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SUMMARY

Tests have been conducted in snow with six reduced-~scale tires. The tires
covered a wide range of width-to-diameter ratios. The results are expressed
in dimensionless terms and are applicable for a range of vehicle sizes and
weights as well as a range of dry snow conditions. Tests described in pre-
vious reports have covered the ''flotation'' iype of performance. Tests de-
scribed herein cover the performance of two types of tires for the "ground-
supported’ (limited snow depth) type of performance and, also, the results of
additional "flotation' tests. The complete "flotation' data, including that
from previous years' tests, are summarized and further analyzed. Present
data are limited to 4x4 vehicles with equal weight distribution. The possibility
is shown that data for vehicle tests in sand can be interpreted in terms of per-
formance in snow. Results of a prelimlna‘i‘@y snow survey, which can be used
to predict vehicle performance in subarctic, below-the-tree-line snow regions,
are shown im Appendix II.

CONCLUSIONS

It is concluded that:

1. Data in this report, covering the '"flotation' and ‘'ground-supported"
types of performance, can be used as a design basis for 4x4 wheeled
vehicles with equal weight distribution for a range of typical "difficult"
snow conditions. The 'ground-supported’ results, however, are
incomplete.

2. The scale-model techniques described herein are adequate for deter-
mining the performance of wheeled vehicles in snow or sand; for
example, to determine the effects of changes in wheel weight distri-
bution or to determine the performance of articulated or train '
concepts,

W



The snow-survey data provide tentative, but useful, data for pre-~
dicting the performance of wheeled vehicles in the "difficult" sub-
arctic, below-the-tree-line snow region.



BACKGROUND

The program for developing vehicle mobility scale-model tests for all types
of soft terrain was initiated in 1956, The dimensional approach was chosen
because the complexity of natural terrains is so great as reasonably to pre-
clude useful solutions by primarily mathematical means, at least within the
scope of the support for the program that could be expected.

The method followed was first to arrive at a basic understanding of the
mechanics involved and then to conduct tests within a dimensional framework.
By proper dimensional treatment, the results can then be interpreted in
terms of performance of a wide range of similar vehicles of sizes different
from the one tested and for a range of terrain conditions as well.

The test models were designed at first to be scale models of existing vchicles,
and the tests were planned so that direct comparisons of the performance of
models and full-size vehicles could be made. The scale ratios were made

large (about 1:4), and the tests were performed in the field in natural terrains.

This eliminated the problem of reproducing natural terrains in the laboratory;
it also permitted direct comparison of the results of model and full-size ve-
hicle tests made in the same real terrains of interest. This was desirable
because natural terrzins arc generally highly stratified in horizontal planes,
and this stratification is a characteristic that strongly affects vehicle per-
formance. Tcsts performed in idealized laboratory soils may thus have
represcnted unreal conditions or conditions that are not of interest and, of
course, would not have permitted direct comparisons of models with full-

size vehicles cperating in the same terrain.

The relatively large scale ratios made the size of the models commensurable
with the expected dishomogeneities in natural conditions, and minimized
errors associated with any nccessary neglect of proper scaling of secondary
factors.

The first tests were made in snow with the locomotive unit of the Logistical
Cargo Carrier (LLCC) and a one-quarter scale model (Reference 4). The
LCC locomotive is a 4x4, 30-ton vehicle utilizing 10-foot-diameter by 4-foot-
wide tires. In light, subarctic-type snow, this heavy vehicle operaies with
ground support. Correlations were obtained between the model and full-size
vehicle, primarily on the basis of snow depth, since the method of reducing
snow depth for the model tests resulted in an essentially constant snow




condition. The method for measuring effective snow strength with scaled-
plate-pcnetration tests had not been developed at that time,

Further correlation tests in snow were conducted at Houghton, Michigan,
during 1957 and 1958 with a lightweight "flotation' wheeled vehicle (Marsh
Buggy) and a model of approximaltely one-quarter scale (Reference 5). In
1959, tires having a wide range of shapes were evaluated for 'flotation" per-
formance (Reference 8)

Correlation tests in sand were conducted with the one-quarter scale model of
the LCC at Fort Story, Virginia, during the summer of 1956; results of these
tests are reported in Reference 4.

Further correlation tests were conducted in sand with the Marsh Buggy and
scale model at Fort Story, Virginia, during 1958, 1959, and 1960. Tests
were also performed with a wide range of tire shapes. Results of these
tests are reported in References 6, 7, and 9. Preliminary correlation tests
with the Marsh Buggy and scale model have been conducted in marsh (Refer-
ence 1). The tests described in this report cover ''‘ground-supported' per-
formance tests in snow with two tire shapes and some additional 'flotation'
tests.

DESCRIPTION OF EQUIPMENT

Seven 2Z4-inch- to 36-inch-diameter tires of different shapes were tested
(Figure 1), six of which have been tested in snow. The tires were mountable
on three chassis: a lightweight model chassis, originally the Marsh Buggy
model chagsis (Figure 2); a heavier model chassia, originally the LCC mod-
el chassis (Figure 3); aud a 3/4~ton, 4x4 truck chassis {Figure 4). Gross
weights from a minimum of 180 pounds to about 600 pounds {depending on the
tires and rims used) could be obtained with the light model chassis, and up
to 8, 000 pounds gross vehicle weight could be obtaiued with the 3/4-ton truck
chassis.

The two riodel chassis were originally built and tested as rnodels of the
Marsh Buggy and of the LCC lead unit {Sno-Train), In the tests covered by
this report, the rmodels were merely typical 4x4 configurations of vehicles
with whichever shaped tires were mounted rather than models of any partic-
ular prototype The tread and the wheelbase of the modecls were unimportant
in the type of tests undertaken, since in all cases, the tires were spaced
sufficiently far apart te preclude any interaction.
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Fignre 2. Marsh Buggy Model Chassis.




Figure 3. Logistical Cargo Carrier Model
Chassis.

Figurc 4. 3/4-Ton Truck Chassis.

Three full-size vehicles have been tesied in snow to date: the Truck, Tank,
Fuel, Legistical High-Mobility, 5, 000-gallon-capacity, 4x4, XM438 15-ton
GOER-type vehicle with 29.5- 25 widc~base tires having a diameter of 73.4
inches (Figure 5); the lead unit of the I.CC (Figure 6); and the Marsh Buggy
{Figure 7). The LCC lead unit weighs 58,700 pounds and is a 4x4 vehicle
with 120-inch-diamecter wide-~based tires. The tests for the LCC were




Figure 5. Full-Size XM438 (Goer-Type
Vehicle).

Figure 6. Full-Size Logistical Cargo Carrier
Locomotive.

performed in 1956. The Marsh Buggy weighs 11, 000 to 15,000 pounds and
has tires 114.7 inches in diameter; the tests were performed in 1958. The
GOER weighs 34, 775 pounds empty and 62, 450 pounds loaded; the tests were
performed in 1960. The dimensions of the tires are shown in Table 1.




Figure 7, Full-Size Marsh Buggy and One-Quarter Scale Model,

TABLE 1
_ DIMENSIONS OF TIRES
Outside Section Section Width Divided
Diameter Height Width by Outside

Type of Tires (in. ) (in. ) {in.) Diameter
6.00-16, single 27.8 5.2 6.5 .23
Marsh Buggy, model 25.9 5.1 9.0 . 35
LCC, model 29.9 6.1 12.0 . 40
Torus type 34.7 14,5 17,0 .49
6.00-16, dual 27.8 5.2 14, 6% .52
24-24 rolling bag 24.3 8.5 24.3 1.00
36-22 rolling bag 36.0 11.9 22.5 . 623
Marsh Buggy, 114.7 23.0 38.6 . 34

full size

LCC, full size 120.0 24.4 48.0 .40
GOER 73.4 20.7 31.5 .43

*Overall width of dual configuration (includes the 2-inch spacing).




The tires have a wide range of cross-sectional shapes, The LCC and GOER
tires are typical of a low-profile type of tire; the rolling-bag~type tire has,
in effect, a low-profile or "flattop' shape. The remaining tires are more
or less round-section tires.

The tires have a varying relation of rim width to tire section. The Marsh
Buggy-, GOER~, and LCC-type tires are wide based; the torus-type tire,
which is a true torus with a center diameter of zero, couid be considered
narrow based. The 6.00-16's are mounted on 4-1/2-~inch passenger car rims,

The tires had varying degrees of carcass stiffness. The torus-type and the
Marsh Buggy model tires were somewhat ilexible. The 6.00-16 tires, which
were made especially to a reduced ply rating, were the most flcxible, The
rolling-bag and the LCC-model tires were stiff in comparison to the others.
Tests were conducted at equal deflections on a hard surface (in terms of
percent of outside diameter) by adjusting the inflation,

None of the tires tested (except the LCC type) were specially designed or
constructed for this program except in minor, inexpensive detail. All except
the 1.LCC model tires were available without any investment in special molds,
and sclection was made on the basis of obtaining the widest possible range of
shapes and proportions from amoung tires made in available molds,

TEST PROCEDURES AND RESULTS

PROCEDURES

The procedures and the dimensional framework for conducting and inter-
preting these scale-model tests have been developed through test programs

in sand, snow, and marsh; direct comparisons of models and full-size vehicles
were included (References 1, 4, 5, 6, and 8). The following is a summary

of the procedures and dimensicnal framework discussed in the Second Interim
Report (Reference 8).

The interpretation of the results of the scale-model tests depends on a prop-
er dimensional analysis. A complete list of the vehicle and soil factors, and
the numerics they form, has been made. Through field test programs that
involved comparisons of the performance of models and full-size vehicles,
these numerics have been reduced in number to only those that importantly
influence the performance of the vehicle.




The following symboels are used in the numerics:

b = overall tire width

ce =  effective structural cohesion of the aggregate snow stratifications
involved

€, = relative effective structural cohesion as determined by plate
tests

¢g = precollapse structural cohesicn

b = drawbar pull

dP = plate diameter

d, = tire diameter

f = rubber-to-snow friction

h = snow depth

q = average pressure

S = slip ratio

w = vehicle weight

z, © plate sinkage

Zy ° vehicle sinkage

¢ = angle of internal friction determined from postcollapse dynamic
shearing resistance

Yy = density of snow

Functional equations for operation of vehicles in sands, dry snows, and other
primarily frictional materials have been validated for "flotation' and "ground-
supported'" performance. For ''flotation' performance, where the depth of
the snow (or soil) can be considered indefinitely deep, such that the collapsed
or deformed layers of snow do not extend to the ground {or, in soil, to an
underlying layer of hardpan), the equations are as follows:

D _ 4w ‘ 1
W = 1 (csdwz ok S) )
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Sinkage must be correlated in order to maintain the geometric similarity of
the vehicle-soil systems presumed throughout the analysis. For ''ground-
supported' performance, where the collapsed layers extend to the ground
{or underlying hardpan), depth is an important variable and is considered,
as shown in the following equations:

D giii (B w 3
w TP\ L v S ©)
Zw . glv h W 4
du (”dw’mf“’¢’s> o

Since the sand or snow pack is not a homogeneous material but is stratified
(each layer with its own properties), it is not possible to assign a single

value for the structural cohesion, ¢ .

Plate Penetration Tests

A test is used to determine a relative effective value of the structural cohe-
sion, c,, for the aggregate material to the depth that it is utilized by the
vehicles. The resistance to the penetration of round plates forced into the
snow or sand at a steady rate is measured. The diameters of the plates are
scaled to the size of the wheel diameters of the vehicles. The assumptions
are made--validated by direct comparisons of model and prototype tests--

that there is an effective value of the structural cohesion, Ces which, if

substituted in the load numeric , will correlate the results, and that

2
cgldy
the relative effective value, c,, determined by forcing correlation of scaled-

plate test results, is proportional to the effective value of the mechanical
property.

The scaled-plate test results--with the plates scaled according to the wheel
diarneters-~reflect size effects in the failure of the snow because of its
natural stratification. The plate tests are, actually, a scale-model tesgt.

If plates of various sizes are tested to a sufficient depth of penetration, each

will sample the snow to approximately the depth that its corresponding wheel
size will utilize,
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The tests were made with a hydraulic cylinder that pushed the plates into the
snow at a steady rate (Figurc 8). The force and sinkage were recorded di-

rectly on an X-Y rccorder in lerins of pressure and of sinkage + plate dia-
meter.

Figure 8. Snow and Soil Analyzer. Note Shear Vanes (A)
and Scaled Plate (13).

Since the curves arc not straight lines, their shapes must be considered.
Many tests in Canada and Michigan have shown that the typical "difficult"
subarctic snow packs of interest will generally have similar shapes. A
preliminary standard-shaped snow curve has been defined and designated
Type I, which is representative of many deep, dry, mid-season, below-
the-tree-line snow packs (Figure 9). On the basis of the data available to
date, * this curve represents the weakest snow likely to occur for no more

*A limited survey of snow conditions in the tree belt of Canada, from the

maritime zone to western Ontario, was made during the 1959-1960 snow
season. Results of this survey, as well as accumulated test-site data
from previous years, are shown in Appendix II,

12
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Type I (Dry, Bcelow-the-
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eter Plate.

