816(8), there have been numerous applications to all 

types of plane stress problems and even to three dimensional stress anal-
1 (l) C4) (S) ys s. 

The problem of a circular disk loaded in compression at diameteri-

cally opposed points has been solved mathematically by H. Hertz(ll) and 

has been investigated experimentally by M. M. Frocbt. (6) A complete 

investigation of the stress concentration factor for various slots with 

their major axes perpendicular to the field of tension in a plate of finite 

width was done by M. M. Procht and M. M. Leven in 1950. <4> 

One of the most complete oollections of stress concentration fac-

tors was compiled by R. E. Peterson in 1953. (lO) In this oollection he 

presents both the experimental results of many contributers and also the 

stress concentration factors that have been solved for mathematically. 

Muoh of the mathematical work involving the study of notches and 

qrooves has been considered by Neuber. (9t 
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V. T!IJt IN)lt1?~!$3AilON 

5. 1 OBJlCTMS P.F IHI UiYESTI~ADP.N 

The investigation was oonsid9red in two parts. 

S.1.1 Part I of the investigation consisted of the development of appro-

priate equip1nent and techniques for use in a simplified method for ob-

taining the solution to classes of problems described 1n Articfo s. l. 2. 

A method for loading a circular disk in tension was developed which 

would provide: 

a. ap~rcximatf~ly i.~niforu~ sim.r1le tension field over 

the majority of the disk and, 

b. a means of varyinQ the c:Urection of tension relative 

to the stress raisers in the tensile field .. 

The use of the method of recording- the loads at which each fringe 

appeared on the edge of the stress concentration to determine the value 

of the stress concentration factor should yield saUafactory results. 

For a complete discussion of the method to ba employed see Article 5. 3. 

5.1. 2 Part II of the investigation dealt with the photoelasUc detennina• 

tion of stress concentration faotors for rectangular slots with sem1 ... cir-

cular ends inclined at various anqlos to a stress field of approximately 

uniform simple tension as described in Article 5.1. l. The results in ua-

inq a circular disk were to be compared with the results of a slot in a 

rectangular plate. 
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PART I. DtVELOPMljNT or l\OU!PMINI AND TECHNJOJllia 

S. Z M&iIHODS Of WWNG THE CIRQVLM Dl§K 

Before achievino the first objective of this investigation, four 

methods of loading a oireular disk to create a uniaxial tension field were 

investigated. 

s. 2. l The first method attempted consisted of tryinq to load through a 

circle of holes drilled around the perimeter of the disk. 

The material, CR-39, was machined into a six inch diameter disk. 

Two sets of loading plates were constructed of one-eighth inch thick 

steel, as shown in FIGURE l. Each of the six holes were drilled through 

the four plates at the same time. To facilitate the accurate alignment of 

the holes in the steel plates with the holes in the disk, one of the steel 

plates was used as a guide. The model was marked by tapping the drill 

against the model through each hole in the steel plate. Then using these 

marks, the holes were drilled in the disk. 

Two different attempts were made to use this loading device. The 

first consisted of placing bolts through the steel plates and disk, as 

shown in FIGURE 1. without tightening the bolts. Upon placing the disk 

ln the plane of the circularly polarized light of the polariscope and 

loading the model through points A and B, as shown in FIGURE 1. It was 

evident by observation of the fringe pattern that the plate was not under 

uniform tension• as frinqes originated from bolts one, four, and nine, in-

stead of one uniform frinoe over the middle section of the plate. There-

fore, this attempt was abandoned as being unsatisfactory, because the 
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bolt alignment was too critical to produce a uniform tension field. 

With the same steel plates and the same circle of holes. the 

disk was then clamped by tightening the ten bolts. The attempt here 

was to distribute the load by friction through the enclosed portion of the 

plate. This method was also unsatisfactory as some of the bolts were 

still in contact with the model and created fringes that extended d.own 

into the plane of the plate. 

5. 2. 2 The same steel plates used in investigation of Method S. Z. 1 

were then modified by drilling a line of holes , as shown in FIGURE 2. 

Care was again taken in alignment of these holes with a series of holes 

drilled in the model. The same method to align the holes used in Method 

5. 2. 1, was repeated for Method 5. z. 2. This method was deemed un-

satisfactory by inspection of the fringe pattern, for the same reason as 

Method 5. Z. l. 

5. 2. 3 After the realization that the alignment of the holes was too 

critical to rely on reproducibility of the uniform stress field, the disk 

was then clamped, as shown in FIGURE 3. A new set of steel clamping 

plates were machined of one-fourth inch material to achieve a rigid clamp. 

Here the attempt was to eliminate all bolt contact with the disk. 

