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FOREWORD

Project OTTER (Overland Train Terrain Evaluation Research) is a part
of Research and Development Project No. 1-V-0-25001-A-131, entitled
"Military Evaluation of Geographic Areas," which was originally assigned
to the U. S. Army Engineer Waterways Experiment Station (WES) by the Office,
Chief of Engineers, and is now being performed under the sponsorship of the
R&D Directorate, U. S. Army Materiel Command. The project is directed by
the Area Evaluation Branch, Mobility and Environmental Division, WES.

Fieldwork for Project OTTER was accomplished intermittently during
1961, 1962, and 1963 by Messrs. John H. Shamburger and Harry K. Woods,
Geology Branch, Soils Division, WES; Richard R. Friesz, Area Evaluation
Branch, Mobility and Environmental Division, WES; and Leiland M. Duke and
Walter L. Reynolds, Instrumentation Branch, Technical Services Division,
WES. This report was written by Mr. Shamburger except for the section on
instrumentation and data recording which was written by Mr. Duke. The
plates were prepared by Messrs. Shamburger and Woods. Some of the initial
work on the project was done by Dr. J. R. Van Lopik, formerly with- the
Geology Branch, WES. Technical assistance was rendered by Messrs. Warren E.
Grabau, Chief, Area Evaluation Branch, and Joseph R. Compton, Chief, Em-
bankment and Foundation Branch, Soils Division, WES. All phases of the
study were under the direct supervision of Mr. William B. Steinriede, Jr.,
Chief, Geology Branch, and Dr. Charles R. Kolb, former Chief, and the
general supervision of Messrs. W. J. Turnbull, Chief, Soils Division, and
W. G. Shockley, Chief, Mobility and Environmental Division.

Special thanks are due Mr. H. P. Simon and Major George G. Hendrick-
son, Surface Mobility Division, U. S. Army Transportation Research Command,
and all crew members of the Overland Train for their excellent cooperation
and support during the field tests. Special thanks are also due
Major Edwin F. Pelosky, former Commanding Officer, Engineer Test Activity,
Yuma, Arizona, and to Sfc. H. H. Riffle and all the personnel of that or-
ganization for their excellent support during the pretest fieldwork.

Directors of the Waterways Experiment Station during the conduct of
this study and preparation of this report were Col. Edmund H. Lang, CE, and
Col. Alex G. Sutton, Jr., CE. Technical Director was Mr. J. B. Tiffany.
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SUMMARY

Previous methods used for selecting vehicle test courses, measuring
terrain characteristics, and collecting test data have been subjective,
qualitative, and incomplete. Such an approach has not presented a valid
basis for translating operational experience from one area to other similar
world areas. A program designed to test objectively and evaluate quanti-
tatively the cross-country mobility of the Overland Train (a logistical
cargo carrier) in a desert environment was conducted over selected courses
at the U. S. Army Yuma Proving Ground, Arizona, during February and June
1963. A semiquantitative system for terrain classification, developed at
the U. S. Army Engineer Waterways Experiment Station (WES), Vicksburg,
Mississippi, and used to classify several world deserts in the Northern
Hemisphere, was utilized to describe the terrain along the selected courses
at Yuma. This mapping system allows objective comparison of diverse areas.

Sixteen courses were tentatively selected at the Yuma Proving Ground;
however, the tests were terminated after only two courses were traversed.
Four traverses were made across each of the two courses. The following
data were collected within each terrain type occurring along the courses
tested: fuel consumption, electrical energy required to operate the
driving, traction, and steering systems, distance traveled, dust density,
and acceleration at specific points on the train. These data were recorded
on two 8-channel oscillographs, and were compared with "base values" ob-
tained during operation over'a level paved road to determine the cause-
effect relation of terrain factors on cross-country operation of the
Overland Train. Effects of terrain on cross-country operation were de-
crease in speed, increase in path length, and increase in fuel consumption.
These effects were attributed to microgeometry features and the direction
of travel across these features. Quantitative relations between speed and
fuel consumption were established for the terrain types tested. Terrain
types along the two courses traversed are compared to the terrain of world
deserts of North Africa, the Middle East, and South Central Asia.
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PROJECT OTTER (OVERLAND TRAIN TERRAIN

EVALUATION RESEARCH)

TEST REPORT

PART I: INTRODUCTION

Background

1. A program designed to objectively test and quantitatively
evaluate the performance of the Overland Train (a logistical cargo carrier)
in a desert environment was conducted over two courses at the U. S. Army
Yuma Proving Ground, Arizona, during February and June 1963. This program
was carried out jointly by the U. S. Army Engineer Waterways Experiment
Station (WES) and the U. S. Army Transportation Research Command (TRECOM).
TRECOM's interest in the WES phase of the program (described herein) was
centered in learning the degree to which the terrain over which the
Overland Train was tested was representative of world desert terrain con-
ditions. WES was interested primarily in evaluating its terrain analysis
techniques (discussed below) through an actual field test program.

2. Previous methods used for selecting test courses for Army vehi-
cles, measuring the terrain characteristics of the courses, and collecting
test data have been subjective, qualitative, and incomplete. Such an ap-
proach has not provided a valid basis for translating operational experi-
ence gained in one type of area to other similar world areas. In order
that results of vehicle tests conducted over terrain in a specific area
such as the Yuma Proving Ground (YPG) may be considered representative of
results of similar tests conducted over similar terrain in deserts through-
out the world, a comparative knowledge of terrain conditions at Yuma and in
other deserts is essential. Under the project "Military Evaluation of
Geographic Areas" terrain analysis and evaluation studies have been con-
ducted at WES for the past ten years. During this time a semiquantitative
system for terrain classification has been developed* which allows rela-
tively objective comparison of diverse areas. This mapping system was used
to classify several world deserts in the Northern Hemisphere and compare
them with YPG. Areas in other world deserts determined to be similar to
areas in the YPG are called "terrain analogs" of the YPG.

* U. S. Army Engineer Waterways Experiment Station, CE, Handbook; A Tech-

nique for Preparing Desert Terrain Analogs, by J. R. Van Lopik and C. R.
Kolb, Technical Report No. 3-506 (Vicksburg, Miss., May 1959).
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WES Participation in Project OTTER

3. The recognition by TRECOM of the importance of carefully selecting
and definitively describing the courses over which the Overland Train was to

be tested offered an excellent opportunity for WES to test its techniques
of terrain description and comparison, and to obtain much-needed data on

the ranges of terrain factor values significant in Overland Train mobility.
(The investigation authorized for this purpose was designated Project
OTTER, OTTER being an acronym for "Overland Train Terrain Evaluation

Research.") The WES responsibility in Project OTTER was fivefold, as
follows:

a. To select test courses at the YPG for the Overland Train
that would be representative of as much of other world
deserts as possible.

b. To measure the environmental characteristics of each test
course.

c. To identify those areas of other world deserts that are
similar to the test courses.

d. To instrument the Overland Train and thereby record its per-
formance in each identifiable terrain type.

e. To analyze the performance data and determine, if possible,
the cause-effect relations between environmental factors
and vehicle performance.

The Overland Train

4. The Overland Train (photograph opposite page 9) is a 13-car,

rubber-tired, logistical cargo carrier commercially built for the Trans-
portation Corps. The train consists of a control car, nine cargo cars,
a tank car, and two power-generating cars connected in that sequence. Its
total length is 575 ft. The train is supported by 541 wheels, each 10 ft
in diameter, and each powered by a high torque d-c electric motor mounted
inside each wheel rim. The wheels are sprung to the vehicle on ball joint,
air bag, and shock absorbers. The cars are connected by a tongue-and-link
system in a manner which permits each car to track the lead car
automatically.

5. The primary power plant is composed of three 600-kw, 600-v, d-c
generators and three 150-kva, 480-v, 60-cycle a-c generators which are
driven by three gas turbine engines. One d-c and one a-c generator are
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located in the first power car, and the remaining generators are situated
in the second or last power car. An auxiliary power plant having one-third
the capacity of the primary power plant is located in the control car.
This power system permits solo operation of the control car. Other statis-
tics of the train are:

a. Width, 16 ft 6 in.

b. Maximum height (control cab), 17 ft 8 in.

c. Cargo capacity, 150 tons

d. Net weight (without fuel), 270 tons

e. Ground clearance, 30 in.

f. Speed range, 0-20 mph

Phases of WES Work

6. WES participation in Project OTTER was divided into two major
phases: (a) selecting, classifying, and marking the test courses; and
(b) selecting, recording, and analyzing data to determine cause-effect
relations of terrain factors during the cross-country operation of the
Overland Train. The first report of this series, entitled Pretest Report,
(December 1961) covers the results of the first phase of the project.
Report 1 contains detailed maps of nine of the 16 tentatively selected*
test courses in terms of the WES system of classification. This present
report deals with the second phase of the project and includes detailed
maps of the two courses actually tested. Detailed topographic maps of
courses 10, 15, and 16 were prepared after Report 1 was published and are
available at WES. It is planned to publish these maps together with
aerial mosaics of all the test courses in the near future.

Purposes and Scope of This Report

7. The purposes of this report are to: (a) discuss the criteria
for selecting the test courses, and the method used to describe, classify,
and identify terrain types along the test courses; (b) present the types
of data collected and the methods used to measure and record these data;

* Only 14 courses had been selected when Report 1 was written.
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(c) summarize the results obtained during the field testing of the Over-
land Train at YP3 in February and June 1963; and (d) analyze these data
in terms of terrain effects.
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PART II: TEST COURSES

Selection Criteria

8. Preliminary to selection of test courses at Yuma, a comprehen-
sive office study was made of the terrain factor maps which had been pre-
pared by WES of the deserts of Northwest Africa, Northeast Africa, the
Middle East, and South Central Asia (see list of associated reports oppo-
site page 3 of this report). The areas occupied by individual Yuma ter-
rain types in these four world deserts were computed to determine areally
significant types. Selection of test courses was based on the following
criteria:

a. Terrain types that are areally significant in world deserts
should be selected.

b. Courses should cross as many terrain types as possible,
within the limits imposed by item a above.

c. Courses should not cross terrain that obviously will exceed
the capabilities of the Overland Train.

d. Courses should cross a minimum of terrain that will obviously
have little or no adverse effect on performance.

e. Areas at Yuma Proving Ground preempted for other testing
programs should be avoided, if possible.

f. Courses should be at least 4+ miles in length, and wide
enough to allow several traverses without tracking. (A
course width of 200 ft was arbitarily selected, but was
later changed to 400 ft.)

g. Each terrain type along any one course should cover a
minimum length of 2000 ft.

Description, Classification, and Identification of Courses

9. Sixteen courses were originally selected to test the Overland
Train's performance on terrain at Yuma. Plate 1 shows the locations of
these courses. Eleven of these courses (courses 1 and 12 and nine others
shown with solid lines in plate 1) were surveyed and marked in the field.
Course 10 was located outside the proving ground limits on state- and
federal-owned property and easements were obtained to use this course for

13



a specific period. Course 11 was also located outside the limits of YPo;
however, this course was eliminated from the test program due to the con-
version of privately owned property along this strip to cultivation. The
remaining courses were located on YPG property or within an area in the
Sand Hills which the YTG has authority to use for testing.

10. Originally, the test course widths were set at 200 ft. However,
based on the experience gained in a preliminary test program using a jeep
and 2-1/2-ton truck, it was deemed advisable to increase the width of the
courses to 400 ft.

11. The length of the courses varied from 4 to 6 miles, except for
course 12 which was slightly less than 3 miles long. Course 16 followed
the Ogilby course (a vehicle test course used by the U. S. Army Ordnance
Corps) from the edge of the low dunes into the main mass of the Sand Hills
and terminated in an interdune hollow (locally referred to as a dry lake
bed) for a total length of 3.2 miles. This course was not continued com-
pletely across the Sand Hills because it was believed that the rugged ter-
rain conditions west of the interdune hollow, in the main mass of the Sand
Hills, exceeded the capabilities of the train.

