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APPENDIX A: VEHICLE DATA

1. Data required for each vehicle as input to the AMC-71 Mobility

Model are contained in Table Al. Photos of the vehicles are shown in

b Mummafien. PUPNPURE IR i NPT SR

Figure 3 in the main text.
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APPENDIX B: LOCATION AND DESCRIPTION OF TEST SITES

1. To verify the performance predictions from AMC-71 Ground
Mobility Model satisfactorily, a variety of sites in which to conduct
tusts to meet the requirements of the validation program were required.
Test sites were selected from the results of reconnaissance of several
milicary reservations and other sites with a variety of terrain condi-
tions, accessibility, and proximity to maintenance areas. Sites
selected were at Fort Si11, Oklahoma; Yuma Proving Ground, Arizona;
Eglin AFB, Florida; Houghton, Michigan; and Fort Knox, Kentucky.
Locations of the traverses and single terrain units tested are shown in
Figures 4-9 in the main text. A general description of each of the test
sites is given in the following paragraphs, and a profile with photos
of each of the test traverses is shown in Plates Bl-Bl7. The terrain
units described are those that were outside the traverses. All soil
types described in the following paragraphs are in terms of the Unified
Soil Classification System (USCS).

Fort S1il]1 Traverses and Terrain Units

fraverses
2. All four traverses at Fort Sill were within the Fort Sill

Milicary Reservation, near Lawton in south-central Oklahoma. Three of
the traverses were composed of characteristic prairieland terrains; the
other course was composed primarily of large stands of relatively dense
hardwood trees. The soil type in the area was mainly lean clay (CL).

3. Traverse 1. This traverse, the longest at Fort Sill, was
11,350 ft long. Most of the terrain comprising the traverse was rolling
grassland. However, along the drainageways the vegetation density and
size increased, with some trees Included. The soill was lean clay with
some rocks and boulders.

4. Traverse 2. This traverse was 8150 ft long and composed of

rolling grassland. Along the drainageways vegetation density and size

Bl <




increased, with some trees. The soil was lean clay with some rocks and
boulders.

5. Traverse 3. This traverse was 6750 ft long. The first
2401 ft was a relatively dense stand of oaks and other hardwoods. The
remainder was rolling grassland with some areas of rugged terrain near
rock outcroppings. The soil was !~2n clay with some rocks and boulders,
especially near outcroppings.

6. Traverse 4. This traverse, near the end of Traverse 1, was
5200 ft long. The entire traverse was rolling grassland with no trees.
The soil was lean clay with scattered rocks.

Terrain units

7. Terrain units 0~1 and 0-2. These terrain units had a soil

classification of lean clay with a 100 percent cover of grass 6 in. high
at the time of testing. Tertain unit 0-1 had a surface slope of
3.3 percent and :errain unit 0-2, a slope of 7.4 percent.

B. Terrain unit 0-3. This unit had a 100 percent cover of 6-in.-

high grass and a soil type of lean clay with a few small rocks. It had
a 13.7 percent slope.

9, Terrain units 0~4 and 0-5., These terrain units kad a 70 per-

cent cover cf 48-in.-high grass and a soil type of lean clay with
numerous small rocks. Terrain unit 0-4 had a 27.2 percent slope, and
terrain unit 0-5 had a 31.5 percent slope.

10. Terrain unit 0-6, This unit had a 95 percent cover of 6-in.-

high grass with a soll type of lean clay with a few scattered small
rocks. The slope was 17.8 percent.

11. Terrain unit 0--7. This nearly level terrain unit, near the N

end of Iraverse 2, was 100 percent covered with grass and was of rela-
tively firm lean clay. Grass heights varied up to 36 in.

12. Terrain unit 0-8., This terrain unit, near the main base,

was a very firm area of moved Bermuda grass with terrain slope of
0.47 percent.

13, Terrain unit 0-9. This unit was relatively firm and open

with uniformly spaced scrub oaks. Ground cover was 60 percent grass up

16+
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to 12 in. high on a soil classified as silty clay. The slope was

0.4 percent.