The clamping device consisted of the two sets of steel plates 

shown in FIGURE 3 and also two sets of plastic backing plates which 

the steel plates clamped onto as well as the model. The entire loading 

was done through friction across the surface shown crosshatched in 

FIGURE 3. 
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With this arranqement the fri.n.ge pattern, as seen in the circular 

polariscope, appeared more nearly uniform than those of Methods 5. 2. l 

and 5. Z. 2.. However, where the steel clamp came into contact with the 

disk, there were frin9es extending in.to the field of the disk, from the 

clamplng action of the steel plates. Because this localized effect ex-

tended about one--half inch into the plane of the disk from each clamp, 

this method was not used. 

5. Z. 4 The same two sets of steel clamping plates were used for this 

method, as for Method 5. 2. 3, with the addition of two sets of plastic 

liners, as shown in FIGURE 4. These plastic liners were used as a means 

of distributing the clamping- load away from the relatively rigid edge of 

the steel plates and thus eliminate the local affect that was undesirable 

in Method 5. 2. 3. 

In FIGURE 5, the position of the additional liner is shown. The 

plastic liner extended farther into the plane of the disk than the steel 

plates to aid in distributing the load eway from the edge of the steel pleta. 

Upon loading the disk through points A and B, as shown jn FIGURE 

4. it was evident that a lerqe portion of the disk was subject to uniaxial 

tension. A single fringe formed over the middle section of the disk and 

the isoclini.c pattern verified the symmetry of loading, as shown in 

FIGURE 6. 

It was still observable that portions of the edge of the model 

were not under uniform tension. but to try to put this section of the plate 

under uniform tension would have meant enclosinq more of the disk and 
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this would have decreased the size of the uniform field more than the 

additional edge area would increase the field size. From this standpoint. 

Method s. 2 .. 4 waa considered acceptable. This method of loading the 

disk was used throughout the remainder of the investigation. 

5. 3 QALCVIAtJON OF STRESS CONQEN"fBATJON fAQ'fOBS 

The definition of stress concentration factor that was used in this 

thesis was: 

(5. 3. l) 

where "c corresponds to the meximum value of the stress next to the slot, 

"net is the applied load divided by the critical cross section of the mem-

ber. This corresponds to the definition used by M. M. Frocht and M. M. 

Leven in their investigation of stress concentration factors for slots. A 

discussion of O-net for the slots at an angle with the direction of the uni-

axial tension field is included in Appendix 11. 1. 

From the above definition of stress concentration feotor and basic 

photoelasuc concepts, a method for calculating the stress concentration 

factor for any model wa• developed. The main advantage of this method 

is that it eri,:ibles one to determine a stress concentration factor without 

investigating the entire model and requires only the recording of certain 

loading information as each fringe forms on the edge of the slot. 

The material fringe value, which is a constant for any local area 

of e meter1al. can be calculated by knowing the values of the principal 
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stresses. corresponding fringe order, and material th1cknesa. (S) The 

material fringe value is given by Neumann• s Equation as: 

where: 

f • (O', - 0'2. >b t .-lb .... ._ _ _.,_ 
in. x order n 

f = Material frinqe value, 

h = Material thickness. 

n =Fringe order. 

ct1 , r 2 -= Principal stresses. 

(5. 3. 2) 

One common method for determining the material fringe value is 

by the use of a simple tension member. The formula for the material 

fringe value thus booornes: 

where: 

f = Pc 
(We Jill:;) 

Pc = The applied tensile load, 

We= Vlidth of the member1 

lb = Fringe number. 

as shown on FIGURE 7-a. 

(5. 3. 3) 

Instead of using a tension member to determine the material 

fringe value, consider using a member with a stress concentration in it, 

as shown 1n FIGURE 7-b. The stress c:,t point C ts: 

from (5. 3. 1): <r = Kt tTnet 

Therefore, using th.is relati;.J~'l.:chip for calculating the material 
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fringe value. where the orthogonal normal stress in the free surface is 

zero: 

from (5. 3. 2): 

or, 

f = f{t) t•'tlet)(h) 
(n) 

f = {Kt)(lTn) 
(\Vm)(nm) (5. 3. 4) 

since the mr.iterial fringe value is a constant: 

from (5. 3. 3) and (5. 3. 4): t =Ht) 
('Wt;)(nt) 

CKt)~Pm) 

(WmHnm) (5. 3. S) 

and, solving for Kt: 

where: 

Kt; = Wm 0\/nt) 
Wt (Pm/nm) 

Win = Net width of the model1 

Vvi • Width of the tension specimen, 

(5. 3. 6) 

(l1;/nt) = Slope of the applied load""fringe number 

curve. for the tension specimen, 

(Pm/nm) • Slope of the applied load-fringe number 

curve for the model. 

Using the above relation to determine the value of the stress 

concentration factor only requires the recording of the load on the model, 

Ffo, as each fringe, nm, appears at the edge of the hole. The ether 

quantities for any one investigation remain constant and were determined 

from a simple tension test. It should be noted that this method can only 
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be applied to points at which a uniaxial stress state exists. 