12. Since it was essential that the Overland Train stay within the
test lanes, the boundaries of the lanes were marked in such a manner that
they could be easily recognized by the train operator. The side limits of

the courses were identified by 7-ft-
high stakes spaced at intervals of ap-
proximately 500 ft. Exceptions to the
500-ft spacing were made where vege-
tation or other terrain-type bound-
aries occurred. In these cases the
spacing of the side stakes was reduced
to fit the situation. To aid in
visual identification of the stakes,
white triangles approximately 18 in.
on a side (see fig. 1) were mounted on
the stakes on one side of a given
course, and white rectangles about the
same size were mounted on the opposite
side. The beginning and end of each

- course were signified by a group of
three triangles or three rectangles
(see fig. 2) mounted on the side
stakes. A white line about 1 ft wide
was drawn across each course connect-

Fig. 1. Marker indicating one side ing the end stakes.
limit of a test course; opposite
side limit is signified by a single 13. Since it was imperative

white rectangle that the data collected apply
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specifically to individual terrain
types, the boundaries between ter-
rain types on each course had to be
easily recognized by the test moni-
tor on the train. Therefore, each
terrain type boundary was marked by
a limed line approximately 1 ft
wide and identified on each side of
the test lane by stakes to which
were affixed two triangles or two
rectangles.

14. Ground measurements,
soil samples, and vegetation sam-
ples were obtained along the
courses, and the terrain was clas-
sified according to the WES terrain
analysis technique. The details of
the field investigation and a resume
of the analysis technique are in-
cluded in Report 1 of this series.
Classes of each terrain factor en-
countered in the test courses are
described in Appendix A.

Fig. 2. Side marker indicating end
of a test course; the lime line
left of the stake continues across

the course

Terrain Types Along Test Courses

15. Terrain types were classified along test courses 1 through 6,
8 through 10, 12, 15, and 16. The same technique employed in classi-
fying world desert areas was applied to the 400-ft-wide test courses. This
technique involves the identification of basic factors, such as slope, soil
type, and characteristic profile, in such a way that they can be defined
either quantitatively or described rigorously in qualitative terms. Each
such factor is then subdivided into pertinent ranges of values, each se-
lected range of values being described as a "factor class." For example,
the range of topographic slopes between 2 and 6 deg is a "slope factor
class." Each terrain type was identified by an array of seven (or occa-
sionally more) symbols, each symbol representing a specific factor class
of the following terrain factors:*

Geometry Factors

Characteristic plan-profile
Slope occurrence
Characteristic slope
Characteristic relief

Ground Factors

Soil type
Soil consistency

Vegetation

Vegetation

* See Appendix A.
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The symbols are always arranged in that order. Fifty-seven individual ter-

rain types were identified along the 12 test courses for which topographic
strip maps have been prepared. Maps illustrating the distribution of ter-

rain analogs in selected world deserts of those terrain types actually tra-
versed by the Overland Train are presented in plates 13-16.

16. Photographs 1 through 12 illustrate terrain conditions along
test courses 1 and 12. Plates 2 through 10 include aerial mosaics at a
scale of 1:15,000, topographic strip maps at a scale of 1:5000 of the
test courses traversed by the train, and low oblique aerial mosaics (scale
undetermined) of the routes of the train over the test courses. To illus-
trate the format and content of these plates, consider test course 1.
Plate 2 is an aerial mosaic of the terrain along course 1, and shows the
limits of the topographic maps which follow, i.e. plates 4, 5, and 6.
Plate 3 is a low oblique (scale undetermined) showing the routes of the
train over course 1. To expedite remarking of the courses after the width
was changed from 200 to 400 ft, the line originally surveyed as the course
center line was utilized as a side limit, and the center-line stakes which
were used for sampling control were changed to numbered side stakes; thus
only one new line (at side) had to be surveyed. During the original survey,
stake 1 was arbitrarily located in the field at some point easily identi-
fiable on air photos. Stakes were then numbered consecutively first to
the left of stake 1 (toward the nearer end of the course), then to the
right of stake 1 (toward the opposite end). Thus in plate 4, stake 1
occurs about 3550 ft from the start of the test run and stakes are numbered
consecutively first to the left and then to the right of stake 1. Stake 9
of the original survey was eliminated to allow for a turnaround area be-
tween traverses.

17. The limits of various terrain factor types are shown along the
parallel lines above and below each topographic strip. Thus in plate 4,
the area from the beginning of the test course to the vicinity of stake 11
is classified as landscape type 7,1,lb,l; from stake 11 to the vicinity of
stake 21 as landscape type 7,1,2,1; and so on. The ground and vegetation
factors change at the same location (vicinity of stake 11). This is an in-
stance where all the factors change at the same place; however, this is not
the case in all instances, and it should be pointed out that wherever a
change in the geometry, ground, or vegetation factors occurs the terrain
type changes at that point. The range of values and the meanings of each
of the digits used to classify the terrain types along course 1 are indi-
cated in the table on the back of plates 2 and 7 and in Appendix A. It
should be pointed out that this symbology does not describe surface fea-
tures that exhibit less than 10 ft of relief. This low-relief condition is
termed microgeometry, and a quantitative system is being developed to
classify these features.

18. A final point that should be considered in examining plates 2-10
is the use, in many instances, of a complex or dual classification for the
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ground and vegetation factors. This symbolization indicates the occurrence
of two distinct factor classes within the area so mapped. It is shown by
listing the symbols of the two factor classes on either side of a diagonal
line. The predominant unit of the complex is to the left of the diagonal
and the subordinate unit to the right. Thus, in plate 4, the vegetation
type 2/, which is delineated from the beginning of the course to the vi-
cinity of stake 11, indicates a predominance of sparse shrubs and grasses
with intervening smaller areas of scattered shrubs, scrubby trees, or
both. The complex classification is also used for the ground factors.
For instance, from the beginning of course 1 to the vicinity of stake 11
in plate 4, the designation 6,9/6,10 for the ground factors indicates that
a unit 6 (sand and gravel with fines) soil type, with a unit 9 soil con-
sistency (surface of pebbles or gravel over noncohesive material) is the
predominant ground factor type; and a unit 6 soil type with a unit 10 con-
sistency (loose surface layer with a dense layer within 12 in. of the sur-
face) is subordinate.
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PART III: DATA COLLECTED AND INSTRUMENTATION

Types of Data Collected

19. The performance factors believed to be most important in deter-

mining effects of terrain on the Overland Train during cross-country opera-
tions were selected for measurement. These factors are referred to as
"selected performance indicators" and were measured for each terrain type
tested. The selected performance indicators for each terrain type were:
(a) time lapse, (b) distance traveled, (c) electrical energy in watt-
hours required to operate the steering, driving, and braking systems,
(d) fuel consumed to generate electrical current, (e) axle acceleration,
(f) vertical and longitudinal acceleration of a cargo-car bed, (g) dust
density, and (h) terrain conditions at points of immobilization.

Instrumentation and Data Recording

20. Some of the methods used for measuring the performance indica-
tors were straightforward and relatively simple such as those for measur-
ing time lapse, axle and cargo-car bed acceleration, and distance traveled.
However, methods used for measuring and recording the. remaining quantities
required adaptation and mating of components and some development in instru-
mentation. All data (except immobilization) were recorded on two, six-
channel, pen-and-ink oscillographs with two event markers on each providing
a total of 16 data channels. The various types of data recorded on each
oscillograph and, where applicable, the probable range of each type of data
recorded are tabulated below. Traces on this type of oscillograph are such
that no one trace interferes with adjacent traces. The resulting record
appears as a continuous trace with one channel above the other, and with
time as the horizontal dimension (see plates 11 and 12).

Data Recorded on Oscillographs
Data

Channel
No. Data Recorded, Instrument Used, and Its Operating Range

Oscillograph No. 1

1 Terrain type boundaries (time lapse)
2 Driving energy, generator No. 2 (d-c, 0-600 v, 0-2000 amps)
3 Driving energy, generator No. 3 (d-c, 0-600 v, 0-2000 amps)
4 Braking energy, one wheel (d-c, 0-600 v, 0-120 amps)
5 Traction energy, one wheel (d-c, 0-600 v, 0-120 amps)
6 Fuel consumption, engine No. 2 (0.03-2 gpm)

(Continued)



Data Recorded on Oscillographs (Concluded)
Data
Channel

No. Data Recorded, Instrument Used, and Its Operating Range

Oscillograph No. 1 (Continued)

7 Fuel consumption, engine No. 3 (0.03-2 gpm)
8 Distance traveled, cargo-car wheel

Oscillograph No. 2

1 Terrain type boundaries (time lapse)
2 Radial acceleration, front axle, control car (0-5 g)
3 Radial acceleration, front axle, first cargo car (0-5 g)
4 Vertical acceleration, first cargo-car bed (0-5 g)
5 Longitudinal acceleration, first cargo-car bed (0-5 g)
6 Steering energy (a-c, 440 v, 3 phase, 3 hp)
7 Dust density (0-100% light transmission through filter tape)
8 Distance traveled, trailing wheel

21. The recording instruments and the necessary electronic equipment
were housed in a wanigan (see fig. 3) located on the 8th cargo car behind
the control car. A minimum of 500-w, 115-v, 60-cps power was required
to operate the recording equipment (see fig. 4), and was supplied by the
train's 115-v a-c power system.

Fig. 3. The wanigan, located on Fig. 4. A view inside the wanigan
the 8th cargo car, which housed showing the recording instruments

the recording instruments (two oscillographs) with a bank of
amplifiers on each side

19



Time lapse per terrain type

22. The oscillograph paper was driven at a known constant rate;
therefore, the horizontal axis (the axis along the length of the chart)
represents time. When the control car, and again when the rear power car,
passed a terrain-type boundary an electrical switch was pressed causing an
oscillograph pen to deflect and produce "pips" on one channel. Time lapse
per terrain type is the distance in millimeters between pips multiplied by
the chart time constant (time per unit length). Because these pips were
the only indication of terrain-type boundaries on the oscillograph chart,
the time-lapse measurement was recorded on both oscillographs. These pips
were projected across the oscillograph paper to compute values per terrain
type of the data recorded on the remaining channels.

Distance traveled

23. The right front wheel of the 8th cargo car and a trailing wheel
(see fig. 5) were used to measure distance traveled. A switch was mounted

on each of these wheels and electrically connected to oscillograph channels
so as to cause a pip to occur when the wheels turned. The trailing wheel

Fig. 5. The trailing
wheel used as one method

for measuring the dis-
tance traveled during the

tests

was instrumented to count each wheel revolution, the switch on the cargo-
car wheel to count each half wheel revolution. Thus the number of pips re-

corded on the channel multiplied by the wheel circumference for the trail-
ing wheel, or half the circumference for the cargo-car wheel, is the dis-
tance traveled. Two different wheels were used for comparison purposes.
The cargo-car wheel values were used for data analysis.

Steering energy

24. An a-c watt-hour meter (see fig. 6) was connected to the
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steering motor circuit to measure the
energy required to steer the Overland
Train. To prevent the meter from re-
versing, a ratchet was installed within
the meter. An impulse device was attached
to this meter to produce a pulse for every
1/4-disk revolution. These pulses were
recorded on an oscillograph channel as
pips. The number of pips occurring on
the designated channel multiplied by
one-fourth the disk constant (watt-
hours per disk revolution) was the
energy consumed in steering.

Driving and braking energy

25. Under normal conditions and
during the tests only two of the three

generators were used to operate the
Overland Train. The third generator
acted as a standby source of power. Fig. 6. The a-c watt-hour
Therefore, a d-c watt-hour meter with meter which measured the
a ratchet device to prevent reverse steering energy, positioned
rotation was connected to each output in the control car

circuit and two d-c generators
(generators 2 and 3 located in the
rear power car). These meters (see

fig. 7) had impulse devices at-
tached similar to that of the a-c
watt-hour meter in the steering
power circuit. The d-c output of
each operating generator was re-
corded on a separate oscillograph
channel. Energy produced per gene-
rator was determined by the same
method described in paragraph 24
and the total energy consumed was
the sum of outputs from the two
generators. A third d-c watt-hour

Fig. 7. The two d-c watt-hour meter with an impulse device was
Fi.t.r t wo d-csur wathoergy connected in the motor circuit of
meters that measured the energy gen- a cargo-car wheel in such a manner
ersted by the two operating genera- as to cause the meter to rotate in
tors, located in the rear power car

a forward direction when the wheel
motor applied power (traction

energy) to the wheel. This wheel motor was assumed to be representative of
the other wheel motor requirements. A fourth d-c watt-hour meter with an
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impulse device was connected to the same cargo-car wheel motor circuit used
to measure traction energy, and measured braking by rotating in a forward
direction when the wheel motor functioned as a generator.