AVERAGE PRESSURE, q (p.3 1)

~

than a few days in one winter, as meas-
ured by the 12-inch plate; this snow has
been assigned the value of ¢, = 1 and is
designated as ''difficult'’ Type I snow.

The curves from each plate test were
compared with the standard "difficult"
Type I curve. If the point-for-point
ratios with the Type I curve were nearly
the same at every dimensionless depth
(i. e, , if the curve had the same shape),
then the snow was considered to be Type
I with a ¢, corresponding to the average
ratio (Figure 10). (If the shape is not
almost the same, the model test can not
be expected to correlate with other tests
in Type I snow, as the geometric simi-
larity of ihe vehicle-snow system would
not be maintained,} The method worked
well even when the test curve was not
closcly related to the standard curve,
although the basic philosophy of the
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method would suggest that when the shapes were not similar, correlation
should nui be expected a priori.

The plate tests were performed almost simultaneocusly with every vehicle
test at two or more locations along the test lanc and were rcpeated three

or more times at each location., The homogeneity of the snow, as indicated
by reproducibility of the plate tests, was gencrally good, Figure 11 is
typical.

Wheel diameter + 10 has been used

in earlier 'flotation' tests as the
el standard scaled-plate size and was
' used again for the 1660 "flotation"
tests. For the "ground-supported”
tests, which were the principal
objective of the 1960 program, it
was realized that a plate scaled as
wheel diameter + 10 would be affect-
ed by its proximity to the ground
when the plate reached a certain
depth, * Accordingly, for the
o o "ground-cffect' tests, rneasure-
L N ments were made with a plate size
of wheel diameter + 25, which could
penetrate nearly the entire snow
depth without "'ground-effect!'.

-

3

AVERAGE PIESSURE, q {pe1)

Figure 11. Typical Reproduci- ""Ground effect'" was assumed to
bility of Platc Data to begin at nominally one plate dia-
Indicate Homogeneity meter from the ground. When c,
of Snow. was detexinined for the 'ground-

effect! tests, the data were con-
sidered only up to that penetration. In order to utilize the ''standard'' Type
I snow curve with a minimum distortion {becausc of a change in the “standard"
plate-to-wheel-diameter relationship), it was arbitrarily decided that sink-
age, for comparison with the Type I curve, should be expressed in terms of

z
b

2.5d
P (actual plate).

was assumed to be about the same as that for the larger ''standard' plate at
the same actual penetration in inches. All of the ''ground-supported' per-
formance tcst data are presented with measurements made with the smaller
plates.

In effect, the pressure cxperienced by the smaller plate

*This was not a problem for the 'flotation' tests, since these tests were
made on sufficient snow depths to be independent of the ground.

14



Other Snow Measurements

Nakaya roaring-bonfire profiles were made for each test in accordance with
the procedures described in Reference 8. (See Figure 12.) An attempt was

made to identify data scatter in terms of the character of snow failure as
cbserved from these pictures.

Figure 12, Nakaya Bonfire Profile. Descriptive
Snow Measurements,

The snow was 1dentified further by the following methods, which had been
widely used carlier (Reference 2): density, temperature, descriptive classi-

fication, and Canadian Hardness., All mcasurements were made in profile
(Figures 12 and 33).

The dynamic shcaring resistance was measured with circular shear heads.
The shear heads had four 3/4-inch-high radial dividers at right angles and a
circular limiting lip of the same height. To clarify the results obtained {rom
these tests, shear heads were used with 10-, 25-, 50-, 100-, and 200-square-
inch areas (Figure 8). A new apparatus was used, which resulted in a proce-
dure different from that of previous years. Normal loading was applied by a
continuous penetration of the shear hcad rather than in increments by dead
weights. While it was intended to cmploy both procedures, the new appa-
ratus was not amenable to the dead-weight procedure.

15




Performance Tests

The performance was measured in terms of drawbar pull and sinkage versus
the slip ratio on level snow.

""Flotation'' tests were made with the following types of tires: the 6.00-16,
single; the LLCC; and the 24-24 rolling-bag type tires, in order to further
establish the 'flotation'' performance curves obtained in the 1959 tests.
"Flotation'' data accumulated from previous tests are discussed and pre-
sented in this section under '""Results" and in Appendix II.

"Ground-supported' model performance tests were conducted by scaling the
snow depth to approximately 0.1 to 0.3 of the wheel diameters and by per-
forming tests over a wide range of model weights,

A special snowplow was developed for scaling the snow depth. A procedure
that had been developed for the 1956 scaled-depth tests employed two types
of road plows in combination. While the method proved to be satisfactory,
it involved the rental of two snowplows that were only obtainable on an as-
availablc basis, The ""depth-scaling snowplow' was capable of controlling
the desired depth more accurately and was available on a continuous basis
(Figure 13). The rotary snow blowers are positioned in height between the

Figure 13. Decpth Scaling Snowplow Used for Scaled-Depth Model
Tests., Cutters Are Indexed Between Pan (A) and Disc
Wheels (B).
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two large steel disc wheels and a pan on an extended boom:. The disc wheels
cut to the lowest surface, and the pan rides on the surface of the snow; the
snow blowers are then positioned in reference to these two levels by means
of a hydraulic cylinder. Operation of this snowplow is limited to paved sur-
faces, as the disc wheels would sink in unfrozen ground. A smooth, level
hardstand surface is also required fo obtain a uniform depth of sncow; an un-
used airstrip was used for the tests. A plowed field or a field with clumps
of grass, e.g., would introduce variations and uncertainties in the depth that
would be substantial in relation to the reduced tire sizes.

Unfortunately, the 1959-1960 snow conditions were not as favorable for the
scaled-depth tests as those that existed for the 1956 tests. In 1956, the lower
layers of snow were quickly covered by subsequent snowfall and then under-
went a metamorphosis that reduced them to a remarkably uniform, coarse-
grained condition. Subsequent snowfalls protected this snow from further
ephemeral changes or dishomogeneities that result from wind or thawing
weather, and the snow remained in a constant homogeneous condition until
the spring thaw. The early 1959-1960 winter snowfalls, however, were sub-
jected to thawing temperatures before they were adequately covered by sub-
sequent protective snowfalls; the ideal test conditions in the lower pack, as
were discovered in 1956, did not develop.

During the 1959-1960 tests, the airstrip was plowed clean in the hope that
the next snowfall would be protected by still subsequent snowfalls and that
the snow pack would be able tc complete its aging process protected from
surface changes, This process was necessarily repeated two more times.

The snow pack that was finally utilized was of only partial depth. The layers
that were used, after scaling, had accumulated from drifting snow and did
not have sufficient covering layers or time to complete the aging and natural
homogenizing process. The result was a varying strength condition, and the
depth was uncertain because of the presence of a thin, hard crust of varying
thickness near the bottom of the snow pack. Because of these adverse cir-
cumstances, only the best portions of the airstrip were utilized, and the
number and accuracy of the tests that could be performed were considerably
reduced. Had more ideal conditions prevailed, a complete range of tests
could have been performed with all seven of the model tires. Because of the
limited number of tests that could be performed, model tests were performed
only with the 6.00-16's and the LCC-type tires.

The general procedure for the model testg was to cut to the desired depth

a test course of snow for approximately 100 yards. Tests were then con-
ducted on this strip with several weights, Data points were identified by
colored stakes placed in consecutive sequence. The sinkage, snow depth,
and plate test measurements were later keyed to each data point. All of the

17




tests were performed for a constant tire deflection of 3.3 percent of the out-
side diameters. Tire deflections were measured on a hard stand.

Tests of full-size vehicles were conducted with the GOER vehicle on natural
full-depth snow. The GOER tires had approximately the same proportions
as the LCC tires.

RESULTS

"Ground-Supported' -Tests

Because of the poor snow conditions, the "'ground-supported' tests of the
model tires were limited to the 6. 00-16's and the LCC model tires. The LCC
model tires were given first priority becuse the full-size GOER vehicle, which
was equipped with tires nearly similar to the LCC type, was available for
model /fuil-size comparison tests. (Also, results of both full-size LCC and
model LCC tests were available from 1956 tests (Reference 4.) While the plate
test for determining c, had not been developed at the time of the 1956 tests, the
1956 descriptive data (i.e., density and Canadian Hardness) were matched with
the 1959-1960 data and a value of ¢, was assigned to equal that of the snow with
the closest descriptive match. Tests were also made in 1956 with 7.00-16 tires
mounted on the LCC chassis (Figure 14). Data from the 7.00-16-tire tests
were handled in the same way and are reported with the 6.00-16 data.

The results of the scaled-depth tests are shown in Appendix I and in Figures
15 and 16. GConstant snow-depth curves were faired to obtain the best fii with
the data points.

Drawbar-pull data are reported at 25-percent slip, which approximates the
slip at which maximum drawbar pull occurs. This is on the conservative side
for predicting marginal performance; at the lower levels of performance, the
drawbar pull reaches a maximum at 10- to 50-pevrcent slip. Also, the tests
were made at 3, 3-percent deflection of the cutside tire diameters. Perform-
ancs will be somewhat better at maximum deflection, which will be approxi-
mately 6 to 10 percent (or 30 percent of secticn height) for the various tires
(Reference 9).

The intercept of the limited-snow-depth curve with the "flotation' curve was
determined from 1959 "{lotation' test data (Figure 17). The critical snow
depth {depih at which ground support starts) was determined from the dis-
turbed or deformed bulb of snow visible from the Nakaya bonfire pictures.
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The results of tests with both
tires are also shown in Figure

18, with the numeric ___w_
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Figure 17.

Of particular interest in these
data, and in the more complete
"flotation' data (Figure 19), is

1959 ""Flotation' Data.

the apparently small margin by which an overloaded 4x4 vehicle may fail in
deep, dry snow.
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A few tests were made with the 24-24 rolling-bag tires. Data on these
tests are not reported because they were insufficient to determine the per-
formance curves for these tires, even approximately. Moreover, the tests
were run in a snow condition that was not typical of those for the rest of the
tests. The rolling-bag tests were conducted in moist snow during the final
days of the test period when the temperatures ran to above freezing around
noontime (testing was stopped at noontime). The tests were made at depths
that resulted either in immobilization or in near-immobilization.

The snow built up ("'bulldozed') in front of beth the front and rear tires.

The data, whether reliable or not, indicated a performance inferior to that
which was experienced when operating under ''flotation'' conditions, and thus
a stability problem was indicated. The moist snow, which had a noticeably
reduced tendency to flow, and the use of wide tires apparently caused a

point to be reached beyond which the snow could not flow around the tire with-
out appreciable and costly 'bulldozing'. This snow condition can result in

performance that is congiderably reduced from what would otherwise be
expected.

""Flotation'" Tests - Summary

The results of the 1960 "flotation'' tests, together with all of the ''flotation
" data obtained from the 1959 and 1958 tests, are shown in Figures 19 and 20.
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Figure 20. Summary of 82 ""Flotation'" Tests Conducted Between
1957 and 1960 in Dry, Tree-Belt Snow.

Figure 19 shows dimensionless drawbar pull -“% as a function of the load

numeric, _v_. Figure 20 is a plot of% as a function of dimensionless

cpbd,,
sinkage, % In both figurcs, an experimental error is approximated and the
d

corresponding band is indicated, Since the tests span three complete snow
seasons; since they cover six widely differing tire shapes {with tread, con-
struction, and stiffness differences in addition) and loads from about 200
pounds to 16, 000 pounds; and since the analysis and basic factors studied
are exceedingly simple, the degree of '"collapse' is considered to be excel-
lent. However, there is considerable overall scatter.

There are some minor trends discernible upon close examination of the data
already presented. For example, in the D versus w plot {(Figure 19),
W ¢ bd,,
the torus-type tire and, to a lesser extent, the 24-24 rolling-bag tire do not
appear to perform quitc as well as the other types of tires., The reason
appears to be that, although both are relatively wide, their shapes are such
that the full width charged to each in the load numeric is not effective in the
snow, As a matter of fact, when the tire is used in a 4x4 configuration, thec
tire is immobilized before the fuli width rests on the snow.

There is also a trend for drawbar-pull performance to be slightly better than
average at lower values of ¢, and slightly worse at higher values. This is
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z
confirmed and made reasonable in Figure 20, _V% versus —, where the same
W

slight tendency is observable, this time in terms of the performance at a
given sinkage, which is often a little better in weaker snows, as cxpressed
by ¢,.. In these terms, this behavior is entirely reasonable, Figure 20 also
shows a trend for the narrower tires to have a higher output than the wide
ones at a given sinkage; the 6. 00-16 duals are shown to behave definitely as

two single tires, despite their close spacing.