5. 4 IEOHNIQUE OF OBSERYATION 

The procedure for determining- the stress concentration factor 

derived in the preceding section was employed in the laboratory. Al-

though the method was simple enough in theory, the main weakness in 

actual practice was the human inability to observe exactly when the fringe 

had formed on the edge of the hole. An observer must develop an accu-

rate technique in order to record the load exactly as each fringe appeared 

at the edge of the hole. There are several precautions which were an aid 

in observing the formation of the fringe. 

5. 4. l A bright monochromatic liqht source, such as a mercury vapor 

lamp, makes the fringes sharper than the incandescent lamp. 

S. 4. 2 A magnifying glass was used to enlarge the edge of the slot. 

Care hod to be taken in using the magnifying glass. as any distortion 

tended to increase the difficulty in observing the slot, which would off-

set the advantage of enlargement. 

S. 4. 3 A stress free edge makes the observance of the formation of each 

fringe easier. It should be noted, however, that this was not necessary 

for the analysis of the stress concentration factors. 

5. 4. 4 By the performance of several reapplications of each loading cycle, 

any obvious errors were discarded. 
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5. 4. 5 The formation of a fringe on the edge of a large slot was much 

easier to observe than on a small slot. Thus large models should be 

used for the analysis of various stress concentration factors.. 

s. 4. 6 The greatest aid for observing the formation of the fringe was 

found to be the experience in observation obtained by running many pre-

liminary tests, and acquiring the technique required for good accuracy. 

5. 5 TEQHNIOUE OF .M.ODEL )YiAKING 

All models used in this investigation were made of one-fourth 

inch thick CR-39. Since the outer edge of the disk was not of interest, 

as far as stress analysts, it was not necessary to have a stress free 

outer edge. 

The disk was cut within a half-inch of its finished dimension by 

a hand operated coping saw. The rough disk was then attached by the 

model making tape to a siX inch diameter template. The Chapman Model 

Making Kit was then used to mill the model down to o. 007 inches of the 

finished size. The large template guide plug was then removed and re-

placed with the small t'!!mplate guide plug. Using light sweeping 

strokes. the model was milled down to its finished dimension. 

From preliminary work, it was found that c hole free from edge 

stresses made the observation of the fringe formation easier. Therefore, 

care was taken in machining all slots. First a hole was drilled in the 

center of the model by using the one-fourth inch plastic drill provided 

with the Chapman Model Making Kit. This drilling was performed under 



23 

water using light drill pressure and intermittent cutting to allow the 

water to keep the plastic oool. All subsequent machining was done on a 

milling machine by lighUy end milling without the use of a coolant. 

s. 6 MOPIL MADBW. .. 

For preliminary investigations, the plate of CR-39, was three years 

old. After several teats were performed, it was determined that the ma-

terial fringe value varied considerably from the edge o.f the plate to the 

center, as shown in nGURE 8. Since the material fringe value was not 

constant in the local area of one model, it waa impossible to use the 

aged material. A new plate of OR•39 was procured, which exhibited very 

uniform material fringe values. 

5. 1 ilGHT SQURCES 

For the preliminary work, a 100 watt incandescent light source waa 

used in conjunction with a 4800 i filter. This produced a uniform inten-

sity light field, but the fringes were no distinct. The use of a mercury-

vapor lamp did not produce a uniform intensity llght field, but yielded a 

bright oval field three and one-fowth inches high and two and one-half 

inches wide. 

From the standpoint of a complete photoelastic analysis, a non-uni-

form light field would be undesirable, but the mercury-vapor lamp produc• 

ed sharper fringes. Since this investigation only required the observance 

of one part of the model, the mercury-vapor lamp was used. 
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5. 8 POLARISCOf& 

The General Radio Polariscope. Type No. 1534 located in the 

Engineering Mechanics Laboratory at Virginia Polytechnic Institute, was 

used for all tests. The polariscope and loading frame are shown in 

FIGURE 9. 
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PART II. THE PROBLEM INVESTIGATED 

5. 9 DESCRIPTION 

As an example of the use of the ciroular disk loaded in tension 

as prescribed by Method 5. 2. 4, a series of slots. rectangular holes 

with semi-circular ends, were investigated. Referring to FIGURE 10, the 

series of slots had a t/r ratio of one, two. and four, and two such series 

were investigated, the first with and r of one-eighth inch and the second 

with an r of one-fourth inch. Each slot was rotated through 90° in 15° 

increments, with respect to the direction of the uniform tension field. 

For each increment of rotation, the load was increased while the edge 

of the hole nearest the edge of the plate was observed. • As each fringe 

crossed the edge of the ho.le, the corresponding load was recorded. 

Since the slots with an r of one-eighth inch were small and thus 

difficult to observe, three or more loading cycles were performed. Each 

loading cycle consisted of recording data as the load was being applied, 

end again as the load was being released. For the slots with an r of one-

fourth inch, two or three loading cycles were performed. depending on the 

consistency of the data. 

The first investigation for each slot with the major axis of the 

slot perpendicular to the field of tension has been solved photoelastically 

by M. M. Frocht and M. M. Leven<4> and the results are presented in 

• The maximum stress always occurs at this point. (9) 
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"Stress Concentrc:tion Design Factors'' by R. E. Paterson. This problem 

was used as a verification of the method. 