Yuma Traverses and Terrain Units

Traverses
14. Five of the six traverses at Yuma were within the boundaries

of Yuma Proving Ground, 24 miles northeast of Yuma in southwestern
Arizona. One traverse was in the dune area of the Sand Hills in south-
eastern California, 20 miles west of Yuma.

15. Traverse 1. This traverse, 19,877 ft long, was the longest
of six traverses. It was purposely chosen for testing because it encom-
passed the entire range of materials found at the “uma sites; namely,
dunes, undulating hills, smooth and rough washes, desert pavement, and
some of the denser desert vegetation. The soils were mixtures of allu-
vial sand, gravel, and sandy silt. Desert pavement areas at the ends of
this traverse consisted of pebbles on undisturbed apron surfaces over-
lying silt and sand mixtures. These apron surfaces were drained by many
branching and braided ephemeral washes. Bouldery and gravelly materials
mixed with sands and silts were in the washes. Along the washes were
the denser areas of vegetation in the traverse, with clusters of trees
up to 30 ft tall scattered throughout the wash areas. The central
portion of traverse was an area of undulating silty and hills bordered
by microdunes with a sparse growth of desert vegetation.

16. Traverse 2, This traverse was in a hilly area near Trav-
erse 1 and was 2902 ft long. It was basically a gently sloping area of
sand, silt, and gravel with an occasional clump of vegetation or a small
wash. No desert pavement areas were included in the traverse.

17. Traverse 3. Located southeast of Traverses 1 and 2, Trav-
erse 3 was on a broad alluvial apron in the Castly Dome Plain. The
entire 8971-ft course was relatively flat, though numerous washes
crossed it. Desert pavement areas comprised the bulk of the traverse,

scattered between the wash areas or clumps of vegetation. Soils were
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mostly silty sand with large quantities of bouldery and gravelly
materials.

18. Traverse 4. This traverse, some 6 miles to the east of
Traverse 3, generally followed a broad smooth wash for 6000 ft. The
initiel 1600 ft and final 1700 ft of the traverse were broad, flat wash
areas of sandy, gravelly silt with some large boulders and dead vege-
tation. The remainder of the traverse followed a relatively smocth
wash. The wash bottom was composed of fine, smooth pebbles mixed with
sandy silt and a few boulders. Trees up to 30 ft tall, mixed with scrudb
desert vegetation, grew along the wash botton.

19. Traverse 5. This traverse was some 40 miles to the west of
the above traverses in the Sand Hills =zrea of southeastern California.
Most of the 6966-ft traverse was in an area of wind-blown dunes up to
20 ft high with sparse desert vegetation. The soil was primarily clean
sand, though in some areas of exposed desert floor the soil was a mix-
ture of sand and silt.

Terrain units

20. Terrain units O0-1 through 0-13. These terrain units were

relatively firm areas of bouldery gravel, near Pole Line Road east of
Traverse 4. Surface slopes ranged from 24.9 to 61.6 percent with lictcle
or no vegetation.

21. Terrain units 0-14 through 0-36. These terrain units were

areas of coarse sand near Traverse 1. Slopes ranged from 10.0 to
49,7 percent with little or no vegetation.
22. Terrain units 0-37 through 0-46. This group of terrain units

was in the sand dune area of the Sand Hills in California. They were
composed of fine, clean sand slopes ranging from 8.5 to 43.0 percent
with no vegetation.

23, Terrain unit 0-47, This unit was 800 ft long, at the end of

Traverse 4. The soil was a mixture of gravel, sand, and silt. The
surface slope was 0.9 percent with sone scrub vegetation.
24. Terrain -48. This unit was 646 ft long, south of Pole

Line Road between Traverses 3 and 4, The soil was a silty sand; the

P
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scattercd clumps of desert vegetation ranged from small shrubs tc large
cacti. Terrain surface slope was 0.6 percent.

25. Terrain unit 0-49. This unit of desert pavement was near the

beginning of Traverse 1 in an area>near1y void of vegetation. This
terrain was covered with a sandy silt overlain with 1- to 2-in.-diam
washed brownish-black rocks.

