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FOREWORD 

The tests reported herein were conducted in furtherance of Depart- 

ment of the Army Research and Development Project 1-V-0-21701-A-046, 

"Trafficability and Mohility Research," Task 1-V-0-21701-A-01+6-02, 

"Surface Mobility." This project is conducted under the sponsorship and 

guidance of the Directorate of Research and Development, U. S. Army 

Materiel Command* 

Tests were conducted in the vicinity of Vicksburg, Mississippi, 

during January and February 1963» and at Ft. Eustis, Ft. Lee, and Camp 

Pendleton, Virginia, during February and March 196^. 

Acknowledgement is made to the U. S. Army Iransportation Board, 

Ft. Bustis, Virginia, for its cooperation and procurement of test vehicles 

used during the Virginia test program. 

The study was conducted by personnel of the Soil-Vehicle Studies 

(SVS) Section, Vehicle Studies Branch (VSB), Mobility and Environmental 

(MSB) Division, U. S. Army Engineer Waterways Experiment Station (WES), 

under the general supervision of Mr. W. J. Turnbull, Technical Assistant 

for Soils and Environmental Engineering; Mr. W. G. Shockley, Chief of 

the M&E Division; Mr. S. J. Knight, Assistant Chief of the M&E Division; 

and Mr. E. S. Rush, Chief of the SVS Section, VSB. Mr. B. G. Stinson, 

Obstacle-Vehicle Studies Section, VSB, directed the field tests and per- 

formed preliminary analysis in the development of the revised mobility 

index formula reported herein. Mr. J. G. Kennedy, SVS Section, performed 

the statistical analysis of the original and revised mobility equations 

also reported herein. The report -was prepared by Messrs. Kennedy and Rush. 

Directors of the WES during the test program and preparation of this 

report were COL Alex G. Sutton, Jr., CE, and COL John R. Oswalt, Jr., CE. 

Technical Director was Mr. J. B. Tiffany. 



CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT 

British units of measurement used in this report can be converted to 

metric units as follows: 

Multiply By To Obtain 

inches 2.5k centimeters 

feet 0.30^8 meters 

yards 0.91W+ meters 

miles 1.6093^ kilometers 

square inches 6M16 square centimeters 

pounds 0.1+5359237 kilograms 

pounds hMQ newtonj (N) 

short tons (2000 lb) 907.185 kilograms 

pounds per square inch O.070307 kilograms per square 
centimeter 

pounds per square inch O.689476 N per square 
centimeter 

pounds per cubic foot 16.0185 kilograms per cubic 
meter 

Note: Conversion from British to metric units of measure should be made 
with caution in this report in connection with index values (cone 
index, rating cone index, vehicle cone index) and empirically de- 
rived mobility index formulas that are not dimensionally correct. 
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SUMMARY 

Studies of the trafficability of soils have been conducted by the 
U. S. Army Engineer Waterways Experiment Station (WES) since 19^5' Results 
of these studies have been reported In WES Technical Memorandum 3-2UO, 
Trafficability of Soils series and in numerous Miscellaneous Papers. In 
1955, the methods and techniques of measuring the trafficability of fine- 
grained soils »ere considered substantially complete and satisfactory, 
and a summary report (TM 3-2^0, Fourteenth Supplement) was published. 
That report contained formulas for computing mobility indexes (Ml) and 
converting Mi's to vehicle cone indexes (VCl), which is the minimum soil 
strength required for 50-pass go-no go performance, for all military 
wheeled and tracked vehicles in existence at that time. Since 1955 there 
has been a trend in wheeled-vehicle design toward larger high-flotation 
tires on small vehicles and much heavier wheel loads on much larger 
vehicles than the conventional 2-1/2- and 5-ton 6x6 trucks. Data from 
trafficability test programs conducted by WES and other agencies with 
vehicles mounted with construction-equipment-type tires Indicated that the 
computed VCI was not in close enough agreement with test results. There- 
fore, to obtain supporting data to determine whether modification of the 
existing mobility index formula for self-propelled wheeled vehicles was 
necessary, field tests were conducted with vehicles similar to those 
mentioned above, and also with a few vehicles of more conventional design. 
Tests were conducted with five wheeled vehicles near Vicksburg, Miss., 
during January and February 1963, and with four wheeled vehicles at Ft. 
Eustis, Ft. Lee, and Camp Pendleton, Va., during February-March 1963 
(data obtained from tests with one vehicle, the 5-ton forklift, were not 
used in this analysis). 

The main purposes of this study were to (a) obtain adequate test 
data to determine experimentally the VCI for 50 passes for some untested 
vehicles and (b) use the results of these tests and others in which 
experimental VCI's were determined to develop a mobility index formula 
suitable for a wide range of vehicle weights and tire sizes. 

The experimental VCI's determined for eight wheeled vehicles from 
the above-mentioned test programs and VCI's obtained from other test 
programs for eight additional wheeled vehicles are Included herein. 
Although only 16 vehicles were used in the test programs, VCI's were deter- 
mined for 20 vehicle "types" including tests with four of the vehicles 
modified as follows (each modification was considered as a separate 
vehicle): 16-ton XMU38E2 GOER tested with and without chains, 3/h-ton 
M37 tested at two wheel loads, 2-ton Meili Flex-Trac tested as a kxk  and 

• 



as a 6x6, and the 5-ton XM520 GOER tested with two tire sizes. To 
determine if improvement in predicting VCI could be made, a statistical 
analysis was performed on both the original and revised MI formulas. This 
analysis imvolved the use of a multiple linear regression technique wherein 
mobility index formulas were produced that considered the best inter- 
relation of the eight vehicle factors in the formulas. Evaluation of the 
results of the statistical analysis was made in terms of VCI unit error, 
VCI percent error, multiple correlation coefficient (R^), and standard 
error of regression equation. Comparison of the average experimental 
VCI's and average VCI's computed by the four mobility index formulas are 
shown below. 

Vehicle Cone Index 
Unit Error Percent Error 

Formula 

Original 
Original (regression) 
Revised 
Revised (regression) 

Absolute 
Average 

19.0 
9.1 
3.6 
3.2 

Range 

1-132 
0-3^ 
0-9 
0-7 

Absolute 
Average 

26.4 
18.7 
6.1 
6.1 

Range 

2.0-130.0 
0-91.9 
O-lU.5 
0-20.0 

The general conclusions are that considerable Improvement can be 
made in the original formula merely by using the multiple regression 
equation, since this technique permits the computation of a dependent 
variable (Ml) when two or more Independent variables (vehicle factors) 
are related to the dependent variable. The accuracy of the computed 
variable depends upon the degree of relations between the dependent and 
Independent variables. Further improvements in computing VCI can be made 
using the revised formula. By using the more complicated multiple re- 
gression form of the revised formula factors, still further improvements 
In computing VCI can be made. However, since the Increased accuracy of 
the revised multiple regression formula over the revised formula is only 
slight (see tabulation above). It is suggested that the revised formula be 
adopted, especially for field application. 