Figure 20 is of particular importance because the overall analysis presumes
geometric similarity. Accordingly, the prime requisite is for correlation

of sinkage results. This figure shows that if a load numeric is developed that
completely correlates the sinkages, there still must be some differences
remaining in the drawbar performance when plotted on the same numeric.

Some possible sources of scatter, other than experimental error and the
relative simplicity (and resulting inexactness) of the correlating numeric,
have also been examined. The factors studied were as follows:

1. Angle of internal friction, ¢ . This is con-
tained in the basic functional equations of
performance.

5 2 Snow type (according to plate pressure.
e TeE T penetration tests)., The analysis requires

that before complete correlation can be

SINKAGE / DIAMETER expected, the pressure-penetration pro-

files must be of the same shape. If they
arec not, those tests made in different

snows cannot be expected to correlate
____,//— exactly with tests made on the typical

type of snow. To determine whether or

Qyyos 1

TveE T not this factor had an appreciable effect
on the model recsults, the snow in which
SINKAGE / DIAMETER each test was run was clasgified as Type

I (typical), Type II, and Type III, accord-
ing to the approximate shape of the pres-

———\— sure-penetration profiles, as shown in
Figure 21,

w

oio e 3. Type of snow failure. It is implicit in
L the dimensional analysis (in order for the
SINKAGE / DIAMETER results of two tests to correlate) that not
only must the numerics affecting perform-
Figure 21. Snow Types for ance be equal but the mechanism and
Data Analysis. pattern of the snow failure must also be
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similar. Snow fails by a combination of collapse and flow under
shear failure. The snow will collapse to a certain maximum
density (about 0.4 gm/cm3), and further failure will then take
place by shear and displacement (flow). Varying degrees of col-
lapse and fiow failure can be noted from the bonfire pictures;
flow can be noted as a bulge along the tire ruts. In a few in-
stances, a tendency toward a brittle-type failure has been noted,
as can be observed in the honfire picture, Figure 22. The failure
mechanism and pattern were not always similar. The type of
failure in each test, as observed in the bonfire photographs, was
estimated on an arbitrary scale of "percent flow failure'. Figure
23 shows two bonfire pictures, one that was rated as O-percent
flow failure (i.e., solely collapse failure) and one that was rated
as 100-percent flow failure.

Figure 22. Nakaya Bonfire Picture Showing Brittle-
Type Snow Failure. (Condition Indicated
by Vertical White Cracks in Lower Part
of Disturbed-Snow Zone.)

Body force effects. The original complete dimensional analysis

A
w , wherevy is density of the snow (Refer-
v d,’ )

included the numeric

ence 3).

Tread-rubber snow friction. It has been assumed that the rubber-

to-snow friction, f, is sufficiently large to develop the internal
friction, ¢ . Observations made during the test supported this, as
evidenced by snow shearing from beneath the tires, The wafers of

25




100-PERCENT SNOW FATLURE ESTIMATED

i s

Y .
LT oA e
" e e TN e oy Py - .
Sepr , — e i
L . -
L -

0-PERCENT SNOW FAILURE ESTIMATED

Figure 23. TFlow Failure Estimated From Bonfire Pictures.

snow discharged behind the tires shown in Figure 24 indicate there
was no appreciable slippage between the tire surface and snow.
Also, the slip planes, indicating shear failure within the snow,
could be secn in the bonfire pictures (e.g., Figure 25). Although
surface-to-snow slippage could have taken place in some un-
observed instances, no measured values are available and no
quantitative analysis of this factor could be made.
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Snow Sheared From Beneath Tires.
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Snow type {according to plate pressure-penetration curve shape), type of
snow failure (as shown by the bonfire pictures), body forces, and rubber-
snow friction effects all appeared to be negligible as far as explaining the
scatter was concerned. However, if acceptable sinkage correlation is

assumed on the basis of the load numeric ..__YV____

, the drawbar performance,
Crbdw

when keyed to approximate dynamic shearing resistance in terms of tan ¢,

does indicate that variations in this factor may account for some of the
scatter,

Figure 26 indicates that there is a mild qualitative trend for drawbar perform-
ance at a given load numecric to increase with snow shearing resistance (tan¢)

at the same load numeric and hence
{(presumably} at the same sinkage.
This trend, taken with the trend to-

: ! i L ward increasing performance at a
:; G TN G 30 45 * °  given loading with increasing snow
: ¢ ! e A e - "softness’ (or decreasing c,), is not
IV, T only reasonable, but, broadly speak-
als Cohgeeet ’F’ : ing, predictable. It means that
PR -« .« . . . .  rather ihan a single curve, there is
o : 5 ”‘%%A - a fa.mily, mo§t conveniently charac-
o . . . . - terized by using tan ¢as the para-
e A N DO SR .. meter.* The method of performing
' ‘ L ) ’ " the shear tests was changed for the

i 1960 tests, and it is apparent that

Figure 26. Drawbar-Pull Data Analy- the values obtained were affected by
sis; Uncorrected Data the test method. Thus, only the 1959
From 1959 Tests; Tan ¢ data are considered with tan ¢ values;
{Dcad-Weight Procedure). the 1960 shear data are discussed in

the next section of this report.

Shear Vane

As has been noted in equation (1), a functional relationship was anticipated

2
e

{because of much prior theorizing) between the performance of the vehicle and

*There is a crude relationship, in general, between dry snow friction, ''soft-
ness', and ''ncwness'', New-fallen snow tends to have highe~ friction be-
cause of its greater '"roughness''. As it metamorphizes, i1 usually hardens,
and its dynamic friction frequently decreases. This is not a hard and fast
rule; hence, the use of tan ¢ as the sole parameter cannot be expected to

eliminate all scatter from the two causes, although it should help consider-
ably.
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the shearing resistance of the snow, expressed in terms of its angle of in-
ternal friction, ¢ . This relationship, however, has not been sufficiently
clear in the tests to date; this suggests that the measurement of tan ¢ is
somehow in error. The problem is thet the vehicle is utilizing the shear
strength of a composite material (i.e., several layers of snow) to support
and to propel itself simultanecusly. Moreover, the material is being
altered at the same time that it is being used: first, by collapse and
densification of the snow pack because of normal loading; then, by altera-
tion of the snow crystals because of {fracture and shear deformation under
slippage. The problem, therefore, is not one of measuring a fixed me-
chanical property of a singlc material, but rather one of measuring the
effective value of the composite material in the state in which it exists at
the instant that the vehicle utilizes the property. This 1s, of course, the
same type of problem that is involved in the measurement of other snow
(or so1l) properties; e. g., the scaled-plate method for determining the
relative effective structural cohesion,

Two shear test procedures, essentially, have been used. The first pro-
cedure applied the normal pressure to the shear head in dead-weighi
increments (Figure 27). The postcollapse dynamic shearing resistance
was measured for each increment of wecight afier the resistance had
reached a steady value, usually after about a one-quarter revolution of
the shear head. 7Two vane sizes, 25 and 50 square inches, were used.
(Vane sizes of 10, 100, and 200 square inches were added for the 1960
tests.) The available torque of the device produced data up to about 3-3/4
p.s.i. The minimum pressure was determined by the tare weight of the
device, such that the data from the two vane sizes overlapped for a small
portion of the pressure range. Unit shearing resistance was calculated on
the assumptions of constant pressure distribution and of neither strain nor

strain-rate effects' being involved by Q = 213rr3 X7
where

Q = torquc

r = outside radius of vanc

T = average unit shearing resistance.

A "best' straight line was fitted to the data from both vane sizes, and tan

¢ was determined from the slope of the line (Figure 28). Tcsts were per-
formed using this procedure from 1956 to 1959. The results are sum-
marized in Tables 3 and 4 of Appendix II. Some of the tests were performed
by first disaggregating the snow prior to the test in order to produce loose
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Figure 27. Shear-Vane Measuring Device Used for 1956-1959
Tests,

snow comparable to what would be left in a rut after the passage of a ve-

hicle. The friction in disaggregated snow was always slightly less than that
in the virgin snow.

The second procedure, in which new apparatus was employed, was used for
the shear tesis conducted in the 1960 tests. The new apparatus was to be
capable of performing any desired type of shear or penetration test (in-
cluding horizontal shear tests). However, the static pressure control of the
device was not functioning properly, and the dead-weight test procedure of
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the previous years' tests therefore could notbe
duplicated. Also, the original apparatus for
the first procedure was being used for the snow
survey in Canada. For these reasons, the two
procedures were not used together for the 1960
model tests as had been intended.

(psi)

In the second procedure, the shear vane was
mounted on a vertical hydraulic ram. Theram
was extended at a constant rate while it rotated
the vane (Figure 8). The vane was turned by
hydraulic motors through the hollow ram shaft,
NORMAL PRESSURE  (ps 1) ‘T'he vane was first brought to the surface of the

snow so that the vane was fully imbeddedin the
Figure 28, Typical Shear-Vare snow, but with no normal pressure being ap-
Curve (Dead-Weight Procedure), plied. Rotation of the vane was started, and

then the ram was extended at a constant rate.
Normal pressure and unit shearing resistance were plotted on an X-Y record-
er. Data determined from this procedure were designated as tan¢,. Vane
sizes of 10, 25, 50, 100, and 200 squarc inches were used. Nourmal pressures
were increased until 10 p. s.i. or 300-inchk-pounds torque had been reached,
whichever occurred first. The rate of penetration was about 1 inch per second,
and the angular velocity was about 0.3 revolutions per second.

SHEAR STRESS

In the first procedure (thc dead-weight), the shear deformation--shear-stress
factor (B, Reference 3)--was neither measured nor greatly involved, as only
the final steady valuec of shear, after considerable deformation, was measured.
Typical results are shown in Figurce 28, The data for the 25- and 50-square-
inch vanes generally showed a tendency to be separate straight lines, as in
Figure 28. A 200-square-inch vane was added in the 1959 tests; because of
torque limitation, data were obtained for only about 1/4 p, s.i. and always
agreed closely with data for the other vane sizes. As has been noted in the
previous section of this report, the dependence of performance on the angle

of internal friction obtained from these tests is weak; i. e., the range of tan ¢
is large while the change of performance is small.

The second procedure (that of measuring at a constant rate of penetration
and simultaneous rotation) was intended to inciude the shear deformation--~
shear-stress parameter (B, Reference 3). Since the vane was constantly
penetrating new layers of snow and since, presumably, the shear surfaces
were changing, the shear deformation did not have sufficient time to develop
maximurn shear stress. The results clearly show this, as some of the tan ¢,
values obtained by this method are lower than any obtained by the dead-
weight method. (See Appendix II Table 4.) The table shows this comparison
for the same vane sizes and for the same range (3-1/2 p. s.1i.) of pressure.
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Typical results of the tests made in 1960 using the second procedure are
shown in Figure 29, and the entire results are also tabulated in Appendix II.
The graphs show a noticeable, but not entirely predictable, effect of the size
of the shear vanes, The results obtained with the 10-, 25-, and 50-square-
inch vanes vary with respect to each other and to the 100- and 200-square-
inch vanes in no fixed relationship; also, the smaller vanes have an overall
greater range of values than the 100-square-inch vane. The 100- and 200-
square-inch vanes, however, are almost always in close agreement with
each other. The irregularity of the smaller vanes may be due to relatively
minor dishomogeneities in the snow pack. If so, this suggests that a shear
vane should be 100 square inches or larger to avcid unpredictable size effects
from this source.
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Figure 29. Typical Shear-Vane Data (Constant
Penetration Procedure),

It is still likely that there will be a size effect in the shear measurement.
{The 100- and 200-square inch vanes were not always in exact agreement. )
The size effect does not appear to be subject to the same scaled-size ap-
proach that has been used in the plate penetration tests for the determination
of . It has been demonstrated that the scaled bearing plates utilize approxi-
mately the same layers of snow as the model tires (Reference 7). Figure 30
is a bonfire picture that shows a plate test and vehicle rut both utilizing the
same layers of snow. However, the shear cone developed under the shear
head probably varies in size and depth according to the vane size. Thus, at
a given penetration, it is shearing through different snow stratifications
according to the depth of the shear cone. It is, therefore, possible that the
shear head should be about equal to the minimum dimension of the tire con-
tact area. {This, of course, would not be desirable for large tires because
of the difficuliy of making the measurement with such a large shear head.)
More recent tests in sand, when using the second procedure, have also
indicated that measured tan ¢is sensitive to rate of penetration. If this is
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Figure 30. Bonfire Picture Showing Both Plate and Tire
Utilizing Same Snow Layers.

true in snow also, some thought and experimental study must be given to the
problem of proper rates for corrclation. The rates may not want to be the
same for heads of different sizes.