Fuel consumption

26. Impeller-type flowmeters were used to measure fuel consump-
tion. These meters (see fig. 8) were installed in the fuel lines of the

two engines used to drive the gen-
erators that were instrumented.
The output of each meter was re-
corded on an oscillograph channel
in the form of pips, with each
pip representing a certain quan-
tity of fuel. The amount of fuel
used by the engines during a
period of time was the number of
pips recorded multiplied by the
meter constant (fractions of gal-
lons). The total quantity of
fuel used was, of course, the
sum of the quantities from the
two engines.

Fig. 8. Two flowmeters (circled),
which measured the fuel consumption of
the two engines which powered the gen-
erators, located in the rear power car

assembly of the control car and of the
tially vertical acceleration (see fig.

Acceleration

27. Accelerometers were

mounted on the right front axle
first cargo car to measure essen-
9). Two accelerometers were placed

Fig. 9. An accelerometer
which measured vertical ac-
celeration of the front
axle, mounted on the right

front axle housing of the
cargo car immediately be-

hind the control car
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on the bed of the first cargo car, near the right front corner. These in-
struments were positioned in such a way as to measure vertical and longi-
tudinal acceleration of the cargo-car bed (see fig. 10). The acceleration
differential between the cargo-car

front wheel assembly and the cargo-
car bed indicates the efficiency of -- "
the shock absorbing system at the
point of measurement. A carrier-
type amplifier was used with each
instrument and four oscillograph
channels were required to record
the data. Oscillograph pen deflec-
tions were proportional to the ac- -
celeration measured at the point
where the instruments were located.

Dust density

28. A dust density meter or
air sampler (see fig. 11) was used
to measure the concentration of

dust existing in the air plus that
generated by movement of the train.
This instrument was mounted outside

Fig. 11. A paper-filter tape air
sampler which measured the dust
concentration, positioned on the
cargo-car bed adjacent to the in-

strumentation wanigan

Fig. 10. Accelerometers which mea-

sured vertical and longitudinal ac-
celeration of the cargo-car bed,
mounted on the same cargo car shown

in fig. 9

the instrumentation wanigan on the
cargo-car bed. The air sampler was
designed to draw air through a paper-
filter tape on which dust particles

were concentrated in a circular area
of 1/2-in. diameter to form a dust
sample. After a predetermined sam-
pling period (in this case 4 min) the
tape automatically advanced, placing
the dust sample between a light source
and a photoelectric cell which mea-

sured the percent of light transmitted
through the sample. This measurement
was recorded on an oscillograph chan-
nel which had been adjusted to read
100 percent for the light transmission
through the clear paper tape.

Immobilization

29. The test program was to in-
clude trafficability measurements
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IMMOBILIZATION DATA

VEHICLE Overland Train TEST COURSE NO._5

O IMMOB. TRAFFICABILITY DATA TERRAIN FACTOR (S)

> 0 TERRAIN TYPE N6 6 g O UP OR GROUND VEGETATION REMARKS 2 U za O RUT CONE SLOPE SAMPLE E (O RELIEF

OD O -DEPTH INDEX (DEG) NO. SLOPE (FT) SOIL SOIL HEIGHT SPAC.
U UF ____SLPE TYPE CONSIST

1 1 1,l,1b,2-6,9/6,10-2/4 1-1 x 6'' 100 35 1 x UP 18 6 10
Control car became immobile
when going up a dry wash bank

NOTE: "PIPS" ON AN OSCILLOGRAPH CHANNEL WILL INDICATE THE BEGINNING
AND END OF EACH IMMOBILIZATION. IF THE TRAIN IS IMMOBILIZED FOR
AN EXTENDED PERIOD OF TIME, THE INSTRUMENT OPERATOR WILL
TURN OFF THE EQUIPMENT UNTIL FORWARD PROGRESS IS RESUMED AND
WILL NOTE THE TIME ELAPSED ON THE OSCILLOGRAPH CHART.

Fig. 12. Immobilization data form



where immobilizations occurred. These measurements were to comprise cone
index, slope, depth of ruts, in-place density, and moisture content of
the soil; soil samples for laboratory classification were also to be ob-
tained. Measurements were made of macrogeometric and microgeometric as-
sociations which might have adversely affected the trafficability of the
train. Instruments required for the trafficability measurements were cone
penetrometer, a soil sampling kit, and a slope indicator. A form, fig. 12,
was designed to record immobilization data. Specific locations of each
immobilization were to be indicated on the test course mosaic and topo-
graphic sheet according to traverse and immobilization number. However, no
terrain-induced immobilizations occurred during the test program.
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PART IV: FIELD TESTING AND ANALOG DEVELOPMENT

Ground Rules for Testing

30. In order to evaluate the terrain effects on the cross-country
operation of the train, it was necessary to establish "base values" for
each of the oscillograph traces while the train was operating over an ideal
surface condition, i.e. a level, paved road. These measurements were made
along a 5-mile stretch of U. S. Highway 80 through Yuma. To assure maximum
uniformity of results on the test courses, certain procedures or ground
rules were followed during testing as set forth in the following paragraphs.

31. Four traverses--two in each direction--were made by the Overland
Train over the courses tested. This permitted a more realistic analysis of
the variations in results that might have been caused by (a) change in ter-
rain effects due to the direction of travel, and (b) the operator's increas-
ing familiarity with the course.

32. For the purpose of the tests, the train was considered mobile as
long as its forward motion continued within the limits of the test course
and it did not follow the tracks of a previous traverse. The train would
have been considered immobile if: (a) its forward motion had ceased due to
terrain conditions, (b) it had departed the limits of the test course, or
(c) it had followed in the tracks of a previous traverse in order to avoid
difficult terrain. Crossing of previous tracks and some slight tracking
were permitted; however, such tracking was unavoidable rather than inten-
tional. It was to be the duty of the monitor filling out the immobiliza-
tion forms (paragraph 29) to decide when an immobilization had occurred be-
cause of tracking. Such decisions were to take into account the mechanical
capabilities of the train and were to be finalized only after consultation
with the operator.

33. Mechanical or electrical failures that were not directly caused
by terrain conditions were not considered as terrain-induced immobilization.
However, the cause and type of failure and the time required to make neces-
sary repairs were recorded. In the case of minor failures, where the repair
time was less than 2 hr, the train continued the traverse. If a breakdown
of longer duration had occurred, the traverse would have been rerun from
the beginning.

Courses Traversed

34. Although ten courses were selected for testing, only two courses
(1 and 12) were traversed before the tests were terminated on 20 June 1963.
During the June tests the train was at one time in a position to traverse
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course 16 in the Sand Hills; however, because numerous dunes with slip
faces 10 to 15 ft high occur along this course, it was deemed advisable to
test the train's ability to negotiate this type of terrain before entering
the course. The train's attempt to negotiate a 12-ft slip face with a 28-
deg slope was unsuccessful, and the train did not attempt to traverse
course 16.

35. Four traverses of test course 12 were made on 14 February with-
out a terrain-induced immobilization; however, a 1-1/2-hr delay occurred
during the second traverse to correct an a-c electrical malfunction. When
notification to terminate the tests was received, the northwestern part
of course 1 was eliminated because of the possibility of inflicting damage
to the train while traversing this terrain type. Therefore, the train made
four traverses over a shortened version of course 1 on 20 June without any
delays or immobilizations. All planned data were recorded during each
traverse of courses 1 and 12.

Explanation of Data Selected for Analysis

36. The data obtained during traverses of courses 1 and 12 are
presented in tables 1 and 2. The values for each selected performance in-
dicator are referenced according to terrain type and traverse number and
further subdivided into columns (headed A, B, and C) indicating the vehi-
cle's position within a terrain type during the traverse. Since no mea-
surable braking energy was recorded during the tests, this selected per-
formance indicator is not included in these tables. The referencing of
data to specific subdivisions within each terrain type is discussed in
subsequent paragraphs .

37. In order to determine the specific effects of a particular ter-
rain type on the performance of the train, it was necessary that the entire
train be operating over the same terrain conditions. With this in mind,
two factors--vehicle length (575 ft) and direction of travel--had to be
considered for each terrain type when computing terrain effects data. To
illustrate the method used to compile the data collected during the Over-
land Train test program, consider a hypothetical terrain type along a test
course as shown in fig. 13.

DIVISIONS OF TERRAIN TYPE

COLUMN A COLUMN 8 COLUMN C

DIRECTION OF
TRAVERSES 18&3 r DIRECTION OF

TRAVERSES 2 d4

A' B' C' FT

[75FT > 850 FT 575 FT

Fig. 13. Plan view of a hypothetical test course terrain type
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38. When the train is traveling from AA' to DD' the entire train is
not within the same terrain conditions until the control car reaches BB'.
After the control car passes DD' it enters another terrain condition.
Therefore, when the vehicle travels in the AA'-DD' direction only the data
collected between BB'-DD' is applicable to the terrain type represented by
AA'-DD'. Traverse numbers 1 and 3 in tables 1 and 2 apply to traverse
direction AA'-DD'. Similarly, when the train is traveling from DD' to AA',
only the data collected between CC' and AA' are applicable. Traverse
numbers 2 and 4 in tables 1 and 2 apply to travel direction DD'-AA'.

39. To obtain an average value for each direction of travel for the
selected performance indicators of a particular terrain type, only the data
collected between BB'-CC' were considered because other data were not col-
lected over identical terrain conditions. The value for the area BB'-CC'
of each traverse of a given terrain type is found in column B under each
performance indicator in tables 1 and 2.

Data Analysis

40. The test results were analyzed to determine the impact of the

various terrain types on the selected performance indicators during cross-
country operation of the train in the following terms: (a) increase in
route length, (b) reduction in speed, and (c) increase in fuel consumption.
The speed and fuel values were compared to the "base values" established
during the operation over the hard surface road. The route length is a
comparison of the actual path length within each terrain type to the
straight-line distance of the terrain type.

Microgeometry and direction of travel effects

41. Table 3 identifies the eight terrain types tested and summarizes
the effects of each on the cross-country mobility of the train in terms of
route length, speed, and fuel consumption. Note that the first number of
each terrain type is a 7 which signifies a plan-profile type where features
exhibiting more than 10 ft of relief* are absent. From an analysis of
these data, the factors found to be most critical during the tests were the
microgeometry features and the direction of travel across these features.
First, compare the variance in values obtained with the train traveling in
the same direction (perpendicular) across two terrain types with different
microgeometry configurations. The microgeometry of terrain type 7,l,lb,1-

* Relief in this instance is defined as the modal vertical distance from

interfluve crest to immediate adjacent flow line.
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6,9/6,10-2/4 on course 1 (shown on line 3 of table 3*) consists of drain-

ageways 3 to 5 ft deep separated by a relatively level, firm, smooth,
gravelly surface. The surface features of terrain type 7,1,2,1-5,1-3 on
course 1 (line 7) are small turret dunes 1 to 2 ft high (see photo 10) with
their long axis varying in length from 2 to 3 ft. Separating these dunes
is a slightly irregular surface of windblown sand. The dunes offered less
resistance to movement of the Overland Train than did the dry washes, as is
indicated by the values in table 3 where line 3 terrain type required a
4 percent increase in route length, 72 percent decrease in speed, and
228 percent increase in fuel consumption. Line 7 terrain type required a
0.7 percent increase in route length, 65 percent decrease in speed, and
176 percent increase in fuel.

42. The second factor, direction of travel (parallel or perpendicu-
lar) across linear microrelief features, was even more critical during the
test program. For example, the only difference in the line 6 terrain type
(7,l,lb,1-6,10/6,9-2/4) on course 12 and the line 3 terrain type (7,l,lb,1-
6,9/6,10-2/4) on course 1 is the change in soil consistency from predomi-
nant to subordinate. The microrelief features of both terrain types are
for all practical purposes the same. The direction of travel across test
course 12 was parallel to the microgeometry features, which resulted in 11
percent increase in route length, 21 percent reduction in speed, and 27 per-
cent increase in fuel consumption. The train traversed line 3 terrain type
on course 1 perpendicular to the microgeometry features which necessitated
the train's crossing seven significant drainage channels (see photo 9).
This resulted in a 4 percent increase in route length, a 72 percent reduc-
tion in speed, and a 228 percent increase in fuel consumption. Direction
of travel with reference to upslope and downslope will definitely affect
the performance of the train as it does other vehicles. However, these
conditions were not encountered on the test courses in sufficient length
or magnitude to obtain measurable effects resulting from upslope and down-
slope travel.

