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PREFACE

This report was prepared by Dennis R. Farrell, Mechanical Engineer, Civil Engineering Research
Branch, Experimental Engineering Division, U.S. Armv Cold Regions Research and Engincering
Laboratory.

Tho study was funded under DA Project 4A762730ATA?, Design, Construction und Operations
Technology for Cold Regions: Task Al, lce and Snow Technology; Work Unit 003, Construction
Techniques for Expedient Protective Structures Using Cold Regions Materials.

G.W. Aithen and Dr. G.K. Swinzow of CRREL performed technical reviews ot the report.

The author especially thanks Nir. Aithen and Dr. Swinzow for encouraging him to perfdrm the
study, and E. Roecker of Ballistic Research Laboratory for furnishing reports and explaining BRL"
work in firing small arms into gelatin,

The contents of this report are not to be used for advertising or promotional purposes. Citation
of brand names does not constitute an official 2ndorsement or approval ot the use of such com-
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A TEST OF SNOW FORTIFICATIONS

Dennis R. Farrell

INTRODUCTION

Recent fiterature on modern battlefield tactics pre-
dicts an environment of intense military activity and
decisive engagements. The time frame projected for
victory or defeat is drastically condensed compared
with that of historical engagements. This viewpoint is
expressed convincingly in the Department of the Army
Field Manual FM 100-5, Operations (HQ, DA 1976),
which is the capstone of the Army’'s system of ficld
manuals. Three examples of this viewpoint are:

1. “The tirst battle of our next war could well be
its last battle: belligerents could be quickly exhausted,
and international pressures to stop fighting could bring
about an early cessation ot hostilities. The United States
could find itseif in a short, intense war -- the outcome
of which may be dictated by the results of initial com-
bat. This circumstance is unprecedented: we are an
Army hijstoricall. unprepared for its first battle. We
are accustomed to victory wrought with the weight of
materiel and population brought to bear after the onset
of hostilities. Today the U.S. Army must, above all else,
prepare to win the first battle of the next war.”

2. “Our Army must expect to fight its battles at the
end of a long, expensive, vuinerable {ine of communica-
tions. Forward deployed forces, and those reinforcements
immediately available, must therefore be prepared to
accomplish their missions jargely with the resources on
hand. They must anticipate combat against forces with
ultramodern weapons, greater numbers, and nearby
supply sources. Winning will rest predominately with
commanders of engaged forces. The US. Army must
prepare its units to fight outnumbered, and to win."

3. “U.S. Army combat development seeks 1o increase
the Army's ability to fight decisively by searching com-
bat experience, experiments, tests, and technology for
ways 10 provide better weapon systems, organizations,
tactics and techniques. Success in combat developments
is vital for our success in battle."”

These predictions put increasing pressure on the
preparedness of todasy 's soldier. Time may not permit
him to adapt to unanticipated conditions on the battle-
ficld. An awdreness ot not just ane solution, but sever.d!
alternative solutions, 1o a task is becoming more im-
portant. Expedient construction of ticld fortitications
is 4 task requiring such alternative sotutions.

History has shown that in some cases weather in-
fluences tactical decisions more than the actions o the
enemy. In this respect, a winter environment is onge of
the most demanding on the resources of a soldicr. A
snow cover affects his mode ot travel and his choice of
cover. The cold weather changes the clothes he wears
and the shelter he erects. The depth of frost in the soif
may influence his decision to build defensive positions
above the ground or in the ground.

This report discusses expedient construction of one
or two-man fortifications using snow and frozen soil.

It outlines the advantages and limitations of fortification
construction using these materials in terms of the pro-
tection they provide against small arms fire and the time
required to construct the fortifications.

This report also describes the results of:

1. A field test (phasel} conducted at Camp Ripley,
Minnesota, in which 3.36-mm and 12.7-mm-diameter
bullets were fired at fortifications constructed from
snow. The tests were conducted in simulated combat
conditions at ranges up to 250 m. Previous tests were
all donc at close range.

2. A field test (phase il) conducted at CRREL in
which 3.56-mm and 7.62-mm-diameter bullcts were
fired from close range and at diffcrent angles into the
smooth surface of a snow embankment to determine the
influence of impact angle on bullet behavior.