26, Terrain unit 0-50., Thir terrain unic was near Traverse 2.

It was level and composed of silty, gravelly sand with little or no
vegetation.
27. Terrain unit 0-51. 1In a clean dune area, this terrain unit

was a clean sand with sparse acrub vegetation.
28, Terrain unit 0-52. This level sand flat was located 1/4 mile

east of the dunes. The desert floor material was a mixture of sand and

silt with sparse vegetation.
29, Terrain unit 0-53. In a clean dune area at the end of Trav-

erse 5, this terrain unit was a clean, windward, sandy slope of
12.1 percent with no vegetation.
30. Terrain units 0-54 through 0-64. These units were along a

gravelly wash parallel to the slope test area (0-1 to 0-13), near Pole
Line Road east of Traverse 4. The units contained obstacles of various
geometric shapes and sizes mainly of sandy silt with some sparse desert

vegetation.

Eglin AFB Traverses and Terrain Units

Traverses

31. All three traverses at Eglin AFB were in the northwest corner
of the base, east of Pensacola in the western panhandle of Florida. The
traverses were in an area known as Airfield 6, used as a training area
by the U. S. Army Ranger Training School at Eglin. The traverses were
composed of various combinations of pines and scrub oaks, with mixed
shrubs, in poorly graded sands with some fines which were classified ae
SP according to the USCS.

BS
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32. Traverse 1. This traverse, adjacent to one of the runways of [
Airfield 6, was 3857 £t long. The first 700 ft of the course was com-

posed of small scrub osk trees; the remainder consisted of large stands
of pine trees witLh some scrub oak and palmetto mixed with small under- |

brush.

33. Traverse 2. East of Airfield 6 and parallel to the main run-
wvay of the airfield, this traverse was 5668 ft long, the longest of the '

Py

three traversss at Eglin. The traverse encompassed a large variety of

[ terrain conditions, including tall, thick stands of pine, thick scrub
oak areas, and areas containing tree-length logs of varying diameters.

e e v

In most areas, especially near pine stands, the ground surface was com-
pletely covered with thick pine straw, which allowed little or no vege-
tation growth at ground level.

34. Traverse 3. Directly south of Traverse 1, this traverse was
3588 ft long. The vegetation wae generally the same as that of the
other traverses, with generally more ocpen areas underneath large pine
stands.

Terrain units

35. Terrain units 0-1 and 0-4. These two terrain units were

relatively bare, with little or no slope. Soil in terrain unit 0-4 was
firm sand and in terrain unit 0-1, near a trail, was somewhat disturbed
loose sand.

36. Terrain units 0-2 and 0-5, Small shrubs and several trees

were cut from an area adjacent to Traverse 3 to provide a suitable area
for terrain unite 0-2 and 0-5. These two terrains were adjacent to each
other in relatively soft sand with a 2- to 3-in.-thick layer of ground

! litter composed of pine straw and ocak leaves.

37. Terrain units 0-3 and 0-6. These two terrain units were in

an area of very large pines with little or no underbrush. Ground cover
was nearly 100 percent pine straw. The 8soil of terrain unit 0-6,

which was near a small drainageway, was less firm than that of terrain
unit 0-3.

B6 14<
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38. Terrain unit 0-7. This terrain unit, in the same terrain as

unit 0-1 of Traverse 1, was modified from the existing terrain by remov-
ing all scrub oaks in an area large enough for vehicle testing. After

removal of the trees, the only vegetation remaining was short grass with

some ground litter.
39. Terrain unit 0-8. In a thickly vegetated area near the

Yellow River, this 354-ft-long terrain unit was composed of nearly all
vegetation types common to the overall test area, including pines, oaks,
palmetto, and various low shrubs, with thick grass and pine straw on the
ground. The area contained some surface roughness.