Also Included in this report is a check on the validity of the 
revised MI formula in which individual test results from test programs 
with vehicles different from those used in revising the MI formula are 
compared with the computed VCI of each vehicle. 

Appendix A presents the original and revised mobility index for- 
mulas and comparisons of computed VCI's for some standard and experimental 
military vehicles using the two MI formulas. Appendix B presents a de- 
tailed analysis and evaluation of the original and revised MI formula 
factors by the multiple linear regression technique. 
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TRAFFICABILITY OF SOILS 

DEVELOPMENT OF REVISED MOBILITY INDEX FORMUIA 
FOR SELF-PROPELLED WHEELED VEHICLES 

IN FINE-GRAINED SOILS 

PART I: INTRODUCTION 

Background 

1. Studies of the trafficability of soils have been In progress 

since 19^5 at the U. S. Army Engineer Watemays Experiment Station (WES) 

and have been reported primarily In WES Technical Memorandum No. 3-21*0, 

TraffIcablljty of Soils, and 17 supplements thereto, but also reported In 

numerous WES Miscellaneous Papers. Basically, this research Is aimed at 

the development of Instruments and techniques for the measurement of 

surface media and the prediction of performance of military vehicles on 

these media. Thus far studies have been made on four general types of 

surface media: fine-grained soils, coarse-grained soils (sand beaches 

and deserts), organic terrain (muskeg), and snow. The early phases of 

the work were studies primarily of fine-grained soils. In 1955j the 

methods and techniques of measuring the trafficability of fine-grained 

soils were considered essentially complete, and a summary report (TM 3-2^0, 

Fourteenth Supplement) was published. This report contained formulas for 

computing the mobility Indexes and predicting the minimum soil strength 

requirements for 50-pass "go-no go" performance of all military vehicles 

In existence at that time. Since 1955, there has been a trend In wheeled- 

vehicle design toward larger high-flotation tires on small vehicles and 

much heavier wheel loads on much larger vehicles. Examples of large tires 

are those on members of the GOER family of vehicles, and the low-profile 

Terra-tires used as replacements for more conventional tires on standard 

military vehicles. Examples of heavy wheel loads are the 25- and 50-ton* 

wheel loads of the MRC (Barge, Amphibious, Re supply, Cargo), a 60-ton 

* A table of factors for converting British unite of measurement to metric 
units is presented on page Ix. 



special-purpose  bar^e. and the approximate 10-ton wheel _oads of the 

lb-ton OOIRS. 

2«    Data from limited test pi-o^rams conducted with vehicles mounted 
3 

with const.ruction-equipment-tvpe tires--a Tournado^er,¥ a 5-ton (lOEl-i, 
h h a 5-ton JuKK) truck,    two lar^e LeToumwtti industrial vehicles  —and fv   n 

results obtained from test, programs such as Iroject V/heelti-ack    and Swamp 

Vox 1 l'   conducted by other agencies indicated that the computed vehicle 

cone index (VCl )  values were not in close enough agreement with test 

results to permit, the prediction of vehicle performance witn the desired 

decree of accuracy.     Supporting data to determine whether modification 

of the exist inr. formula for self-propelled wneeled vehicles was necessary 

■.■/• M. obtuinol    "i-om fieLl c-;:ts conlucted with vehicles similar to some of 

those tested in the above-referenced studies,  and also with a few vehicles 

of more conventional desi^i. 

Itirpose and Scope 

3.    The main purposes of this study were to (a) obtain adequate 

test data to detemiriM experimentally the vehicle cone index (VCl)  for 
r)0 passes for vehicles mounted with nonco^ventional tires and  (b) use 

results of the field tests to develop a revised mobility index  (Ml) formula 

for self-propelled wheeled vehicles. 

'♦.    The adequacy of the revised KI formula was checked by comparing 

the experimentally determined VCI's with VCT's computed by both the 

original and the revised MT formulas.     In addition, results of other test 

programs were used to check the revised formula.    These are discussed as 

appropriate in the analysis.    The two MI formulas are presented in Appen- 

dix A.    Tables also are presented in Appendix A listing a range of standard 

military wheeled vehicles and 19 wheeled vehicles of experimental designs 

that, have been  tested by the U<  S. Army but as yet have not been accepted 

as military standard.    The tables show VCI's computed with both the orig- 

inal and revised formulas.    Detailed statistical analysis and evaluation 

*    Unpublished. 
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of both MI formulas are given in Appendix B. 

5. The tests reported herein were conducted during tvo field 

programs: one near Vicksburg, Miss., and the other at three military 

installations in Virginia. Five wheeled vehicles (one vehicle vas tested 

at two different loads) were used in the Vicksburg tests and four vehi- 

cles were used in the Virginia tests. 

Definitions 

6. Definitions of terns used in this report are given in TM 3-2^0, 

Fourteenth Supplement. 

i. 



PART II:     FIELD TEST PROGRAM 

7.    Tests were conducted near Vicksburg, Miss., during January- 

February 1963, and at Ft. Eustis, Ft.  Lee, and Camp Pendleton, Va., during 

February-March 1963.    Tests consisted of operating self-propelled wheeled 

vehicles across level, fine-grained soils and coarse-grained soils with 

fines, poorly drained.    Observations of vehicle performance and measure- 

ments of pertinent  soil and vehicle data were made for each test.    Details 

of the various test areas, vehicles tested, test procedures, and data col- 

lected are discussed in the following paragraphs. 

Test Areas 

Vicksburg test area 

8.    This test area was on the southeast bank of Albemarle Lake, a 

small body of water on the Louisiana-Mississippi border approximately 

16 miles north of Vicksburg (fig. 1).    The \«ter level of this lake rises 

and falls with that of the 

Mississippi River, which feeds 

it.   At the time of testing 

(January and February 1963), 

the river was low, and a wide, 

flat expanse of lakeshore was 

exposed and accessible.    The 

shoreline for a distance of 

about UOO ft from the lake was 

practically void of vegetation. 