Finally, this report reviews the results of previous

laboratory and field tests on frozen soil {Aitken 1979a, b)
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and on snow {Johnson 1977). This develops into a dis-
cussion on the relationship between the terminal stability
of small arms projectiles in gelatin (Roecker ¢t al. 1977)
and snow {Cole and Farrell 1979}, The report also in-
cludes comments on the design parameters for the

stability ot small-caliber projectites in air which result

in instability and tumbiing of the projectiles in a dense
material such as gelatin, snow and frozen soil. In addition,
it relates the impaortance of tumbling to rapid deceleration
and reduction in penetration ot the bullets.

Background

The work described here was part of an overall in-
vestigation of materials that are available in cold regions
tor building cxpedient prolective structures,

The objectives of the overall program were to de-
werming:

1. What changes subtreczing temperatures cause in
the protective properties of materials.

2. What maodifications to construction technigues
are required to build conventional protective structures
in a cold environment,

3. How materials such as ice, snow and frozen soil
could best be used as building materials, both alone and
i combination with other materials.

The studies reported here address the latter objective.

Swinzow (1972) reported penetrations of small arms
projectiles and steel spheres into compacted snow., He
obscrved that ogive-shaped projectiles from small-caliber
ritles tumble in snow and that the physical relationship
between penetration of bullets and material propertics
of the targets is very complex.,

In 1974, CRREL complcted its Terminal Ballistics
Facility ; this tacility was described by Farrell (1979).
Aitkhen (19794, b) presented data on blunt-shaped,
fragment-simulating projectiles that were fired into
snow and frozen soils. He also presented data on 7.62-
mm bullet penctrations in frozen soil. Using some of
the most recent analytical technigues for predicting pene-
trations, he found good correlation between measured
pencetrations in both snow and frozen soil for the frag-
ment-simulating projcctifes. He explained that these
projectiles, which had flat frontal surfaces, showed no
evidence of tumbling. For 7.62.mm (30-caliber)
military rounds fired into frozen soil, he found that
correlation was not as good and that it broke down
complctely when the rounds began to tumble above
specific impact velocitics.

Schacfer (1973) gave preliminary data on the pene-
tration of several U.S. infantry weapons in packed snow.
These weapons included the M16A1 rifle (5.56 mm),
M60 machine gun (7.62 mm), 50-caliber machine gun
(12.7 mm), M79 grenade launcher (40 mm), and 90-mm

recoilless ritle which was used to fire shaped charge
antitank rounds. Johnson (1977) expanded on Schacter's
ficld tests with the three small-caliber weapons, Farrell
(in prep.) expanded on Schaefer's work with the 90-mm
recaoilless rifle,

In general, these investigations showed that, in frozen
soils, penetration of all types of projectifes tested was
significantly less than in unfrozen soils. |1 both snow
and frozen soils, penetration increased as impact velocity
increased until projectile detormation, instability, or a
combination of the two caused 4 decrease in penctration
at the higher velocities.

Foreign technology

A fiterature survey on winter tactics and tield tor-
tifications was requested trom the U.S. Army Foreign
Science and Technology Center (FSTC). The literature
obtained through this surves summarizes Soviet tield
construction capabilities and tactics during the period
1960-75. In generdl, most of the iltustrations of recom-
mended ficld fortitication construction techniques appear
overly complex and labor-intensive except for the for-
tifications constructed in deep snow, i.e., > 30 ¢cm deep.
At this depth, snow is the primary construction material.
At snow depths between 20 and 30 cm, a combination
of excavated soil and packed snow is reccommended for
construction of parapets if the ground is not 100 hard
and the frost penctration is not too deep. At snow depths
of less than 20 cm, use of snow is reccommended only
for camouflage.

The literature also contains examples of studics of
the protection that snow provides. The following quo-
tation is taken from an article that appeared in the
November 1973 issue of the Finnish Army Engincer
Magazine Pickaxe (1973), which describes the results
of tests carried out at the training arca at Sarril}j;irvi,
Finland, in the winter of 1975, Under the heading of
“Snow"’ the drticle says:

““Snow is not only a drawback but also an advantage.

The protective value of a dug-out constructed in snow

and a trench one can advance through by crawling should

not be underestimated, aithough its greatest advantage

is that it can be built quickly. Construction of a dug-

out in the ground takes about eight times longer than

to dig into the snow. In a minor scale test series the

purpose was to clarify the capacity of snow not treated

or packed and not mixed with soil to provide protection

against rifle callber bullets. It was concluded from the

results that the density of snow and the penetration ot

bullet followed the following formula:

P =(3.0-3.6-4) 100

where: P = penetration of a bullet (cm)
v = density of snow (g/cm?).