40, Terrain unit 0-9, This short terrain unit was near the

Yellow River in an area of extremely thick vegetation. The thick titi
trees with numerous branches and exposed roots, intermingled with tall
pines and stumps, created an area nearly impossible to penetrate. The
soft ground surface was composed of decayed vegetation and mosses atop

the sandy soil.
41, Terrain unit 0-10. Adjacent to Traverse 2, this terrain

unit, 210 ft long, had tall pines, scattered oaks, and little or no
ground vegetation. The soft sandy soil was nearly 100 percent littered

with pine straw and decayed leaves.
42. Terrain unit 0-11, This terrain unit was 1000 ft long and

was adjacent to the end of the longest of the runways at Airfield 6.
The area had been cleared of trees to increase visibility around the
airotrip and at test time contained only surface grasses with scrub oak
saplings less than 1 ft high.

43, Terrain units 0-12, 0-14, and 0-16. These units were all
originally the same 450-ft terrain unit. Terrain unit 0-12 had a mini-

mum tree spacing of 13.7 ft, but this spacing was increased to 15.2 ft
in units 0-14 and 0-16 by removal of some of the smaller trees. The
vegetation was composed of large pines and some scrub oaks with a few
low shrubs and nearly 100 percent pine straw ground litter.

44, Terrain unit 0-13. This terrain unit was 388 ft long and in
an area of nearly 100 percent scrub oak trees with a minimum spacing of

5.3 ft. The trees were so thick that the visibility in the test lane
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I was only 34 ft. Uittle or no ground surface vegetation was present on
the sandy soil. The test course had a slight upslope of 2.2 percent in
the direction of vehicle travel.

45. Terrsin unit 0-15. This 365-ft-long terrain unit was in an

i area east of Airfield 6, which had been logged recently and at test time

: vas overgrown with small oaks. The area was relatively flat with some - ¢
surface grasses growing with the oaks in the sandy soil (SP). Visibil- .
ity in the terrain unit was cut to 34 ft by thick saplings.

; _ 46. Terrain unit 0-17. This terrain unit, at the western edge of

Airfield 6, had been logged just before test time. Only large scrudb
oaks and unmarketable pines remained in the sandy soil (SP), which was
otherwise devoid of vegetation.

Houghton Traverses and Terrain Units

; Traverses

: 47. All th=ee traverses were in the Keweenaw Peninsula of the
Upper Peninaula of Michigan, northeast of Houghton-Hancock. Most ter-

; rain units of all three traverses were forested areas with character-

) istic vegetation of the area, including maples, poplars, and pines with
scattered low shrubs and blueberry patches growing in loamy sand (SP-SM)
with some organic matter in the low areas. The area in general was
harshly glaciated with vandom-rounded and traverse ridges, with abrupt
irregular ditches, which, in combination, produced rather high values of
surface roughness in most terrain units. (Tests were conducted with
gome vehicles in the springz and some in the fall of the year. There-
fore, descriptions given below relate to both seasonal conditions unless

; stated otherwise.)

p 48. Traverse 1, This 4550-ft-long traverse, near the village of

i Ahmeek, was the most open and level traverse of the three. The initial

2346 ft was relatively bare with mostly lichens, grasses, and blueberry

; bushes along with scattered currant bushes as vegetable cover. Also,

of the remaining 2204 ft, 568 ft was open with only grasses as surface
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vegetation. The last 717 ft of the traverse was composed of dense pine
and poplar growths, which hindered visibility. The entire profile was
relatively irr-egular with numerous surface irregularities and rocks.
Recognition distances were generally about the same in the pine areas in
both the spring and fall tests,

49. Traverse 2. West of Traverse 1, this 4050-ft-long traverse
was composed of 100 percent heavy vegetation with much deadfall and v
numerous stumps. The major feature in the surface profile was a deep,
scoured area about one third of the way down in the traverse with slop-
ing tree-covered sides of greater than 16 percent slope., The vegetation
&ll along the traverse was closely spaced, with the minimum tree spacing
in all units less than 10 ft, Visibility in some of the units was cut
to less than 25 ft by the dense vegetation. In the fall, the visibility
was much better as a result of leaf loss caused by a seasonal change.