5, 10 .RESULTS 

The results ~btained in termo of the three objectives were as 

follows: 

5. 10. l The investigation of the fringe and isoclinic pattern of the disk, 

as loaded by Method s. z. 4. gave the stress distributions, as shown in 

FIGURE 11. These results were calculated by the shear difference method. 

as given in Appendix U. 2 

5. 10. 2 For a dtrect comparison of the method employed to determine the 

stress concentration factors, three of the disks were machined to have 

straight edges and the results of these three tests are presented in 

Appendix 11. 3. 

5. 10. 3 On FIGURES 12 through 15 the values of the stress concentration 

factors for the slots are shown as calculated by the Method of Article 5. 3, 

(see Appendix 11. 6 for a sample calculation). The known values for the 

stress concentration factors of a slot perpendicular to the direction of the 

field of tension were represented as solid characters for purposes of com-

parison. For the slots parallel to the field of tension, t1 equal to ninety 

degrees, the values for the stress concentration factors for a fillet were 

represented as solid cheracters. The reason for the slot parallel to the 

stress field being compared to a fillet is discussed in Appendix 11. 4. 
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VI. QlSCUSSIOfi OF Ri§ULU 

6.1 METHOp OF LQAPING 

For the method of loading the disk to be satisfactory, 1t must not 

only create a unlaxial tension field over the majority of the disk, but 

should also yield acceptable results for the stress concentrationa calcu-

lated as compared to the stress concentration• of a similar rectangular 

plate. 

6. 1. 1 For the atreaa dtstrlbutlon presented in FIGURE 11 tt wea evident 

that the majority of the disk was subject to an approximately uniform ten-

sion fteld ne."<t to the 9rlps. 

From the comparison of the value of 2. 08 for the stres1 concen-

tration factor of the slot t/r equals four, 0 equals ninety degrees, and r 

equals one-fourth inch against 1. 96 for a fillet of the same dimensions, 

it was seen that good agreement was still obtained. This particular slot 

was the longest invest19ated (two tnohea) and each end came within one-

fourth of an inch of the grips. This same slot for e equals zero degrees 

yielded a value for the stress concentration factor of 3. 73, whereas the 

value obtained by Prooht was 3. 48, which resulted in • difference of 7. Z 

per cent. Therefore, 1t appears that this might well be the maximum 

width and maximum height of the disk that ean be used without encoun-

tering appreciable ettor. 

6.1. 2 From the experience of using this method to create a untaxial ten-

alon field, it was determined that the method was easily reptoduclble. 
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From the series of slots investigated, it was a simple procedure to 

change the direction o.f the tension field to allow several investigations 

from one model. 

6. 2 THE MEIHOP QF STRESS CONCENTBATION I>ETERMINATION 

The method of stress concentration determination yielded accep-

table results when compared with published results. (lO) Since two 

methods, a circular disk used as a rectangular plate and a slope of a 

load fringe curve for stress concentration factor deiermination, were 

being investignted at the same time, it was difficult to determine which 

errors were attributed to the plate not having a straight boundary and 

which errors were inherent in the method of stress concentrs.tlon factor 

determination. In order to observe the error due to the method alone, 

three other tests were performed. These three tests were performed on 

the same disks as before with the modification of machining the sides of 

the disk straight, so that these results were directly comparable with the 

known values of stress concentration factors for a slot in a uniaxial ten-

sion field. Calculated results were presented in Appendix 11. 3. The 

maximum error of 6 fo occured for the t/r equal 4 and r equal one-eighth 

inch slot. This error was not surprising, as this slot falls on the steep-

est portion of the stress concentration curve(lO) being the narrowest slot 

investigated and was thus the most difficult to determine because of the 

stress gradient. For the largest slot investigated, t/r equals 4, r equals 

one-fourth inch, the vi1lue obte!ned by the method used in this paper dif-

fered l. 6% from the accepted value. It was noted that the second test, 
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t/r equals 2, r equals one-eighth inch. yielded results within o. 6~ of 

the accepted value. From these three tests of the method, it could be 

seen that good results were obtained. 
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VII. CONC1usioNS 

7.1 lrU;l:HOP QF LOWING 

From the results obtained. the following conclusions were reach-

ed regarding the method of loading. 

7. l. 1 The majority of the disk. was subject to uniaxial tension. 

7. l. 2. The method of loading was easily reproducible in a standard test-

ing laboratory. 

1. l. 3 Rotation of the disk, to change the direction of the stress field 

relative to the stress raiser placed in the field. was easily accomplished. 

7. 2 MtTHOD Of CALCU!ATING THE SIB_ESS CONCENTRATIQN.FAQ10Jt. 

The method of recording the load which caused each fringe to 

appear on the edge of the slot yielded satisfactory results when compared 

with a rectangular plate. 

