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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

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

tests to meet the requirements of the validation program were required.

Test sites were selected from the results of reconnaissance of several

military reservations and other sites with a variety of terrain condi-

tions, accessibility, and proximity to maintenance areas. Sites

selected were st Fort Sill, Oklahoma; Yuma Proving Ground, Arizona;

Eglin AFB, Florida; Houghton, Micbigan; 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-B17. 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 Sill Traverses and Terrain Units

Trraverses

2. All four traverses at Fort Sill were w'thin the Fort Sill

Military Reservation, near Lawton in south-central Oklahoma. Three of

the traverses were composed of characteristic prairleland 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 soil 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
t
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increased, with some trees. The soil was lean clay with some rock3 and

boulders.

5. Traverse 3. This traverse was 6750 ft long. The first

2401 ft was a relatively dense staTd of oaks and other hardwoods. The

remainder was rolling grassland with some areas of rugged terrain near

rock outcroppings. The soil was !-in clay with some rocks and boulders,

especially near outcroppings.

6. Traverse 4. This traverse, near the end of Traverse 1, was

5300 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 )f lean clay with a 100 percent cover of grass 6 in. high

at the time of testing. Teriain unit 0-1 had a surface slope of

3.3 percent and :errain unit 0-2, a slope of 7.4 percent.

8. 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 had 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 hnd a 31.5 percent slope.

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

high grass with a soil 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

end of Traverse 2, was 100 percent covered with grass and was of rela-

tively firm lean clay. Grass heights raried 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
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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. Ote 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, debert 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 wpre

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 Tray-

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 pavemelnt areas were included in the traverse.

17. Traverse 3. Located southeast of Traverses I 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 compilsed 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

initial 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 tra-ierse 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 scrub

desert vegetation, grew along the wash bottom.

19. Traverse 5. This traverse was some 40 miles to the west of

the above traverses in the Sand Hills a:ea 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 0-1 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 little

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 sonme scrub vegetation.

24. Terrain unit 0-48. This unit was 646 ft long, south of Pole

Line Road between Traverses 3 and 4. The soil was a silty sand; the
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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 nearly void of vegetation. This

terrain was covered with a sandy silt overlain with 1- to 2-in.-dian

washed brownish-black rocks.

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

It was level and composed of silty, gravelly sand with little or no

vegetation.

27. Terrain unit 0-51. In a clean dune area, this terrain unit

was a clean sand with sparse scrub 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 thp 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

bhrubs, in poorly graded sands with some fines which were classified ae

SP according to the USCS.
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32. Traverse 1. This traverse, adjacent to one of the runways of

Airfield 6, was 3857 ft long. The first 700 ft of the course was com-

posed of smil scrub oak 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-

way of the airfield, this traverse was 5668 ft long, the longest of the

three traverses 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.

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 was generally the same as that of the

other traverses, with generally more open 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 units 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 oak 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 soil of terrain unit 0-6,

which was near a small drainageway, was less firm than that of terrain

unit 0-3.
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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
airutrip 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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was only 34 ft. Little 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. Terrain unit 0-15. This 365-ft-long terrain unit was in an

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

was 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 scrub

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 Peninsula 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 dith

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 r.andom-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

some vehicles in the 3pring and some in the fall of the year. There-

fore, descriptions given below relate to both seasonal conditions unless

stated otherwise.)

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

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 Irregular 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

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

all 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

Sdrainage areas. Minimum tree spacings were, in general, about 10 ft,

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 surface

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 lO0ft wooded 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 ft.

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 ft.

Fort Knox Traverses and Terrain Units

Traverses

54. Both traverses at Fort Knox were within the boundaries of the

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)

and CL, and in 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 some-

what rectangular loop clockwise through the terrain, back onto the fire

lanc, and then down the fire lane to the starting point.

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 Lxercises, 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 visibility. 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 modified 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.

BI



20.

so--

1+-~



STATIONS

- I0

-S. - PAVEIC

R/kANI



10+. Za, '4 Z4t

I I I 54oo __5475_



Prorfle Cumtinuad at
Vottom Laft .! Thid Pave

4q 10

4MOBILITY TEST COURFr,
VIEW4S AND PROFILES

ProftU." FORT SILL, OKLA.
Continues TRAVERSE 1
on Next
* age

00 - PLATE Bl (Sheet I of 2)

M .... I !! i i



-2a2.