Inland from this open area was 

an area that extended for 

about 300 yd on which willow 

trees with trunk diameters 

ranging from 6 to 10 in. were 

growing.    Views of the areas 

are shown in fig.  2.    Tests 

were conducted in both the 

SCALE IN MILE5 
0 

Pig. 1.    Location of Vicksburg test area 
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open and wooded areas. The 

soil to a depth of 18 in. was 

classified as heavy (fat) clay, 

CH, according to the Unified 

Soil Classification System 

(USCS) (fig. 3). A gradual 

decrease in moisture content 

with increase in distance from 

the water's edge permitted 

testing on a range of soil 

strength conditions that was 

wide enough to represent "go" 

and "no gc" conditions 

HVMOMETER 

a. Open area 

0 1 005 001     0005 0001 

— HIT o» cur 

I1IV Of MUM ClASSl'iOTlON 11 n r. 
0- TO l*-IN. FAT CLAY (CHI »■'•92 12-34 5S.58 

Fig. 3« Gradation curve and 
classification data, Vicksburg 

test area soil 

b. Wooded area 

Fig. 2. Vicksburg test area 

for all vehicles tested. 

Virginia test areas 

9. Ft. Eustis, This test area 

was located on the Ft. Eustis Military 

Reservation. The general location is 

shown in fig. k,  and a photograph of the 

area in which the tests were conducted 

is shown in fig. 5. 

10. The test area was marshy and 

covered with tall grass. The 0- to 6-in. 

layer of soil contained a dense root mat. 

A gradation curve could not be determined 

I 

.■ 

■ 

MM *m 
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SCALE IN MILES 

0 10 20 

Fig. k.    Location of Virginia test areas 

Fig. 5. Ft. Eustis test area 
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for the 0- to 8-i.n.   (approximate)  layer of soil because of too much organic 

material, but gradation ''urves for the soil below'S in.  along with clas- 

sification data are shown in fig.  6.    The joil type varied within the soil 

U.S. STANDARD SIIVI NUMKRS 
„4    6    110 141* ao 30 4Q  SO 70 KM) 140 800 

IOOH I I I   I t=Q 

HVOdOMITIR 

I 
E z 
£ 

OS 
GRAIN SIZE MlUIMfTHS 

0 001 

UNO MTMCUV 
_ 

COAIM    ]            MlÖltMl            j                  WM 

|          JAMHi NO f UV 01 MrTH Cl»»»»iC»TION NAT W\ U « n       I 

f 0- TO «-IN. H m m m         i 

1                    ' •■ TO IMN. SANDV CLAY (CHI M » 44        i 

1                    > w- TO mm. FAT CLAV |CM| •t It 4*        1 

Fig. 6. Gradation curves anr] classification data, 
Ft. Eustis, Va., tett area soil 

profile: that in the 0- to 8-in, layer was liighly organic (Pt): that be- 

lov; 8 in, was a sandy clay (CH) to about 12 in, where a fat clay (Cli) was 

encountered, 

11.  1-t. Lee. Thic tect area was near the Ft. Loc Army Airport. 

Tests were coriduct«"! in a level to slightly sloping area of coastal plain 

dcposltc.  The top soil lay^r Maa a very fine sardy silt (CL-ML), which 

varied in thickness from the surface to a,bout 8 to 18 In., underlain by 

a lorm clay (CL).  Below the lean clay was a fairly itiffi mottl' '. lean 

clay (CL) or fat clay (Clf) (see fig. y). Ttie clay soil supported a perched 

wat'-f table that varied from the surface to  12 in. below the turface. Most 

7 
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001     0005 

SAND 
SILT Ot CLAY 

COkIM MtOHIM                                         UNI 

SAMPII NO lUv Ot Mnx CUUWCATION NAT W% 11 n 7    I 
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•• ■CLO« It IN. MOTTLED LEAN CLA« ICLJ INO LIMITS OETERMINEOI    J 

"■ ttppmoxt     ■■■ ■'  1 

Fig. ?• Gradation curves and classification data, 
Ft. Lee, Va., test area soils 

of the area had recently been logged, and tree stumps 8 to 15 in. in diam- 

eter and 10 to 20 in. high, spaced randomly at about 8- to 15-ft intervals, 

remained on the site. A dense grass covered the area, and there were 

scattered clumps of small trees with trunks up to about 4 in. in diameter 

growing on the site. Views of the area are shown in fig. 8. The general 

location is shown in fig. k, 

12. Backshore area south of Camp Pendleton. This test area was 

on the backshore area of the beach south of Camp Pendleton, Va. (see 

fig. 9)« The tests ware conducted in an area «here a recent storm had 

washed away most of the clean sand, leaving a fine-grained soil exposed 

that ranged from a silty clay to a clayey silt. However, before the tests 

were conducted, a thin layer of sand about l/2 to 1 in. thick had covered 

the fine-grained soil so that the area had the appearance of a normal 
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a. Looking south 
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b. Looking north 

Fig. 8. Ft. Lee test area 

Fig. 9*    Beach area, south of 
Camp Pendleton 

» 

beach. The area was completely void of vegetation. Results of tests of 

soil samples taken at 6-ln, Increments for the 0- to 6-In. (excluding the 

surface sand layer), the 6- to 12-In., and the 12- to l8-ln. layers of soil 

are shown and classification data are given In fig. 10. 
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Vehicles Tested 

13.    Pertinent vehicle data and areas where each vehicle va.s tested 

are presented in table 1.    Photographs of the vehicles are shown in fig. 11. 

a.    Toumadozer b.    Bucket loader 

c.    1-1/2-ton W300 modified 
with low-pressure pneumatic 

tires 

d.  lA-ton M151 modified 
with low-pressure pneu- 

matic tires 

Fig. 11. Vehicles used in tests (1 of 2 sheets) 

11 



• 

e.    16-ton XM438E2 GOER tanker 

^Mw 
f&tAPaJ&T' 

K*?'' 

f.    3/h-ton M37 truck g. 5-ton forklift 

h. Willys station wagon i. l/2-ton M27U carrier (mule) 

Fig. 11. (2 of 2 sheets) 
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Ik,    Vehicles used in the Vicksburg tests were furnished by WES, and 

those used in the Virginia tests were furnished by the U. S. Army Trans- 

portation Board, Ft. Eustis, Va., except for the rough-terrain forklift, 

which vas furnished by a support unit at Ft. Lee, Va. 

15. All the vehicles used ir\ the Vicksburg tests were equipped 

with standard tires, rims, and other vehicle components. Two of the four 

vehicles—the W300 and the M151—tested in Virginia were equipped with 

large high-flotation pneumatic tires that required the addition of power 

steering; but the other two—the GOER and the forklift--we re equipped 

with standard tires and rims. 

