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ROTICE: When government or n~ther drawings, speci-
fications or other data &re used for any purypose
other than in cornection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no resy.nsitility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formlated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implicaticn or other-
wise as in sny manner licensing the holder or any
other person or corporaticn, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.
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Preface

In 1955 the U. S. Army Enginee Waterways Experiment Station com-
Pleted a study entitled "Effects of Explosions in Shallow Water" during
which it was desirable tc detonate twenty lt~1b charge:s at reduced charge
positions varying from 1.0 to -0.26 over dry sand to compare the results
with those of similarly placed underwater shots. This pape: presents the
resvlts of the dry sand tests.

The investigation was conducted under the general supervision of
M. E. P. Fortson, Jr., Chief of the Hydraulics Division, and Mr. F. k.
Brown, Chief of the Hydrodynamics Branch, and under the direct supervision
of Mr. G. L. Arbuthnot, Jr., Chief, Special Investigations Section, and
Mr. J. N. Strange. This paper was prepared by Mr. R. A. Sager.

Col. A. P. Rollins, Jr., CE, Col. Edmund H. Lang, CE, and Col.

Alex G. Sutton, Jr., CE, were Directors of the Waterwsys Experiment Station
during the course of this investigation and the rreparation and publication
of this report. Mr. J. B. Tiffany was Technical Director.

iii

PP S ——

s, |




s Py

R SRR W ¢

R A Y L,

Ve s e o T R, o S T Mt ST NI NWTA N

Preface....-.........

Contents

Notations .« o« ¢ o ¢ ¢ o o o ¢ o o o o

Introduction « « « ¢ « &

Fxmerimental Conditions and Procediures

Test area .« ¢+ o ¢ «
Charge . « o« + s o o &
Crater measurcments .

Test Results « « « + » « o .

Conclusions .« ¢« o« ¢ ¢ o o o

.

* ¢
e o
s @
o e
o @
o o
o o
e o
o o

.
L]
L]
O v WK




P T s Je - et e 4+ et = e

S LA A M e

¢ oy

Eptaticna

Apparent crater cross-sectiornl aresa, ft2

Apparent crater diameter, ft
Apparent crater depth, ft
Apperent crater lip height, ft
Apparent cratcr volume, ft3
Weight of charge, 1b TNT

Location of center of gravity of charge with reference
surface, ft

Reduced chu.ge position, z/wl/ 3, ft/lbl/ 3
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CRATERS FORMED BY SMALL EXPLOSIONS IN DRY SAND

Introduct}gg

1, In 1955, the Waterways Experiment Station (WES) completed a stud::
cf the erfects of explosions in shallow weter.* During the course of this
study, a great number of charges of various weights were detonated in shal-
lcw water over a s»nd bottom. As ‘he shellow-water explosion effects proe-
gram progressed, it became desirable to compere cratering date from charges
firzd in e water layer with data from churges fired at cquivalent height.
o burst over dry media. A series or csratering shous wcere fired over, on,
znd within a dry-sand wmcdia in order to make possible this comparison.

Stch a comparison was made in the shalluow-water repcrt; however, the de-
tulled results of the abbreviate. test series in dry saud were not reported
therein. It is therefore the purpose of this paper to (a) describe cne
tests and (b) report the results and cpnclusions that are appropriate when
the dry-sand cratering date are treated separately.

Experimental Conditions and Procedures

Test area

2. The test shots were detonated at the WES Big Black test site lo-
cated approximately 10 miles southeast of Vicksburg, Mississippi. The
charges were fired in a sand pit 10 by 10 by 2—1/2 ft deep. The sand used
‘to £ill ttre tect pit was well graded, as is evident from the grain-size
distribution curve shcwn in fig. 1. Results of seven meisture-content
determinations, taken before, during; and immediately aiter the test pro-
grem, indicated en average moisture content cf 6% (by weight).

3. Many of the test sk s were detonated in approximetely the sarc
location within the sarnd pit; therefore, it was necessary to remold and
recomnact the sand afier each shot. Particular care was teken to ensure

that the: density of ©.e sand was approximately the same for each shot.

¥ U. S, Army Engiaeer Waterway Experiment Station, gE, F.fects of Explo-
sions in Shallcw Water (U), Technical Repprt No. 2-406 (CONFIDENTTAL),
Vicksburg, Miss., Apri? 1955.
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Fig. 1.