11

20

-30



STATIONS

797o

_________________________________ 7te

... .......... .



WACO 84e 87+2.5

PAVED ROAD

Profile Continued at
Bottom Left of This Page

z23

1110 Traverse 1
Profile

Ends

21<
C



Profile Continued at
Bottom Left of This Page

112+00 115+5 _ _ _ __ _ _

2 /./

I11456 Traverse
Profile MOBILITY TEST COURSE

Ends VIEWS AND PROFILES
FORT SILL, OKIA.

TRAVERSE 1

21 • PLATE B1 (Sheet 2 of 2)

NI



o 2+o occ

TUERAIN UNIT NU*4FJR

4456

-25

0

* I 0 __ __ __ __ _

-5

k0
' ' q i "9i-9



STATIONS

'90+00 42+0o 44G+46

GRAME
ROAD/

7%4



TANK
TRAI

Profil* C(
'n Neacl



Profits Contnelod at
Bottom Left of This Page

TANK
TRAI

II

II

• I

MOBILITY TEST COURSE
VIEWS AND PROFILES

Profile Continues FORT SILL, OKLA.

)n Next Page TRAVERSE 2

PLATE B2 (Sheet 1 of 2)

i i " i ii i • i' ' li 'i' ii ; ; " • " "- • . .. ....



tf
a i i,..

1/PAVEPD 
"

DL i I II



STATIONS

?*too, 
-7"



Traverse 2
Froffe

,14 , IEnds

MOBILITY
ViswS

FORT

Co •PLATE B2

/



Traverse 2
trefle

_ __ Ends

MOBILITY TEST COUR~k
VIEWS AND PROTIL•S

FORT SILL, OKLA,
TRAVERSE 2

< PLATE B2 (Sheet 2 of 2)



TETRRAIN UNIT NII/R/ /

DIRT DIRT
RROAD ROAD ,

-3'.

iS



STATIONS

-- IIl

0o4% *s. 14'5oI
14+w 11

104%.!1240



DIRT
ROAD

q 90

L--7



344oo.

Profile Continuqs
on Next Page

MIOBILITY TEST COURSE
VIEWS ANP PROFILES

TORT SILM,, OICA.
TRAVEASE 3

PLATE B3 (Sheet 1 of 2)



DIR

-4o0



STATIONS

GRGRAVE
ROROA

14 AM

I GAVE o
5IlROA



20PAVEO



1*7+61

SPAVED
Traverse 3

14o Ends

MOBILITY TEST COURSE

VIEWS AND PROFILE8
FORT SILL, OKLA.

TRAVERSE 3

25< PLATE B3 (Sheet 2 of 2)

NEEL



0+00 .o

TERRAIN UNIT NIMBER

2-0

IU

-so

-40

LI



ý%~TIOJS

4O~o~______ _____44o__

lAl



Profile Continued at
Bottom Left of This Page

'Travera.4.

1 Ends

Il.

26<



I~I

" Profile Concinued at
Bottom lf•.t of Tbis Page

T~avor*4 4

Ends

NOBILIrY TEST COURSE
VIFWS AND PROFILES

FORT SILL, OKLA,

TRAVERSE 4

PLATE B4 .



o0o2+0 '4+4.e 4

'.TIRMIN MITO 1440

-20-

40

-to-o ROAD
2A2 u23 24

*900 SW~



STATIONS

......... ......

4431



MO__-j.

Profile ContiLnue&

Next Page

2 to



?7 rof ile Continued st

/-Bfottom Loft of This Page

Profile Continues on

NextPag

MOB3ILITY TEST COURSE
vIEWS AND PROFILES

TUNA. ARIZ.
rRAVERSE 1

27< PLATE B5 (Sheet 1. of )4)



41+15 qZMvv d

"q - .4

+to



~~5o

*40-



STATIONS

2q

II

- I

I I



38 .O

own Profile Contin
on Next Page



Profile Continued at
Bottom Left of This Page

I.I

Profile Continue;
on Next Page

MOBILLTY TEST COURSE
VIEWS AND PROFILES

YUMA, ARIZ.