The density of snow, especially in early winter, may be
0.2 gm/cm? which gives a penetration figure 210...240
cm. On the other hand it revealed that it is important

to increase the snow density. The test series are valuable

enough to be continued."

lohnson’s {1977) penetration data for the M60
machine gun and the M16A1 ritle are compared with
the Finnish equation in Figure 1. The graph suggests
that the “ritle caliber bullets' were from 7.62-mm
weapons similar to the M60 machine gun. A power
regression was used tor curve fitting of Johnson's data
to obtain the equations shown,

The Pickaxe article also recommends that winter
tield fortitications be built in stages by using the most
available materials first (snow is recommended) to
achieve marginal protection, then by using the materials
requiring more labor as time permits.

The best available information on Sovict concepts of
tortification construction in cold regions is contained
in a Soviet ficld manual Engineer Organization of a
Rifle Co. in a Defensive Area (Belokon 1960). The
instructions for building a one-man foxhole are as follows:

“In digging in, one-man foxholes are made by throwing
out the snow to the required depth. The parapet of the
foxhole is made from pached snow. With a depth of

snow of 50-60 ¢m, a foxhole for firing from the kneeling

position is dug at once. A loxhole for firing from the

standing position is dug in the snow and partiaily in

the ground with the indicated thichness of snow cover.

The dirt which is taken out 1n digging is used for the

construction of the parapet which, upon completion

of the work, is camouflaged with clean snow. Such 4

foxhole {shown in Fig. 2] 1s dug by a rifleman in 3.5

hours. However, in view of the difficulty in working

tfrozen ground, a one man foxhole for firing trom the
standing position is made most often by creating a higher
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parapet from packed snow. Subsequently, just as under
summer conditions, a trench is dug for a rifle squad by
connecting the one man foxholes with each other with
a communication trench which has been dug out in the
snow.”’

“With availability of sufticient forces and time, it is
always desirable to begin to dig the trenches and com-
munication trenches immediately after digging in. De-
pending on the depth ot the snow cover, the trenches
are dug either completely in the snow [Fig. 3] or partially
in the snow and partially in the ground|Fig. 4]."”

“In deep snow which permits digging a trench to full
depth or somewhat less (for movement bent over), first
we clear away the snow to the planned mark ot the bot-
tom of the trench pit. Then we tace the tront and rear
slopes of the trench with layers of clumps ot snow, ice,
or ciumps of frozen ground, sprinkiing them with loose
snow and with a subsequent leveling out and packing.

If there is a reservoir nearby, it is recommended that

each row of clumps of snow and sprinkled snow be
sprinkled with water during the construction of the trench.
In loose snow and in the absence of ¢lumps ot trozen
ground or ice, the siopes of a snow trench are made with

a wooden lining.”

“The parapet of the trench is faced to 4 height of 30-
40 cm. If the parapet is made from moist, tightly packed
snow, its thickness is brought to 1.5-2.0 meters. With
looser snow, the thickness of the parapet is increased to
3.5 meters.”

“The work in digging a trench in dirt - two soldiers
are given one crowbar (or heavy pick mattoch) and two
shovels and a sector of trench 4-6 meters long 15 desig-
nated, Working in turn with the crowbar {pick mattock®
and shovel, the soldiers first loosen up and threw out
the frozen ground and then, by layer, they dig out the
thawed ground with sapper shovels to the required depth.
[t is extremely important that work be conducted con-
tinuously on each section of the trench since, when
halting, the thawed ground which is beneath the frozen
crust freezes quickly and hinders the work. For the
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Figure 2. One-man foxhole dug pu: tiully in the snow and purtially in
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Figure 3. Muaking a trench in snow (from Belokon 1960).

same reason, it is expedient to place the dirt which has

been dug out in the parapet immediately . Atter com-

pletion of digging the trench, the entire section is cam-
ouflaged by 4 laver ot snow.”