16. The vehicles tested were in good mechanical condition, but the 

M271+ (mule) did not have sufficient power to turn its wheels in some test 

soils. Where lack of power appeared to affect results, this fact is 

mentioned in the "Remarks" column in the data tables. The tires on the 

Tournadozer were badly worn; this may have had some effect on its per- 

formance . 

Vehicle Test Procedures 

^ 

17. Test lanes were selected to minimize, insofar as possible, the 

effects of factors such as surface geometry, slope, vegetation, litter, 

and roots on vehicle performance. During the tests, observations were 

made and pertinent notes were recorded of the performance of the vehicle 

and the reaction of the soil. Insofar as possible, vehicle factors for 

a given vehicle were kept constant for each series of tests; tire pressures 

were checked and adjusted when necessary; the same gear ratios were used 

for all tests; and loads were not allowed to shift within the cargo beds, 

etc. Test lanes approximately 100 ft long were staked out, and soil data 

were collected along the expected paths of the left and right wheels of 

the vehicle. The vehicle then traveled over the test lane in a straight 

line at approximately 2 raph. After the vehicle had traveled through the 

test lane to a point where the rear wheels were about 5 to 10 ft beyond 

the end of the lane, the vehicle was put in reverse gear and driven back 

to the starting point in the same tracks to complete the second pass. 

13 
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Traffic was continued until the vehicle was Immobilized or until 50 

passes were completed. Periodically during the tests, data were taken 

In the ruts. 

Data Obtained 

18. A summary of the data collected In the tests Is given In 

table 2; these da'ta are described In the following paragraphs. 

Cone Index 

19. Cone Index was measured with the cone penetrometer before and 

during traffic. 

a. Before traffic. Cone Index was measured at 10-ft horizontal 
Intervals along the proposed path of each wheel at the 
surface and at 3-ln. vertical Increments to a depth of 
2h  In., and at 30- and 36-ln. depths. 

b. During and after traffic. Cone Index was measured after 
various passes during the test and after the test was 
completed at the same horizontal and vertical Intervals 
along the path as before traffic. 

Remolding Index 

20. Remolding Indexes were measured at three locations In the test 

lane before traffic was applied. The soil layers measured varied with 

the different vehicles (see table 2). 

Rating cone Index (RCl) 

21. Rating cone Index was computed from the average cone Index and 

remolding Index that were taken before traffic. 

Moisture content and density 

22. Samples for determination of moisture content and density were 

taken at the same locations as those where remolding Indexes were measured 

and usually from the following soil layers: 0 to 6 In., 6 to 12 In., and 

12 to 18 In. 

Bulk soil samples 

23. Representative bulk soil samples of the 0- to 6-ln., 6- to 

12-ln., and 12- to l8-in. layers were obtained for soil classification 

purposes. 

Ik 
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Rut depths 

2k.    The depths of the ruts were measured usually on the same passes 

as those on which cone Indexes were measured. 

Photographs 

23. Movies and still photographs were made of test areas and 

vehicles, as well as of pertinent features of the tests. 

Data Analyses 

26. The analyses of data consisted mainly of the determination of 

the minimum soil strength in terms of rating cone index (RCl) required to 

support each vehicle for 50 passes. RCI was the main soil measurement 

considered; however, the occurrence of undercarriage dragging, and the 

degree of difficulty experienced by the vehicle in traversing the test 

lane were considered in the analyses. 

Review of RCI, 
VCI, and critical layer 

27. Previous trafficability studies have shown that the ability 

of a soil to sustain repetitive traffic (50 passes) of wheeled and 

tracked self-propelled vehicles can be predicted from measurements of 

RCI, The RCI that is Just adequate to support 50-pass traffic of a par- 

ticular vehicle is designated as the vehicle cone index (VCI). Test 

results have shown that there is a critical layer, i.e. a layer whose 

strength (RCI) appears to be most closely related to vehicle performance. 

For most vehicles this layer has been determined to be approximately 6 in. 

thick. The depth of the critical layer is dependent upon the weight of 

the vehicle and the characteristics of the soil strength profile. If 

the critical layer and the 6-in. layer below the critical layer have the 

same strength or show an increase in strength with depth, the strength 

profile is considered normal. If the 6-in. layer below the critical 

layer has less strength than the normal critical layer, the strength 

profile is considered abnormal and the deeper layer is considered the 

critical one for evaluation purposes. 

15 



Determination of exper- 
Imental VCI for 30 passes 

28. Summaries of data collected before, during, and after traffic, 

together -with a description of the performance of the vehicles and other 

pertinent remarks are given in table 2. The data are shown graphically 

in plate 1 where soil strength in terms of RCI is plotted along the 

horizontal scale; the vertical scale has no quantitative values. 

29* Although earlier studies concluded that depth to critical 

layer varied with vehicle weight and soil strength profile, data were 

examined by 6-in. layers from the surface through the 12- to 18-in. 

layer to determine (in the case of vehicles with high-flotation tires) 

and to verify (in the case of more conventional vehicles) critical layers 

previously established. Results of this preliminary examination to deter- 

mine critical layer are as follows: 

Critical Critical 
Layer Layer 

Vehicle in. Vehicle in. 

XMI138E2 6-12 M37 empty 6-12 
Toumadozer 6-12 M37 loaded 6-12 
Bucket loader 6-12 Willys station wagon 6-12 
l-l/2-ton power wagon 6-12 M151 modified 

M27U 
3-9 
3-9 

RCI values underlined in table 2 are plotted in plate 1 for determination 

of VCI. It should be remembered that if the RCI of the 6-ln. layer 

below the normal critical layer is less than the RCI of the normal layer, 

then the lower RCI value was used In the analysis and the minimum RCI 

that would permit a given vehicle to complete 50 passes is the experimental 

VCI of that vehicle. 