TRAVERSE 1

PLATE B5 (Sheet 2 of 4)



TiAI M , 5 ~ N INI !

440 MVo

How



I .... ga. q.

L.I

STATION5

IN ic Is

II

47

[.oa~o 5165110

Ll0



40

- -- - ---- ----

Prifilk i

anN



WI

Profile Continued at
Bottom. Left of This Pape

4

HOBILITY TEST COURS1
VIEWS AND PROFILES

YUI4A, ARIZ.

Prf ile Continues TRAVERSE 1
on Next Paze

PLATE B5 (Sheet 3 of 4)



+2.o -----

+101

A5'

5-20-



STATIONS

?rav
Pro

'.1

NOBILITY TEST COUIU

VIEWS AND PROFILEM

YouI, ARIZ.
TRAVERSE 1

-- iIPATE B5 (Sheet "



.~~~ ~~~~~ ................ i•-- •......."

Travorse I
Profile

Ends

MOIIITY TEST COURSE
VIEWS AND PROFILES

YUYIA. ARIZ.
TRAVESE I

I.0<.PLATE B5 (Sheet 4 of 4)



'4... dp.. sow

is + I

*le

TERJH NI NM



STATIONS

Ia.~ De.

MIIU



Traversa 2

.~~~~~ .....................



Traverse 2 Profile Ends

MOBILITY TEST COURSE
VIEWS AND PROFILES

YUMA, ARIZ.
TRAVERSE 2

r

PLATE B6



20

so

10
Z 80

-W441

30o0

| /u

0 ! r lr m "m i • - ,, i •



STATIONS

U~t04

4MMIN

. ... ............



W | I I ¥ -- I -

SProfile Cont ndO

onl Next Page
_ _ _ _ _ _ _

.32



I,

2A~. 'aw

Profile CoatinuMd at
Bottom Left of This Pase

58 Profile Continues

iMP 1*

HOBILITY TEST COURSE
VIEWS AND PROFILES

YUMA, ARIZ.
T•AVERSE 3

32C I.PLATE B7 (Sheet 1 of 2)



*7o"Id "+a*e-~d9



STATIONS

23~

10411

MAM



Traver

SIC3

1,7

id



._J'ii Traverse 3 Profile Ends

MOBILITY TEST COURSE
viglS AND PROFILES

ym4, ARIZ.
TRAVRSE 3

PLATE B7 (Sheet 2 of 2)



TERRAIN UNIT 2CNTINUES



STATIONS
104a. D14'

42.i 41541Se~d



__________________________________________________________________________________- A- - �-�--�--- �



Profile Continued at
Bottom Left of This PaSe

----------

" .. r ver :w 4 11rofile 1111d,

MOBILITY CO-;i .IURSE

VI[E1S \,Nk) [I'O ll[IS

T%\'USFI 4

PLATE B8



0+co 24c,48c.

Id ERIA11N UNIT NUHI1ER

4-:.

TERRAIN UNIT S CONTINUES

-40-

-•r' W -0

_..• ,- .



STAT IO(NS

q4 4 S4C 1 4C

I.-

/=-too

7

'o



S- - S

4,-

-. -



7s 4 Profile- -k-, jp" Continued

- - 44 ~/at Bottom
flOA\ Left of

This Page

- \.~A

IA4f

Traverse 5 ifrofile Ends

MOIBILITY YEST COURSE
VIEWS AIND PROFILES

YL•,.•, ARIZ.
STILV['PRA 5

*3fi< PLATE• B9



TERRAIN UINrr NUMBUER

0~

o o2

-.SO



ETATIONS

M441 now

Traverbe
Profile

spin two



WIL

rol ftle Gsthwaod ata flow Loum L•ft of ThIs Page

;3

;4

7Traver.. I
Profile .

5•J

&OLIN AnI, FIJI
TIAVERSE I

3Cc PLATE B1O



d('TERRAIN UNI1T N1E1

ROAD

-.o

-Sow-

-sow

314.