Soil and vegetation effects

43. The soil types and soil consistency over slopes along courses 1
and 12 had little, if any, effect on the train's mobility. The train's
high ground clearance (30 in.), the large-diameter wheels, and the high
flotation characteristics of the tires were definite assets to its mobility.
Rutting in low density soils was not significant when the train traveled in
loose gravel on course 12 and loose sand on course 1. Photo 7 shows tracks
left by the train tires and the ruts made by a jeep in the loose gravel bed

* For convenience, terrain types will be referred to by the number of the

line in table 3 on which they appear.
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of a channel of Indian Wash on course 12. The jeep tires penetrated the

loose gravel to form ruts ranging from 2 to 5 in. deep; an abrupt reduction

in speed resulted. In contrast, the train's ruts measured less than 1 in.

and there was little, if any, effect on the train's speed.

44. Vegetation types such as ocotillo, creosote and brittle bushes,
varieties of cacti, etc., did not affect the movement of the train. The
spacing of the large-diameter ironwood and paloverde trees was such that
the train's movement was not detrimentally affected during the four
traverses. On the other hand, if additional traverses had been made, or
larger trees had been spaced closer together, the vegetation would have
definitely been an obstacle to movement.

Immobilization and vehicle damage

45. Two additional factors--immobilization and vehicle damage--are
important when analyzing cause-effect relations of terrain factors during
cross-country movement. The height and degree of inclination of a surface
feature and the density of the soil composing it affect the ability of a
vehicle to traverse an area. Of course, two other factors--vegetation and
soil moisture--have to be considered; however, these factors either did not
affect train movement or remained constant during the tests. The height
of slopes steeper than 6 deg along courses 1 and 12 was less than 5 ft and
in most cases, less than 3 ft; the train was able to negotiate these slopes
without difficulty. Such slopes, being less than 10 ft in height, are con-
sidered microgeometry features and are not identified in the terrain

mapping system used for Project OTTER.

46. Although there were no terrain-induced immobilizations on the

test courses, the train was immobilized when it attempted to negotiate a
dune slip face in the Sand Hills (see photos 13 and 14) and valuable in-
formation was collected. The cause of immobilization was attributed to
the three factors mentioned above (height and degree of surface inclination
of feature, and soil density) acting in concert. The height of the slip
face was 12 ft, the slope 28 deg, and the soil density 92 lb per cu ft.
Therefore, it was established that this type of condition will cause the
train to be immobilized. Because the tests were restricted to a minimum
number of height-slope-density combinations, the impact on cross-country
movement of other combinations of these factors was not determined.

117. The terrain-induced damage to the train during traverses was of

such a nature that it could not be attributed to a specific terrain type.
The visible damage consisted of cuts on tires, which were not sufficient
to puncture them, caused by running over tree stumps, limbs, etc. A siz-
able vehicle-damage problem that must be dealt with in operations in a
desert environment is the penetration of dust into the engines, motors,
and other critical parts of the train. Dust samples, taken with the air
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sampler located adjacent to the instrument wanigan, failed to reveal any
particular pattern with respect to terrain type. Many variables, such as
grain size, wind direction and velocity, collection point on the train,
speed of the train, etc., can affect the collection of dust samples. Dam-
age caused by dust is not normally instantaneous, but results after a suf-
ficient amount of soil particles has accumulated on the working parts of
the train such as wheel motors, engines, etc. It would be practically im-
possible without additional research and experimentation to actually mea-
sure the amount of dust which penetrated the critical parts of the train
during tests such as these and determine the effects of dust on these parts
within a particular terrain type along a test course.

48. Dust created such a maintenance problem with the train's tur-
bine engines at Yuma that TRECOM contracted with a private firm to perform
tests to determine the efficiency of the engine filters. These tests con-
sisted of operating the train over a dusty circular path approximately 800
ft in circumference for a period of from two to three hours. The length
of each test was governed by the time required to collect what the con-
tractor termed "a sufficient amount of dust" on the filters for analysis.
Eight tests were performed in the vicinity of Ogilby, California, over ex-
tremely dusty terrain. Results of these tests were furnished to TRECOM by
the contractor.

Terrain-performance relations

49. Before the driving, traction, and steering energy data collected
over the test course are discussed, a brief explanation of the train's
power sources is in order. Turbine engines, which were operated on diesel
fuel during the tests, are the train's basic source of power. Each operat-
ing engine drives a generator which supplies the necessary electrical power
to operate the train's a-c and d-c electrical systems. The speed of each
engine is regulated by a governor to maintain a constant number of revolu-
tions per minute (rpm). The load requirement placed on the generators by
the train's electrically powered equipment (wheel motors, etc.) has a
direct influence on the amount of fuel required to maintain a constant rpm
rate. With this in mind, the watt-hours required to operate the driving,
steering, and braking systems were measured to determine if these require-
ments were definitive in small enough ranges to be indicative of fuel-
consumption fluctuations and thus enable correlations to be established be-
tween fuel consumption and watt-hour requirements for a specific terrain
condition.

50. The watt-hours recorded to operate the driving, traction, and
steering systems were compared with other selected performance indicators
such as distance traveled, fuel consumption, and speed over each terrain
type tested. The driving and traction energy were also compared to each
other. Unfortunately, none of these plots revealed significant
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correlations between the watt-hour requirements and terrain conditions.
For example, fig. 14 is a plot of the driving energy recorded for the rate

A

80,000 - -- -------- -- --- - __

70,000 ___-- -------

'vv ..
60000 -- -

b LEGEND

SYMBOL TERRA

50,000____ __ 0 7,1,1b,1 - 6,
5- TEST 0 7,1,2,1-5,1

COURSE a 7,1,2,1 -6,1

A 0 7,1t,1b,1 - 6,

0 A TEST 0 7,1,1b,1-6

40000 -- - COURSE v 7,1,b,1- 6

N02R 7, 1,1b,1 - 6

' Q 7,1,1a,1 - 6,

NOTE: SOLID SYMBOL;
3",\0" NUMBERED TR

30 000

20000 ---- --- __ __ -- _

Fig. 14. Relation between driving energ
and speed

90.000

requirements should also increase. The actual reason for the lack of cor-
relation is unknown; however, several reasons can be suggested. The watt-
hour requirements for all the wheel motors are not necessarily constant and
will fluctuate depending upon the surface configuration the wheel is travel-
ing over. Another factor which contributed to the lack of a meaningful cor-
relation between fuel, d-c watt-hours, and terrain conditions is the load
imposed on the engines by the a-c generators which in turn affect fuel con-
sumption. Because each engine drives both an a-c and a d-c generator, it
is somewhat of a problem to determine what percentage of the fuel was re-
quired to operate each type of generator. This problem is further compli-
cated by the fact that only the d-c current generated was recorded during
the field tests. The only use of a-c power recorded during the tests was
for steering. Demands of other equipment (air conditioning, etc.) on the
train's a-c system were not measured. The unknown amount of current loss
through the lines introduces further complications in the calculations.
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51. The lack of correlation was somewhat disappointing; however, as
previously pointed out, the basic requirement for operating the train is
fuel. Thus, if fuel consumption can be determined for specific terrain
conditions with some degree of accuracy, predictions can be made for this
factor for cross-country operation. Using this approach, the train's fuel
consumption in gallons per mile (gpm) was compared to the speed in miles
per hour (mph) for each terrain type occurring along test courses 1 and 12
(see fig. 15). Four points representing values for the traverses made
across each terrain type were used to construct the curves. Each point is
identified as to even or odd traverse (indicating traverse direction).
With few exceptions, all points for a specific terrain type fell along the
constructed curve. It is believed that a slight variation in fuel-speed
relation exists between traverse direction; however, this variance is minor
for the terrain types traversed by the train. Examination of these curves
reveals a pronounced correlation in that a high fuel-consumption rate oc-
curred at speeds of 1-1/2 to 3 mph which were predominantly maintained over
all terrain types except one. Where speeds greater than 3 mph'were main-
tained the curve tends to "straighten out" and operation is more economi-
cal. However, factors such as microgeometry features and direction of
travel across these features often necessitate speeds less than 3 mph. For
example, compare the bottom curve in fig. 15 for a direction of travel
which enabled the train to miss all microgeometry obstacles with the re-
maining curves for conditions such that various types of surface irregu-
larities were traversed. In the first instance, speeds greater than 3 mph
were maintained, whereas in the other cases travel at rates predominantly
less than 3 mph was necessary.

Acceleration

52. The accelerometers measured the range of acceleration that oc-
curred at specific points on the train during movement over each terrain
condition along courses 1 and 12. A value of 2 g was considered as the
upper limit of acceleration that any anticipated cargo transported by the
train could withstand. During the tests a maximum value of 0.2 g was re-
corded, which is considerably below the limiting 2-g value. Therefore,
the terrain types tested would place no restrictions on cargo as far as ac-
celeration is concerned,

Analog Development

53. Project OTTER field tests were designed not only to determine
the cross-country capabilities of the Overland Train in a desert environ-
ment but also to establish a correspondence between terrain factor values
critical to the train's movement and previously assigned WES factor
classes. In other words, it was hoped that the test results would reveal
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quantitative values for terrain conditions that were critical to the
train's movement in terms of "go" or "no go," or in terms of significant
changes in the performance indicators. Had a sufficient amount of this
type of information been collected, the WES factor classes could have
been compared with these critical values. An ideal condition would have
been for the critical values to correspond to lower limits of a factor
class. Had critical values represented the middle or upper limit of a
factor class, then it would have required subdividing or regrouping those
particular factor classes. Critical values could have also indicated that
factor classes causing similar effects on the movement of the train should
be combined. Once the terrain factor classes were arranged to correspond
to terrain conditions critical to movement, the terrain factor maps could
have been converted into terrain effects maps for the cross-country mobil-
ity of the Overland Train using quantitative ranges of effects as mapping
units.

541. Unfortunately, the tests included such a limited number of ter-
rain types in comparison to the multitude of terrain conditions that occur
in other world desert areas that it would be presumptuous to attempt to
compile terrain effects maps in quantitative terms with the relatively
meager data collected. However, data collected during the test indicated
that revisions should be made to the special type of analog maps of the
Northwest and Northeast African, the Middle Eastern, and South Central
Asian deserts presented in Report 1 of this series.

55. The special type of analog maps included in Report 1 was com-
piled under the assumption that the train could negotiate all the terrain
types along the test courses. This assumption proved to be incorrect;
therefore, the analog maps were revised accordingly. These maps (plates
13-16) were compiled by comparing the seven-digit terrain type symbols
that occurred in the selected world deserts to the terrain types tested
along courses 1 and 12 at Yuma. The terrain types of the selected deserts
of Northwest and Northeast Africa, the Middle East, and South Central Asia
were compiled from the folio reports prepared by WES for these desert
areas.* The ability of the train to negotiate the terrain types tested at
Yuma aided in placing world desert terrain types in the proper category.
In instances where the capability of the train to traverse a particular
terrain type was in doubt, the slope occurrence factor was used to deter-
mine the category in which that terrain type was placed. Terrain types in
the selected world deserts were placed in the following categories:

a. Terrain types tested, or assumed to be as negotiable or
more negotiable than those tested.

* See reports of the Technical Report 3-630 series listed opposite page 3

of this report.
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b. Terrain types assumed to be more difficult to negotiate than
those tested.

c. Areas where circuitous routes. can be used to cross terrain
types assumed to be as negotiable, or more negotiable than
those tested.

d. Areas where comparison is questionable.