“The produdtivity ot fabor of une soldier in digging
out a trench in trozen ground manually is 2-2.5 running
melters in 8 hours, Consequently, about 450 man-davs
are required 1o dig one hilometer of trench. Such an ex-
penditure ot labor,"”

Despite this acknowledgment, the pages following
the above section in the field manuai contain mans
examples of elaborately construcied underground
positions that were used during World War 11,

PHASE | TEST PROGRAM

Purpoase and objective

The purpose of the test conducted at Camp Ripley
for this investigation was to cvdluate the performance
of fortifications constructed from snow under conditions
approximating those of a combat environment. The
evaluation included both the methods of construction
and the performance of the fortifications against small
arms fire.

Results of previous laboratory and ficld tests con-
ducted at short range were used to specify the dimen-
sions of the fortitications, since by being consistent with
previous studics any change in snow fortification per-
formance would be detected.

Test preparations

Before the test at Camp Riplev, a rehearsal without
weapons was conducted to tamiliarize the squad mem-
bers and the CRREL cameraman with the test plan. 1
became apparent that some margin of safety would be
sacrificed if the assault was conducted while the troops
were running; unseen protrusions or depressions hidden
beneath the snow could casily cause the men to stumbie
and fall while firing their weapons. Therefore, the pace
of the troops was slowed and they were restricted to

scmi-automatic fire. Both of thesc restrictions undoubtediv

increased accuracy of the fire and the severity of the
test.

Also, during the rchearsal it was realized that camera
coverage would be difficult if a flanking mancuver was
used. For safety, the cameraman’s position would have
to be located further to the rear and his ficid of view

.- - .4 ) o Lo il
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Figure 4. Vuriations in making a trench in frozen ground (from Belokon 1960,.

could not cover more than small portions of the action.
Theretore, it was decided to use a frontal attack.

The freedom from flanking fire also permitted a
simpler design of the fortifications. This was desirable
because the study had lower priority than other troop
training exercises and had to be concluded during a4 two-
week training period.

Construction of snow fortifications

The snow in the test area was approximatcly 30 cm
deep with a slight wind crust and a density of 0.16-0.18
g/cm3. In contrast, Johnson (1977) conducted his study
under more favorabie conditions (66-cm snow depth of
0.1 8-g/cm3 density) and was not concerned with such
considerations as camouflage discipline or tactical
location,

For this study, an effort was also made to inject an
element of realism in the construction of the fortifications
bv using the foliowing controls:

. Ca.noutiage discipline: no snow was removed and
no trachks were (eft that would be readily visible from the
fronts of the positions,

2. Tools: only standard issue equipment was used.
The three snow shovels used were a light aluminum type,
36 cm wide x 335 cm deep with a 2.5-cm high lip.

3. Tactical realism: the locations were chosen by

U

the squad feader by applying standard military tactics
with Httle regard tor sources of snow.

After exhausting the snow supply in the immediate
vicinity of each of the tour fortitications, the seven-man
squad adopted a system using an akhio (sled) to haul
snow to the construction sites. One man packed and
shaped the embankment, and two men held the canvas
skirt of the akhio open while three men alternateh
shoveled the snow (Fig. 3). The two men who had held
the skirt then dragged the Joaded akhio 1o the site. Ina
real situation, the seventh man would have had guard
duty.

The first three fortifications were spaced about 10m
apart and straddled a road through the platoon attack
course. The snow for the fortifications was hauled 5 m
to the first two fortifications and 15-20 m to the third
fortification. A fourth fortification was constructed
for tests with a 30-caliber machine gun. The dimensions
of the four fortifications are given in Figure 6. The three
smaller positions were constructed with 4.1 m’ of packed
snow and the larger fortification was constructed with
12.2 m3 of snow for the machine gun test. Figure 7
shows the production rates for the four fortifications
as well as the rates reported by Johnson (1977). At
Camp Ripley, the depleted snow conditions, together
with the requirement for camouflage discipline, resulted
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Figure 6. Dimensions of snow embankments constructed for
line fire assault.
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in productivity about two-thirds less than reported by bor the 30-caliber machine gun (M2HB 1, the onamnal
Johnson. test plan specitied 200 rounds, which represented o
As a puint of reference to compare the data on pro- realistic tigure tor covering tire tor & singie assault. When

ductivity tor the snow tests, the volume of soil excavated the plan was changed and a single tortitication was con-
and the time required to build expedient fortitications structed to test with this weapon, the allotment tor the
in unfrozen soif were extracted from Field manual FAM 30-catiber machine gun was lowered to 70 rounds. These
3-13, Field Fortifications (HQ, DA 1972). Figure 7 were tired from a hilltop about 13 m high and 230 m
shows that, even under the restrictive conditions previous- distant trom the new tortification.
v explained, 3-7 times as much packed snow can be
handled in the same time trame. Test results