The shear curves, of which Figure 29 is typical, are nonlinear and have
frequent sudden changes of slope. This probably results when the shearing
plane cxtends through stratifications of hard snow (crust layers). The struc-
tural cohesion of these crusts is utilized; when broken up, the material be-
comes again solely frictional.

The problem becomes even more complex when it is considercd that neither
the pressure distribution under the tires nor that under the shear vanes is
constant., The shear curves are . opreciably nonlinear. Therefore, since
the vehicle is operating over a range of normal pressures, ¢ must be
expressed as an average for the range of pressures involved; to be com-
pletely accurate, & must be weighted according to the actual pressure
distribution under the tires and the vanes. However, the 1960 method
appears to be basically adequate, although it must be developed and checked
further.
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Snow Performance in Terms of Tesis Made in Sand

Since sand and snow are both frictional granular materials and since they
fail in a similar manner {i.e., by collapse and {low), it is probable that
there would be a correspoendence
between the performance of vehi-

. L ‘ ' o cles in snow and in sand. In Refer-
\ ! : ence 9, it is shown that if the
I L R strength of sands in terms of ¢, is
Moo e determined from the same standard
03 g\\ -/«_”"D-‘m T as that of snow {(rather than to a
o T scale where ¢, sand = 1 is equiva-
oz :,A,,,,‘:\ o MesTer lent to ¢, snow = 16.5), the draw-
X bar-pull performance curves for
L tawgsoa tires in sand and in snow are re-
e U sowree markably similar in shape (see
' Figure 31). The difference in
0[ - . - values may be assigned to the
Load nomeRic - relatively large and consistent dif-
(5L REFLARED TH TYRE I SxOW CURVE! ference in tan ¢ (by the first proce-
dure, about 0.4 for snow and 0.7
Figure 31, Comparison of Draw- for sand).
bar-Pull Performance
Tests Conducted in It would be a great convenience if
Sand and Snow. "ground-supported" snow perform-

ance could be determined from
scaled-depth tests in sand. It seems possible that this can be done. There
are sufficient scaled-depth snow data in this report to check the results which
could be obtained on some pilot runs in sand.

Snow Survey

When considered with proper snow values, the data and methods of this re-
port will permit the solution of a wheeled off-road-snow-vehicle design
problem in terms of its most important element, namely performance. The
snow data of most interest would prchably be those for the worst condition
that could be expected to occur for a certain number of days a year in the
"difficult" snow areas where the vehicle could be expected to operate.

The "difficult" snow zone (excluding mountain areas) is a belt extending

across the North American continent that is below the tree line and above the
freeze-thaw zone. A similar belt extends across the eastern hemisphere.
Data on the Houghton, Michigan, area are available for the period 1958 to
1960. A pilot snow survey in terms of the snow strength parametersdeveloped
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by the U. S. Army Transportation Research Command in this research was
initiated in Canada in 1960 by a traveling team. The results of this limited
survey are presented in Appendix II. More extensive snow depth information
is avalilable from a survey conducted by the Canadian Government during the
period 1946 to 1950 (Reference 9).

EVALUATION

The scale-model performance data presented herein can be used as a design
basis for 4x4 wheeled vehicles having equal weight distribution when the ve-
hicles are intended for operation in typical "'difficult’' below-the-tree-line :
snow.

The data for the "ground-supported' performance cover the range for more-

or-less normal tire proportions but do not cover the complete range of tire
width-to-diameter ratios.
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APPENDIX 1

SUMMARY OF TIRE DA1A »
Groes
Weight D K™ w w
Date Tire (1v.) w dy, cy cpdyf cpbdy
1960
“ 28 Jan 6.00-16, S 19% 10 .22 . .20 1.3 5.%
i " " 195 1 .19 . .22 1.2 4.95
" " " 495 .02 .28 . .34 L ¢.0
‘ 1 Feb Guoer, Full-Size 34, 7759 o 15 .21 1.63 0.08. -
} " " " .09 14 18 1.52 4.32 .
| - " " " 0 - 27 1.52 " .
" " 62,450 10 16 22 1.98 5.9 -
" " " 13 15 .20 " ” -
10 Feb 6.00.16, Single 195 12 15 . .32 .8 3.4
" " 295 B 16 . .49 8 3.35
" 395 .03 1\ . .66 8 3.3
" " 495 -.08 .20 . 44 1.2 6.2
" . 595 -.20 22 . .36 2.1 8.95
26 Feb LCC. Model 544 -.045 38 . .07 8.7 215
. " 644 ~.09 39 . a7 10.2 25.5
29 Feb " 544 .03 .26 . .19 3.2 8.0
4 Mar " " -.03 .38 . .08 7.6 19.0
8 Mar 24-24 Bag 666 -.07 .26 o .10 1.3 1.8
" " $66 -.035 .26 . 12 8.0 8.00
i " " 466 oy ) . BT 7.2 7.15
i - ” 166 0 Son . o 5.6 5.65
! 16 Mar LCC, Model 1,004 17 09 13 87 1.3 -
" " ” 08 13 19 " " -
" " " [} a2 .29 " " -
" " 1,804 1z .07 .13 2.8 74 .
" " " 13 .07 .10 " " -
N " " .04 .10 .14 " " -
10 Mar 6.00-16, Single 2,088 10 - .28 .18 3.4 -
" " " .06 - .18 1.87 1.7 -
- " " .16 - .13 1.58 1.7 -
" " 8sS .23 - .08 1.26 9 -
» " " .01 - .19 1.28 K] -
" " " .02 K .22 1.09 1.0 -
. 11 Mar LCC, Model 2,604 .38 .03 .02 3.40 .87 -
" " " .24 .07 .09 " " -
| " " " .20 .08 .1 " " -
: " " " L14 .09 Nt " " .
N . " 3, 404 .16 . .13 278 14 -
" " " A2 - 5 1.6 2.4 -
“ " " .03 - .22 1.2 3.2 -
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SUMMARY OF TIFE DATA-contd.

wereha Y “ » L ¥
Date Tire {1b.) w 1 1) dy, <y cpdy bd
14 Mar LCC, Mode! 2,604 1 L 17 1.4 21 -
" " " -, 05 e .24 1.2 2.4 -
" " " .07 .20 29 1.2 2.4 -
15 Mar 6.00-16, Single 3,25% 20 15 1.4 3.0 -
" “ " 16 . .21 1,03 41 -
“ " " .02 - 25 1. 16 3.6 -
16 Mar LCC, Modet 6,362 .18 - 19 1.5 4.8 -
" " " .03 - .22 1.2 5.9 -
" " " ° - .23 “ " -
" “ g .1 - 18 1.5 4.8 -
1956
Recapituiation LCC. Modet 1.060 26 .03 10 1.40 .8 -
" " " .22 .05 13 " " -
" " " 16 .07 17 " Kl -
" " " 10 .08 .20 " -
N N " .07 10 .24 » " -
" " " 4 11 .27 “ " -
" " 2.500 .02 13 .25 - 1.9 -
* " " -.01 N .24 " " -
" " " .03 .10 .22 " " -
" . ” .22 13 13 " " .
" - 3.940 ° L2 .47 .70 3.0 -
~
" " " .05 17 37 " " -
" » . .07 15 .34 " " -
" " " 12 .10 .24 " ' -
s " " 14 .09 .20 " " -
" " ” T .05 £3 " .
* " " .30 .04 .10 1.40 3.1 -
" " " .22 .67 13 " o -
" - ” .17 .08 .15 o " -
" - " .09 .10 18 " " -
" " " 0 12 .23 " " -
" LCC, Full-Size 58,700 (13 L2 .2 2.8 1.% -
" " - .07 10 .20 " “ -
" " - .01 " .23 " B -
" “ " -.02 .16 .25 " " -
" " " .10 a2 L2 1.y .2 -
. " “ .06 14 .28 " . -
" " " -.02 16 .29 ” " -
» T.00.16 3,940 .06 .20 .25 1.4 .2 -
" o 2,500 ] - " 1.4 2.0 .

*sUnequal weight distribution: 24,000 (5., froat; 12,000 1b,, rear.

now sulficlently deep to avoid ground support,
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APPENDIX i

SNOW SURVEY RESULTS

The data that are presented in this appendix show the level of snow values

that can be expected to occur for a given number of days a winter in "difficult",
subarctic, below-the-tree-line snow regions; however, because of the limited
number of locations sampled and the limited number of tests performed, the
data are tentative and do not describe accurately the geographical distribution
of values,

The '"difficult’” snow region known as the Northern Forest Region is a belt ex-
tending across the North Amcrican continent. This is the principal region
which presents '"difficult' snow conditions for the passage of vehicles., (See
Figure 32.) A similar belt extends across the eastern hemisphere., While

ARCTIC
REGION

MORTHERN
FOREST

PRAIRIE '-‘ m SKi
‘\f\ — : . KAPUSKASING (Y or o ~/\'\I'HAW
e Y b‘ {ONGLAC \q
e N 4
/A
S\ NQRTH BAY
-NEATH E 0T TAWA
/ HOUGHTO) 2 \ 40
ol | 2

Figure 32. Test Locations and Snow Regions.

mountainous areas of "difficult' snow exist, they are of less areal extent
than the Northern Forest Region. Testing was not pcrformed in the perma-
nent snow regions of the Greenland Ice Cap and Antarctica; only the sub-
arctic, below-the-tree-line region was included in the survey. The survey
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of the Northern Forest FKegion, other than Houghton, was undertaken in the
winter of 1959-1960 by a mobile snow survey team.

Measurements were made by methods discussed in Test Procedures and
Results in this report and in Reference 9. All measurements were made
in profile increments of 2-1/2 inches. (See Figure 33.) All of the data
were recorded on data sheets in digital form,

HOUGHTON, MICHIGAN; |13 FEBRUARY 1959; SNOW DEPTH: 32 IN.
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Figure 33.
in Snow.

TEST LOCATIONS

-1
DEN ITY m
tm3

[ 0 20
TEMP.{°F.)

Typical Profile Measurements

The Northern Forest Region is indicated on the map shown in Figure 32.
Tests were conducted at various locations having a variety of terrain and

surface features, and of failure characteristics, all of

assigned the following code numbers for identification:
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Liocations Code Number

Quebec, Quebec (Val Cartier)

Otiawa, Ontario

Kapuskasing, Ontario

Lionglac, Ontario

North Bay, Ontario

Ramouski, Quebec

Houghton, Michigan 1

O~ W h W -

Terrain Features

Open level field, sparse vegetation 1
Level field, sparse vegectation,

sheltered by surrounding woods 2
Woods or woods trails 3
Frozen lake 4

Surface Features

Smooth new snow 1
Srnooth crust 2
Scalloped or etched drifts 3
Snow Failure Characteristics

Collapse 1
Brittle 2
Flow 3

Collapse failurc is failure which results from collapse and densification of
the snow particles. (Sce Figure 34.) When the snow is sufficiently bonded
to form a cohesive solid, rather than a collection of unbonded particles, the
failure that occurs by snow's breaking into pieces is termed brittle. (See
Figure 22.) Flow failure takes place when the snow fails by shear failure
and flow, rather than by densification. (See Figure 35.) Typically, at least
two types of failure can be noted in the various layers of disturbed snow.
Generally, the failure will start as primarily collapse at small sinkages.
As the sinkage progresses, the density increases until a density of about
0.4 gm/cm3 is reached, and thereafter, further failure will proceed by flow.
Where two types of failure were noted, the code number for the dominant
type of failure 1s shown first on the graphs,.
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Figure 34. Bonfire Picture Showing Collapse-
Type Snow Failure.

Figure 35. Bonfire Picture Showing Partial-
Flow-Type Snow Failure.

PLATE PENETRATION DATA

The snow quantities of greatest influence on vehicle performance ar
depth (h) and the relative effcctive value of the structural
The method of measuring Cy

e snow
cohesion (c,).
for the scale model tests has been to measure
the pressure-penctration profile with round plates. (See Figure 36,)
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Figure 36. Plate-Pcnetration Test Apparatus.