7. 3 STREe§ CONCENIRhTION FACTORS FOR INCX.INED SLOTS 

The maxi.mum. stress concentration factor occured when the major 

axis of the slot W<:,~s perpendicular to the direction of the uniaxlal tension 

field. The minimum value for e equal to ninety degrees. approached the 

value of the stress concentration factor for a fillet. 
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XI APPE;,:rjDIX 

11. l DISCUSSION OF o-net 

The aoce;;·ted definition of lTnet for any symmetrical shape is> 

taken to be the load divided by the critical cross-se1Jt1onal area of the 

member. Thls usually corresponds to taking a straight slice through the 

member at the stress concentration. For the slots considered in this the-

sis, the straight slice through the member would not give a good indica-

tion of the aven:ige stress. Since during the rotation of the slot, a sym-

metry in the stress distribution was m;:i.intalned, the following definition 

of cr11et was used for the slot. 

Where the quantities are as shown on FIGURE a. below. 

f P 

w#w 
tP 

FIGURE a 

a-net 

a-max 
FIGURE b 

(11. 1. 1) 

From the free-body diagram shown in FIGURE b the symmetry of 

loading as represented by the stress distribution can be seen. To consid-

er any other section would result in a section not containing <Tmax or 

else an unsymmetrical stress distribution. 
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11. 2 SH&M P![Fi,BENCE MEIHOP APfLIEP TQ THE DISK 

The Shear Difference Method applied across sections A-A, B-B, 

and c-c. D-D, as shown in FIGURE 6. 

Abscissa scale for all curves: 

1 Unit • o. 200 inch 

Also l unit • distance A•A to B-B and c-c to D-D • O. 200 in. 
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/,/ 

I./) 

aa 

az 

0.1 

400 J 2 3 .,, s • ., 
UNITS 

CURV£ 1-~ FOR A· A 
CuRve. lt- ~· Folt B- B 
CuttV£ nr -{°y FOR A-A 
CullVE lSl - lfiy ..-:oft B· B 
CuRVE: 1Z • Ll1'11 

FIGURE a - SHEAR D1F9F"£RENCE CuRvtS 
AcR.05'5 A-A • 8-B 



Computation of .,...,, u-v along A-A,. B-B 

STA. MeanA1tg_ a-x p-q 1';y 
0 0 +0.105 2.10 0 
l 0.008 +o. 091 2. :tO 0.033 
2 0.030 +o. 061 2. 0.055 
3 0.023 +o. 044 2.12 0.082 , 
-~\~ 0.022 +o. ozz Z.12 0.100 
5 0.029 - o. 007 2.14 0.151 
6 0.037 -o. 044 2.14 0.131 
"7 0.034 - 0. 078 2.14 0.132 
8 0.037 - 0.115 2. lZ 0.110 
9 0.032 - 0.147 2.10 o. 075 
10 0.008 -0.155 2.04 0 .. 023 
11 -o. 042 - 0.113 l. 94 0.089 
12 - o. 074 - o. 039 1. 78 0.245 
13 - 0.112 +o. 013 l. 46 0.352 
14 - o. 054 +0.137 o .. 80 o. 251 

(p - q)2 4tf;y 2. 

4.42 0 
4.42 o. 004 
-!:. 42 0. 012 
4.50 0.027 
·~. 50 0.040 
4. 58 0.091 
4. 0.069 
4.58 0.069 
4.50 0.048 
4.42. 0.022 
4.17 0.002 
3. '17 0.032 
3.17 0.240 
Z.13 0.495 
0.64 0.253 

l<p - q)2 - 4(,,_.,'-

2.10 
2.10 
2.10 
2. 11 
2.11 
2.12 
Z.12 
2.12 
Z.11 
Z.10 z. 04 
1. 94 
1. 69 
1. 28 
0.63 

try 

2. 21 
z. 20 
Z.17 
2.15 
2.13 
2.11 
2. 08 
l.04 
1. 99 
1. 95 
1. 88 
1. 83 
l. 65 
l. 35 
0.77 

,.j::.. 
CJ" 
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CUF\>VE~ I ' II 

I 2 J 4 ~ ~ 7 8 9 m H ~ ~ H ~ 
UN1TS 

c URVE: I : ~<li !='OR. c ·C 
CuP-ve. E" ~ R)~ D-D 
CUfM' nr ~ ;fi;" Foic. c-c 
Curtw. Ii= '1';y FOR D. D 
<;uRw: ~"' ~ 1;v' 

FIGURE b - SJ-t~AR D1FFERENCE CuR.ve:s 
AcROs'S C-C, 0-0 



ComputaUon "X • o; ~ a l' c-c. B-8 

STA. MeanLl~j; ax p-q 

0 0 0 2.00 
1 0 0 z.oo 
2 0 0 2.00 
3 0 0 z. 00 
4 0 0 z.oo 
5 0 0 2. 00 
6 0 0 2 .. 00 
7 0 0 z.oo 
8 0 0 2.00 
9 0 0 z.oo 
10 0 0 2.00 
ll 0 0 1. 98 
lZ 0 0 l. 82 
13 0 0 1. so 
14 0 0 0.94 
IS 0 0 o.oo 