Of the 700 3.56-mm rounds tired from the M16A1
Test plan ritles at the three smaller positions, 609 ot the rounds

The plan specified two separate dttacks on the three {879 ) cither stopped in the snow or went wide of the }
smaller fortified positions using M16A1 rifles. The witness screens. Of the 91 rounds that did hit the wit-
squad began the attack dt a range of 200 m and halted ness screens, 63 cledred the positions altogether. This
10 m from the fortifications. They paused only at the was indicated by the path ot the bullets through the
midpoint for a controlled refoading of the weapons. witness screens and stable flights indicated by lack ot
Twenty rounds of 3.356-mm (M193) ammunition were tumbling. Only 28 rounds (4% of the total) passed
issued for cach man’s M16A1 rifle for the first part of through snow before hitting the screens. As Figure 9
each attack which covered about 73 m of the approach. iltustrates, these rounds were distinguished by a kev -
Thirty rounds were issued to each man for the second hole-shaped puncture and usually a rising flight path
part. In total, 700 rounds were expended in the two indicating deflection by the snow (broaching). Two
assaults by the seven-man squad. The results of both of these rounds appeared to have hit the side of the
assaults were registered on double-layered witness fortification and struch the screens near the fringe of
screens behind each position (Fig. 8). These 1-m high the area that was shielded by the snow. None of the
x 2-1/2-m wide screens were erected with a 30-cm bullets penetrated the 1.8-m thickness of the snow.
spacing between the two layers. From measurements The test using the 30-caliber machine gun (M2HB)
of the point of impact and the shape of each hole in was less conclusive. Of the 70 rounds fired, only 8
both screens, estimates were made of the direction of (119%) struck the 1-m high x 3-m wide witness screen
flight and the orientation of all bullets that struck the and a similar number hit the position. No rounds
screens (Fig. 9). penetrated the 3-m-thick embankment.
7
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Figure 8 Witness screens behind small snow embankment.

PHASE 1] TEST PROGRAM

Purpose

Fhe purpose of this study was to obtain preliminary
data on the broaching characteristics of bullets tired trom
small arms weapons. The weapons were chosen tor
their unique teatures of external ballistic design. The
tests were conducted in the field and the intent was to
collect enough intormation to define the requirements
tor a tuture laboratory studs.

For the test @ Communist bloc AK47 rifle and an
MEBAT rifle were received on foan from the 10th
Special Forces Group at Ft. Devens, Massachusetts. An
MId riffe was already on hand. These are shown in
Figure 10,

Snow embankment construction

The snow embankments were constructed with a
snow blower. Production rates are not given because
the snow was cycled twice to break up a thin melt crust.
Two snow embankments (3/4 m highx 1-1/2 m widex 30
m long) were shaped with shovels, The mechanical
processing and warm air temperature (0 to ~3°C) pro-
duced a dense snow of 0.4 to 0.3 g/cm3 with an ex-
ceptionally high hardness of 3-25 kg/c.rnz. All measure-
ments were taken according to procedures outlined by
SIPRE (1954).

Test procedures
The three weapons were fired horizontally at one
end of the embankment of snow, as shown in Figure

11, After cach series, the embankment was dissected
and fresh snow was exposed tor the next test.

Vertical sfots, 3-3 cm wide, were made with o chain-
saw dat 30-cm intervals and at right angles to the bullet

trajectories. Paper sheets were inserted as witness screens.

The outline of the mound was marked on cach witness
screen.

On the front face of the embankment, hoth vertical
and 43° cuts were made with a handsaw. For the ver-
tical face of snow, 10 rounds were fired in cach test.
For the 45" impact angle, 6 shots were tired in a hori-
contal row at g specified distance from the top of the
embankment to maintain the 30-cm spacing between
the point of impact and the first vertical witness screen.

Tests with the three weapons were also conducted
at a shallow impact angle on the top of the embankment.
A gunner’s quadrant was attached to cach weapon as
it was being fired to determine the angle of impact to
within 20 mils (£1.25°) of the desired 250-mil (14°)
angle of impact.