Results of the plate penetration tests are summarized in Table 3., (See
page 47.) The areal homogeneity of the snow was generally good; only a
few tests were necessary to describe an area. Figurc 11 shows three
typical replications made within a distance of 5 feet. The relative strength
value, Cp» was determined for plate penetrations of 2 X plate diameter, or,
where the snow depth was insufficient for this, within one plate diameter of
the ground. The platc was presumed to become '‘ground supported' when
it approached within one diameter of the ground, which is approximately

in accordance with the data shown in Table 2 and the photograph shown in
Figure 37,

The scalc-model tests showed that tires become "ground supported' before
immobilization occurs if the snow depth is less than 0. 3 tire diameter, or,
in terms of the scaled platcs, 3 X plate diameter. The vehicle can become
immobilized at lesser depths, but the performance will be governed by
"ground- supported'' data; the vehicle will not become immobilized for any
vehicle weight or snow strength if the snow depth is less than about 0. 2%
tire diameter. For tire diamecters of 90 inches or less, snow depths will
generally be more than enough to permit "flotation' immobilization. How-
ever, for the 120-inch-diameter tires, the snow depth will quite often be
insufficient to cause immobilization before "ground support' occurs, and
vehicle performance is then determined from "ground-supported' data.
For cecmplete generality, the expected snow strength should be known for
snow depths less than the depths required for “flolation'. The performance
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rapie

DEPIHS OF PLATY aNDny BOLY D AT 5INKAGES AND Dip FORMY D SNOW CHOUGH TUN)

PEALY POLECAT
b-lnch tiamerer btk Diameter I teon Draieter Te-leon Duaneter
Sinkage Def. Snow  Sinkage Dot Snow Sinkege el Suow s

Pate (] Q) ({In_} {to } (in.} AL B
1953

13Feb 7.0 1.0 - - - - R R

16 Feb 6.0 [ - - - - -

25 Feb 8.0 29 - - - -
2o Feb 7.0 2.9 - - - -
1960

27 Jan 7.0 e e - - - - - -

4Feb 8.4 e HCN [ i e Ton Pu 7o 25

8§ Feh o5 10 g BN 150 61 s 85 12,0 2t

9 Fech 5.4 3.0 T EIEN 1: ke 120 9.9 9.0 18
18Feb b0 () v~ 1 ue 40 s e 1.0 12.0 750 18
2UFeh TR s 2 Lo 1o 17 5 T ozs (RN 19y 8.0 25
26 Feb 104 2.y - - - . - - - - -

1 Mar kg s 1: s 5.8 19 ¢ 132 22,5 12.% 12,5 5.0 13
Average Depth
Deformed s 52 [ 9 10,1

“*Ground €uppott indi: atid wn bonfire Photograph.
#2hata excluded wherre grawnd sunnort sx s, Vred

1 Sinkage

Detormed Snow

//////////_

iy

Figure 37. Plate and Polecat Sinkages. (Leftto Right: Polecat
Track, Rear Unit; 3-, 3.4-, 6-, 9-, and 12-Inch
Diameter Plates.)
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would then be based upon the strength value and the depth.

are statistically insufficient for this.

this depth-proportional relationship.

o
1
|

T |
- 3 FEB 1939, ROUGHTON, MICHIGAN
~ 29 FEB 1960, HDUGHTOR, MICHIGAN
- 7 MAR IS60 HOUGHTON, MICHIGAN .
- 29 FEB 1960,QUEBEC, CANADA e

>O=C

The present data

However, since the snow has a general
tendency to increase in strength with depth (Figure 38), the sirength of snow
at less than "flotation'" immecbilization depth can be approximated by assuming
Figure 39 shows the strength distribu-

LR R R

PLATE OIAMETER (IN)

Figure 38.
Depth {Typical Data).

RELATIVE EFFECTIVE STRENGTH !c,)
|
|
-
|

A |
g
\4

e

T T

Increase of Snow Strength With

tion ¢f the tests made in snow
of sufficient depth to cause
“flotation' immobilization

(3 X plate diameter). Because
of the limited survey data, the
data for tests of snow of slightly
lesser depth have beenincluded
by first determining ¢, up tothe
plate penetration of one diameter
from the ground. Then, the
value of ¢ was increased to
that of an equivalent snow pack
of "flotation' immobilization
depth by assuming the usual
linear increase of strength

with depth., Also, data from

all of the test locations have been lumped together, regardless of the number

of tests performed at each site,
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Distribution of Snow Strength for 100-Day
Season of "Difficult" Snow (From Preliminary
Survey of Tree-Belt Snow Areas, 1958-1960).
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are also lumped together in Figure 39, although the preponderant number of
observations were made in the sheltered {ields and woods or woods trails,
which are where the most 'difficult' snow occurs. (See Figure 40.)

The percentages shown in Figure 39
can be interpreted in terms of number
of days by tentatively assuming a
Udifficult’ snow season to be a 100-day
period between 10 December and 18
March. This period wiil approximate
the 'difficult'’ snow season. For the

I

3R

& p—p— — -t -
1/

R S S S
O SNOW DEPTH

PR I A /_H | o 1z-m-oia prarey 1Z2-inch plate, snow depths sufficient
X #INCDIM PLATE for “flotation'' immobilization occurred
I —— 4§ D 8-IN-DIA. PLATE
cem 0 3-IN-DIA. PLATE for only about 32 percent (or 32 days)}
1 NUMBER OF OBSERWATIONS . , .
op—t— - b SHOWN IN PARENTHES(S of this period and for the 9-inch plate,

o

AVERAGE SNOW DEPTH (IN)

A S S ,J:,ML“ ] about 68 percent (or 68 days). For the
L] A{ 41_{” ‘J"‘ jl 6- and 3-inch plates, the snow depth

L.t 1] L was sufficient for "flotation'' immobili-
T okseeTesEo P zation almost 100 percent of the time.

s o 2.FIELD SHELTERED BY TREES

$-W0ADS OR W00D3 TRAIL While considerable variations occur,
7I7 the data indicate that the structural pro-
T file of the typical snow condition is as
~ +— deacribed by Figure 9. An important
P @y aspect of the plate data is the charac-
- » O teristic of strength increasing with
[ h —tis) tj depth. Thus, larger vehicles, which
. . can tolerate more sinkage without be-
TERRAIN FEATURE CODE coming immobilized, do not need to
have the same low ground pressure re-
Figure 40, Variation of Snow quired for smaller vehicles. Not only
Properties With Ter- snow but most natural terrains exhibit
rain Features. this characteristic; e.g., sand (Refer-
ence 9). The curve in Figure 38, which
shows ¢, versus plate sizc for given snow packs, is typical of the generally
linear strength increase with depth of snow.

b N TN

{i%5)

ey
1 o 1 (i';i’ )

AVERAGE ¢,

The only observed marked departure from this general tendency of strength
increase with depth occurred at Kapuskasing, Ontario, on 21 January 1960.
(See Table 3.) The snow strength was very weak and nearly constant with
depth. This was a snow pack that had accumulated quickly and without time
for the lower layers to undergo the usual aging process. This condition
probably existed for less than a week., The snow was so weak in the lower
layers that a large vehicle having 120-inch-diameter tires and the lightest
possible weight would be immuobilized as a 'flotation' vehicle. However,
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TABLE 3
PLATE PENETRATION DATA
T T cy - o Polecat
Snow Plate Diameter (In. ) Tew 0 106.Sq~In. Vane Sinkage
Depth 12 12 9 9 6 3 7 otare Tan ¢, Tan &, {In.)
Date {ia.) (1) {n Locatiox i (3) 4 {5)
1958
6 Feb 30 1.8 2.2 - - - Li5 Houghton 2 - - -
11 Feb 27 1.2 1.6 - - LB .42 " " . - R
12 Feb 31 1.3 1.5 - - - .55 . " . . R
. 13 Feb 28 1.3 1.7 - - 7 67 " . - - .
17 Feb 26 1.6 2.2 - - .1 .55 " " - . R
19 Feb 28 1.4 1.8 - - .8 .58 . " - . .
’ 24 Feb 26 6.0 8.3 - - - . " " - . .
1959
26 Jan 26 2.8 1.9 1.9~ Na 1.2 - " 1 - - ) R
28 Jan 28 - - - - - .83 " " - - -
29 Jan 31 4.0 4.6 2.3 NA 1.6 .82 " " B B R
2 Feb 33 2.3 2.5 1.6 NA 1.3 2 " 2 . - -
3 Feb 35 2.4 NA 1.6 NA 1.0 .38 " " . . _
4 Feb 37 1.9 NA 1.2 NA .9 .51 " g - . R
5 Feb 33 2.1 2.3 1.2 NA .9 .60 " " - . .
6 Feb 33 2.6 2.8 1.2 NA .9 - " " . R .
9 Feb 34 2.1 2.2 .7 NA - .40 " ” .48 R -
10 Feb 36 - - - - - 5% B " R - R
11 Feb 35 - - - - - e " . - . .
12 Feb 34 - N - - - .64 " " . . o
13 Feb 32 - - - - - .61 . " .39 R .
16 Feb 30 1.4 1.7 1.4 NA 1.2 w3 " .50 R -
19 Feb 30 . - - . . 59 " “ R N )
20 Feb 30 - - - - - .67 " " .76 - _
24 Feb 23 . - 1.7 2.0 1.2 .42 " 3 .40 - -
25 Feb 28 1.6 2.1 1.2 NA .7 .38 “ " .36 - -
26 Feb 29 - - - - - .37 " " .39 - -
2 Mar 33 1.5 1.6 1.0 NA .6 .40 " " . - .
1960
25 Jaa 18 . . . . .5 .17 " 1 - .45 -
. 28 Jan 25 . - - - - .23 . 2 - .43 -
1 Feb 14 » » . » - .87 ” 1 - V .35 -
2 Feb 15.5 . . . . 3.0 .80 " " - 43 R
* 3 Feb 13,5 S - . . . 1.22 " n . - 4
4Feb 25 . . 2.3 NA 1.6 e " 2 - .38 7
8 Feb 25 . . 26 28 14 .38 " " - - 8.5
; 9 Feb 24 . » 4 45 1 .80 " " - .45 9
10 Feb 22 . . 2.8 NA 1.4 s “ " - .45 -
18 Feb 20 . . 1.1 1.5 .6 .19 " 3 - - 12
: 19 Feb 19 . . 1.0 1.4 .4 a7 " " - .40 -
47
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Table 3 - contd.

Cr Polecat

Snow T T T Prae Dumetergn.) Terrain 100-8q.-In. Yane  siokage

Depin 12 12 k] 9 b 3 Feature Ten &, Tan ¢, {In.)
Date [T} w ) Location [£3) [$))] (%) {5)
1960
21 Feb 28 r4 AR 12 NA - Y Huughion ¢ - 25 I
26 Feb 19 01 3 45 -
29 Feb 39 P2 NA 90 NA [ 19 ' - 6 -
4 Mar 45 - Q8 - 35 -
7 Mar 19 14 NA 120 NA 8 16 0
4 Jan 22 . . .8 1o 4 .05 Quebec 2 o B 1.5
b Jan 2Z . . .S b L A . 3 - - 15
19 Fab 16 14 NA 37 NA .84 I " 2 . - i
U Mar 18 16 NA 8% NA .80 -23 - 3 B1) - 14
11 Jan 12 . . . l . .70 Ottawa 3 -3 - 7.5
18 Jan N i3 . (3 (3 a 15 Kapuskasing i . - 1
19 Jan 18 . . o .9 . 4 " " . - -
21 Jan 27 25 3! 30 NA .25 25 N 3 1 - 17
? Mar 28 iy 24 90 NA 1.0 (13 " 1 .58 - 12
T Mar A 1o NA 41 NA 3 15 - 3 .53 - 14
25 Jan 18 . . i Ll 20 13 Longlac $ .43 - 10
6 Jan 23 4 0 . 26 10 1% 18 Longlac 3 1 - -
14 Mar s . . 45 52 30 4 " - .52 - 14
18 Feb 42 o NA 82 NA 60 20 Ramousk: 2 25 - 17

<« No test paiformed
* Depth insufficient for test
(1) Value presumned for snow pack of eulficient depth to avaud ground supporl.
(2) Terzain Fexwre: 1| Cpen level field, sparae vegetalion 2 Open lovel field, sparae vegetatinn,
sheilered by currounding wonds. 3. Waoods, or woods tra)]l 4. Froszen lake
§, ., by dead weighi ivading tesr method. average of 25- nod 50.3q. -in_ vancs
(4) Tan 4, . by sunultanetus ratation and penetralion mathod, 100-aq. -1u vanw in & p.s.1 normal pressure,
{%) The Polecat 1» an articulated vehirle with W#esoel (MEFC) tracks and suspensinn.  The front uait walghed
about 4, 400 pouads, fhe rear 6,100 poinda. Fach of the four tracks has a nominal contact area af
20 x 78 iuches, resulting in & hom.nal unit ground pressure of 1.94 p.s.1. on the rear umit.

11 Tan
{3} Tan

e me— em ez R s

such a vehicle, since it is considerably overloaded for 'flotation', would be
almost capable of retaining mobility with "ground support' because the snow
depth was less than the ''flotation'' immobilization depth. Smaller diameter
wheels in this snow would fail in both 'flotation'' and ''ground-supported"
operation. Snow packs of this type can be expected only in the early-season
period, when heavy snowfalls result in a rapid accumulation of depth without
time for appreciable aging of the lower layers.