In many instances, WES desert terrain maps delineate complexes (i.e., areas
within which two distinctive terrain types are found, one of which is sub-
ordinate to the other in areal extent). In such instances, when the pre-
dominant terrain type is such that it would prohibit movement of the train,
but the subordinate terrain type is easily negotiable, the area is delin-
eated as category c above. For comparative purposes, landscape* types
in world deserts occurring along the courses tested have been indicated in
plates 13-16 by a green overprint. It is reemphasized that these maps were
developed using all seven terrain factors acting in concert, four of which
are landscape factors. When the green is printed over a category b unit
(described above) it is an indication that the ground factor, or vegetation
factor, or both, but not the landscape factors make the terrain more diffi-
cult to traverse than terrain types tested at Yuma.

* See definition in paragraph 3, Appendix A.
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PART V: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

56. The termination of the test program after only two courses were
traversed restricted the collection of quantitative data to a very limited
number of terrain types; therefore, an insufficient amount of data was
available for compiling objective analog maps. Nevertheless, considerable
experience and knowledge, both of which should be of use in future studies
of this type, were gained from the program. Based on the small amount of
data collected during Project OTTER, it is felt that, had additional ter-
rain conditions at Yuma and in other areas in the Southwest U. S. desert
been tested, sufficient correlations could have been established between
performance and terrain conditions to extend these data to other world
deserts as a basis for compiling terrain-effects maps.

57. The ability of the Overland Train to traverse course 12 and the
shortened version of course 1 without a terrain-induced immobilization
indicates that an equally successful performance should occur over similar
terrain in other world desert areas. The inability of the train to negoti-
ate a 12-ft-high dune slip face in the Sand Hills indicates that immobili-
zations in terrain type 4,4,3,4-5,1-1 can be expected where this type oc-
curs in other areas.

58. Microrelief features and direction of travel were established as
having a direct effect on the train's performance. However, the lack of a
usable method for quantitatively describing the microgeometry prevents
projecting the impact that these specific features have on cross-country
movement to other areas.

Recommendations

59. The type of program used in Project OTTER is a relatively new
approach for conducting test programs of military vehicles (in addition to
the Overland Train, the 1/4- and 2-1/2-ton trucks have been tested by
this method). The results of these tests are most encouraging, and it is
recommended that other military vehicles be subjected to similar tests at
Yuma. In addition to tests in a desert environment, vehicle tests should
be expanded to include other types of environment.

60. Although the approach used for Project OTTER is considered
basically sound, the newness of this type program lends itself to improve-
ments. Several were indicated by the Yuma tests. Some of the urgent items
needing immediate attention are the development of a practical
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microgeometry classification system, improvement of the other terrain
factor classification systems, and the development of a more expedient way
of computing values for the selected performance indicators from the traces
recorded during the tests. Remarks concerning these items are included in
the following paragraphs.

Microgeometry classification

61. The impact of microgeometry features on vehicular cross-country
movement was emphasized during the Yuma tests. Unfortunately, these fea-
tures had not been mapped along the courses because of the lack of a usable
classification system. The need for a system for describing, classifying,
and mapping the microgeometry features has been recognized for some time,
and efforts have been channeled in this direction; however, a usable system
is not presently available. The University of Southern California, under
contract to WES, has been working on a solution to this problem. Systems
for classifying these features have been developed and applied to-rectan-
gular plots approximately 50 ft by 100, 200, or 300 ft, but this system is
difficult to apply to test courses several miles long or to the vast desert
areas of Africa and Asia.

Macrogeometry, soil, and vegetation classification

62. Since the world desert areas were mapped, studies have been
performed and changes made in macrogeometry and vegetation classification.
Revisions to the macrogeometry mapping include more objective mapping
methods and smaller ranges in the mapping units. A completely new vegeta-
tion classification system has been developed which is quantitative and
applicable to all types of environment. Work on a quantitative mapping
system for soils has been started under a recently initiated project.
Even the latest mapping techniques are not final, and improvements are an-
ticipated for future mapping.

Data compilation

63. The method used to convert the oscillograph traces from the
field tests into actual values was to physically count the pips (per de-
flection) for each of the selected performance indicators and multiply this
number by the appropriate conversion factor. Although somewhat time-
consuming, this method did not create a major problem for Project OTTER be-
cause only two test courses were traversed. On the other hand, the time
required for converting field data by this process for additional traverses
over 10 to 15 test courses would create a serious problem. Therefore, it
is recommended that ways to reduce data compilation time receive considera-
tion in future test programs.
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Active Research Study

64. Most of the above-discussed recommendations for future studies
are included as tasks of the Mobility and Environmental Research Study
(MERS) recently initiated at the Waterways Experiment Station under the
sponsorship of the Advance Research Projects Agency (ARPA). The purpose
of the ERS tasks is to develop and apply new and existing methods for mea-
suring and predicting in quantitative and semiquantitative terms the ef-
fects of environmental factors on ground mobility in Southeast Asia. The
successful completion of this study will contribute enormously to predict-
ing terrain effects, performing cross-country vehicle tests, and advancing
the cross-country capabilities of vehicles by utilizing test data to im-
prove their design.
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Table 1

Values of Selected Performance Indicators Measured During Operation of Overland Train over Test Course 1

Date of Traverses: 20 June 1963

Terrain Type

7,1,lb,1-6,9/6,10-2/4

Traverse

No.

1
2

3
4

Average, terrain typett
Average, traverses 1 and 3
Average, traverses 2 and 4

7,1,2,1-5,1-3

Average, terrain type
Average, traverses 1 and 3
Average, traverses 2 and 4

7,1,2,1-6,10/6,1-3/2

Average, terrain type
Average, traverses 1 and 3
Average, traverses 2 and 4

7,1, ib,1-6,10/6,1-3

Average, terrain type
Average, traverses 1 and
Average, traverses 2 and

1
2
3
4

1
2

3
4

1
2

3
4

Time Lapse
min

Distance Traveled*,**
(Cargo Car Wheel)

ft
A B C Total A B

--- 29.3 4.6 33.9 --- 3838
3.9 22.5 --- 26.4 572 3838
--- 18.6 2.9 21.5 --- 3898
2.7 21.3 --- 24.0 572 4274

23.0
27.7
25.2

2.3

1.0

3.0

2.5

2.4

1.9

30.0
24.8
20.1
19.6

12.6
10.3
8.5
7.8

6.2
4.8
3.3
3.4

2.5

1.6

5.1

2.1

5.2

2.1

3
4

32.5
27.1
21.7
20.6
23.6
27.1

23.9

17.7
13.3
10.6
10.3
9.8
14.2
11.8

11.4
7.2

5.4

5.3
4.4
8.4
6.3

572

572

572

572

572

572

4966
4952
4952
4936

2122
2122
2137
2107

933
948
978
903

C

572

572

572

572

572

572

572

572

Total

4410
4410
4470
4846
3962
4440
4628

5538
5524
5524
5508
4952
5531
5516
2694
2694
2709
2679
2122
2702
2687

1505
1520
1550
1475
941
1528
1498

Distance Traveledt

(Trailing Wheel)
ft

A

575

575

575

575

575

575

575

575

B

3926
3803
3947
3960

4015
5021
4289
4980

2148
2041
2168
2127

964
971
971
923

C

575
5- 7

575

575

575

575

575

575

575

Total

5076
4953
5097
5110
3909
5087
5082

5165
6171
5439
6130
4576
5302
6151

2723
2646
2743
2702
2121

2733
2659

1539
1546
1546
1498

957
1543
1522

A

6.37

2.81

3.55

3.01

4.88
--

4.10

--

4.03

3.39

Fuel Consumed

(Two Engines)
gal

B

46.14
35.83
30.02
36.98

48.04
40.37
34.87
33.50

24.79
16.53
15.51
13.13

9.60
8.14
5.57
5.84

C

7.42

4.84

4.06

2.70

8.24

3.35

8.08

3.39

Total

53.56
42.20
34.84
39.79
37.24
44.20
40.99

52.10
43.92
37.57
36.51
39.20
44.84
40.22

33.03
21.41
18.86
17.23
17.49
25.94
19.32

17.68
12.17
8.96
9.23
7.28
13.32
10.70

A

5710

4263

1543

1842

4593

4992

6412

7426

Driving Energy

(Two Generators)
d-c whr

B

22,231
30,527
26,867

38, 590

51,742
43,272
57,363
50,838

27,294
16,651
35,010
18,035

4,625
11,217
6,819
12,448

C

6971

6165

3511

4223

3234

4544

3861

4393

Total

28,202

36,237
33,032
42,853
29,553
30,617
39,545

55,253
44,815
61,586
52,680
50,803
58,419
48,747

30,528
21,244

39,554
23,027
24,247

35,041
22,135

8,486
17,629
10,212
19,874
8, 777
9,349

18,751

A

162

122

23

43

102

120

132

182

Traction Energy

(One Wheel)
d-c whr
B

357
596
597
938

1075
959
1360
1248

590
344
853
449

37
248
158
309

C

157

155

62

98

10

103

16

108

Total

514
758
752

1060
622

633
909

1137
982

1458
1291
1160
1297
1136

600
446
956
569
559
778
507

53
380
266
491
188
159
435

Steering Energy
a-c whr

_A

7

3

0

1

6

7

11

13

B

72
62
85

114

82
69
52
39

29
37
44
26

11
13
24

3

C

10

2

7

2

17

2

20

11

Total

82
69
87

117
83
85
93
89
69
54
40
60
72
55
46
43
46
33
34
46
38

31
24

35
16
13
33
65

DIRECTION OF
TRAVERSES 1 & 3

COLUMN A

DIVISIONS OF TERRAIN TYPE

COLUMN B

* Values used in computation
** Values are +15 ft.
t Values are 7 ft.COLUMN Cj

K -~ I
I I
I I
I I
I I
I I

575 FT >850 FT 575 FT _

of terrain effects.

tt Only values in column B were used for computations.

DIRECTION OF
TRAVERSES 2 & 4

NOTE: VALUES FOR EACH SELECTED
PERFORMANCE INDICATOR
WERE CATEGORIZED INTO COL-
UMNS A, B, OR C IN THE TABLE.
FOR DETAILED EXPLANATION
SEE PARAGRAPHS 35-37 IN THE
TEXT.

41
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Table 2

Values of Selected Performance Indicators Measured During Operation of Overland Train over Test Course 12
Date of Traverses: 14 February 1963

Terrain Type

7,1, lb,1-6,10/6,9-2/4

Traverse
No.

1
2
3
4

Average, terrain typet
Average, traverses 1 and 3
Average, traverses 2 and 4

7,1, la, 1-6, 10/4,1-4/1

Average, terrain type
Average, traverses 1 and 3
Average, traverses 2 and 4

7,1,lb,1-6,10-2/4

Average, terrain type
Average, traverses 1 and 3
Average, traverses 2 and 41

7,1,la,1-6,10-2/4

Average, terrain type
Average, traverses 1 and 3
Average, traverses 2 and 41

1
2
3
4

1
2
3
4

1
2
3
4

Time Lapse
min

Distance Traveled*,**
(Cargo Car Wheel)

ft

Fuel Consumed
(Two Engines)

gal

Driving Energy
(Two Generators)

d-c whr
A B C Total A B C Total A B C Total A B C

--- 4.0 2.0 6.0 --- 1219 572 1791 -- 6.02 3.09 9.11 -- 4,219 2801
1.0 2.6 --- 3.6 572 1219 --- 1791 1.99 4.87 -- 6.86 7427 15,675 --
--- 1.7 1.0 2.7 --- 1174 572 1746 -- 2.58 1.48 4.06 -- 3,023 2289
0.9 1.9 --- 2.8 572 1189 --- 1761 1.88 4.07 -- 5.95 7375 14,040 --