Test results

Data from the tests with bullets fired horizontally
into the snow are presented in Table . The test con-
ditions were not controlled closely enough to detect
the slight differences in maximum penetration of the
three types of ammunition fired from the two 30-
caliber (7.62-mm) weapons (types M80 and M39 from
the M14 rifle and type M43 from the AK47 rifle). All
of these rounds penetrated about 90 cm at both 90°
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Vil+ Rifle

MI6A1 Ritle

AK47 Rifle
Figure 10. Test weapons for Phuse 11.
Table 1. Results of tests in dense snow using M16A1, M14 and AK47 Rifles at 90 and 45° impact angles. ‘
Impact  No. ol rounds penetrating
Snow densits Ar temp Ivpe and no.  ungle screens dt:
Jest no. (gfem?) (C! Weupon rds. tired ") 30cm 60cm 90c¢m Deformation
Tl 0.464 -4 M4 M80 10 90 10 10 4 No
T2 0.440 —~4 hARE M80 10 90 10 10 5 No
13 0.408 MY M59 10 90 10 10 0 No
T4 0.448 -7 AK47 M43 10 90 10 10 0 No
T5 MI6A1 M193 10 90 10 3 0 Yes
T6 0.470 -8 M4 M59 6 45 6 6 0 No
T7 0516 +2 M14 M80 6 45 6 6 1 No
18 0.496 -4 AK47 M43 6 45 6 6 3 No
T9 0.424 - MI16A1 MI93 6 45 6 3 0 Yes '
(|
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b. After test with MI16A1 rifle.

Figure 11. Verticallv cut tuce of snow embankment.




Table 2. External ballistics of small arms.

M6 R 1

Caliber SA6 mm
Round desjynation MI193
Bullet wejnhi S5 wrains

W9y M § 13250 tys)

M1+ Kitie AR T Assaadt Ritte
T.02-mm NATO T2 mm
NM359+ and MBO M43

150 yrains 122 grams

8§33 m/e (2800 tt.s)  T10 s (2330 11y)

Muzzie veloaits

MS9 has g muld steel cores bullet is fonger to attain same weight as dense: lead core

in M8O.

Figure 12. Deformed 5.56-mm ( Type M193) and undeformed 7.62 mm
(Tvpe M43, M&0 and M59) bullets recovered from Phase 11 tests.

and 437 angles of impact despite some ditterences in
the external ballistics of the bullets {Table 2).

The M193 (53.56-mm) ammunition tired in the M16AT
ritle was less eftective, with an average penctration of
approximatels 60 cm. Again the influence of the two
angles of impdact was not detectabie, All ot these 3.56-
mm-diameter bullets were tlattened as shown in Figure
12. None of the 7.62-mm-diameter bulicts were de-
formed.

Measurements at the very shallow impact anglc of
250 mils (14°) were made by dissecting the trajectory
ot two rounds tor cach ammunition type tired. The
resubts are presented in Table 3 and Figure 13, These
tests showed only small curvature of the path of the
7.62-mm bullets (M14 and AK47) and virtually no
deflection of the 3.56-mm bullets (M16A1) from the
impact trajectory. The 7.62-mm-bullcts veered slightly
upwards and average penetration was reduced from
90 to 75 ¢cm. The average penetration of the 5.36-mm-

diameter (M193) bullets was reduced from 60 1o ap-
proximately 30 cm with the same characteristic tlat-
ening of the bullet.

DISCUSSION OF RESULTS

Lewandowshki (1970) conducted a study on the
subject of projectile broaching and tabulated the criti-
cal angles of impact {the angle at which 307, ot the
projectiles broach) using several projectile ty pes and
target materials. A critical angfe of 7- 135 was re-
ported for 7.62-mm, M-80 tyvpe rounds impacting on
water, 11 -13% on Eglin sand, and 14 - 16° on Wyoming
Bentonite, a clay soil.

The results of the live fire tests (Phase 1) show that
only a very small percentage (49) of the rounds im-
pacted at an angle that was shallow cnough to cause
broaching on packed snow. The results of the phase
I studics indicated that the broaching resulted from

——— e m———
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Table 3. Penetration of bullets fired at 250-mil (14°) impact angle
into dense snow (0.49 g/cm?3).

Ivpe ot Caliber  Type ot Horicontal pen. Depth below

ritte fmm) round fcmy surtuce (cmj Detormation
MI6ATI 5.56 M193 51 13 Yes
MibAl 556 M193 49 11 Yes
AK 47 T.62 M43 74 10 Nu
AKY7 T.62 M43 73 8 No
MY 7.62 MS9 69 10 No
M4 T.62 M59 78 10 No

Impact Angie

250 mits (14°)
'(;' cg\ i Snow Surfoce

£ 2 - .

