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INTRODUCT ION

This report is a continuation of Technical Report ARLCB-TR-81008 1 which

dealt with the maximum fillet stress and the critical region in single-groove

connections of the same material under axial tension. This investigation

arose out of a study of critical stresses at the core of penetrators. In a

penetrator, the core and the sabot are in contact through a series of lugs and

grooves. The core of a penetrator with British Standard Buttress (BSB)

grooves failed transversely near the fillet of the rearmost groove during a

test. The failure was brittle indicating the presence of a high tensile

stress. A study was made in FY80 to determine the critical stresses in

single-groove connections of the same material under axial tension. Two

groove profiles were included, namely, the BSB profile, Figure 1, and a new

profile, Figure 2. The results showed that in the former case, the maximum

fillet stress (af)max had a value of 61 psi at a point approximately 21

degrees from the narrowest section toward the loaded face, Figure 3(a). In

the latter case (of)max had a value of 98 psi at a point approximately 43

degrees from the narrowest section, Figure 3(b). Moreover, (of)max was the

critical stress and the critical region was the region where (Of)max was

located.

The objectives of the present work were to determine the maximum fillet

stress, the critical region, and the load distribution among grooves in

multi-groove connections of the same material under axial tension. The same

1Cheng, Y. F., "A Photoelastic Study of Stresses in Single-Groove Connections
of the Same Material," Technical Report ARLCB-TR-81008, USA ARRADCOM, Benet
Weapons Laboratory, Watervliet, NY, February 1981.



two groove profiles as reported previously were studied. All data were

obtained photoelastically by mans of the three-dimensional shear-difference

method in combination with stress-freezing-and-slicing techniques.

In a penetrator, the core and the sabot are usually made of different

materials. However, the present investigation was limited to the same

material. Further work on the effect of different materials is in progress.

The results will be reported at a later date.

EXPERIMENTAL PROCEDURE

Two models of seven-groove connections were constructed of photoelastic

model material PLM4B, supplied by Measurement Group, Raleigh, NC. Figure 4

shows a photograph of the first model with BSB grooves. The sabot consisted

of two semi-cylinders. They were cemented together after assembly with dowel

pins made of the same material for alignment.

The model was loaded by means of dead weights in a stress-freezing

furnace. The loaded model and calibration disks were slowly heated in the

furnace to the critical temperature of 250*F, held constant for eight hours,

and then gradually cooled to room temperature at which time the loads were

removed. The rate of heating was 10F/hour and of cooling 10F/hour with a

duration of the cycle about eight to nine days. The loads were 60 pounds in

both models including body weight of the sabot.

One meridian slice of 0.1 inch thick was removed from the core of each

model after stress freezing for photoelastic observations. The plane of the

slice was 90 degrees from the cement joint.
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The equipment employed in the investigation, the precision of measure-

ment, and a brief review of the shear-difference method can be found in the

previous report ARLCB-TR-81008, and will not be repeated here.

EXPERIMENTAL RESULTS

Radial Distributions of Stress ar, oz and trz

By means of shear-difference method, radial distributions of stresses Or,

Oz, and Trz were determined on seven transverse sections passing through

groove roots in both models. Figures 5(a) and 5(b) show a typical

distribution of these stresses in each model, respectively. As would be

expected, in every section the maximum of az occurred on the root of the groove

indicating the notch effect. Due to the interest of preserving the slices,

sub-slices were not prepared and values of oe were not determined.

Section Load and Lug Load

Axial load Pi was found for each section by integrating (Oz)i over the

section. Thus Pi = 21rf(oz)irdr where subscript i denotes quantities relating

to the ith section. Neglecting body force, the individual lug load is equal

to the difference in loads between neighboring sections. This is shown in

Figures 6(a) and 6(b).

Maximum Fillet Stress (at)max and Stress Concentration Factor K

Maximum fillet stress (0f)max was determined for the first three grooves

in both models. They were always located at some angular distance away from

the narrowest transverse section toward the loaded face. Stress concentration

factor K was calculated by defining K - (Of)max/(P/A) where P is the axial

load and A the cross-sectional area. Table I shows the values of (Of)max and

3



K. It can be seen that (0f)max is influenced by both the section load and the

lug load. For example, the value of (Of)max in the first groove of new

profile mult-connection is about 76 percent of that in the single-connection,

while very little difference in section loads between them exists (61.2 versus

58.8). The difference in (Of)max is due mostly to lug load. In the BSB

profile, the second lug had a load almost twice that of the first lug. The

fact that (Of)max of the second groove is less than that of the first groove

demonstrates the influence of the section load.