1n CP - q)z 4{/ 
0 4.00 0 
0 4.00 0 
0 4.00 0 
0 4.00 0 
0 4.00 0 
0 4.00 0 
0 4.00 0 
0 4.00 0 
0 4.00 0 
0 4.00 0 
0 4.00 0 
0 l.92 0 
0 3. 31 0 
0 2. 25 0 
0 0.88 0 
0 o.oo 0 

j (p- q)z - 41tl' 2 

4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 ' 
4.00 
4.00 
4.00 
4.00 
3.92 
3. 31 
2. ZS 
0.88 
o.oo 

Cf'y 

2.00 
z.oo 
z.oo 
2.00 
z.oo 
z.oo 
2 .. 00 
2.00 
2.00 
2.00 
2.00 
1. 98 
l. 82 
1. 50 
0.94 o.oo 

..i:.. 
00 
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11. 3 RECTJ':ljGlJLAR J>IAn; COMPARlSQfJ TESTS 

Three rectangular plates were investigated to determine the error 
inherent in the method. These results are compared to known values. (lO) 
and any error was attributed to the method. The quantities expressing 
the dimensions of the plate are shown below. 

P- nTt 
r _JJ-1 

.... p 

~U\Ii NUMBER 1 t/r = 4, r = l/4 inch, r/d = O. 233 

LOADING FOHCt P- UNITS 
UP ~p DOV1N @OV/N UP .:.VP DOWN .6DOWN 
492 ~ ... ·- 497 30 492 --- 497 28 
462 30 467 30 462 30 469 29 
431 31 437 30 433 29 440 31 
403 28 407 --- 404 29 409 ---

Slope • ~va. = 29. 6 

flJ\11; NU~m~R 2 t/r ~ 2. r = 1/8 inch~ r /d ::: o. 0445 
l.OADING FORCE P, UNITS 

UP a.JP OOvVN d.XJWN UP DOP DOWN ADOWN 

471 --- 4S~t 55 479 ... -- 486 55 
412 30 429 57 427 52 431 65 



349 63 372 
283 66 308 

50 

64 363 6·1 366 
~ ....... 303 60 308 

Slope = 4ive. • 59. 8 

~ Error = o. 6~ 

I< (Frocht) = 3• z 7 
2 

58 ---

PI.ATE NUMBER 3 t/r = 4. r • 1/8, r/d = O. 054 
1.0ADING FORCE P, UNITS 

UP aJ'P DOVIN ~WN UP ,Xfp DOWN @OWN 
485 --- 486 41 487 .. ,.._ ... 488 43 
443 42 ,4145 4·i 441 46 445 41 
397 46 401 --- 396 45 404 ---

Slope = A • 43. 5 ave. 

K., (Frocht) = l. 51 
J 

% Error=: 6% 
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11. 4 I?ISQUSSION or THE STRESS QONCENTRl"~1-'ION fOR A SLOT AS 

COMPARED TO A FlU&,T 

For the slots with their major axis parallel to the field of tension. 

the stress concentration factors obtained were compared to the stress 

concentration factors for a fillet. The reason for doing this is as follows. 

Consider the plate as shown tn FIGURE a. If this plate were sliced alonq 

line A-A and separated, as shown in FIGURE b, the resulting member w 

would reasonably resemble a straight member with a fillet on one side. 

If the plate were wide as compared to the depth of the fillet and the slot 

is lony, such that one fillet has no appreciable effect on the other fillet, 

the plate could be considered the same~ as shown in FIGURE c. For 

FIGURE c, the value of the stress concentration factors are known. (10) 

IA 

FIGURE a FIGURE b FIGURE c 

Therefore. for a long slot oriented, as shown in FIGURE a, 1t 

would seem that the stress concentration factor should compare closely 

to that of a fillet. For a short slot the value should lie somewhere be-

tween a fillet and a hole. For the two slots investigatedt r equals one-

eighth inch. and r equals one-fourth inch, these comparisons are shown 

in FIGURE d. 
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3.0 

~ 2.0 

KEY: 
r = 1/8 inch 
r = 1/4 inch 

Fillet (IO) 

• 

L 5 .__ ______ __... _______ ......_ ______ __ 
l 2 3 4 

t/r 
FIGURE d - Slot - Fillet Comp3rison 

From FIGURE d, it can be eeen that the ·3Ssumptton of comparing 

a long slot to ·~ fillet gives good at'reement. Th<::i ~in:e.test deviation 

oecurecl on thC1 shorter slot i!.l.s expect!1d. 
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11. 5 OPTIQAL CHEEP 

The problem of creep oocured 9pt1cally in the following manner. 

After the load was applied tc produce a fringe at the edge of the hole, it 

wa1 noticed that !lftet a period of time the fringe moved !arther into the 

plate without any further increase in load. Therefore, 1f the loading was 

applied over a long period of time the fringe would increase without any 

increase in load. This optical creep property is shown in FIGURE 11. 