& .

@ a

S 4L 10+ (8 M4 Rile - ° e A e

H {8) AK 47 Assoult Rifle a

L2 -} (0} MI6 Ai Ritle el -

Snow Density ~0.49g/cm?
20 1 1 n 1 n i i 1 )

[¢] [oX] 0.2 0.3 0.4 0.5 0.6 0.7 08 m
i e i A i 1 A i 1 1 1 A 1 J
o 04 0.8 1.2 1.6 2.0 2.4 ft

Distance from Impact

Figure 13. Penetration and deflection of 5.56 and 7.62-mm bullets in dense snow at shallow im-

pact angle.

aven shatlow angle ot impact of less than 230 mils
{14°). A comparison with the broaching from sand,
clay and water described by Lewandowski (1970)
showed that broaching in well packed snow is similar
to broaching in other matcrials.

For the test with the 30-caliber machine gun (M2HB}),
the small number of rounds that struck the fortifications
did not provide conclusive results.

Measurements of volumes of packed snow handled
during construction showed that productivity under
the limitations of shallow snow depths and camouflage
discipline was two-thirds less than Johnson (1977)
reported under more favorable conditions. A com-
parison with the production rates given in Field Manual
FM3-13, Field Fortifications (HQ, DA 1972), for
various positions in unfrozen soil, show that 3 to 7
times more packed snow was handled in the same time
frame.

Both Russian (Belokon 1960) and Finnish (Pick-
axe 1975) sources concur that is difficuit to buiid
even simple positions entirely from snow when the
depth is less than 30 cm. At snow depths of less than
20 cm, the recommendations are that fortifications
be built almost entirely from soil or other available
materials. Camouflage discipline is still necessary,
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however, even with small accumulations of snow. The
phase | tests at Camp Ripley in a 30-cm-deep snow
cover showed that this guidance is realistic, but for-
tifications can be built by hauling snow to the site.

Schaefer (1973) and Johnson {1977) described cf-
forts to build snow fortifications using Sovict snow
block techniques illustrated in Figures 2, 3 and 4. They
both concluded that these techniques were not efficient,
particularly for the dry, subarctic snow found in Alaska.
But during his study Johnson did demonstrate success-
fully the use of large burlap bags (30-1b potato sacks)
filied with snow to build the vertical wall of a snow
parapet. He rejected the smaller sand bags in favor of
the largest bags that a man can handle easily. Schaefer
tested a pile of snow blocks with an M60 machine gun.
He reported that continuous fire led to collapse of some
blocks and left adjacent blocks intact. He cffectively
punched a hole through the structure. In contrast, simple
piles of packed snow collapsed after each impact. This
efficiently scaled the hole and the resulting collapse of
the overall structure was not catastrophic.

In the Phase |l tests, the relative insensitivity of a
bullet to its angle of impact was not unexpected. These
tests also confirmed that bullets are unstable in a medium




a5 dense as snow and that the angle of impact is ot
seconddny importance. 1t was also observed that tum-
bling bullets may wander but are not apt to veer dras-
ucally trom their oniginal trajectories. The design criteria
tor stable tlhight ot spin-stabilized projectiles in air also
indicated that the bullets would be extremely unstable
HY STTOMW

Figure T4 (atter HQ, AMC Pamphiet 706107, 1963)
1y atree-body diggram that ilustrates some of the forces
that act on a bullet. The equation given for drag is:

D Ky pdiur

where: D drag, 1b
ANy - drag coctficient
pdensity ot air, b, 113
d - bullet diameter, 11
¢ = hullet velociny, furs

Note that the drag s directly proportional to the den-
sty of the air,

This pamphlet also states:

“The condition for stabiliy o1 a totating projectile
is expressed by the tactor:

AT
n

where 15 the axial moment of inertia ol the projectile,

by sec” ft

8 = the moment of inertia about a transverse
anis through the center of gravity, (b sec? tt

\ " the rate ot spin of the projectile, radians/sec

41 = the overturning moment tactor caused by
air torce R, and is defined as GP (D+{ cots)
(11-1b). Note that the overturning moment is
GP (L cosh+D) sind ) and is equal to GP (L
coth+D} sin d.*