30. Tests with l6-ton XM43üü)2. Fourteen tests were conducted with 

t. 2 XMU38E2 at Ft. Lee. The ve jle was equipped with chains for eight 

tests and was tested without chains in six tests. Since a load was not 

available, all tests were conducted with the vehicle empty, which resulted 

in unequal weight distribution on the two ar^s; the front axle carried 

2U,300 lb and the rear axle carried lU,010 lu. The unequal weight may 

have hampered vehicle performance, but this could not be determined from 

16 
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observation of the tests. In most tests when the vehicle became Im- 

mobilized, It was able to extricate Itself by using Its "wagon steer" 

feature, which allowed the front end to turn at right angles to the 

direction of travel. 

a. XMU38E2 with chains. A graphical presentation of data 
from these tests Is given In plate la. From examination of 
the plot, It can be seen that In test 29 the vehicle com- 
pleted 50 passes with some difficulty on an RCI of 48, 
but In tests 31 and 32 It became Immobilized during the 
4th and 6th passes on RCI's of 56 and 57* Test notes 
Indicate that In tests 31 and 32 the vehicle under- 
carriage was not dragging and the vehicle could go by 
applying Its unique wagon steering action, which Indicates 
that early pass Immobilizations were caused in part by 
low traction capacity of the soil. In test 30 on an 
RCI of 8l, the vehicle had difficulty on the first and 
second passes because of a soft spot in the test lane 
which caused some traction failure, but after the soil 
from the soft spot had been moved out of the ruts by the 
wheels, traffic was continued until 50 passes were 
completed with no further difficulty. From these tests 
It was determined that the 6- to 12-in. layer was the 
critical layer for the unloaded vehicle; however, when the 
vehicle is loaded with a 16-ton pay load, the critical 
layer may well be deeper. A wide range of RCI was not 
tested, and an experimental VCI could be tentatively deter- 
mined only after examination of results of tests with 
obtains and performance of the Toumadozer with similar 
average wheel loads. The experimental VCI was determined 
tentatively to be 60. 

b. XM438E2 without chains. RCI-vehicle performance relations 
for these tests are shown in plate lb. No immobilizations 
were obtained after the fourth pass in any test; however, 
considerable wheel slip was experienced in test 21 and l4- 
to 15-ln. ruts developed in tests 21 and 22 on RCI's of 
89 and 76. The experimental VCI of the XMU38E2 without 
chains was determined to be 62,or two units higher than 
with chains. Previous testing6 indicated that chains 
would improve performance in soft soils by about that 
amount. A typical test is shown in fig. 12. 

31. Tests with the Toumadozer. RCI-vehicle performance relations 

are shown in plate 1c. Nine tests were conducted; six resulted in im- 

mobilizations and three resulted in completion of 50 passes, although in 

test 8 the vehicle experienced considerable difficulty on an RCI of 59. 

In test k on an RCI of 62 the vehicle completed 50 passes with no 

17 
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a.    After 5 passes 

b.    After 21 passes 
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c.    After 50 passes 

Fig. 12.    Test 21, l6-ton XMI+38E2 GOER (tanker), Ft.  Lee test area 
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difficulty although its undercarriage vas dragging after about 36 passes. 

Photographs of test k are shovn in fig. 13. The experimental VCI for the 

Toumadozer was determined to be 60 for safe completion of ^0 passes. 

32. Tests with the 3-ton forklift. Attempts were made to determine 

the experimental VCI for this vehicle at Ft. Lee, but at the time of 

testing the soil »as too soft to permit more than a few passes before 

immobilization occurred; therefore, an analysis was not performed but the 

data are -presented in table 2 as a matter of record. 

33. Tests with the bucket loader. RCI-vehicle performance relations 

are shown in plate Id. Thirteen tests were conducted; eight resulted in 

immobilizations before 50 passes were completed and five resulted in 

completion of 50 passes. However, of the five tests successfully 

completed, the results of tests 2k and 32 were in doubt since test notes 

state that in test 2k  on an RCI of kk  the undercarriage began dragging 

on about the 33d pass, and in test 32  on an RCI of kO the undercarriage 

began dragging on about the 17th pass and extremely high slip occurred on 

the last few passes. Test notes also state that in test 23 a mat of tree 

roots may have enabled the vehicle to complete 50 passes on an RCI of 52. 

The experimental VCI was determined to be 50 for the bucket loader. 

Photographs of tests 32, U5, and U6 are shown in fig. Ik. 

3k,    Tests with the l-l/2-ton power wagon. RCI-vehicle performance 

relations are shown in plate le.  Eleven tests were conducted with this 

vehicle, one at Ft. Eustis, seven at Ft. Lee, and three at Camp Pendleton. 

Photographs of test 57 at Camp Pendleton are shown in fig. 15. A good 

separation between immobilizations and nonimnobilizatlons is shown in 

plate le. The vehicle was equipped with low pressure pneumatic tires, 

which appeared to help considerably when traveling over soft soil. It was 

noted that most immobilizations occurred without undercarriage dragging 

but with only one wheel on each axle spinning. The use of a device to lock 

out differential action might have enabled the vehicle to complete the test 

in a number of instances where it became immobilized. The experimental 

VCI was determined to be k2, 

35. Tests with the 3A-ton M37 truck. Sixteen tests were conducted 

with this vehicle: ten with the vehicle empty and six with a 3/k-ton 
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a.    Before traffic 

i 

b. After 10 passes 

c. Pass ^9 

Fig. 13. Test U, Tournadozer in wooded area, Vicksburg test program 
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a. Test 45 Im- 
mobilized on first 
pass attempting to 

enter test lane 

b. Test k6  im- 
mobilized on 5th 

pass 

c Test 32 Im- 
mobilized on 11th 

pass 

' si 

"- ..■> r:'. 

Fig. lU.    Bucket loader tests at Vicksburg 
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™      a. Ruts after 1 pass 

b. Immobilized on 
Uth pass 

c. Immobilized on 
kth pass. Note mid 
boll in center of 

ruts 

Fig. 15. Test 57, l-l/2-ton power uagon on backshore beach area 
south of Camp Pendleton 
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pay load. All tests vere conducted at Vicksburg, Miss. 

a. Tests with empty M37» RCI-vehicle performance relations 
are shovn in plate If. Four tests resulted in im- 
mobilizations before completion of 50 passes, and six 
tests resulted in the vehicle successfully completing 50 
passes. Test notes Indicate that all nonimmobilization 
tests «ere begun with the vehicle operating with only- 
two wheels driving. Test notes also indicate that in 
four of these tests the vehicle experienced serious 
difficulty. It is not known to what degree operation with 
only two driving wheels in early passes contributed to the 
difficulty after all wheels were driving. It is assumed 
that the portion of the tests conducted with two wheels 
driving had an adverse effect, and a few of the tests 
where difficulty «as experienced would have been completed 
with less difficulty if all wheels had been driving for 
all passes. Therefore, it was determined that the exper- 
imental VOI for the empty M37 «as 50; this value is 
considered to be slightly conservative. 

b. Tests with loaded M37. RCI-vehicle performance relations 
are shown in plate lg. Six tests were conducted; five 
ended In immobilizations before completion of 50 passes 
and one (test 68) ended with the vehicle completing 50 
passes. In test 68 on an RCI of 55 the vehicle had 
difficulty completing the test because of dragging of 
undercarriage. From the results of test 68 and the ex- 
perimental VCI of the empty M37, the experimental VCI 
of the loaded M37 was estimated to be 58. 