6.3

3.8

2.7

2.0

3.3

3.1

21.2
26.7
15.1
15.7

22.4
20.5
16.4
20.7

6.5
7.0
9.3
6.5

3.9

2.7

2.7

1.8

2.2

1.4

2.5
4.3
3.2

25.1
33.0
17.8
19.5
19.6
21.5
26.3

25.1
23.2
18.2
22.7
20.0
21.7
23.0

8.7
10.3
10.7
9.6
7.3
9.7
9.9

572

572

572

572

572

572

4169
3657
4154
4365

4334
4350
4214
4244

1625
1610
1595
1625

572

572

572

572

572

572

1200
1769
1776

4741
4229
4726
4937
4086
4734
4583

4906
4922
4786
4816
4285
4846
4869

2197
2182
2167
2197
1614
2182
2190

--

9.29

5.79

4.34

3.35

5.19

4.84

32.39
42.21
23.81
26.21

34.13
33.78
25.48
33.54

9.88
11.10
14.17
10.65

5.97

4.29
--

4.14

2.81

3.43

2.14

4.40
6.59
6.41

38.36
51.50
28.10
32.00
31.20

33.23
41.75

38.27
38.12
28.29
36.89
31.70
33.28
37.51

13.31
16.29
16.31
15.49
11.45
14.81
15.89

8886

5859

6459
-. r

6320

6704

5929

31,801
39,680
27,368
45,702

27,947
51,819
22,611
49,522

9,926
18,918
9,415

17,878

4573

3570

3607

3474

3628

2079

Traction Energy
(One Wheel)
d-c whr

Total

7,020
23,102

5,312
21,415
9,239
6,166

22,258

36,374
48,566
30,938
51,561
36,137
33,656
50,063

31,554
58,278
26,085
55,842
37,974
28,819
57,060

13,554
25,622
11,494
23,807
14,034
12,524
24,714

A

159

126

150

127

116

135

128

110

B

349
73

275

803
522

1003

1093
425

1106

374
165
388

C

21

63

63

36

Total

508
94

40l
232

94
454

953
585

1130
776
585

1041

1209
488
1241
874
488

1225

502
201
490
309
201
496

Steering Energy
a-c whr

A

--

7

10

53

39

41

30

24

11

B

22
42
27
27

283
257
180
192

231
200
191
231

20
39
47
39

C Total

7 29
-- 49
14 41
-- 37

30
35
43

0

37

28

19

2

10

DIVISIONS OF TERRAIN TYPE

COLUMN B

283
310
217
231
228
250
271

259
241
210
260
213
235
251

22
63
57
50
36
40
57

* Values used in computation of terrain effects.
** Values are +15 ft.
t Only values in column B' were used for computations.

COLUMN Cl

DIRECTION OF
TRAVERSES 2 8 4

NOTE: VALUES FOR EACH SELECTED
PERFORMANCE INDICATOR

WERE CATEGORIZED INTO COL-
UMNS A, B, OR C IN THE TABLE.
FOR DETAILED EXPLANATION
SEE PARAGRAPHS 35-37 IN THE

TEXT.

43

COLUMN A

I- -~

DIRECTION OF
TRAVERSES 193 II

I I

575 FT > 850 FT 575 FT

I --- II
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Table 3

Terrain Effects on Cross-Country Operation of the Overland Train

Line Test
No. Course

1 12

2 12

3 1

4 12

5 1

6 12

7 1

8 1

Terrain Type*
Ground

Landscape Factor**
PP SO CS CR ST SC

7

7

7

7

7

7

7

7

1

1

1

1

1

1

1

1

la

la

lb

lb

lb

lb

2

2

Paved road

1 6

1 6/4

1 6

1 6

1 6

1 6

1 5

1 6

10

10/1

9/10

10

10/1

10/9

1

10/1

Distance Speedt
Straight Route % In- Avg % Re-

VEG** Line, ft

2/4

4/1

2/4

2/4

3

2/4

3

3/2

1580

3550

3820

4190

890

1080

4920

2070

ft crease mph

1614

4086

3962

4285

941

1200

4952

2122

2

15

4

2

6

11

0.7

3

6.91

2.51

2.36

1.96

2.44

2.41

5.45

2.39

2.46

Fuelt
Consump-

tion
duction gal/mi

NAtt 15.13

64 37.5

66 40.3

72 49.6

65 39.1

65 40.9

21 19.3

65 41.8

64 43.6

%o In-

crease

NA

148

166

228

158

170

27

176

188

Traverse
Direction with

Reference to Drainage

NA

Parallel

Parallel

Perpendicular

Oblique

Drainage insignificant

Parallel

Drainage insignificant

Perpendicular

* Each terrain type is identified by a series or an array of seven symbols indicating the mapping units of plan-profile

(PP), slope occurrence (so), characteristic slope (CS), characteristic relief (CR), soil type (ST), soil consistency
(SC), and vegetation (VEG), always designated in that order. For complete description of the mapping units see

figs. Al-A6 and A8.
** Dual symbolizations or complexes (e.g. 2/4) occurring under ground and vegetation factors indicate no areally predomi-

nant type occurs. In such instances, the two most commonly occurring types are mapped; the predominant is shown as the

numerator, the subordinate as the denominator in the fraction.
t Each value for a terrain type shown in the left column under speed and fuel was compared with the corresponding
paved road performance value to obtain percent reduction or increase.

tt NA = not applicable.
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Photograph 1. Stereoscopic pair of vertical aerial photographs
of test course 1 between numbered stakes 3 (left side of photo)

and 8. Terrain type 7,l3lb,l-6,9/6,O-2/4i
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Photograph 2. Stereoscopic pair of vertical aerial photographs
of a section of test course 12 that follows Indian Wash through

the Middle Mountains. Terrain type 7,l,la,l-6,lO/-%l-4/l
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Photograph 3. Stereoscopic pair of a dissected alluvial
terrace along test course 1 near numbered stake 24. Ter-
rain type 7,1,2,1-6,10/6,1-3/2. Because the relief is less

than 10 ft, this is a microrelief feature

Photograph 4. Stereoscopic pair of test course 1 near num-
bered stake 22. The view is looking southeast with an al-
luvial terrace covered by a veneer of windblown sand in the

background
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Photograph 5. Stereoscopic
the channels in Indian Wash
Mountains along course 12.

pair of a 3-ft bank of one of
cutting through the Middle
The train went down this slope

1}t$

Photograph 6. Stereoscopic pair of terrain type 7,1,lb,l-
6,10-2/4 on course 12 near numbered stake 18. Note the

tracks of the Overland Train
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Photograph 7. Stereoscopic pair of the loose gravelly bed
of Indian Wash along course 12 in Middle Mountains. Compare
the ruts made by a jeep (center of photo) to a track of the

Overland Train (right side of photo)

Photograph 8. Stereoscopic pair of the northeastern end of
course 12 with the Middle Mountains in the background. The
tracks of the Overland Train are well defined in the desert

pavement surface
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Photograph 9. The train
traversing a shallow (5-
ft-deep), dry drainage

course 1. Terrain type
7,l,lb,l-6,9/6,l0-2/4

Photograph 11. Low
gravelly ridge rising
above the windblown sand
area on test course 1
near numbered stake 25.
Terrain type 7,1,2,1-

6,10/6,9-3/2
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Photograph 10. Low
sand mounds capped with
vegetation along test
course 1 near center-
line stake 13. Terrain

type 7,1,2,1-5,1-3

4~t
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Photograph 12. A flat
desert surface along
course 1 near numbered
stake 1. Terrain type
7,1,1b,1-6,9/6,l0-2/4
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Photograph 13. Stereoscopic pair of the dune slip face
where the control car was immobilized at the crest of this

12-ft incline of loose sand

~\ \

I

Photograph 14. Stereoscopic pair of the ruts of the front
wheels of the control car at the point of immobilization on
the crest of the dune in photograph 13. The ruts are ap-

proximately 16 in. deep

52

~\ \
1

>p

4'x



'~,.

s

YUMA SAND HILLS
/2

... +++

"- I-

, 7

HQ YUMA TE, STA

A & AA 5 
AR.Ol f 4 3

V 'V

POU 66NE \O A

Bard 7 3 A T s
GILA q

4
4ln

kMiddle We~~

I4

r

I

I

I
1

I

I

I

,
oa

9

/"

r

SIGNAL BUT TE TEX

1 HILL

1 N Growler

HAWK MTS
110va

YUMA PROVING GROUND

LEGEND

TEST COURSES SURVEYED AND TRAVERSED
(12 AND PART OF I)
TEST COURSES SURVEYED
TEST COURSES NOT SURVEYED
PAVED ROADS
IMPROVED ROADS
UNIMPROVED ROADS

YUMA PROVING GROUND AND
YUMA SAND HILLS

SCALE
5 0 5 10 MI.

w

r

p

I

r

I
r
1





SEGMENT 3

I--- -- - - -- - -

SEGMENT 2

LEGEND

- 0- 0- LIMITS OF TEST COURSE TRAVERSED

LIMITS OF TEST COURSE
1000

AERIAL MOSAIC

TEST COURSE NO. I

SCALE IN FEET
0 1000

PLATE 2

.4 SEGMENT!

-- K O OQ O. .m-O - - o0-- O--- O- ---O"-r'}

O- --- O O - --- o --- 90o----- --- o --- o---- ~--o------ O O ^O --- O --

2000

_1
p d .. ,

, . - "

.:

. 33. . . . C' -74 " n mom- . .

| 1 I I I

I

A - o ----- o- - a - .+--C-- o o ~.-o ----o 0 -o - o

55



TERRAIN TYPES

TEST COURSE 1

LANDSCAPE GROUND FACTORS VEGETATION TERRAIN TYPE*

CHARACTERISTICSSCATTERED
PLAN-PROFILE SLOPESOIL TYPE SOIL CONSISTENCY SC RE________________ _________GROUN}

OCCURRENCE CHARACTERISTIC RELIEF SPARSE SCATTERED SHRUBS FAO
% AREA OCCUPIED SLOPE SILT AND/OR LOOSE DENSE BARREN SHRUBS SHRUBS AND/ORPLANMECAPE FACTYRD VEGETATE

HIGHS BY HIGHS PER 10 MILES TYPE I TYPE II CLYANTD>2" DEEANDYE/AORND SCLAIHSY WITH )12" DESERT LAYERANAD SCRUBBY ---- __
ARE SAND GRAVEL GRAVEL COARSE BELOW PAVEMENT WITHIN 12" GRASSES GRASSES RUPCY

>60 40-60 <40 <1 5-20 20-100 0-1/20 1/20-20 20-60 6-14 0-10 10-50 0-100 100-400 W/FINES MATERIAL SURFACE OF SURFACE TREES PP 50 CS CR ST SC

x x x x x x x x/ /x 11lb 2 6 910 24

0. 0

-(OW

UW_ _ _ _ ______ _ _ _---- _ _ __

0

z
O00
Z O

z
0
0.

0

O

I

X
X
X
X
X

X
X
X
X

X

X
X
X

x
X

X
X
X
X

X
X

_ _II.,.I._I I4 I _ -

X
X

X

X

X
X
/X X

X

X

7
7
7T

1
1
1

lb
lb
lb

1
1
1

6
6

6

9/10
9/10
10/1

2

X _ 1 2 1 5 1 3**-
7 1 2 1 6 10 /1

* EACH TERRAIN TYPE IN THE LEGEND IS IDENTIFIED BY A SERIES OR AN ARRAY OF SEVEN SYMBOLS INDICATING THE MAPPING UNITS OF PLAN-PROFILE (PP), SLOPE OCCURRENCE (SO), CHARACTERISTIC SLOPE (CS), CHARACTERISTIC RELIEF (CR), SOIL
TYPE (ST), SOIL CONSISTENCY (SC), AND VEGETATION, ALWAYS DESIGNATED IN THAT ORDER. THE RANGE OR DESCRIPTIVE TERM OF EACH MAPPING UNIT IS IDENTIFIED BY AN (X) UNDER THE COLUMN CORRESPONDING TO THE TERRAIN FACTOR. ONLY
THOSE RANGES OR MAPPING UNITS OCCURRING ALONG THE TEST COURSE HAVE BEEN INDICATED IN THIS LEGEND. FOR COMPLETE DESCRIPTION OF THE MAPPING UNITS SEE FIGS. Al-A6 AND AS.

DUAL SYMBOLIZATIONS OR COMPLEXES (E.G. 2/4) OCCURRING UNDERGROUND AND VEGETATION FACTORS INDICATE NO AREALLY PREDOMINANT TYPE OCCURS. IN SUCH INSTANCES, THE TWO MOST COMMONLY OCCURRING TYPES ARE MAPPED; THE
PREDOMINANT IS SHOWN AS THE NUMERATOR, THE SUBORDINATE AS THE DENOMINATOR IN THE FRACTION. (X/) INDICATES THE NUMERATOR AND (/X) THE DENOMINATOR IN THE BODY OF THE LEGEND.