From FIGURE 11, it can be seen that after ten minutes, the material does 

not creep appreciably for small increases in time. 

There were thus two different manners of applying the load as to 

minimize the error due to optical creep. The first method would be to 

increase the load slowly until a fringe appeared at the edge of the hole. 

Tber.. allow at least ten minutes to elapse, while making minor adjust-

ments of the load, such that the fringe remained on the edge of the hole. 

Thia process should be repeated for each additional fr1nga. Then from 

curves similar to FIGURE 16, knowing the time of load application and 

the fringe value, the desired load•fringe slope could be obtained. The 

second method consisted of applying the load rapidly to minimize the 

creep. It was found experimentally that to load the disk through a load-

ing cycle of up to four fringes and releasing the load while reoordino 

the corresponding loads when each fringe appeared on the edge of the 

slot took three minutes and eight seconds. Therefore, making use of the 

relative retardation equation, from Filon and Jessop. (1) 

r • ro + ptl/3+ qt 
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r • The relative retardation at time t. 

r 0 • The relative retardation et time t • o. 
p, q • Constants 

t •Time. 

In the above. q 11 a small constant and 11nce this equation wUl 

be used for smell period• of tJ.me, the third term Will be neglected. To 

evaluate the constant p, data were obtained from •An InvesttgatJ.on of 

the Machanioal and Streaa OpUcal Properties of Columbia Realn, CR-39"' 

by D. J. Coolidge, Jr. (Z) 

As an example. oona1der the fourth fringe at Ume equal to zeros 

therefore: 

et t• 15 minutes 

theref orez 
aolvingz 

4 • ro + p(Ol l/l 
f,: • 4 + pt 1/3 

r • 4.452 

"· 452 • " + p15 1/3 

p. 0.183 

Aa a check, for t • 30 minutes, r • 4. 563 and aolvinq: 

use: 

p. 0.181 

p. 0.182 

But for this tnvest1gat1on the time required to reach four fringes 

wast 

therefore: 

t • 3. l~~ • 1. 566 minutes 
2 

r • 4 + o. 182(1. 566) 1/3 • 4. 21 
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This is oonaidertng the meximum creep rate at the fourth fringe 

01 being applied during the upward load.lno cyole. Even so, this eimounta 

to only 5. 3~ difference between this reading and the fourth fringe. 

Since lower loads were actually used in the investigation and since 

5. 3~ is the worst poaaible creep error, the correction for creep was 

neglected. 
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11. 6 QMPLE QAl&VLATION 

All stress concentration factors were calculated \l81ng F.quation 

5. 3. 6: 

The quantity: 

U\/13> • 10. o ~ 
Wt 

was found from a simple tension test. Where one unit equals l. 22 

pounds. Since all loads were measured in these same units, it waa 

not necessary to convert the reading to pounds. 

From TABLE l the value of: 

was found by taking the arithmetic average of the differences between 

any two consecutive readings, Wm was measured with a scale. Al an 

example of the procedure involved to calculate a 1treaa concentration 

factor, consider the readings for t/r equals ono and r equals one-fourth 

inch. The slope equals 149, and Wm equals s. so. 

Therefore: 

Kt • «zo>«~. so>. • 2. sa. 
14 



FRINGE UP DOWN 

l 469 488 
2 328 322 
3 187 191 

l 420 430 
z 317 318 
3 2ll 214 

l 427 435 
2 315 327 
3 206 217 

1 414 449 
2. 302 328 
3 197 212 

\ 432 457 .. 
2 312. 342 
1 196 218 

l 426 430 
2 295 319 
3 185 205 

1 387 410 
2 250 262 

TAI}!& l 
EXPERIMENH\t DATA FOR SLOTS 

LOAD IN UNITS SLOT DIMENSIONS 
UP DOWN UP oow·N 9 SLOPE t/r r 

482 492 492 498 0 l 1/8 
334 34Z 340 347 
196 196 203 194 146 

432 432 428 444 0 z 1/8 
321 3Z7 324 337 
Zll 2Zl 216 234 107 

424 446 425 444 I is l 1/8 
321 335 321 337 
212 224 211 221 109 

416 435 433 441 30 2 1/8 
306 329 326 336 
195 210 206 2Z3 112 

450 451 444 453 45 2 1/8 
330 343 322 341 
215 232 Z09 222 116 

415 437 423 426 60 2 1/8 
305 322 Z91 314 
180 200 188 191 117 

407 403 407 410 75 2 1/8 
277 281 Z71 276 135 

WIDTH 

5. 75 

5. 50 

5. 52. 