In general, thc snow is deeper and softer in the sheltered and woods areas.
This is shown in Figure 40. Additional observations of snow depths are in-
cluded for days not included in Table 3--days for which no plate tests were
made. All of the depth obscrvations were made near Houghton, from 1955

to 1960, except those made in Canada and shown in Table 3.
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SHEAR VANE DATA

Of the two different test procedures described earlier in this report for use
in shear vane tests, the dead-weight procedure was used for the 1957, 1958,
and 1959 tests at Houghton, Michigan, and for the 1960 tests in Canada. The
sccond procedure, thal of rneasuring at a constant rate of penetration and
simultaneous rotation, was used only at Houghton, Michigan, during the 1960
scale-model tests,

The results of the shear vane tests are shown in Table 3 and more completely
in Table 4. (See page50.) Table 4 is a tabulation of the shear vane tests |
made during a 5-year period and shows the range of values obtained by the
two test procedures. (Typical test results of the first procedure are shown
in Figure 28, and those of the second procedure in Figure 29.)

Attempts to correlate the friction data with scale-model test results indicated
that data determined from using the second procedure (constant rate of pene-
ration and simultaneous rotation) were more closely reflected in the vehicle
performance than data from the first procedure (the dead-weight). Also, the
data obtained with the 100-square-inch vane corresponded closer to vehicle
performance than the data obtained from the smaller vanes, Tan ¢ could not
be determined from the 200-square-inch-vane because the torque limitation
of the devices limited the normal pressures that could be used, The 200~
square-inch-vane data, however, nearly always agreed more closely with the
100-square~inch-vane data than with that of the smaller vanes., Therefore,

it was concluded that the vane size should be at lcast 100 square inches.

A morc complete survey of snow depths than is contained in this report is
available from The Canadian Snow Survey, Reference 10, If data from that
publication are considered together with the distribution of snow strength
shown in Figure 39 of this report, the performance of a wheeled vehicle can
be determined to be at least a certain level for all except a certain number

of days during thc snow season. Figure 39 gives the occurrence of snow
strength values where the depth is sufficient to cause 'flotation'' imrnobiliza-
tion. For lesser depths, the probable strength occurrence may be approxi-
mated by assuming the usual case of strength proportional to depth. Figure
39 is tentative; it is based on the data presented in this report. Because of
the limited number of locations sampled, the data do not describe the geo-
graphical boundaries for the occurrence of the strength values shown, How-
ever, the '"difficult'' snow region is approximately the Northern Forest Region
(Reference 10), and the locations sampled had been selected as representative
of the most ''difficult!'' portions of this region.

While the plate tests have particular application to the performance of wheeled
vehicles, the strength values should provide a relative reference for the per-
formance of tracked vehicles. For example, if a particular tracked vehicle
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TABLE 4
SUMMARY OF SHEAR VANE DATA

pa

Tan ¢, (1) Tan 4, (3) L
25- and $0-5q.dn. Vanes 25- and 50-Sq.-{n, Vanes [G0-Sq.- "+ eas

Date Undisturbed Disaggregated {2) Remarks
Houghton

15 Feb 56 .47 -

2 Mar " .62 .41

7 Mar " .54 .39

8 Mar " .49 .43

9 Mar " .36 .29
10 Mar ® .33 .27
12 Mar .3 .26
13 Mar " .28 .25
15 Mar .50 .42
16 Mar v .49 42
2l Mar " - .48

Z Feb 57 .3 -

2 v .18 - 6" Below Surface {4)
2 " .42 - 12" Below Surface
8 Feb 57 .43 -

g n n .50 . 5" Below Surface
g v .50 - 10" Relow Surface
13 v .30 -
13 v .40 - A Y 6" Below Surface
13 v .50 - ) 12" Below Surface
13 = .28 -
19 ¢ 27 _ 4" Below Surface
19 v s . ~ 13" Below Surface
1 Mar .42 -

1 Mar ™ .33 - 3" Below Surface
1 Mar " .37 - 11" Below Surface
6 Mar " -3 -

6 Mar ™ .35 - 3 Below Surface
6 Mar " 1) - 10" Below Surface
7 Feb 58 .48
14 Foeb " .60

3 Mar © .54 '
29 Jan 59 .47

4Feb " .67

9 Feb " .48 .
13Fed .39
16 Feb » .50
20 Fab .16 -
24 Feb .40
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Table 4-contd,

Date

Tan ¢,{1)

Tan Q-J [}

25- and 50-8q.-In. Vancs
Undisturbed Disaggregated (2}

25. ard 50-Sa.

-In.

Vanes

100-5q.~In. Van.

Remarks

Houghton
25 Feb £9
26 Feb v
25 Jan 0
28 Jan V'
1 Feb ™
2Feb "
- 2 Feb "
4 Feb "
4 Feb
5 Feb "
8 Feb
8 Feb
9 Feb "
9 Feb
10 Feb
13 Feb v
19 Feb "
21 Feb "
21 Feb
26 Feb ™
29 Feb
29 Feb "
4 Mar
7 Mar"
7 Mar”
8 Mar "
Quebec
4 Jan 60
1 Mar "

Qttawa

11 Jaa 60

- Kapuskaring

21 Jan 60
T Mar"
- 9 Mar"
Longlac:
25 Jan 60
26 Jan
14 Mar

Ramouski

18 Feb 60

.36
.39

.37

.50

.33

34

46

33

.31

.43

.27

.29

.16

.20

L2l

.19

~

* .29

.26

.20

.20

W28

19

.19

.23
.3
.53
.33
.33
.58
.53
.43
.33
.52
.25

.45

.43

.43

.38

.38

.45

.48

.43

.45

.45

.40

.38

.25

.35

.45

.48

.40

.35

.30

40

.30

2" Below Surface
4" Below Surface
12" Below Surface
2" Below Surface
12" Below Surface
2" Below Surface
2" Below Surface
12" Below Surface
2" Below Surface
12" Below Surface
2" Below Surface
2" Below Surface
12" Below Surface
2" Below Surface
12" Below Surface
2" Below Surface
2" Below Surfaca
12" Below Surface
2" Below Surface
2" Below Surface
12" Below Surface

2'' Below Surface

2'* Below Surface

2" Below Surface

2" Below Surface

2" Below Surface
2" Below Surface

2" Below Surface

2" Below Surface
2" Below Surface

2" Below Surface

2" Below Surface
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should be known to become immobilized at, say, 12 inches of sinkage, then its

- Table 4.cantd.

(1} Tan ¢, was determin.d from data abtained when using dead weights for normal loads. The shearing stress used
is the final steady value resched aftor about & onc -quarter revelution of the shear vane, Tan ¢, is determined from
the best straight-line average of the 25- and 50-sq.-1n, vanes.

{2) The snow was dhsaggregated by jabbing with a shovel unr:l the maximum density “in-track” condition was aimulaied;
average deanity was about 0.4 gm/cm? |

13) Tan §, was determined from data obtained when penatrating the shear vaae at a constaat rate while simullancoysly
rotating the shear head.

(4} "Below the aurface' indicates ihat the atated amounl of enow wae removed from rhe surface before the tee! ~ax
conducted.

performance should be relative to the strength value determined from the 6-
inch plate, which, according to the method used, is tested to twice its diam-

cter,

or 12 inchea.
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SECURITY CLASSIFICATIUN (7f snp)

PISPOSITION FORM

FILEND. TCRAD-CO-OTD 9-97-40-] SUBEST Agsignment of House Task 4.2, Project 9-97-40-000,
000, Task 4.2 Vehicle Mobility Factors

T0 Ch/Motor Trans Div FROM CO, TRADCOM DATE 1 pctober 1955 COMMENT NO.1
Mr. Davis/6275/ss

1. The following task is assigned to your division for prosecutinn:
a, Title: Vehicle Mobility Factors
b.. Task No.: 4,2
¢. Project No.: 9-97-40-000
d, Date of assignment: 1 October 1955
e. Target date for completion: To be determined.
f. Scope:

(1} To develop correlation factors between mobility of existing
vehicles and scaled models on all types of surfaces,

(2) To recocrd the correlations in a manner that will permit their
application to design of future vehicles by first bulilding and testing scaled
models to determine relative merits.

g. Remarks: Nene
h. Reference: None.
2, Commercial contracts which are necessary in support of this task will .

be subject to specific approval. TCIC Contract authority 1s contained in
Task 4, Project 9-97-40-000,

/s/ John W. Koletty
JOHN W, KOLETTY, Colonel, TC
Commanding

D D FoRM 9 6 REPLACES HME FORM 25, 1 OCT &4, WHICH MAY BT USED. AGL 1) 1-30-281-7443)
fFEB 30 2




DISTRIBUTION

DEPARTMENT OF DEFENSE

Transport & Ships Division
OFMO, ODDR&E

Room 3D-1075, The Pentagon
Washington 25, D. C.

UNITED STATES CONTINENTAL ARMY COMMAND

Commanding General

United States Continental Army Command

ATTN: Materiel Developments
Fort Monroe, Virginia

Commanding General

First United States Army
ATTN: Transportation Officer
Governors Island

New York 4, New York

Commeanding General

Second United States Army
ATTN: Transportation Officer
Fort George G. Meade, Maryland

Commanding General

Third United States Army
ATTN: Transportation Officer
Fort McPherson, Georgia

Commanding General

Fourth United States Army
ATTN: Transportation Ofilicer
Fort Sam Houston, Texas

Commanding General

Fifth United States Army
ATTN: Transportation Officer
1660 East Hyde Park Boulevard
Chicago 15, Illinois

55

T TTTr—

. Preceding Page Blank

\_J

(1)

(1)



Commanding General

Sixth United States Army

ATTN: AMTRO

Presidio of San Francisco, California

Comrnanding General

United States Army Infantry Center
ATTN: Transportation Officer
Fort Benning, Georgia

Commandant

USA Command & General Staff College
ATTN: Archives

Fort Leavenworth, Kansas

Commandant

Army War College

ATTN: Library

Carlisle Barracks, Pennsylvania

President
U. S. Army Arctic Test Board
APQ 733, Seattle, Washington

Commandant

Headquarters

U. S, Army Cold Weather and Mountain School
Fort Greely, Alaska

APO 733, Seattle, Washingten

President
United States Army Armor Board
Fort Knox, Kentucky

Commanding General

United States Army Aviation Center
ATTN: Transportation Officer
Fort Rucker, Alabama

Deputy Chief of Staff for Logistics

ATTN: Requirements Division

ATTN: Materiel Maintenapuce Division L.OG/B4
Department of the Army

Washington 25, D. C.

56

(1)

(1)

(1)

(1)

(1)
(1)




»

Deputy Ctrief of Staff for Military Operations

ATTN: Director of Organization and Training, Doctrines
and Combat Developments Division

Department of the Army

Washington 25, D. C.

Director
Operations Research Office

ATTN: Library

The Johns Hopkins University

6935 Arlington Road

Bethesda, Maryland

Army Rescarch Office

Office of the Chicf of Research and Development
ATTN: Research Support Division
Department of the Army

Washington 25, D, C,

Lt. Col. Oliver R, Dinsmore
Army Research Office

Box CM Duke Station
Durham, N. ¢,

Office of Chief of R&D

ATTN: Combat Materiel Division
Department of the Army
Washington 25, D. C.

TECHNICAL SERVICES

Corgs of Engineers

Cuief of Engineers
ATTN: ENGRD-M
Department of the Army
Washington 25, D, ¢,

Ordpance Corps

Commanding General

Ordrance Tank Automotive Command
ATTN: ORDMC.REO

Detroit Arsena]

Center Line, Michigan

57

(1)

(1)

(1)




Commanding General

U. S. Army Ordnance Missile Command
ATTN: ORDXM-T

Redstone Arsenal, Alabama

Quartermaster Corps

President
Quartermaster Board, U, S, Army
Fort Lee, Virginia

Commanding General

Quartermaster Research and Engineeiing Command, U,

ATTN: Technical Library
Natick, Massachusetts

Commanding Officer

Quartermaster Field Evaluation Agency

ATTN: Technical Library

Quartermaster Research & Engineering Command
Fort Lee, Virginia

Commandant
Quartermaster School, U. S. Army
ATTN: Chief, Quartermaster Library
Fort Lee, Virginia

Transportation Corps

Chief of Transportation
ATTN: TCDRD

ATTN: TCCAD
Department of the Army
Washington 25, D, C,.