** TERRAIN TYPES OF SHORTENED VERSION OF COURSE 1 ACTUALLY TRAVERSED.
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TERRAIN TYPES

TEST COURSE 12

LANDSCAPE GROUND FACTORS VEGETATION TERRAIN TYPE*

CHARACTERISTICPLAN-PROFILE SLOPE CHARACTERISTIC SOIL TYPE SOIL CONSISTENCY SCATTERED
OCCURRENCECHARACTERISTIC RELIEF SPARSE SCATTERED SGROUNDt

% AREA OCCUPIED SLOPE SILT AND/OR LOOSE DENSE SHRUBS SHRUBS SHRUBS LANDSCAPE FACTORS
HIGHS BY HIGHS PER 10 MILES TYPE I TYPE ilSANG AND/OR CLAY WITH >12" DESERT LAYER BARN AND AND AS/CRFCTRUBEEBTY
ARE SAND GRAVEL GRAVEL SCRUBBYARE - 4_-6 <4_< - -0- _/2_1/2_ -2 __ 2--6 _ 6 _-14 - SAND GRAVEL GRAVEL COARSE BELOW PAVEMENT WITHIN 12" GRASSES GRASSES TREES PP 50 CS CR ST SC
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X X _X X X x71 X X/ /X la 1 10 2
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* EACH TERRAIN TYPE IN THE LEGEND IS IDENTIFIED BY A SERIES OR AN ARRAY OF SEVEN SYMBOLS INDICATING THE MAPPING UNITS OF PLAN-PROFILE (PP), SLOPE OCCURRENCE (SO), CHARACTERISTIC SLOPE (CS), CHARACTERISTIC RELIEF (CR), SOIL
TYPE (ST), SOIL CONSISTENCY (SC), AND VEGETATION, ALWAYS DESIGNATED IN THAT ORDER. THE RANGE OR DESCRIPTIVE TERM OF EACH MAPPING UNIT IS IDENTIFIED BY AN (X) UNDER THE COLUMN CORRESPONDING TO THE TERRAIN FACTOR. ONLY
THOSE RANGES OR MAPPING UNITS OCCURRING ALONG THE TEST COURSE HAVE BEEN INDICATED IN THIS LEGEND. FOR COMPLETE DESCRIPTION OF THE MAPPING UNITS SEE FIGS. Al-A6 AND AS,

f DUAL SYMBOLIZATIONS OR COMPLEXES (E.G. 2/4) OCCURRING UNDERGROUND AND VEGETATION FACTORS INDICATE NO AREALLY PREDOMINANT TYPE OCCURS. IN SUCH INSTANCES, THE TWO MOST COMMONLY OCCURRING TYPES ARE MAPPED; THE
PREDOMINANT IS SHOWN AS THE NUMERATOR, THE SUBORDINATE AS THE DENOMINATOR IN THE FRACTION. (X/) INDICATES THE NUMERATOR AND I/XI THE DENOMINATOR IN THE BODY OF THE LEGEND.
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TERRAIN TYPE-TIME LAPSE (OSCILLOGRAPH PAPER DRIVEN AT A RATE OF 2.0 MM/SEC)

W- W-

~E1-5iUL-. i~7~---

FUEL CONSUMPTION-AENGINE NT.2 PIP REPRESENTS 0.0395 G
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TERRAIN TYPE-TIME LAPSE(OSCILLOGRAPH PAPER DRIVEN AT A RATE OF 5.0 MM/SEC),
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APPENDIX A: WES SYSTEM OF TERRAIN CLASSIFICATION

Introduction

1. The terrain classification described in WES Technical Report
No. 3-506* was utilized for Project OTTER. This appendix gives a few
pertinent definitions and comments concerning the system.

2. For purposes of the WES system, terrain is considered to be
the sum of the various physical attributes of the land that describe an
area. A terrain factor is an attribute of terrain that can be described
in either qualitative or quantitative terms. A factor class is a defin-
able subdivision within a terrain factor; it may be defined quantitatively
as a specific range of values, or qualitatively in terms of mapping units
within each of the eight terrain factors considered in the preparation of
desert terrain analogs. An area described in this way is called a terrain
type; it is identified by an array of numbers (or number-letter symbols),
each representing a class of one of the terrain factors considered in the
descriptive system. Terrain factors can be conveniently grouped into three
categories: geometry, ground, and vegetation.

Definitions of Terrain Factors

Geometry factors

3. Geometry factors considered are plan-profile, occurrence of
steep slopes, characteristic slope, and characteristic relief. Plan-
profile indicates (a) whether the topographic highs are flat-topped or
peaked, (b) the areal occupancy of the highs, (c) the degree of elonga-
tion or planar shape of the highs, and (d) the orientation or degree of
alignment exhibited by the highs. Ranges of these four subfactors have
been combined in such a way that they identify 25 basic types of surface
configuration (fig. Al). Occurrence of steep slopes, i.e. slopes greater
than 50 percent, indicates the modal maximum number of such slopes
encountered along several traverses in an area (fig. A2). The character-
istic slope indicates the modal slope class or range found in the area
(fig. A3), and characteristic relief indicates the modal relief (fig. A4).
A landscape (or landscape type) is identified by an array of four number

* U. S. Arnrr Engineer Waterways Experiment Station, CE, Handbook; A
Technique for Preparing Desert Terrain Analogs, by J. R. Van Lopik and
C. R. Kolb, Technical Report No. 3-506 (Vicksburg, Mississippi, May
1959).
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Highs are - Nonlinear Linear and Nonlinear Linear and
and Random Random and Parallel Parallel

Schematic

Highs* occupy: Plan "5

Schematic

Profile Units Units Units Units

> 60% of area 1 iL 1// 1L//

40-60% of area 2 2L 2// 2L//

< 40% of area 3 3L 3// 3L//

> 60% of area 4 4L 4// 4L//

40-60% of area 5 5L 5// 5L//

< 40% of area U 6 6L 6// 6L//

No pronounced
highs or lows7

* Highs are considered to be (1) peaked or crested prominences which exhibit characteristic

slopes greater than 6 degrees or (2) flat-topped prominences which exhibit summit areas
with characteristic slopes < 6 degrees and side slopes > 6 degrees.

Fig. Al. Characteristic plan-profile classes

Number of Steep Slopes
Units Per 10 Miles

1 Lacking

2 1-5

3 5-20

4 20-100

5 100-200

6 More than 200

Fig. A2. Classes for occurrence
of slopes greater than 50 percent
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Fig. A3. Characteristic
slope classes

Fig. A4. Characteristic
relief classes

Relief in areas where the characteristic slope is
less than 6 degrees (approximately 10 per cent)

t Relief in areas where the characteristic slope is
greater than 6 degrees (approximately 10 per cent)

(or number-letter) symbols, each representing a mapping unit within one of
the four geometry factors. Surface features not defined by a 10-ft contour
interval (i.e. features having less than 10 ft of relief) are ignored in
the geometry factors. Consequently, a landscape is defined in terms of
the plan-profile, slope occurrence, characteristic slope, and character-
istic relief, as those factors generated by a 10-ft contour interval.
Microrelief (or surface roughness) is concerned with those features of
terrain geometry having relief of less than 10 ft. A microrelief clas-
sification is presently being developed.

Ground factors

4. Ground factors include soil type, soil consistency, and surface
rock. Soil-type classes have been divided into two groups on the basis
of percentage of area occupied by bare rock and stony soils. A soil-rock

Units Descriptive Ranges of Slope Values
Term Degrees Per Cent

la Flat 0Oto1/2 0Otol1

lb Flat 1/2 to 2 1 to 3-1/2

2 Gentle 2 to 6 3-1/2 to 10

3 Moderate 6 to 14 10 to 25

4 Declivitous 14 to 26-1/2 25 to 50

5 Steep 26-1/2 to 45 50 to 100

6 Precipitous >45 >100

Relief Units Ranges of Relief Values

1 0 to 10 ft

2 10to50ft

3 >50 ft

4 O to100ft

5 100 to 400 ft

6 400 to 1000 ft

7 >1000 ft



association is mapped if more than 20 percent of the area is covered by
bare rock and stony soil; if less than 20 percent is so covered, a soil
association is mapped. As shown in fig. A5, the soil-rock units indicate
20 to 50, 50 to 90, and greater than 90 percent bare rock and stony soil
coverage. Subdivision of the soil association category is based on grain-
size percentages of random samples (fig. A5). A soil consistency factor
is utilized in describing regions of soil associations. The primary
stratification of soil consistency is based on homogeneity or lack of
homogeneity (layered consistency) in the uppermost 12 in. of soil (see
fig. A6). The homogeneous group is divided into noncohesive and cohesive
categories. The noncohesive category is further subdivided into two map-
ping units (loose and dense), while the cohesive category is subdivided
into three mapping units (soft, firm, and hard). The nonhomogeneous or
layered consistency units identify various combinations of the consist-
encies which occur within the uppermost 12 in. of soil, e.g. hard crust
over soft material, firm over noncohesive, etc.

5. Regions of soil-rock associations are described in terms of

Units Description

Bare rock and stony soils* cover 90% of
mapped area

u .2
- 2 Bare rock and stony soils cover from 50 to

90% of mapped area
O0

3 Bare rock and stony soils cover from 20 to
50% of mapped area

4 Gravel: 90% of a typical sample consists of
gravel

5 Sand: 90% of a typical sample consists of sand

6 Sand-gravel with fines: 50% of a typical
sample consists of sand and/or gravel

0
Silt and clay with coarse -grained soils: 50% of
a typical sample consists of silt and/or clay

o) C., au 8 Silt: 75% of a typical sample consists of silt

0 '9 Clay: 75% of a typical sample consists of clay

10 Saline: 25% of a typical sample consists of salt

* Stony soils: 75% of a typical sample consists of material coarser
than gravel (3 in.)

t Coarse-grained soils: 50% of a typical sample consists of sand
and/or gravel

$ Fine-grained soils: 50% of a typical sample consists of silt
and/or clay

Fig. A5. Soil-type classes
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Units Descriptive Term

Loose: The ratio of voids to constituent grains is close to a
-r-rnaturally occurring maximum, i.e., the grains are loosely packed

Wum ooe
0i Z 2 Dense: The ratio of voids to constituent particles is close to a

V)U naturally occurring minimum, i.e., the grains are closely packed

o > 3 Soft (usually perennially wet): Little or no bearing capacity

O~ ;

U 4 Firm: Moderate bearing capacity

U 5 Hard: High bearing capacity

6 Hard thin crust over soft material

V u 7 Hard thin crust over noncohesive material
U w

U a o 8 Thin zones of firm material over noncohesive material

9 Surface of pebbles or gravel over noncohesive material
o k

.a H 10 Dense layer within 12 in. of the surface

o. oUe
U -. 11 Hard layer within 12 in. of the surface

o 4 1%J

z 
-

* Soil of essentially uniform consistency to depths of 12 in.

t Soil posessing two or more relatively discrete layers within 12 in. of the surface

Fig. A6. Soil consistency classes

surface rock factor. Ac-
cepted geologic rock nomen-
clature has been employed in
the surface rock classifica-
tion and the classification
of this factor as used in WES
desert terrain studies is
shown in fig. A7. Since the
nature of the rock at Yuma
was of little consequence in
the performance of the Over-
land Train, the various rock
types occurring along the se-
lected courses at Yuma were

not classified, and rock type
was not considered in deter-
mining terrain types along the
test courses analogous to
those of mapped world deserts. Fig. A7. Surface rock
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Units Descriptive Term

1 IGNEOUS (Undiff.)

2 Intrusive

3 Extrusive

3a True Extrusive

3b Cemented Volcanic Ejecta

4 METAMORPHIC (Undiff.)

5 SEDIMENTARY (Undiff.)

6 Sandstone

7 Limestone

8 Shale

9 Evaporites



Vegetation factor

6. The vegetation factor is subdivided on the basis of naturally
occurring desert vegetation assemblages and their structure (fig. A8).
Structural aspects considered are ground cover, canopy cover, spacing,
height, trunk diameter, and crown diameter. A more universal and com-
prehensive structural system for classifying vegetation has been developed
by WES; however, for Project OTTER it was necessary to employ the same
system used earlier to map the world deserts in order that a valid com-
parison could be made between vegetative types traversed along the Over-
land Train test courses and those which occur in the mapped world deserts.