Typical 4-1b INT charge geometry
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Grain Size In Mineters

al

[ o1

Mechanicel zaualysis curve for crester medium

Charge
k. The test charges used
weighed 4 1b each and were
formed from four standard Corps
of Engineers 1-1b TXT demoli-
Tion blocks. All blocks were
placed with the long side in a
vertical position as chown .n
fig. 2.

referenced to the centzr of

The charge depth was
gravity of +be charge. Posi-

tive velues of cnarge depih (2
ana .\c) denote tihat the charge .

nd

were piewcQ above ground sur-
face¢) negative values denote
that cuarges were piaced under-
Dimensions of zach
l;.1b charge were 3-3/4 vy 3-3/h

oy T in.

grouzd.




Crater measurements

5. The measurements of all crater parameters were accomplished by

using the square framawork shown in fig. 3 as a reference frame. It wus

Fig. 3. Framework for surveying crater. (Photo taken
during another test programw in soil)

centered over the cratex area and then leveled by means of leveling screws
attached to each supporting leg. The framework then provided both horizon-
tal and vertical control from which crater soundings and horizontal dimen-
sions were obtained. Although the craters were quite symmetrical (no
cherge-shape effect was noted), at least two cross-sectional profiles were
obtained for each crater. Crefs. volures were corputed by revolving bthe
resulting average crater proliles about the vertical axis thrcugh glrouna
zero.

Test Results
6. 'he average crzver dimensions of the twenty lU-1b test shots are

summarized in table 1. Two shots “'ere detonated at each of v different

reduced charge positions srith a meximum lc of 1.0 and a minimm of -0.%5
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Table 1

Sunmary or Average Apparent Crater Dimensions

Crater Results

Charge Position Diameter Depth Lip Height Ares, Volune
Test No. Z* )‘c* DA HA XiI- JA.’; VA
683 1.59 1.0 3.50 G.19 0 0.3 0.8%
654 1.59 1.0 3.22 0.13 0.03 0.28 0.55
Average 3.36 0.16 0.015 0.355 0.695
Devitvicn, 9 L L] 100 21 20
585 1.27 0.5 3.38 0.18 0.¢% 0.3% 0.58
686 1l.27 0.8 3.31 0.13 0.03 0.31 0.6k
Aversge 3.345 0.155 0.035 0.325 0.61
Deviation, ¢ 1 16 i k.6 k.9
687 0.95 0.6 3.37 0.13 0.0k 0.32 0.,
688 0.95 0.6 z.35 0.1h4 0.04 0.35 0.7
Average 3.36 0.135 0.0k 0.335 0.705
Deviation, $ 0.2 3 0 4 2.1
%89 0.64 0.h 3.0 0.20 0.02 0.l6 0.87
690 0.64 0.k 3.38 0.19 0.02 0.46 .2
Average 3.395 0.195 0.02 0.46 0.895
Deviation, 4 0.k 2.5 0 0 2.6
691 0.48 0.3 3.32 0.26 0.0k 0.56 1.07
692 0.48 0.3 3.39 0.22 0.05 G.51 1.02
Average 3.355 0.24 0.045 0.535 1.045
Deviation, $ 0.7 i 11 4.6 2
693 0.32 0.2 3.32 0.33 0.08 0.8 .77
894 0.32 0.2 3.40 0.32 0.07 0.81 1.66
Average 3.36 0.32% 0.075 0.81 1.715
Deviation, $ 1 1.5 6 o 3
695 0.16 9.1 k.29 0.ko 0.08 1.33 k.20
696 0.16 0.1 k.o 0.57 0.10 1.59 3.78
Average k.o 0.53 0.09 1.46 3.94
Deviastion, $ 1.1 T 1 8 i
697 0 0 5.23 c.87 0.08 2,54 7.27
598 0 ¢ 5.02 0.81 0.15 2.5 7.0
Average §.123 0.84 0.115 2.73 7.185
Deviation, $ 2 3.5 29 0.h 1.1
699 -0.21 ~0.13 5.9; 1.22 0.2% 4,07 12.60
700 -0,21 -0.13 6.i6 1.20 0.2k E.oog 1%.21
Average & 253 1.21 0.24 .18 13.555
Deviaticn, ¢ 2.7 0.8 & 2 b
701 -0.4z -0.26 6.84 1.h0 0.26 5.62 20,97
102 -0.k2 «0.,% 5,66 1.39 0.29 5.56 20.47
Average 6.85 1.395 0.275 5.59 20.72
Devistion, % 0.1 0.3 5 0.5 1.2

# Positive values of 'Z and M

de_.ote charges that were Dlaced ebove ground sur-

face; negative velues denote chimryes that were piaced underground.
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An exsmination of the results of each pair of shots indicates that <ue data
were consistent. The deviations for each crater parameter are shown in
table 1.