Commanding Officer
U. 5. Army Transportation Combat Development Group
Fort Eustis, Virginia

Commanding General

U. 8. Army Transportation Materiel Command
ATTN: TCMAC-APU

ATTN: Deputy for Surface Engineering

P. O. Box 209, Main Office

St. Liouis 66, Missouri

58

S, Army

{1)

(1)

(2]
(1)

{1)

(14)
(1)




Commandant

U. 5 Army Transportation School
ATTN: Adjutant

Fort ILustis, Virginia

Commanding Officer

U, 8. Army Transportation Research Command
ATTN: Long Range Technical Forecast Office
ATTN: Deputy Commander for Aviation
ATTN: Executive for Programs

ATTN: Research Reference Center

ATTN: Technical Writing and Editing Branch
ATTN: Technical Opcrations Direclorate
ATTN: Transportation Engineering Office
ATTN: Aviation Directorate

ATTN: Surface Mobility Directorate

ATTN: Military Liaison and Advisory Office
ATTN: Patents Attorney

Fort Eustis, Virginia

President

U. 8. Army Transportation Board

Fort Eustis, Virginia

Transportation Corps Liaison Officer

U 8§ Army Engineer Research and Development Laboratories

Building 314, Room A-216
Fort Belvoir, Virginia

U. S, Army Transportation Research Command Liaison Officer

Detroit Arsenal
ATTN: ORDMX.-LT
Center Line, Michigan

Commanding General

U. 8. Army Transportation Terminal Command, Atlantic

ATTN: Plans Office
Brooklyn 50, New York

Commanding General

U. S. Army Transportation Terminal Command, Pacific

Fort Mason, California

Commanding Officer

U. S. Army Transportation Terminal Agency, Seattle

Naval Supply Depot
Seattle 99, Washington

59

(1)

(1)

(1)

{3)




U. 8. Army Transportation Corps Liaison Officer

Airborne and Electronics Board
Fort Bragg, N. C.

OVERSEAS COMMANDS

Commanding General

U. 8. Army, Europe (Rear)/ Communications Zone

ATTN: Transportation Officer
APO 58, New York, New York

Commander in Chief

Uniterd States Army, Pacilic

ATTN: Transportation Officer
APQO 958, San Francisco, California

Commanding General

U. S. Army, Alaska

ATTN: ARATC

APO 949, Seattle, Washington

Commanding Officer

Port of Whittier

ATTN: Plans & Training
APO 987, Seattle, Washington

Commanding General

Headquarters, Eighth United States Army
ATTN: Transportation Section

APO 301, San Francisco, California

Chief for Materiel
U. S. Army Transportation Agency, Japan
APO 343, San Francisco, California

Commanding General

U. S. Army, Ryukyu Isiands/I1X Corps
ATTN: Transportation Officer

APC 331, San Francisco, California

Commanding General

United States Army, Hawail

ATTN: Transportation Officer
APO 957, San Francisco, California

60

{2)

(1)




Commanding General

U. S. Army Caribbean

ATTN: Transportation Officer

Fort Amador, Canal Zone {3)

Commander, Allied Land Forces Southeastern Eurcope

ATTN: Chief, Transportation Branch, G4 Division
APO 2?4, New York, New York (2)

UNITED STATES AIR FORCE

WADD
ATTN: WCLERBV
Wright-Patterson AFB, Ghio

Pt
~—

UNITED STATES NAVY

Chief of Naval Operations

(Op--343)

Department of the Navy

Washington 25, D. C. (1)

Chief of Naval Research
Code 407M, Col. R. J. Cddy
Washington 25, D. C. (1)

Chief, Bureau of Naval Weapons {R-38)

Department of the Navy

ATTN: RA-4 (1)
ATTN: RRSY 2 (1)
ATTN: RRSY-15 (1)
ATTN: RRSY-5 (1)
Washington 25, D. C.

Asst. Chief for Research & Development (OW)

Bureau of Supplies and Accounts

Navy Department

Washington 25, D. C. 1)

Chief, Burcau of Yards and Docks

(Conde D 400)

Departinent of the Navy

Washington 25, D. C, (1)

61



Cormmanding Officer and Director
U. S. Naval Civil Engineering Laboratory
Port Hueneme, California {1)

Officer in Charge

U. 5. Naval Supply Research and Development Facility

ATTN: Library

Naval Supply Depot

Bayonne, New Jersey ()

UNITED STATES MARINE CORPS

Commandant of the Marine Corps

(Code AO4E}

Headquarters, United States Marine Corps

Washington 25, D, C. 0y

President

Marine Corps Equipment Board

Marine Corps Schools

Quantico, Virginia (1)

Director

MC Educational Center

Marine Corps Schools

Quantico, Virginia (2)

Commandant

U. S. Army Transportation School

ATTN: Marine Corps Liaison Officer

Fort Eustis, Virginia 1)

U, S, GOVERNMENT INDEPENDENT OFFICES

Mr. Julian S. Hamilton

M. 1.0D- DR, Launch Operations Directorate

National Aeronautics and Space Administration

George C. Marshall Space Flight Center

Huntsville, Alabama (4)

U. S Government Printing Office

Division of Public Documents

ATTN: Library

Washington 25, D. C, (1)

62




Exchange and Gift Division
Library of Congress
Washington 25, D. C.

Major Thornas Benson

Office of Assistant Director (Army Reactera)
Division of Reactor Development, USAEC
Washington 25, D. C.

TRIPARTITE MEMBERS

U. S. Army Standardization Group, U; K,
Box 65, U. S. Navy 100
FPO New York, New York

Office of the Senior Standardization Representative
U. S. Army Standardization Group, Canada

c/o Director of Equipment Policy

Canadian Army Headquarters

Ottawa, Canada

Canadian Army Liaison Officer
Liaison Group, Room 208

. S. Army Transportation School
Fort Eustis, Virginia

British Joint Services Mission (Army Staff)
ATTN: Lt. Col R. J. Wade, RE

DAQMG (Mov & Tn)

3100 Massachusetts Avenue, N, W
Washington 8, D. C.

MISCELLANEQUS

Commander

Armed Services Technical Information Agency
ATTN: TIPCR

Arlington Hall Station

Arlington 12, Virginia

Chief, Environmental Sciences Division

Army Research Office

Office of the Chicf of Research and Development
Department of the Army

Washington 25, D. C,

(2)

{1)

(3)

(10)



£3I1T, %

BuTisa ], [9LOW
3 FG--5AIDIYDA

Jurt
182 T9PO 27E2G

L1228 Ly [T O

$911],

durise ] [PpPOW
SIBDG- -Sa[DIYap

Bur
181 [9PON 21228

D> 1eas Iy AJITICON

'€ uwItIaul ylarcq

{19210)
~YIpIm Jo 95ues apwa B Surtary Soan jo
mous ur Zuilse] ayj s1340d jiods1 sy,

jx0daa parissepupn

(811-19
3des rentUYTe) DHYDL) SF9I Of
'$91q'1 SO AT td €9 1920 7F

'L'H "10-100~0%~:26¥6 ‘forig uo *3dazx
TUBMONOIN "d 11990y
or®) 49 {MONS NI
SHAYIL TIAOW FTVOS! SHOILDV A

pu® BIOYy ‘[

" A LUIIHOW ITIDIHIA JATVOS

BIUTELI1A ‘STISTF 1204 ‘pPurRWLIWOn)
1 Yoseasay uotiejivdzueay Away

{1210)
~jpim Jo 38ueI 2pIm ¥ Butary $211) JO
mous ut Sutysal ayj s1s405 jxodas ayr

j10daa patjissedup

(g11-19
%4 jdex meniuysag SEYOL) 'Si2a o1
'safqel surr cppur dcg 193190 7%

LH '10-160-9%-269% “foxg uo "jdaa

‘g WITIBIUL Y3INO g UBMINDIIN 'd 311990y

pue BlIOY [ O[1¥D A9 (MAONS NI
SEYIL THAAOW FT'IVIS) SUOLOVA
Z ALITIOW ATDIHE A dFIVOS
BIUISIL, ‘SUISNTF 110 pUBLUWET)

I Yyoieassy uoniuirodsuer ] Away

S3a1],

3utisa 1 [9pPoIN
31BOG~-S2[DIY2 A

ur
-183 ] [2PO 9782G

yo1easay 43171q0 N

saatl],

Sutlsa ] [3pPOIN
2[eDS--SITIIYS A

Sur
“1S9 ] 19POIN °TedS

paeasay A3riqow

e

‘T

R4

€

1

(£240)
-Y3pim jo 28uri opim ' Julawy s91n Jo
MOUS Ut JuTlsa] aYj s1”402 jaodex sur

yzodex parmrsseioun

(811-19
"1dax (edruydel DFUD L) ‘syea o1
‘sarqeysuy(r ‘pput *dgg ‘19130 ‘7°®

"L'H 10-100-0%-16"é6 'foig uo -3dax
E.nhm..uﬁ,.n ﬁ:.HDO.M .HSWQVO»UUE ....H uhwﬁc.m
pue rwoy ‘[ ol1ed A9 ‘{MONS NI
SHYIL TACOW ATVDS) SHOILOVI

ALITIHOW ATODIHZEA QHATIVDS
BIUTZITA fSTISNE 1104 ‘puBwUILION

ysreasay uctiejsodsues y Awly

(12A0)
-yIptMm Jo 28uea 2pIm ® wc.gm:, $211) jO
MA0US Ut mcﬁmw“ 24} $12A00 jaodoax U,

3r0dax paifisseioup

(811-19
1deda Tedtuyda) DFYDL) syRa o1
s81qey sty cpur *d¢g 19 190 "ZF

"L 'H ‘10°100-0%-.646 foxg uo "1dax
EHM@HEM ﬂﬁukﬂo'.m—. .ﬁdb?O»U.\VH\,H .&. uhwﬂo.wm
pue BW0Y ‘[ cried £q (MONS NI
SEYIL THAOW AIVDS) SHOLOVA
ALITIAOW ITDIHAA AHATVIS
mﬂ.:m»*fw ‘susng jio0 94 .mudmﬂcc.hou
yoaeassay uoneirodsueay Away



‘suciBal mous PUI[o3I]

-9Yi-moTeq d1daeqns ul asuzwroiiad adiysa d1paad o3
PIsn 9q urd ‘ja0dsx SIY; UT PIPN{OUI SIE YDTYm ‘AdAIns
mous Areutwitead B Jo $3MsSa1 Y]  “mMOUS ut adouelurojrad
JO SWII5] UT pUBS UL PIIONPUOD §359] STIIYSA WO I BIep Sul
-yoxdxajut 103 A3trqrssod 2yl smous jaodes 2yl ‘uoIINQqrij
-1p 3ulrem [ENBA ylm SOTPTUBA L Xp JO asn 24} 03 pajTwiI]

-10adasjur 103 Ay11°qissod ayy smoys jrodex ay L

‘suc rfax mous ELCEE S

T9UI-MOTIQ J1IDABANS UT @DUBWIOFISC J[dTyYsa 321paid 0]
PosT 3¢ ued ‘310da1 STY] UT PIPNIOUL IR YD IYM ‘LoAins
mous Axevtwiryaid e jo simsaa 9YL -"Mcus ut aduewaoyisd
JO SWIId] Ul pues UL PIONPUOD §3§37 S[OTYdA WOIY BIep Jut
‘uoTinglay
-s1p jydrem 1enbs yjum sarotusa PXf JO 950 3y} 03 pIliwl]

@d® BIEP 1USS314 ‘SUOTITPUOD mOus AIp Jo pue sjySrem pue 21 BIED U9581g suomipuod mous Aip jo pue sjySiam pue

€925 2101Yd4 yo eBuex ® 103 o(groijdde o917 pue swi.aj §591S9218 2[21Yd4 Jo a3ue: B 107 arqedsridde

SHOTIIWIP Ul Eassa1dxe 34% sI[nsod 18971 2y ‘pussnasip
O8® SI® §31S03 ,,U0TJBIO[], [UUCTJIPPR JO S1§83 pu® ‘pPazAij
~EUR A3ULITY PUR PIZIJBWIWUNS 3IB $3593 ,Saeah snotasad
W1y B1RD ,,U0T3210[f, 219 1dwo) pPaquiosap st aduBWIIC)

-aad jo 2d43 (yidap mous pajrwury) . P2iicddns-punoad,, ey
403 §24113 om1 Jo odurwWIn}xad 9YJ 'SOIIBI 1919WUBIP-0]

"SUOIZaI MOUS DUI[ID L]

“2Ui-M0[2q d73d>1EBQrS Ul 9durWIofrad a[d>1yaa Ppipaad o)
Posn aq ued ‘310dax STY] Ul PapnidOul 1B YoIym ‘Kasins
saous Azeutwatyexd B Jo $3TNS3L 2Y], "MOUS Ul sourwrroyrad
JC SWL533 UT PUBS UT PIIONPUOD $353] S[OTYSA wWoLJ Tiep Jur
-12adxayur zoy Antjiqissod ay) smoys j10dea ayj ‘uOTINQIII
-sip 1ySem Tenbs YItm SI[D1YsA X JO asn ayj 03 pajTWIII]
S1® ®}EP JUISIIJ °SUONIPUOD mOuUs KIp Jo pue sjySiom pue
$:21¢ 3121494 Jo 98uea ® 107 ayqesiidde a1e pue swaa) §897
-HMOISUSWUID ul PaSSaIdxs a1® S3(NS2I 3593 Y] 'PISSNISIp
OSTe 92% $3583 , UOTIRIO[],, [RUOTIIPPE JO S1S9] pue ‘pazij
~BU® I3731iNJ PUR PIZIIBWLUNS 2I® §159] S1edA snoraaxd
WoIy BIEP ,,U013BI0TY, 9391dwWo) ‘pPaqridssp ST aduBWIIO]
~1ad jo ad43 (yadep mous pajrwury) nwpPalioddns-punocu3d,, sy