50. Traverse 3. Near the Houghton County Airport, this 3025-ft-
long traverse was very rough, with heavy stands of maple trees and
numerous large boulders. Only one 500-ft .area was open but was covered
with surface grasses and scattered currant bushes. The soil was rela-
tively firm in most areas, although the surface was soft and wet in the
drainage areas, Minimum tree spacings were, in general, about 10 f¢t,
which created visibility problems by reducing recognition distances to
less than 25 ft in most units. This visibility problem was nonexistent
during the fall.

Terrain units

51. Terrain unit 0-1. This terrain unit was modified from exist-

ing terrain to create a terrain unit with a minimum tree spacing of
about 8 ft. The vegetation in the entire 330-ft unit was composed of
maple trees of various diameters over rocky, sand soil with some surfsice
roughness., The surface was essentially bare except for lichens and
mosses; visibility was not impaired by the vegetation.

52. Terrain unit 0-2, This short 100ft wocded terrain unit was

adjacent to terrain unit 0-5 of Traverse 2. The 23.9 percent sloping

terrain was heavily wooded with a relatively rough sandy surface. The
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dense growths of small sugar maples and ferns and other surface vegeta-
tion reduced visibility in the unit to 52 fet.
53. Terrain unit 0-3, Adjacent to terrain unit 0-6 of Trav-

erse 2, this heavily wooded 300-ft unit was so dense that vehicle pas-

sage was difficult. The ground surface was rough with scattered small
; obstacles, and the dense clumps of sugar maples reduced visibility to
' only 30 fe.

Fort Knox Traverses and Terrain Units

Traverses
S4. Both traverses at Fort Knox were within the boundaries of the
L Fort Knox Military Reservation, south of Louisville, Kentucky. Each
' traverse was composed of alternately occurring woods and open areas.
Soil types in the area traverse 1 were MH (silt with high plasticity)
g and CL, and 1in the terrain units of Traverse 2 were ML (silt with slight
plasticity) and CL,
55. Traverse 1. This 14,222-ft traverse was in the northwestern
part of Fort Knox in an area known as the Salt River floodplain. The
; entire traverse was relatively flat, though in some areas of low eleva-
tion the water table was at or above the ground surface. Consequently,
the soil strength in some of the terrain units was relatively low.
Terrain conditions prevented traverse layout in one continuous rela-
tively straight-line segment. Accordingly, this traverse started at a
fire lane on the eastern edge of the reservation and completed a scme-
what rectangular loop clockwise through the terrain, back onto the fire
lanc, and then down the fire lane to the starting point.
i 56. Traverse 2. In the south-central portion of the reservation,
! this 11,750-ft traverse was rather rough and undulating. Numerous

drainageways crossed the traverse in the wooded areas, creating problems

for some of the vehicles. The open areas, which were heavily trafficked
by armored tracked vehicles during training exercises, presented surface

roughness problems in some terrains, especially those near the start of
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the traverse, which originated in one of the main training areas of the
southern part of the reservation.

Terrain units

57. Terrain unit 0-1. This 750-ft terrain unit was essentially

bare with some small obstacles and some surface roughness. The rela-
tively firm surface was 2.2 percent downslope toward the west.
58. Terrain unit 0-2. This 550-ft unit was nearly 100 percent

covered with broom sedge and grasses of various heights, though not tall
enough to hinder viaibility. The relatively firm surface was downslope
2.1 percent in the same direction as terrain unit 0-1, with only minimal
surface roughness and no obstacles.

59. Terrain unit 0-3. This 260-ft unit was modifled from exist-

ing terrain, by removing some trees, into a uniformly spaced vegetation
unit to obtain information on manueverability of the vehicles. The
remaining trees were spaced 20-22 ft apart in an area of thick broom
sedge., Visibility was reduced to 55 ft by the grasses. The flat sur-
face was relatively smooth with no obstacles.

60. Terrain unit 0-4., This 400-ft, 7.3 percent grass-covered

slope was used to study the effects of slope on vehicle speed. The
surface was relatively rough but firm. Surface grasses reduced visi-
bility to 45 ft in the terrain unit.

