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It was concluded that the peak total pressure necessary for lethal damage of these models
ranged from 1.0 to 2.4 times the static collapse pressure, depending on the dynamic properties
of the shell material. The observed mode of collapse was by shell yield in all cases, despite
the fact that in the static collapse tests the aluminum alloy and the STS models failed by over-
all instability. It was found possible to calculate all the measured collapse pressures within
12 per cent by a simplified elastic analysis of the response mechanism plus an assumed yield
criterion. This analysis assumed that the elastic response of the target was the same as in
the approximate analysis of reference 12, and that complete failure would occur when the
stress intensity in the shell reached a critical value that depended on the length of time during
which the stress intensity had exceeded the static yield stress of the shell material. The dy-
namic yield stress and delayed yield data were obtained from independent laboratory measure-
ments. No allowance was made for any excess applied pressure to ensure that yielding would
continue on to collapse. This same analytic method was then used to predict the critical value
for the peak total pressure of the SQUAW target under Wigwam conditions as 880 psi + 10 per
cent. This prediction incorporates an adjustment of 5 per cent to take care of what appeared
to be a systematic difference between the calculated and measured values.

2.11 NEL MODEL TESTS

A final series of model tests prior to Wigwam was conducted by the Navy Electronics
Laboratory (NEL).2® The targets were stiffened cylinders which were approximately ',.. scale
of the pressure hull of the SQUAW. A major difference in the design was the use of sepa-
rately supported end caps for the cvlinders which could not transmit axial stress to the shell.
The charges were 300 1b of TNT, which scaled up to 31 kt of TNT. Tests were made at depths
up to 1500 ft, which vas the nominal collapse depth. In each test the lethal range was bracketed
by using seven targets at different ranges.

The test results showed a marked dependence of the peak total collapse pressure on the
depth of the target. When the targets were only 100 ft deep, the peak total pressure required
for lethal damage was 2.1 times the static collapse pressure. This ratio decreased slowly to
1.4 as the target depth increased to 90 per cent of nominal collapse depth. It was recognized
that, with the mild steel used for the shell and the relatively small scale of the target, delayed
yield effects might have a large influence on the collapse pressures, but no attempt was made
to calculate this effect. However, an analysis was made to determine whether the data could be
fitted to an excess-impulse criterion of damage. It wae found that the excess impulse requi.red
for failure remains constant with depth at 0.18 psi-sec. This scales up to 10.6 psi-sec for a
full-scale SQUAW, as compared with 1.7 psi-sec (as reference 20 suggests) for a full-scale
submarine.

2.12 DYNAMIC SHELL THEORY

The analysis by a group from the Polytechnic Institute of Brooklyn was another attempt
to calculate the lethal range by means of a stress analysis of the shell.?' The shell was
assumed to be exposed to a uniform pressure field, and the elastic response mode was
assumed to be the same as that calculated for hydrostatic loading. The dynamic pressure
was taken as a simple rectangular step whose duration was equal to the cutoff time and whose
amplitude was equal to the mean shock-wave pressure averaged over this time. Also the ra-
diation pressure was taken arbitrarily as pc (acoustic impedance of water) times the radial
velocity of the shell. When the maximum circumferential stress in the shell reached the static
yield stress of the steel, then failure would be “initiated.”

With these assumptions, inertial effects were found to be negligible for the Wigwam or
Papoose conditions, and it was concluded that the critical total pressure, averaged over the
duration of the pressure wave, is within 5 per cent of the static collapse pressure. However,
the peak total pressure is about 25 per cent larger than the time average of the total pressure.
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Fig. 4.4— Displacement gages berween motor block and hull. The mercury
-

contacts are mounted on the angle irons welded 1o the motor block, The

resistance wire is stretched across the diameter of the hull,
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Fig. 4.5— Diaphragm pressure gage.
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Fig. 4.7—Calibration and termination circuit for piezoelectric gages,

Table 4.2— CALIBRATION OF PIEZOELECTRIC GAGES

Manufacturer’s | DTMB
calibration, calibration,
Gage Hucoulombs/psi |  Mucoulombs/psi No. of tests
7 8.5 6.1 4
12 16.5 17.8 3
13 16.3 17.4 4
16 43.4 ‘ 40.5 4
17 41.8 i 41.6 +
19 | 81.4 ! 82.7 4
20 84.3 | 78.7 44 (control)
21 84.3 ; 81.6 17
2 | 849 80.3 |
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tabulated are the peak values that can be read on the oscillograms. In many cases much higher
strains did occur, but they were off scale. In a few cases the peak signals were obscured by
fogging of the torn oscillogram, which occurred when the paper was removed from the magazine.
All the tabulated strains are compressive strains unless a subscript T (meaning tension) is
appended to the value. The values tabvlated for the “set” strain or “set” pressure signal were
read in most cases on the oscillograms at either 1.5 or 5 sec after the shock at the barge had
ceased. For the cathode-ray-oscillograph channels on the YFNB-13, the set strains were
measured with a Baldwin strain indicator on D + 1 day.
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