36. Tests with the Willys station wagon. Seven tests, all at 

Vicksburg, were conducted with this vehicle; six resulted in im- 

mobilizations and one resulted In successful completion of 50 passes. 

RCI-vehicle performance relations are shown in plate Ih. The best 

separation of the go tests from the no go tests was for the 6- to 12-ln. 

layer; therefore, this «as considered to be the critical layer. Test 90, 

on an RCI of k2,  resulted In a l4th-pass immobilization «hen the sticky 

clay soil accumulated beneath the fenders and Jammed the wheels. In tests 

88 and 89 on kj and h6 RCI's, respectively, the vehicle completed 31 and 

47 passes before immobilizing. In test 91» 50 passes were completed 

relatively easily even though the undercarriage of the vehicle was 

dragging. Experimental VCI was determined to be 50. 

37. Tests with the lA-ton M151 truck (modified). Seven tests, 

two at Ft. Eustis and five at Ft. Lee, were conducted with this vehicle. 
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RCI-vehicle performance relations are shown in plate li. Pour tests 

resulted in immobilizations and three resulted in the vehicle comple- 

ting 50 passes. Examination of the data showed that the RCI of the 

3- to 9-in. layer best correlated with vehicle performance; hence it WLS 

designated as the critical layer. In test 3 on an RCI of 2U, the vehicle 

had considerable difficulty completing 30 passes (see fig. 16); however, 

the surface of the test lane was spotted with areas of vegetation and 

bare soil, and the vehicle encountered difficulty in holes which developed 

between areas of vegetation. In test 10 on an RCI of 2U, the vehicle 

completed 50 passes with ease. In test 18 on an RCI of 22, the vehicle 

had difficulty completing 30 passes; therfore, the experimental VCI was 

estimated to be 23. 

38. Tests with the l/2-ton M27^ carrier. RCI-vehlcle perfonnance 

relations are shown in plate 1J. Ten tests were conducted; six ended with 

the vehicle Immobilizing before completion of 50 passes and four ended 

with the vehicle completing 50 passes or more. Two of the immobilization 

tests (33 and 37) were conducted In an area with free surface water, and 

the first-pass immobilizations were a result of low surface traction 

capacity rather than low bearing capacity, since the vehicle sank only 

3 to U in. In test 33 the vehicle was able to back out of the test lane 

without assistance although it could not go forward. In test 37) the 

vehicle was able to back out of the test lane with some assistance (by 

pushing). Test 3^ on soil similar to that of the two tests described 

above further supports the fact that low surface shear strength rather 

than low bearing strength of the critical layer may have caused the Im- 

mobilizations. In this test, the vehicle could not go forward because 

of wheel slip on three occasions on the first pass. On each occasion, 

the vehicle was allowed to back up a few feet and then go forward again. 

After completion of the first pass in this manner, traffic was continued, 

and the vehicle completed 30 passes with no further difficulties. 

39» After examination of plate 1J and other data, it was concluded 

that the 3- to 9-in. layer was the critical layer and that, with exclusion 

of tests 33 and 37 for reasons previously explained, the experimental VCI 

should be 20 for safe completion of 50 passes. 
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a. Test lane after 
10 passes 
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b. During traffic, 
pass 21 

c. Cuta-way showing 
root structure in 
rut after 50 passes 

Fig. 16. Test 3» l/U-ton M151, modifffed with low-pressure pneumatic tires, 
Ft. Bustis test area 
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PART III:    REVISION OF MOBILITY INDEX FORMULA 

ho.    The original mobility index formula and the revised mobility 
index formula developed herein are shown in Appendix A.    This part of the 

report discusses data used in the development of the revised formula, 
the revised formula, a statistical analysis of both formulas, and finally 
the validity of the revised formula. 1 

Data Used in Development of 
Revised Formula 

hi.    Data used in development of the revised formula were limited to 

the vehicle test program reported herein and to other test programs in 

which sufficient testing -was performed to determine experimentally the 

VCI for each vehicle. 

Data from this report 

1+2. The analysis of test results from Part II of this report pro- 

duced experimental VCI's as follows: 

Vehicle 
Experimental 

VCI  

60 
62 
60 

16-ton XM438E2 with chains 
16-ton Mh2BE2 without chains 
Tournadoster 
Bucket loader 
l-l/2-ton power wagon modified 
3A-ton M37 truck empty 
3A-totl M37 truck loaded 
Willys station wagon 
1/U-ton M151 truck modified 
l/2-ton M27U carrier 

Data from other 
field test programs 

^3. Vehicles tested, experimental VCI's, and data sources from other 

field programs that were used in revision of the MI formula are listed 

below: 

^8° 
50 
23 

Vehicle 

Electric digger 
Log stacker 

Experimental 
VCI 

185 
150 

(Continued) 

Data Source (See 
Literature Cited) 

5 
5 
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Experimental Data Source (See 
Vehicle VCI Literature Cited) 

6-ton truck, 6x6 75 7 
4-ton truck, 6x6 65 7 
2-l/2-ton truck, 6x6 70 7 
5-ton XM520 GOER with 63 3 

I5.OO-3I+ tires 
5-ton XM520 GOER with 57 3 
18.00-26 tires 

2-ton Meili Flex-Trac, 52 8 
kxh 

2-ton Meili Flex-Trac, ko 8 
6x6 

Gama goat 37 9 

kk.    Pertinent data for the above-listed vehicles are given in 

table 3. It is worth noting that the 6-, k-,  and 2-l/2-ton trucks were 

three of the vehicles used in developing the original MI formula. In 

TM 3-2^0, Eighth Supplement, a cone index range was listed for these 

three vehicles, and the high value of the range -was selected as the 

experimental VCI for purposes herein. For example, for the 6-ton truck, 

the cone index range was 65 to 75» and 75 was selected. 

Revised Formula 

1+5« The procedure for revising the original formula was primarily 

one of trial and error with some guidance from recent findings in labora- 

tory studies.   Trial-and-error adjustments were made of vehicle factors 

and constants that composed the original formula until prediction of VCI 

could be made that best fitted the experimental VCI of each vehicle listed 

in paragraphs k2 and ^3. The revised formula, shown in Appendix A, used 

the same eight factors as the original formula; however, for some of the 

factors, the value of the factor differs. The revised formula still 

permits the use of the existing mobility index-vehicle cone index curve, 

as shown in plate Al, or the tabulation of the data from which the curve 

was derived as given in table Al. When the revised formula is compared 

with the original formula, it can be seen that the multiplier factor 0.6 

and the constant +20 have been dropped. The +20 coiistant limited values 

27 

~*t 



obtained by the original formula to 20 or greater, which in turn limited 

the VCI to 3k  or greater. 