TABLE I. VALUES OF SECTION, LUG LOAD, (Of)max, K, AND (Oz)max

Section Load Lug Load (Of)max (Oz)max
Section No. Pounds Pounds psi K psi

BSB Profile, Multi-Connection

1 59.9 10.5 50 3.7 48

2 49.4 19.4 48 3.6 33

3 30.0 3.3 29 2.1 17

BSB Profile, Single Connection

59.1 59.1 61 4.6 54

New Profile, Multi-Connection

1 61.2 21.1 76 5.3 37

2 40.1 15.6 57 4.0 20

3 24.5 7.8 50 3.5 11

New Profile, Single Connection

58.8 58.8 98 7.1 42

4



Distribution of Shear Stress t z

Distribution of shear stress rrz was determined on the surface of

cylindrical sections passing through groove roots. Figures 7(a) and 7(b) show

typical distributions in each model. It can be seen that the maximum value of

I rzl in the new profile is lower than that in the BSB profile.

DISCUSSION

Critical Regions

In both models the maximum fillet stress (Of)max was found at a point

some angular distance away from the narrowest transverse section toward the

loaded face. Table I also shows a comparison between (Of)max and (Oz)max for

the first three grooves in each model. It can be seen that in each groove

(of)max is always greater than (Oz)max. Hence (Of)max is the critical stress.

In the new profile, (Of)max is a maximum at the first groove and decreases

monotonically in subsequent lugs as the section load and lug load are

simultaneously reduced. While the section load always decreases

monotonically, the lug load is influenced by the contact condition. It can be

seen that, in the BSB profile, the second lug had a load almost twice that of

the first lug. (This is a particular case. It does not imply that the BSB

profile always has this type of lug load distribution.) However, (af)max in

the first groove is still slightly higher than that in the second groove. In

a normal case, the first section is the critical section; (Of)max in the first

groove is the critical stress. Failure will occur when this stress reaches

the ultimate value when loads are increased. The area where (Of)max is

located is the critical region.

5



Ihecks

Two independent checks were made.

1. The condition of static equilibrium dictates that the load sustained

hv the first section is equal to the applied load. This condition is met by

tIe fact that the applied load was 60 pounds in both models and the first

ection load was 59.9 and 61.2 pounds in the model with BSB and new profile,

rtspectively, Figures 6(a) and 6(b).

?. The lug load can be found alternately by integrating trz over the

..lndrical section between lugs; i.e., 2lTrftrzdz. Table II shows the results

tie first three lags as well as a comparison with those obtained by taki,

e difference between neighboring section loads. A good agreement exists.

TABLE It. LUG LOADS DETERMINED BY TWO METHODS

Lug Load (pounds)

Section No. Method 1 Method 2

BSB Profile

1 10.5 10.0

2 19.4 20.1

3 3.3 3.4

New Profile

1 21.1 20.6

2 15.6 14.8

3 7.8 7.3

Method 1: Taking difference between neighboring section loads.

Method 2: Integrating Trz.
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Load Distributions

Experimental results show that in seven-groove connections the first two

lugs took 50 and 60 percent of the load in the BSB and new profile,

respectively, Figures 6(a) and 6(b). It is conservative in applying this

figure to connections of more than seven grooves.

CONCLUSIONS

Stresses and load distributions in multi-groove connections of the same

material under axial tension were studied photoelastically by moans of the

three-dimensional shear-difference mothod in combination with stress-freezing-

and-slicing techniques. Two groove profiles were studied, namely, the

British Standard Buttress and the new profile. The results show that, in both

profiles, maximum fillet stress (Of)max does not occur at the groove root.

Therefore, the narrowest transverse section is not the critical section.

Also, the critical stress, i.e., (of)max, in the new profile is higher than

that in the BSB profile. These findings are consistent with previous

results obtained from single-groove connections (ARLCB-TR-81008). Moreover,

(af)max in the first groove is higher than that in subsequent grooves. Hence,

the first groove is the critical region.

In a multi-groove connection under ideal contact, the load in the first

lug is a maximum and decreases monotonically in subsequent lugs. Experimental

results show that ideal contact does not always exist. For example, Figure

6(a) suggests that in the first model (BSB profile) the second lug made the

initial contact, and with a possible contact sequence of 2-5-4-1-7-3-6.

Realizing that ideal contact could not be expected due to machining

7



tolerances, the worst possible case would occur when only one lug is in contact

and the situation is reduced to a single-groove connection with much higher

value of (0f)max, Table 1. In an ideal multi-groove connection, the first two

lugs could take approximately 50 and 60 percent of load in the BSO and new

profile, respectively.

8
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