61. Terrain units 0-5 through 0-10. Near terrain unit 0-3, these

six terrain units were actually short linear feature crossings. The

units were essentially bare and steep-sided with deformable banks.
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APPENDIX C: DEFINITIONS OF TERRAIN TERMS AND PROCEDURES ' 3
USED TO COLLECT TERRAIN DATA FOR VALIDATION TESTS

%

1. This appendix defines terrain terms applicable to mobility and
presents procedures for terrain data collection for validation testing.

Definitions

2. General terrain terms are defined as follows:

a. Terrain factor. Any attribute of the terrain that can

«dequately be described at any point (or instant of time)
by a single measurable value, for example, slope or obsta-
cle height.

b. Terrain factor value. A specific occurrence of a terrain

factor. For example, 2 percent is a factor value of the

terrain factor slope.

c. Terrain factor class (class range). A specified range of
; factor values established for a specific purpose, for
@ example, a range of slope from O to 2 percent.
r d. Terrain factor class number (Figure Cl). A number

assigned to a terrain factor class range. For mobility .
purposes, terrain factor class numbers are assigned in
order of increasing severity of effect on vehicle
perfotmance.

e. Terrain factor complex number. A combination of two or

more terrain factor class numbers chosen for a specific

! purpose.

{ren
.

Terrain unit. A patch (areal) or length (linear) of homo-
geneous terrain as defined by a specific array of terrain
factors. .

g&. Terrain factor map. A map showing the terrain factor

. class number associated with aspecific map coordinates.

| h. Terrain factor group map. A map showing a serles of ter-
|

i rain factor class numbers associated with specific map

Cl 67<
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a.

lor

coordinates.

Terrain factor complex map. A map showing all pertinent

terrain factor class numbers associated with all areal

terrain or all linear terrain shown on the map.

3. Surface geometry terms used are:

Linear obstacle spacing (LST). Distance between obstacles
that cross the entire terrain unit and have a somewhat
regular pattern, such as row crops or rice-field dikes.

Obstacle approach angles (A). The angles formed by the

inclines at the base of a positive or top of a negative
vertical obstacle that a vehicle must sense in surmounting
the obstacle (Figure C2).

Obstacle base width (WB). The distence across the bottom
of the obstacle (Figure C2).

Obstacle length (OBL). The length of the long axis of the

obetacle.

Obstacle spacing (OBS). The horizontal distance between

contact edges of vertical obstacles (Figure C2).

Obstacle spacing type (OBST), The pattern of obstacle

location (linear (a) or random (h)).

Obstacle vertical magnitude (H). The vertical distance

from the base of a vertical obstacle to the crest of the
obstacle (Figure C2).
Random ohstacle spacing (RST). Obstacles that do not

cross the entire terrain unit and have a somewhat random

location, such as stumps or logs.

Root mean square (rms) elevation. A measure of surface

roughiness expresscd as the root mean square deviation of
the terrain amplitudes of a microsurface profile from the
mean. (Because peculiarities occur in natural terrain
microprofiles, special data handling technijues are used
in preprocessing the profile data.)

Slope. The angular deviation of a surface from the hori-

zontal expressed as a percentage (Figufe c2).

e 49<
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DIRECTION |
OF TRAVEL

k. Surface roughnees, Microvariations of the terrain surface

that adversely affect vehicie ride dynamics.

oas 1

.

=

M

| | lHORIZ ONTAL

5.

e ve ] e ]

Figure C2. Illustration nf'obstacle terms

Vegetation terms used are:

a. Recognition distance or visibility, The distance at which

a vehicle driver can see through vegetation and recognize
objects that may be hazardous to his vehicle or to himself.

Stem diamever. The diameter of the tree stems at breast

lor

height (4.5 ft) above ground.
c. Stem spacing. The average distance between trece stems.
This value 18 computed from the number of stems per unit

area.

Procedures l)sed to Collect Terrain Data
for Validation Tests

Specific procedures are used to measure the terrain in terms

of surface composition, surface geometry, and vegetation.

Surface composition

6.

The data collected to characterize surface composition are

described in the following paragraphs.

o 50«




7. Type of surface material, The type of surface material in

terms of fine-grained, coarse-grained, or organic soil is identified for
the 0- to 6- and é- to 12-in. layers.