Ground
Units Descriptive Term Cover

Per Cent

1 Barren

2 Sparse shrub and grass 1-5

3 Scattered shrub and grass 5-25

4 Scattered shrub and/or scrubby trees 50-90

4a With scattered 3rd story* trees 50-90

5 Dense shrub and/or scrubby trees 80-100

5a With scattered 3rd story trees 80-100

5b With grain-herb cultivation 90-100

6 Palms with or without grain-herb cultivation 75-100

7 Steppe 50-100

8 Steppe-savanna 90-100

9 Grain-herb cultivation 90-100

10 Marsh 80-100

* Vegetation stories are distinguished on the basis of height: 1st story
vegetation ranges from 0 to 6 ft in height; 2nd story, from 6 to 25 ft;
3rd story, from 25 to 70 ft.

Fig. A8. Vegetation classes

90



Security Classification

DOCUMENT CONTROL DATA - R&D
(Security classification of title, body of abstract and indexing annotation must be entered when the overall report is classified)

1. ORIGINA TIN G AC TIVITY (Corporate author) 2 a. R EPOR T SECURI TY C LASSIFIC ATION

U. S. Army Engineer Waterways Experiment Station Unclassified

P. 0. Box 631 2b. GROUP

Vicksburg, Miss.

3. REPORT TITLE

PROJECT OTTER (OVERLAND TRAIN TERRAIN EVALUATION RESEARCH); TEST REPORT

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)

Report 2 of series
S. AUTHOR(S) (Last name, first name, initial)

Shamburger, John H., and Duke, Leiland M.

6. REPORT DATE 7a. TOTAL NO. OF PAGES 7b. NO. OF REFS

February 1965 90 0
Ba. CONTRACT OR GRANT NO. 9a. ORIGINATOR'S REPORT NUMBER(S)

b. PROJECT NO. 1-V-0-25001-A-131 Technical Report No. 3-588, Report 2

c. 9b. OTHER REPORT NO(S) (Any other numbers that may be assigned
this report)

d.

10. A VA IL ABILITY/LIMITATION NOTICES

Qualified requesters may obtain copies of this report from DDC.

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Research and Development Directorate,
U. S. Army Materiel Command

13. ABSTRACT A program designed to objectively test and quantitatively evaluate the
aross-country mobility of the Overland Train (a logistical cargo carrier) in a
desert environment was conducted over selected courses at the U. S. Army Yuma
Proving Ground, Arizona, during February and June 1963. A semiquantitative system
'or terrain classification, developed at the U. S. Army Engineer Waterways Experi-

rent Station (WES) and used to classify several world deserts in the Northern
emisphere, was utilized to describe the terrain along the selected courses at Yuma.
sixteen courses were tentatively selected at Yuma; however, tests were terminated
after only two courses had been traversed. The following data were collected for
each test course: fuel consumption, electrical energy required to operate the
driving, traction, and steering systems, distance traveled, dust density; and
acceleration at specific points on the train. These data were compared with
'base values" obtained during train operation on a level, paved road. Effects of
terrain on cross-country operation were: decrease in speed, increase in path
length, and increase in fuel consumption. These effects were attributed to micro-
geometric features and the direction of travel across these features. Quantitative
relations between speed in miles per hour and fuel consumption in gallons per mile
gere established. Terrain types, classified according to the WES mapping system,
long the two test courses are compared to the terrain of deserts of North Africa,
The Middle East, and South Central Asia.

DD 1 JAN6 1473 Unclassified
Security Classification



Unclassified
Security Classification

KEY WORDS

Deserts

Terrain, cross-country movement

Vehicles, military

Overland Train

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of De- -
fense activity or other organization (corporate author) issuing
the report.

2a. REPORT SECUIRTY CLASSIFICATION: Enter the over-
all security classification of the report. Indicate whether
"Restricted Data" is included. Marking is to be in accord-
ance with appropriate security regulations.

2b. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200. 10 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 as author-
ized.

3. REPORT TITLE: Enter the complete report title in all
capital letters. Titles in all cases should be unclassified.
If a meaningful title cannot be selected without classifica-
tion, show title classification in all capitals in parenthesis
immediately following the title.

4. DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e. g., interim, progress, summary, annual, or final.
Give the inclusive dates when a specific reporting period is
covered.

5. AUTHOR(S): Enter the name(s) of author(s) as shown on
or in the report. Enter last name, first name, middle initial.
If military, show rank and branch of service. The name of
the principal author is an absolute minimum requirement.

6. REPORT DATE: Enter the date of the report as day,
month, year; or month, year. If more than one date appears
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The total page count
should follow normal pagination procedures, i.e., enter the
number of pages containing information.

7b. NUMBER OF REFERENCES: Enter the total number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written.

8b, 8c, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, etc.

9a. ORIGINATOR'S REPORT NUMBER(S): Enter the offi-
cial report.number by which the document will be identified
and controlled by the originating activity. This number must
be unique to this report.

9b. OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbers (either by the originator
or by the sponsor), also enter this number(s).

10. AVAILABILITY/LIMITATION NOTICES: Enter any lim-
itations on further dissemination of the report, other than those

imposed by security classification, using standard statements
such as:

(1)

(2)

(3)

"Qualified requesters may obtain copies of this
report from DDC."

"Foreign announcement and dissemination of this
report by DDC is not authorized."

"U. S. Government agencies may obtain copies of
this report directly from DDC. Other qualified DDC
users shall request through

(4) "U. S. military agencies may obtain copies of this
report directly from DDC. Other qualified users
shall request through

(5) "All distribution of this report is controlled. Qual-
ified DDC users shall request through

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known.

11. SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.

12. SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or laboratory sponsoring (pay-
ing for) the research and development. Include address.

13. ABSTRACT: Enter an abstract giving a brief and factual
summary of the documept indicatiPe of the report, even though
it may also appear elsewhere in the body of the technical re-
port. If additional space is required, a continuation sheet
shall be attached.

It is highly desirable that the abstract of classified re-
ports be unclassified. Each paragraph of the abstract shall
end with an indication of the military security classification
of the information in the paragraph, represented as (TS), (S),
(C), or (U).

There is no limitation on the length of the abstract. How-
ever, the suggested length is from 150 to 225 words.

14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected so that no security classification is required. Iden-
fiers, such as equipment model designation, trade name, mili-
tary project code name, geographic location, may be used as
key words but will be followed by an indication of technical
context. The assignment of links, rules, and weights is
optional.

Unclassified
Security Classification

14. LINK A

ROLE WT

LINK B

ROLE WT

LINK c
ROLE WT

.r-

i E I



DISTRIBUTION LIST

Commanding General
U. S. Army Materiel Command
ATTN: AMCRD-RV-E
Washington, D. C. 20315

Commanding General
U. S. Army Transportation

Research Command
ATTN: Mr. H. P. Simon
Fort Eustis, Virginia

Dr. Jack R. Van Lopik
Geosciences Department
Texas Instruments, Inc.
Exchange Bank Building
Dallas 35, Texas

Commanding Officer
Yuma Proving Ground
Yuma, Arizona 85364

Mr. Robert E. Frost
Photographic Interpretation

Research Division
U. S. Army Cold Regions Research

and Engineering Laboratory
Hanover, New Hampshire 03755

Mr. L. W. Shanahan
Chief, Environmental Test Branch
ERDL
Fort Belvoir, Virginia 22060

Dr. Leonard S. Wilson
Chief, Earth Sciences Division
Army Research Office
OCRD
Arlington Hall Station, Virginia

Office, Chief of Engineers
ATTN: ENGRD-SE
Department of the Army
Washington, D. C. 20315

Commanding Officer
Army Map Service
6500 Brooks Lane
Washington, D. C. 20315

2 Commanding General
U. S. Army Materiel Command
ATTN: AMCRD-DM
Washington, D. C. 20315

5 Dr. Harold G. Wilm
Commissioner
Conservation Department
State of New York
Albany, New York

l Dr. Norman W. Radforth
Chairman
Department of Geology
McMaster University
Hamilton College
Hamilton, Ontario, Canada

2
Professor Joseph R. Russell
Department of Civil Engineering
University of Illinois

2 Urbana, Illinois

3

5

Dr. Arthur N. Strahler
Chairman
Department of Geology
Columbia University
New York 27, New York

Commanding Officer
USAMC Natick Laboratories
ATTN: Dr. Peveril Meigs
Natick, Massachusetts

Defense Documentation Center
ATTN: Mr. Myer Kahn
Cameron Station
Alexandria, Virginia 2231+

1

1

1

1

1

2

20r

3 Dr. Richard 0. Stone 1
Department of Geology
University of Southern California
Los Angeles, California

2 Office, Chief of Engineers
Library Branch
Department of the Army
Washington, D. C. 20315

2

1



Military Geology Branch
U. S. Geological Survey
Washington 25, D. C.

Central Intelligence Agency
ATTN: OCR Mail Room
2430 E. Street, N. W.
Washington 25, D. C.

Director
Project Michigan
Willow Run Laboratories
Ypsilanti, Michigan

Library of Congress
Documents Expediting Project
Washington, D. C.

Library
U. S. Military Academy
West Point, New York

Library
Armed Forces Staff College
Norfolk, Virginia

Library
Army War College
Carlisle Barracks, Pennsylvania

Library
The U. S. Army Engineer School
Fort Belvoir, Virginia 22060

Library
The U. S. Army Quartermaster

School
Fort Lee, Virginia 23801

Library
The U. S. Army Armored School
Fort Knox, Kentucky 40121

Library
The U. S. Army Infantry School
Fort Benning, Georgia 31905

2

2

1

Library
Command and General Staff

College
Fort Leavenworth, Kansas 66027

Library
The U. S. Army Artillery

School
Fort Sill, Oklahoma 73504

Library
The U. S. Army Chemical

School
E dg ewood, Maryland

1

1

1

Library
The U. S . Army Signal School
Fort Monmouth, New Jersey 07703

Library
Arctic, Desert, Tropic

Information Center
1 Research Studies Institute

Maxwell Air Force Base, Alabama

U. S. Geological Survey
1 18th and F Streets, N. W.

Washington, D. C .

Commander
1 U. S. Army Electronic

Proving Ground
ATTN: Chief, Radar and

Electronics Division
1 Fort Huachuca, Arizona 85613

U. S. Army Continental
Army Command

ATTN: Engineering Section
1 Fort Monroe, Virginia

U. S. Army Continental
Army Command

1 ATTN: Combat Develop-
ment (ATSND)

Fort Monroe, Virginia

1

1

1

1

1

2



U. S. Army Combat Developments
Command Experimentation Center

Fort Ord, California

President
U. S. Army Air Defense Board
Fort Bliss, Texas

President
U. S. Army Armor Board
Fort Knox, Kentucky 10121

U. S. Army Combat Developments
Command Engineer Agency

Fort Belvoir, Virginia 22060

Hqs, U. S. Army Test and
Evaluation Command

ATTN: Technical Director
Development & Proof Services
Aberdeen Proving Ground
Aberdeen, Maryland 21005

President
U. S. Army Artillery Board
Fort Sill, Oklahoma 73504

President
U. S. Army Infantry Board
Fort Benning, Georgia

President
U. S . Army Airborne and

Electronics Board
Fort Bragg, North Carolina 28307

1 Major David Beckner
Earth Science Division
Arctic and Tropic Branch
Army Research Office

1 OCRD
Arlington Hall Station,

Virginia

1 Hq, U. S. Army Combat Develop-
ments Command

ATTN: CDCMR-D
Fort Belvoir, Virginia 22060

1
Commanding General
U. S. Army Tank Automotive

Center
2 ATTN: SMOTA-R

Warren, Michigan 48090
Hq, U. S. Army Mobility

Command
ATTN: ASMO-R
Warren, Michigan 48090

1
Director
Land Locomotion Laboratories
ATTN: SMOTA-RCL

1 Warren, Michigan 48090

1

3

2

1

3

1

1





. le.

1 .

k..
:.,.



. le.

1 .

k..
:.,.