Factors adjusted 

h6.    In addition to eliminating the multiplier factor and the 

constant, the original formula was further revised by adjustment of the 

contact pressure factor, weight factor, and tire factor. Adjustments of 

these factors are discussed below. 

U7. Contact pressure factor. True contact pressure of moving 

wheels over soil is difficult to determine, since it varies with soil 

strength, tire pressure, speed, wheel slip, and possibly other elements. 

It has been recognized that contact pressure is probably the most impor- 

tant factor in evaluating soft soil performance of a given tire. Since 

the development of the original mobility index formula, tire configura- 

tions have changed; for exaraple, for Terra-tires, low-profile tires, air 

bags, and others, rim diameter may be small when compared to the overall 

diameter of *the tire. For the "standard" military tires, such as 9^00- 

20 and 11.00-20, the overall diameters can be closely approximated as tvice 

the nominal width plus rim diameter, or twice the rim diameter, -while for 

a Terra-tire 36x20-lUR the overall diameter of 36 in. is roughly two and 

one-ha.'f times the rim diameter of Ik  in. For the range of tires con- 

sidered, the tire radius was more suitable than the rim diameter in deter- 

mining the contact pressure factor. If the tire diameter cannot be meas- 

ured, then for the standard military tires it can be approximated from 

nominal width and rim diameter, and for the Terra-tires it can be approxi- 

mated from the tire size stamped on the tire by the manufacturer. The 

revised contact pressure factor is as follows: 

Contact pressure factor 

gross weight of vehicle, lb 
.,.,      ^ outside diameter of tire, in. ., ..   - . . Ä„ tire width, in., X 5 ■ X No. of tires 

kQ.    Weight factor. The weight factor was modified to use four 
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weight ranges and a weight factor equation for each range. The equations 

use actual weights (in kips) of the vehicles and the number of axles to 

determine the weight factor for the mobility index formula. The weight 

factor ranges and equations for each weight range for the revised formula 

are presented in Appendix A. 

1+9. Tire factor. The tire factor va.s  adjusted by addition of a 

constant in the numerator and is computed as follows: 

Tire factor = 10 + tlre1^
dth' ln- 

50. The constant, 10, was used to decrease the effect of tire width 

on the overall mobility irdex. This constant was found to be necessary 

to correct for inclusion of Terra-tires and large construction-equipment- 

type tires, and was obtained by trial-and-error adjustment until the 

best value was obtained. 

Factors not adjusted 

51. The following factors remained-unchanged: grouser factor, 

wheel-load factor, clearance factor, engine factor, and transmission 

factor. 

Comparison of experimental 
and computed VCT's for 
original and revised formulas 

52. Comparisons of exeerimental and computed VCI's are shown in 

table h.    In table k  the vehicles have been assigned a number for conven- 

ience; the vehicle with the highest VCI is "1" and the vehicle with the 

lowest VCI is "20." Experimental VCI's ranged from 185 for vehicle 1 

(LeToumeau electric digger) to 20 for vehicle 20 (l/2-ton M27i+ carrier); 

however, a gap in VCI data appears between VCI's of 150 and 75, indicating 

a need for further testing of vehicles with heavy wheel loads (expected to 

have VCI's within this range) to further test the applicability of the 

revised formula. Comparisons show that, generally, the original formula 

computed VCI's lower than the experimental VCI for the heaviest vehicles 

(vehicles 1 through about 9) and computed VCI's higher than experimental 

for the lightest vehicles (vehicles 10 through 20). The absolute average 
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VCI unit error of the original formula vas 19.0 for all vehicles, and 

8.2 excluding vehicles 1 and 2 which were greatly in error. VCI unit 

errors for the revised formula showed an absolute average of 3*6 for all 

vehicles, and of 3»2 excluding vehicles 1 and 2. In terms of percent 

error, the average for the original formula was 26.k%  (range from 2.0^ to 

130.0^) and for the revised formula was 6,1%  (range 0^ to lk.3lo).    The 

revised formula showed percent error lower than the original formula per- 

cent errors for 16 of the 20 vehicles. Comparisons of the accuracy of the 

two formulas in estimating the VCI show the improvement of the revised 

formula over the original formula for the 20 vehicles investigated. The 

improvement is shown graphically in plate 2. 

Statistical analysis 
and evaluation of 
mobility index formulas 

53» Examination of the previous paragraph and table k  shows that 

the revised formula produced a very low unit error and percent error 

when the computed is compared with experimental VCI values. These low 

deviations of VCI with the revised formula and the fact that the revised 

formula is as simple and straightforward as the original formula are 

sufficient evidence that the revised formula should be accepted and used 

for future computation of MI and VCI. To determine if inrprovement in pre- 

dicting VCI could be made, a more complicated statistical analysis was 

performed on the factors of both the original and revised MI formulas to 

determine if statistically derived formulas could be produced that would 

improve the accuracy of VCI predictions. This analysis involved the use 

of a multiple linear regression technique wherein mobility index formulas 

were produced that considered the best interrelation of the eight vehicle 

factors in the formulas. Evaluation of the results of the statistical 

analysis was made in terms of VCI unit error, VCI percent error, multiple 

correlation coefficient (R ), and standard error of regression equation. 

The details of the analysis and evaluation are given in Appendix B and 

results are given in the following paragraphs. The two multiple linear 

regression formulas may be compared with the original and revised simpli- 

fied formulas in Appendix A, 
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■A i^lultlple linear regression formula based on factors in the 

original formula. Based on the eight factors In the original formula 

(paragraph 3; Appendix A), the multiple regression formula becomes 

MI = 0.65X1 + 26.3^X2 - 102.81« - 201.80 

where _. -. 