5.54 

5. 58 

5. 62 

5. 67 

\Jl 
00 



FRINGE UP DOWN UP DOWN UP OOWN e SLOPE t/r r VJIDTH 

l 500 --- --- --- --- --- 90 i 1/8 5. 72 
z 359 360 371 361 361 351 
3 185 201 214 zzo 208 215 
l 349 352 351 353 
2 190 215 209 ?.16 149 

1 --- 535 510 574 577 580 0 4 1/8 5.06 
2 459 448 480 489 484 492 
3 376 363 384 393 386 397 
4 282 285 307 301 297 297 90 

l 549 554 558 569 556 561 IS 4 1/8 5.0l 
2 442 459 462 474 460 467 
3 353 368 373 381 364 375 
4 263 278 283 289 283 286 92 

l --- 563 569 566 565 569 30 4 1/8 5. 04 
2 425 460 462 472 469 469 
3 343 362 369 369 367 365 
4 253 255 278 277 284 284 95 

l 552 558 546 536 543 558 45 4 1/8 5.10 
2 453 452 433 447 443 450 
3 338 342 323 332 i 338 336 
4 241 243 226 232 224 230 106 

l 550 555 553 551 554 555 60 4 1/8 5.Z4 
2 425 428 429 415 412 423 
3 307 311 303 308 286 303 125 

l 552 517 524 526 5Z5 526 75 4 1/8 5.36 
z 384 380 378 381 381 381 
3 Z59 Z63 245 249 2.62 Z70 .1.35 



FRINGE UP DOWN UP DOWN 

1 565 574 573 5'76 
z 415 410 437 425 
3 250 252 259 26Z 

l 463 471 461 463 
z 315 319 :ns 317 
3 164 167 168 165 

1 --- 500 500 ---z --- 394 391 401 
3 --- 293 283 Z98 
4 --- 186 188 187 

l --- 488 489 486 
2 --- 375 371 I 317 
3 --- 260 263 268 
4 --- 154 161 161 

l ·i90 --- 500 --
2 382 399 388 394 
3 Z71 284 278 280 
4 \7Z 175 172 170 

l 469 --- 500 --z 355 377 369 382 
3 247 259 257 261 
4 144 143 150 148 

l 445 478 473 488 
2 334 359 356 360 
3 219 227 231 232 
4 w ll3 lZO 116 

UP OOWN 

573 575 
405 407 
238 247 

460 462 
304 314 
163 163 

--- ---
401 408 
286 l91 
189 186 

485 490 
373 377 
264 27i 
161 lte 
500 --
388 394 
277 Z75 
173 171 

491 500 
367 380 
255 257 
145 142 

479 490 
359 361 
228 Z35 
ll6 110 

e SLOPE t/r 

90 4 

161 

0 l 

149 

0 z 

10~ 

15 2 

109 

30 2 

110 

45 z 

115 

60 2 

120 

r 

1/8 

1/4 

1/4 

1/4 

1/4 

1/4 

1/4 

vVIDTH 

5. 66 

5.50 

5.00 

5. 03 

5.07 

5.15 

5.24 

O' 
0 



FRINGE UP OOWN UP OOWN UP OOWN e SlOPE t/r r WIDTH 

1 •u 463 461 462 464 467 75 z 1/4 S.34 
2 318 317 325 324 322 328 
3 189 185 195 187 193 188 135 

l "o 472 452 475 466 470 90 2 1/4 5.49 
2 273 284 292 Z96 300 296 

.3 123 120 136 133 145 140 165 

1 - 432 425 437 430 448 0 4 1/4 4.00 
2 -- 360 353 364 354 372 
3 -- 284 279 284 .2&l 294 7S 

l 427 434 432 434 15 4 1/4 4.07 z 348 357 354 36Z 
3 279 280 281 282 75 

l 418 435 432 434 30 4 1/4 4 .. 17 
2 342 353 348 352 
3 266 27Z 268 273 79 

l 417 425 423 434 45 4 1/4 4.34 
2 329 336 339 348 
3 246 - 249 260 87 

l 404 418 416 421 60 4 1/4 4.58 
2 3ll 315 314 320 
3 214 213 214 212 100 

l 370 391 388 390 75 4 1/4 4.90 
2 249 268 259 267 
3 136 136 136 137 124 

1 455 482 484 489 487 500 90 4 1/4 S.32 
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A SIMPUFIED METHOD FOR THE PHOTOELASTIC 

DETERMINATION OF STRESS CONCENTRATION FACTORS 

IN A TENSILE STRESS FIELD 

ABSTRAC'f 

The stress concentration factors for rectangular slots with 

semicircular ends with their major axes inclined to the direction of a 

uniaxial tension field were investigated by photoelastic methods. A 

majQr portion of this thesis deals with the problem of loading a circular 

disk such as to create an approximately ur.ifcrm tension field. This cir-

cular disk was used to investigate the stress concentration factors of the 

slots which were compared to the known results of a slot perpendicular to 

a tension field in a rectangular plate. 'fhe maximum value for the stress 

concentration factor occured when the slot was perpendicular to the direc-

tion of the tension field. A method of determining the stress concentration 

was developed which required only the recording of the load at which 

each fringe appeared on the edge of the slot. This method gave results 

withh1 6% of accepted values. 
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