“The stability factor may be used to predict the
degree ot stability which a projectile wiil exhibit in flight.
Projectiles having a stability factor less than one will be
very unstable, will probably tumbie, will lose range,
and will produce deviations in accuracy. Projectiles
having a stability factor greater than one but less than
2.5 will not tumble, will normally find the nose leading
the center ol gravity of the projectile throughout the
trajectory, and will exhibit a desirable impact attitude
for point detonating ammunition. Stability factors
greater than 2.5 indicate an overstable round, one which
will not track properly since the attitude of the projectile
does not deviate throughout the flight (i.e., projectile
lands on its base), and are found in small arms and high
velocity anti-tank ammunition. In such instances, the
high spin rate results in such slow precession that the
trajectory is completed before the projectile can effectively
nose down on its trajectory.”

*See Figure 14 for illustration of terms.

Note that Al is inversely proportional 10 the stability
factor and is itself directly proportional to the drag R
in terms of £ and L, the orthogonal components of R.
Knowing that the bullets under consideration have
stability factors in air that are somewhat, but not sig-
nificantly, greater than 2.5 {overstabilized), the stability
factor for flight in snow changes in direct proporticn
to the ratio of densities of air to snow. The ratio is:

air density (sea level, 13°C) = 0.001225 g,r’cm3
medium pached snow density = 040 g/cm3

ratio 3= 3,06 107
SNOow

Even assuming relatively high stability factors in
air, the stability factors in snow will be several orders
of magnitude below the minimum value of one for
stability. In fact, snow is so much denser than air that
these semiempirical equations for air probably do not
apply. Although in-depth analysis along this line is
beyond the scope of this report, the reader is referred
to Cole and Farrell’s report (1979) for a more detailed
analysis and to Roecher et al. {1977) on a study using
a target of gelatin that has a density twice that of packed
snow. The inference of these equations is that amy
cffectively designed, spin-stabilized projectile will com-
ply very closely with the above design parameters. By
deing so, they will be inherently unstable in snow.,

CONCLUSIONS AND RECOMMENDATIONS

All the referenced reports that dedl with targets much
denser than air have cither confirmed or suggested in-
stability or tumbling of ogive-shaped bullets. The vaw
angle of the bullet at the time of impact has been shown
to be the most important factor determining how far a
bullet will travel in a dense medium before rapid vaw
growth and tumbling arc initiated. Because tumbling
negates the cfficient gecometry of a buliet, the predict-
abilitv of the onset of tumbling is crucial in the sclection
and quantity of materials used in a fortification.

Where soil was used for fortification construction,
Aithen (1979b) reported that freczing of the soil tar-
gets reduced total penetration for some projectiles by
as much as a factor of four. However, since most
fortifications will probably be buiit with unfrozen
soil, cither during a warm season or during a cold sca-
son, by excavating below the frost layer, opportunity
to improve present construction techniques usiag soil
is minimal, Aitken does make the observation that
tumbling of bullets in soil stopped at lower velocitics
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Figure 14. Free body diagram of ogive shaped projectile in flight (after HQ AMC 1963},

and penetration increased over 259 but this is stil)
well betow the penetration in unfrozen soil.

Generally, this studsy has shown that: (1} for-
tifications constructed from snow perform favorably
compated with those constructed from other natural
materials; and (2) tortitications constructed of snow
can be built even under adverse circumstances. Esti-
mates of manual construction rates extracted frem
Soviet manuals clcarhy show that expedient construction
of fortifications built from snow is a very attractive
dlterndtive to expedicnt construction of fortifications
built from frozen soil.

One vasic deficiency that exists in both laboratory
and field studics of this type involves the relationship
between bullet flight in air and its angle of yaw. Be-
cause smail arms bullets are overstabilized, the yaw
angle initially decreases because of the gyroscopic ef-
fect of the bullets. Then, as gravity causes an arced
path, the angle of vaw increases with distance. This
vaw growth has been mathematically and experiment-
ally determined in air; but the critical angle that in-
duces tumbling in snow at lower bullet velocites (i.e.,
long range) is not known,

In the CRREL laboratory facilities, the bullet veloc-
ity can be decreased, but realistic yaw conditions can-
not be simulated repeatedly . Field tests, as noted, are
inherently less accurate, requiring an extensive data
base 1o draw reliable conclusions, Both the laboratory
and ficld approaches are recommended for future
studies.
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