IO __ STAT1(NS/bo

% %,

IL



I ROAD

IV

2
;J4Ends

:1 -



I I

ROAD I

244J '""Profile 
Continue

_______ at Bottom Left
of TIAN Page

V'11"Is ,\NiO PROFILEI'S
L'GLolN AFS, V'IA.

lraverte Z TI\VE3SE 2

NW Pr~~# ý
lLndp1

37< PLATE B1i1



TERPAIN UNIT NUISE

0

0.

I-1



STAI IONS

IAOI.

(w



Prfle
it44 Continued

:44 Sbat Bottom
- Left of

This Page

XI)UIL11T TE~ST COURSE

'IrIvIerse 3 VIFWS ANDI PROFILES

Ends' TRAVE.RSE 3

PLATE B-12



0+0

-Mpg

-30-



STATITONS

ROAD

Trave
Prof
En



Profile Continued
at Bottom Left

of This Page

Traverse 1
Profile

mdi MOBILITY TEST COURSE
VIEWS AND PROFILES

HOUGHTON, MICH.
TRAVERSE 1

39< PLATE B13

C,



b iIi

'r~TEMIN UNIT

I.c

LUi

UA.

-0 /

°I.o
• ,.

-3° '1~ 2M

o a



STATIONS

W16

40+

- --

-- -•-_- -

COi

Traverse 2
, Profile

Ends

Emd



"Proftie Continued
at Bottom 0aft

of This Page

Traverse 2
. ,Profile

Ends MOBILITY TEST COURSE
VIEWS AND PROFILES

HOUGHTON. MICH.

TRAVERSE 2

C,

40-c PLATE Blh



r

-low

Traverse 3 Profile Ends



SMAIOtiS



/
/

/J

Prof ile
Bottom Left



"Profile Conii•ln-*i at

ili Bottom Left of This Page

MOBILITY TEST COUVRE
VIEWS A$D PROFILES

ROOGHTON, MICH.

TRAVUSE 3

41<
PLATE B15



36-

20-



_.... ...... .....T.ATIONS

L~h~a ~ aa~__-

__ •_ _ _ _ _. . . . . .._._ ... .. .. .. ... . . ... _--_ __.. . . . . .. . -_,_ _... . . .

i _ _ _ _ _



-% N

4

&

14fl 261-0



2•,,o0 - . - . . .. z,,--+ 3 ./÷ x

"3"__ __ __ __ __ __
-- N ii

10 Profile Continued at
- -t--o Bottom Left of This Page

/

SMOBILITY TEST
VIEWS AND PROF•

FORT KNOX,

TR1AVERSE 11
/
/

_. _ •Profile Continues on
Next Page

42 PLATE BA6 (Sheet

, , ,,Um - . . ..



Profile Continued at
---- ----- Botm Left of This Pag.

MOBILITY TEST COURSE
VIEWS AND PROFILES

FORT KNOX, KY.
TRAVERSE 1

_rofil Continues on
Next Page

PLATE B16 (Sheet 1 of 2)



~-now

30-

20-

I0. T IN IJNT NNMR

20

0 -

Moir -



B.oom STATIONS

Tree used s,
w turning point

-400 Dig

RA•f I O

//



9S 1 'A19



Tree used as
turning pointfu .n g.-.it -_-_ --- __- Profile Continued at

Bottom Left of This Page

MOBILITY TEST COURSE
I,'VIE14S AND PROFILEs

/ FORT KNOOX, KY.
TRAVERSE 1

Travetse 1 Profile Ends

PLATE B16 (Sheet 2 of

I)



Tres used as
tu ..ins point _0. --- _ -Profile Continued at

Botto, Lift of This Page

MOBTLITY TEST COURSE
VIEWS AND PROFILES

FORT KNOX, KY.
S1 oTRAVERSE 1

X-0 '-. Trvezs 1 Profile Ends

PLATE B16 (Sheet 2 of 2)



--lo



- BO4lll I /i l li i I I!! i I it ! l m n . .. . , 4 --• - ...