103 §9413 0] JO dduUBWIOIIad 2] ‘SOIIRI 13}2Ure1p-oj

91® pUB SWIId] SSIT
TUOTRUDTUIID UT PaSSaIdXs 91® S3[NSIL 1593 YL 'PASSNOSIp
0SB 91® s1523 ,UOIIBIOT),, TCUCTIIPPE JO S1593 DU® ‘pazA|
TBUR J9U1Iny DUT PIZIIVWILUNS 91T S3S83 ,51e24 snorasad
WOy BIBP , UOTIRIOTY, 2197dWOS  “PaqIIdsap ST 90URWIIO]
-13d 30 ad4; (yadap mous pajruury) s P31roddns-punoad, oy
10} $2113 0m3 jo aduewaogiad 2yl -SOIIRI I9}9WERIP-0}

‘suoldax mous auijea)

“2UI-mOTaq d1)01RqNS Ut 3durwWrojiad a(dtyea oIpaad o
pasn aq ued> ‘310daz sTY) UL PIPN[OUT B1® YSTYym ‘AaAains
mous Areutwiread e Jo s3nssa Y] ‘mOUS url adurwiojiad
JO SU1I93 Ul pu®BS U PR)ONPUOD S3£33 S[DIYaa wWoif BIEp Ul
-19xdrajur 1oy Litjiqissod sy smoys jiodax 2y ‘-uorjngriy
-S1p 1y31om Tenbs yimm sa(d1ysA pxp jo asn 9Yj3 03 pajrwury
9I®BIRP JUISIIJ ‘SUOTIIPUCD mous AIp jo pue s3yStem pue
$9215 3[21Ya4 yJo 28ue ' 107 a[qesydde sie pue swisj ssaj
-UOISUSWID Ul PISSIICXKI DI® SINSII 1533 91 °"PISSNISIP
OSTE 3I® S$31593 ,,UOTIRIOTJ, [RUOIIIPPR JO S3S233 DUR ‘DOzZA]
-BU® I954jinj puR pIzZILBWIWNS 2I1® §}523 ,s1eak snotaoad
O1) BIRP ,,U0TIRI0YY, 939[dWi0)) 'PIQIIDSIP ST 9OURUIO]
-13d j0 ad4; (yidap mous pojruury) nPa3xoddns -punoa§,, ayy
107 $241) om3 yo aduewroyiad oyl ‘sopel r9jsweIp-03



soary

Sutisay jepoly
P1BIG - -8B [STYIp

Jur
-1¥3 1 T9PCIy 2Tess

Y-ramasay AiTiqopy

saxry

Sutisa ], [epoyy
@1EDG~-S3a[oIya p

Sur
‘189 T [2POJN 2[€d¢

Ysaessay Ayiiqop

{z910)
'YIPIm 3o a3uer spwm e Juiaey 83113 JO
mous ut 3urysa) aYyj sa240o ziodox s’y

itedsx patpissepupn

(811-~19
¥ “1dsa (ecTUYL 9y DFYDL) 'sy21 g1
‘S319®} 'SNL “put *d g9 ‘Y9300 7

L 'H "10-100-0%-26¥6 ‘foxg uo -1dox
' WTISIUI YN0 ‘UEBMOODY g 113qoy
PUE BWOY L oeD A9 {MONS NI
SEYIL THCOW ATVIS) SHOLOV A
"z ALITIHOW ATDIHAA QATVOS
BIUIS11A ‘susny 1104 ‘purwIwIo D

‘1 Yoreasay uomeitodsuery Away

(x240)
-Yipia 10 28ue. IpIm e mc;ds §8i11] Jo
Mmous ut Jurysay Y} $I12A02 1a0doa a2y,

jacdaa patyiss2oun
(e11-19
3dax eduyoe; HEYH L) ‘siax 01
‘sa19®) soqt "put ‘dgo {9120 '7p
‘L'H 'T0-100-09-.6¥6 'forg uo -3daa
.M Cr:Hmwuﬁ_," SuhSOrW .C.N\K.,OUUE .nm. ukmn.om
PU® BL1oy ‘[ or1ied 49 ‘(MONS NI
SHTYIL TAAOW ZIVOS) SHOLOV S
ALTTIHOW TTIDIHAA AIATVOS

Brutdirp ‘sIsNy 31049 ‘purLULIOD
I Uoaessay uciyejiodsuesy Away

%

4

saary,

Surisa 1 apop
9TEIG--Sa[o1ya A

Sur
-1S3 1 [9PON 21€DG

Yoreasayg Lr1iqopy

sox1]

dunsaj rapogy
QH.NUMa lmeuﬂﬁw\w

dur
-1S91 13poy atedg

pIessay Ayfrcoy

{12 40)
-Yipta Jo adues apism e Juraey saany J0
Mous ur urysaj ay; §a8400 j10dox ayy

j10dax parpissedupn

(811-19
R4 1dax TedTUY09) DFYD L) sFex o1
‘sarqe;sniqr rppur °d €9 19320 'Z2'%

"L'H T0-100-0%- L6896 'foig uo *idau
K9 WITIdIUT Y3Ino g UBMONDIN g lJ9qoy
PU® BLUOY ‘[ O1i®D Aq ‘{MONS NI
STUIL TAAOW ETIVDS) SYOLOVA

ALTTISOW ITDTHAA AFATVOS
BIUTBLIA ‘STisSng jxoq ‘PUBR IO
1 Usirvasay uoyejrodsuesy Away

(2A0)

“HIPIa4 jo s3uex apmw e Sutaey saing jo
MOUS Ul Jur3sa) 2y} s19400 jao0dax ayy

1xcdsa paryisse[oupn
(8r1-19
‘3dax restuysag DHY¥ED L) 'sypa g1
s219'1 snqr ‘pPur dgg ‘193120 7
"L H 10-100-0%-16496 ‘foxg uo 'idaz
.M Eﬁhwucﬁ ﬂu.H:Or.H .C«mb.yowuuz .nm uhmﬂom
Pu® Bruoy ‘r o11eD 4q ‘(MONS NI
STUIL TIAOW ATVIS) SHO IOV A
ALITIHOW I IDIHAA AATIVOS
BIUTBITA ‘sTIsSny 3104 ‘puBlIWO)
1 qol1easay uornyejacdsuea ] Awxy

7

4



‘suoTdaI MOUS DU 1}

-9Yl-m0[aq 27321egns ut adurwaoyiad apyaa 101paad o3
pasn aq ues ‘jaodsd SIY] UI PIPNIIUI 3IT Y2 IYym ‘LAaAans
mous Areutwriedd B JC §31InSaI 2YyJ
JO SUWID] UT PUES U PIIONPUDD §353}) a[OIYaA woly eiep Sur
-3exdaaiut 103 Lrprqrssod ayy smoys jiodal syl ‘uoNIngrIy
-sp 1u3tom enbs )M SO TYSA EXp JO 95T BYL C1 1dTULAL]
2Jd® BIED jJUSS3IG SUOTIPUCD amous AIP JO LueR sjySrom pue
saz18 @12ys A 10 28uny e a0y apgroiddn 2an pur sLuIdl SSOY
PUSENDSIP
‘pozdi

L

-duTIGeWIP Ul possaadxa arl s3TNSal 183y 2y
DS IV S1SAY  UOTLEID (],
-BUE J9Ylinj LU PIZIIPLULLNS 91I® $353] ,SIEAA snoraaxd

woay 2yep |, uoTigioil, s iduny

JTUOTIIPPE JO SS9} PUE

"PRQIITSIP ST 2TUBLULCT
~13d yo vdhy (ysdop mous pajruiry) ;,porroddns-puncad., oy

I07 52171 0l JO BdUBWIICTISd 9y ] SONRI II}2WRIP-0]

*5u01331 MOUS JUITIS I}

-9U1-MOT9G OTIDIBYNY Ul adurwicirad apiysa joipaxd o3
pasn agq ued ‘jiodal S1Y) Ul PapnOUl IIE YD Iym ‘ADAINS
mous Axeutwitexd B Jo s3nsal oYL
JO SWIO] UT DUBS U PIIdTIPUOD S388) 3[DIYsa WoL] elep Jul
-39zxdasyur oy A317IqIssod ay3 smoys 3rodad 9yl -uOIINQIlij
-s1p 3ydrem Terbs Ylla S3OTYSA X JO ST 5YI €1 PIITWII]
31 BIBP JUISIIJ 'SUOLITPUCD mous AIp Jo pue sypjdtam pue
sozis a101uss 50 98uei v 107 97qeoTiCde Sa1® pUR SWIIS) SSIT
-UOISUDWIP Ul pPassatdxa axe SI(NSaI 1531 3YJ, °PISSNISIp
OSTE 9J® $1S33 ,,U0TIR}OT],, TRUOCTIIPP® JO S3§33 pue ‘'paziy
-BUR I8YliN} PUB PsZIIBRUWWNS BIB S35§9] ,SIR3A snotaaad

‘0uUs ut 9durwLIOldad

WIOXJ ¥IBD ,UOI}B301J;, 9191dwon “Pa3qlIsLsSsp S 9dUPUIO]
-1ad jo ad4y (yidap mous pajruary) ,,pa1ioddns-puncad,, ayy
ICJ S2113 0M] JO souewurojiad 3Y] “SOIIBI I3)}92WEIP-0]

-12xdiajur 103 A1177qIssod sy} smoys j10dal ay T

24e ®leD Jjussaadg
$2218 ATd1Yaa jo a8uvi T 10] a[qed17dde 91v puUE SWI3} S8

‘suctgdal mMous SUI[ad.1)
~9Y3~MmoTaq d11dreynsS Ul adurwaiocyiad so1ysa 3o1paxd o]
pasn 3q ued ‘jaodax STyl UL PAPN[OUL 2I° YOI TYm ‘A3AIDS

*MOUS UT aouguIrojiad MOUS Axeuiwaiyzad ® JO S1NSa1 3yl *MOUS Ui aduvwWIoyIiad

JO SWI8} UI PUBS UI PLl2NPUOD §3S33 9]0 IYaA woil Blep Jul
uoTINGTI
-sIp 3YyTom Tenbs Yjim SO[DOTUSA pXp JO 9SN YL 03 Pailuary
‘SUOTITPUOD Mmous Aip Jo puw siydrom pue
-LDTEUIWIP Uy passSsrdXe 21IB S1TNSSX 1S3y 8YJ, "PYSSNDASIP
OF{E 1B S$383} , UOTITIC[],, TEUOTIIRP? D S3831 put “DPIazAJ
-BUR I2Y3INJ] DUR PIZIIBUWILINS IR S$1§2] S IBdL SToIAa4C
woly viep | uoneiorl, 2jardiaon  paqrinssp ST eduRUMAIO]
-13d yo acdAy (urdap mous paituary ,,pejroddns-punoas,, oy

10} $311) Gm] JO 2DUBLLI0I10d 9Yy] ‘SOTIRI I2}2WEIpP -0}

"su0TFsI MOUS BUT[IV X}

-3Yl-mO[a(¢ 21D IBQNS UT aduBWINIIad 3[d1Yyaa 01poxd o3
pasn ag ued ‘1x0dslx STY} UI PAIPNIOUT aIe YDIYm ‘Laains
mous Lrieutwairead B jJo synsal ayJ 'mouUs Ul sdurwiaoyiad
JO SWI3] Ul PUBS Ul PDIDNPUOD S$IS3) I[DIY3A WOI] BIED Ul
-39adrajur a0y Ayriqissod ay) smoys jxodax 3y ‘uoiIngra)
-s1p jySram Tenba Yitm SIIDOTYIA X JO aSN 3y} 0F PIIWUI]
SIT BIEBD JUISIIG 'SUOTIIPUOD mous Li1p jo pue sjySiom pue
S2Z1s a[214yo A Jo aduex ® 103 ajqed>1jdde a1r pue swiIa) SSat
-~UOISUIWIIP Ul passaxdxa 91e SI1INSOX }S32 3Y] ‘DOSSNISIP
OSTe 21® $1$91 ,,UCTIRIOY],, [RUOIIIPP® JO S}S3] PU® ‘pazA]
-BU® 13Y1iNJ] PUP pPIZIIBWIWUNS 31 S31531 ,Savak snotasad
woJay e1Ep UOTReIoly,, 3127dwo) "PIQILDSIP ST IDUBWIO]
-13d jo ad43 (y3dep mous pajrwry) , pajaoddns-puncxg,, ayi
I0J $811) OMm] JO adurwaoixad ayJ] ‘sorjeI I3}2WeR(p-0)