T. All shots in which the charges were located above the ground sur-
face resulted in symmetrical craters with relatively flat bottoms and
gently r .sing side slopes as shoim in fig. ba. The shots with charges lo-
cated s¢ the ground surface or bel:-w resulted in symmetricsl craters of
steeper side slopes as shown in fig. Lb.

Oa

!/

I -
" \ I / i

(o) ~HARGES PLACED ABOVE GROUND SURFACE

]

(b) CHARGES PLACED AT OR BELOW GROUND SURSACE

Fig. 4. Typical apparent crater gecmetries

8. As can be ccen in table 1, the apparent crater diareters (DA) for
all shcts fired at a )‘c of 0.2 and above were consistent, rangirg from
3.22 to 3.50. Below a lc of 0.2 the crater diameter increased with de-
creasing values of )Lc thecugt: Lne deepest. charze position investigated
(xc = -o.2§).

9. An increage in ciiary. heigilt above A = C.5 infiuenced the ab-

c
parent crater depth (ﬂ;) very little. From a lc of 0.6 to 0.2 the effect
of )'c on the creter depth became more pronouncs.:, and velow )"c = 0.2

the crater depth increased significantly with decreasing values of .\c
(see table 1). Fig. 5 showas a p ot of the cube-root-of-chscge-weight
sceling of the crater diemeter and depth versus reduced cherge position.




Exsmination of both the depth and the diamc~ter curves indicates that

charges were not pleced desp enough to define the maximus apparent crater
depth or diameter.
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Fig. 5. Reduced diemeter and depth versus reduced charge ocsition
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10. Fig. 6 is a plot of the cube-root-of-charge-weight scaling of
the crater area and volume versus reduced charge position. An examination
of both curves indicates that increases in xc above 0.k had little effect
on the svea or volume. PBoth parameters sre greatly affected as the charge
positicn approaches and goes below the ground surface, increasing signifi-
cantly s .th decreasing values of Rc . Extension of both curves indicates
that the optimum charge position (i.e. the charge position resulting in the
maximum crater area or volume) is :onsiderably below kc = ~0.26 .
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Fig. 6. Reducecd arca and volume versus reduced charge position
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1l. A plot of aiameter over depth (DA/HA) versus reduced churge po-
sition is shown in fig. 7 and indicates that 1itile scatter of date was ex-
perienced for charge positions where )\c uas less than 0.6. On the other
hand, e »lot of 1lip height over depth (HL/HA) versus reduced charge posi-
tion (fig. 8) shows very errstic data. This can probably be explained by
the fact ‘that all the lip heighis were quite smaii , ond LitTlie chianges in
the L1iy heights, due to wind, particle-size distribution of the crater uedi-

um, inaccuracies in measuring, etc., had a pronounced effect on the resu’ts.
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Fig. T. Diaz::ater/depth versus reduced charge position
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Fig. 8. Lip height/depth versus rcduced charge position
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Conclusions

From the results of the tests described herein, the following
conclusicrs appesr warranted:

a.

-—

For A o values of 0.2 and greater, epparent crater diam-
eters are consistent and ranged in this study from 3.22 to
3.50. Below a )‘c of 0.2, crater Jiameter increases with
decreasing )\c .

Incresses in 1, above 0.6 influence crater depth very lit-
tle. In this région uf cliarge positions, the crate tug
action is mainly a result of the scouring sction of .(.e air-
blast wave. For values of X, greater then 1.0, obviously
a charge position will soon be iZached whe:? no apparent
crater will form. ¥or i, velues of less than 0.6, crater
depth increases with decreasing A, -

Increases in A above 0.% have little effect on crater
area and volume. Below A, = 0.4 , both area and volum~
increase with decreasing lc .

Optimum charge position to produce maxiwum crater area and
volume is below A, = -0.26 .
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