~. TANK
TRAIL

/ 2

\v

155+4



STATIONS

I& CREEK

J~oee •UJ.em J.• /Isme



AA

TRAILI

VIEWS

44-c PLATE B17 (S



Profile Continue.
on 1'ext Pas*e

NOBILITY TEST COURSE
VIEWS AND MROFILES

FORT KNOX, KY.
TRAVERSE 2

44< PLATE B17 (Sheet 1 of 3)



oF4

TRA.

-0-/ TERRAIN UNIT 6A CNI S /?RNUMBEETR

/ IAV\
/ U~

........



STAT
SIP+"84-cc'



STATIONS

tit

_ !/

- 4m



II

I/

TANO ILITY TEST COURSE
TIII VIEWS AND PROFILES

FORT DCOX, KY.
TRAVEIRSE 2

Prof il Continuea on
Next Page

4.5 PLATE 117 (Sheet 2 of 3)

V



7s~~do ~82ACC 4 O

TERM IN UNT11 CON (INUES -TANK
UNO SIT 2 TRAIL

TERRATN UNI

-3mKU



TANK
TRAIL TANK

TRAIL

•" "intl ~ n n ll•-@ ,..ro~in n n n n n~m .!@ • . • pnn,'4mn n m n l•l



STATIONS

I TANK

.. .......... . ..-.. .



"INI

FOR |NX Y

/
/

/
/

S/
/

/

MOBILITY TEST COURSE
- VIEWS AND PROFILES

FORT KNIOX, iKY.

TRAVERSE 2

Traverse 2 5
ProfileJ

Ends

46c PLATE B17 (Sheet 3 of 3)
lv



APPENDIX C: DEFINITIONS OF TERRAIN TERMS AND PROCEDURES
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

"ýequately 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 0 to 2 percent.

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

performance.

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

more terrain factor claso numbers chosen for a specific

purpose.

f. Terrain unit. A patch (areal) or length (linear) of homo-

geneous terrain as defined by a specific array of terrain

factors. I

£. Terrain factor map. A map showing the terrain factor

class number associated with specific map coordinates.

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

rain factor class numbers associated with specific map

Cl 47<
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coordinates.

i. 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:

a. 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.

b. 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).

c. Obstacle base width (WB). The distence across the bottom

of the obstacle (Figure C2).

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

obstacle.

e. Obstacle spacing (OBS). The horizontal distance between

contact edges of vertical obstacles (Figure C2).

f. 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).

h. Random obstacle spacing (RST). Obstacles that do not

cross the entire terrain unit and have a somewhat random

location, such as stumps or logs.

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

roughness expressed as the root mean square deviation of

the terrain amplitudes of a mizrosurface profile from the

mean. (Because peculiarities occur in natural terrain

microprofiles, special data handling techniques are used

in preprocessing the profile data.)

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

zontal expressed as a percentage (Figure C2).

C3 43



k. Surface roughness. Microvariations of the terrain surface

that adversely affect vehicle ride dynamics.

0OBS

DIRECTION
OF TRAVEL A

A ASI I HRIONA

SLOPEL

Figure C2. Illustration of obstacle terms

4. Vegetation terms used are:

a. Recognttion 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.

b. Stem diameter. The diameter of the tree stems at breast

height (4.5 ft) above ground.

c. Stem spacing. The average distance between tree stems.

This value is computed from the number of stems per unit

area.

Procedures Used to Collect Terrain Data
for Validation Tests

5. Specific procedures are used to measure the terrain in terms

of surface composiLion, surface geometry, and vegetation.

Surface composition

6. The data collected to characterize surface composition are

"described in the following paragraphs.
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7. Type of surface material. The type of surface material in

terms of finp-grained, coarse-grained, or organic soil is identified for

the 0- to 6- and 6- to 12-in. layers.

8. Stranath. 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 terrain unit at the weakest points in the unit as

determined by the cone index data. 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 takeil

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 each 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 is 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 unit.
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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 obstacles; for random obstacles, mean

spacings are computed from data obtained using the sample cell techni-

que,* where cell diameter depends upon including 20 or more 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.

i/. 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. Visibility. 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 upritlit, with

the center of the cards at 1 ft above the ground surface. The maximumr

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.
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APPENDIX D: BASIC TERRAIN DATA

1. Table Dl 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.

Dl
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