8. Strength. Cone index is measured in undisturbed terrain at a
minimum of 10 locations in each terrain unit. Measurements are made at
the surface, at 1-in. vertical increments to a depth of 6 in., and then
at 3-in. vertical increments to a depth of 18 in. In fine-grained soil,
remolding indexes were determined for the 0- to 6~ and 6- to 12-in.
layers within each tervain unit at the weakest points in the unit as
determined by the cone index Jdata. The number and location of soil
strength measurements ensured that the average strength of each terrain
unit is characterized.

9. Atterberg limits and mechanical properties. Representative

samples are taken from the 0- to 6- and 6- to 12-in. layers for labora-
tory determination of Atterberg limits and mechanical properties.
10, Moisture content and density. Moisture content and density

samples are taken at the remolding index locations. Samples were taken
from the 0- to 6- and 6- to 12-in. layers.
Surface geometry

11. Surface geometry data collected consists of macrogeometric
and microgeometric measurements. The macrogeometric data are used to
determine terrain unit slope, and the microgeometric data are used to
characterize surface roughness and discrete obstacles in c¢ach terrain
unit.

12, Slope. Sufficient vertical profile was measured with a rod,
level, and tape along the center line of the traverse to determine
average terrain unit slope. However, if the test director had reason to
believe that one test course profile 18 not adequate to define the
course for all vehicle test paths, additional profiles are measured as
required.

13. Surface roughness. Detailed vertical profiles are measured

of sufficient length along the vehicle path (100 ft desired) with a rod,

level, and tape at locations representative of each terrain uait.

(o Si-




14. Discrete obstacles, Discrete obstacles within a terrain unit

are defined in terms of type (linear or random), size, shape, and spac-
ing. Linear obstacles are those over which a vehicle will have to pass,
such as row crops or rice-field dikes, and the pitch motion will usually
be excited in striking the obstacle at right angles. Random obstacles
are considered to be those that a vehicle might be able to avoid, such
as boulders or depressions that are randomly spaced in the terrain.

15. The factors that are measured to describe obstacles are
approach angle, vertical magnitude (height), base width, length, and
spacing. For linear obstacles, spacing is defined as the average
center-to-center distance between obstaclea; for random obstacles, mean
spacings are computed from data obtained using the sample cell techni-
que,* where cell diameter depends upon including 20 or mores obstacles of
the size designated as the determinant. In areas of widely spaced
obstacles, the maximum sample cell diameter is limited to 250 ft. These
d-ta are used to compute average values for the terrain factors measured.
One sample cell was taken in a terrain unit containing random obstacles,
and sufficient spacings are measured in terrain units containing linear
obstacles to establish a reliable average.

Vegetation

16. The data described in the following paragraphs were collected
to characterize vegetation in each terrain unit in which vehicle tests
were conducted.

1/. Type. The type of vegetation was identified as nonwoody
(grasses) or woody.

18. Stem size and spacing. Woody vegetation data were collected

in at least one location in each terrain unit using the sample cell
technique.* These data were used to compute stem size and spacing.
19. Viaibility. By procedures derived from research at WES,

visibility or recognition distance was measured in each vegetation

* U. S, Army Engineer Waterways Experiment Station, CE, "Environmental
Data Collection Methods; Vegetation; Vegetation Structure,” Instruc-
tion Report No. 10, Vol IV, Instruction Manual 1, May 1968, Vicksburg,
Miss.
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structural cell: Brown cards of various geometric shapes and with
dimensions of approximately 1 ft on the sides were placed uprirht, with
the center of the cards at 1 ft above the ground surface. The maximum
distance at which an observer could correctly identify all the cards was
recorded and considered the recognition distance.

Other information

20. Still and motion pictures were made as aids in describing the

terrain and pertinent terrain-vehicle intere.tions.




APPENDIX D: BASIC TERRAIN DATA

. 1. Table D1 shows the specific values of the terrain data col-
lected at each test site for the validation program.

. 2. Table D2 shows the classed terrain data for each traverse of

the validation program.
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