X = 0.60 W x (2) x (7) x (8) + 10 
1     [(3) x (U)        J 

X2 = 0.60 [(5) x (7) x (8)] + 10 

X3 = 0.60 [(6) x (7) x (8)] 

55»    Multiple linear regression formula based on factors in the 

revised formula.    Based on the eight factors in the revised formula 

(paragraph 3J Appendix A), the multiple linear regression becomes 

MI = 0.96^ + 1.28X2 + 3.90X   - 3.97 

where __ _ 

x = rmjiiiii 1 x (7) x (8) 
1     |j3) x fr)J 

X2 =  (5) x (7) x (8) 

X3 = (6) x (7) x (8) 

56.    Comparisons of results of computing VCI's by the four formulas. 

Comparisons were made of experimental VCI's from table k and VCI's 

computed by the four mobility index formulas as follows: 

 Vehicle Cone Index  
Unit Error Percent Error 

Absolute Absolute 
 Formula    Average        Range     Average Range 

Original (Appendix A,        19.O 1-132 26.k 2.0-130.0 
paragraph 3) 

(Continued) 
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I 
Vehicle Cone Index 

Unit Error Percent Error 

Formula 

Original, regression 
(paragraph 5^) 

Revised (Appendix A, 
paragraph 3) 

Revised, regression 
(paragraph 55) 

Absolute 
Average       Range 

9.1 0-3^ 

3.6        0-9 

3.2 0-7 

Absolute 
Average 

18.7 

6.1 

6.1 

Range 

0-91.9 

0-1U.5 

0-20.0 
:'i 

57.    The tabulation above shows that considerable improvement »as 

made in the original formula merely by using the multiple regression 

equation, and that still further iraprovements -were made by using the re- 

vised formula.    The multiple regression form of the revised formula 

effected only a slight increase in average VCI prediction accuracy.    Since 

the improvement of the revised multiple regression formula (paragraph 55) 

over the simplified formula (Appendix A, paragraph 3) is only slight, it 

is suggested that the simplified form be adopted, especially for field 

application. 

Validity of Revised Formula 

58.    Results of tests with vehicles different from those used in 

revising the MI formula were used to check the validity of the revised 

formula.    Individual test results considered were those wherein test data 

were insufficient to determine the experimental VCI.    The following tabu- 

lation lists data source and vehicles; details are given in table 5 and 

graphical comparisons are shown in plate 3. 

Vehicle 

l/k-ton M38 truck, kxk 
2-1/2-ton M135 truck, 6x6 
2-1/2-ton M3i+ truck, 6x6 
5-ton Ml+1 truck, 6x6 
5-ton M62 wrecker, 6x6 

3/k-ton M37 truck, hxh 
2-l/2-ton CCKW353 truck, 6x6 

(Continued) 

Data Source 
(See Literature 

Cited) 

11 
11 
11 
11 
11 

12 
12 
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Vehicle 

2-1/2-ton Vkl truck, 6x6 
(two gross weights) 

5-ton MUI truck, 6x6 

2-l/2-ton Wik truck, 6x6 
2-l/2-ton yfth truck (mod No. 1), 6x6 
2-l/2-ton MB1* truck (mod No. 2), 6x6 
2-1/2-ton M35 truck, 6x6 
2-1/2-ton M35 truck (mod), 6x6 

2-l/2-ton XM410 truck, 8x8 
5-ton M5i+ truck, 6x6 
5-ton Vkl truck (mod), 6x6 
S>-ton scamp, UxU 
5-ton XMJ+53E2 truck, 8x8 

5-ton XM520 GOER, kxk 
8-ton XM520E1 GOER, Ux4 
8-ton XM^09E8 truck, 8x8 
16-ton XMi+37El GOER, kib 

3A-ton XM1*08 truck, 6x6 
l-l/2-ton FC170 truck, k-xh 
8-ton XM520E1 GOER, hxk 
16-ton XM438E2 GOER, kyh 

Data Source 
(See Literature 

Cited) 

12 

12 

13 
13 
13 
13 
13 

13 
13 
13 
13 
13 

13 
13 
13 
13 

lit 
Ik 

Ik 

59. In constructing plate 3 the computed VCI of each vehicle was 

plotted against the rating cone index of the critical soil layer for each 

test for that vehicle. Also in plate 3 is a 1-to-l line that would 

indicate 100 percent accuracy if all go (noniramobilization) tests plotted 

to the right of the line and all no go tests plotted to the left. Plate 

3 shows that a good separation of go-no go tests was obtained. Of the 

64 tests with 28 vehicles the revised mobility index formula predicted, 

on a go-no go basis, with 89.1 percent accuracy. Of the seven tests that 

plot on the incorrect side of the separation line, five tests (15, ^0, kk, 

^9, and 56) plot within 12 RCI units of the line. Two tests (29 and 58) 

plot 84 and 25 RCI units on the incorrect side of the line. An examina- 

tion of basic data showed test 29 to have been conducted on a silty sand 

(93^ sand, lio  silt) in which the remolding test indicated no change in 

strength should occur with traffic (remolding index was 1+), but appar- 

ently a strength change did occur. Basic data for test item 58 was limited 
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in quantity but so were data for test items k7 through 60; therefore, a 

basis exists for elimination of test 29 as an outlier but not test 58. 

With elimination of test 29, accuracy of prediction becomes 90.5^. 
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PART IV:     SUMMARY OF TEST RESULTS, AMD RECOMMENDATIONS 

Summary of Results 

60.    A summary of results of the test program reported herein is 

given below. 

a.    Field tests were sufficient to establish experimental VCI's 
for 10 vehicle types (paragraph h2) as follows: 

Vehicle VCI 

60 

Vehicle VCI 

16-ton XMU38E2 3/b-ton M37 50 
with chains empty 

16-ton XMU38E2 62 3/k-ton M37 58 
without chains loaded 

Toumadozer 60 Willys station 
wagon 

50 

Bucket loader 50 l/k-ton M151 
truck mod 

23 

l-l/2-ton power k2 l/2-ton M27U 20 
wagon carrier 

b.    A re   -sed MT formula was developed from the experimental 
VCI's listec above and experimental VCI's for ten other 
vehicles (paragraph U3).    The accuracy of predicting VCI 
with the original and revised formulas is compared below: 

Vehicle Cone Index 
Unit Error Percent Error 

Absolute 
Formula Average  Range 

Original   19.0   1-132 
Revised    3.6  0-9 

Absolute 
Average   Range 

26. U   2.0-130.0 
6.1    O-lii.5 

A check on the validity of the revised formula using results 
from 63 tests with 28 vehicles (not used in development of 
revised formula) shows that the revised MI formula pre- 
dicted, on a go-no go basis, with 90.5^ accuracy (paragraph 
59 and plate 3). 

Recommendations 

6l.    It is recommended that: 

a.    The revised formula be adopted for use in computing VCI's 
for self-propelled all-wheel-drive vehicles. 
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b. Field tests be conducted with a few vehicles with VCI's 
in the range between 75 and 150; very little experimental 
data exist for this range. 

c. Further investigation be made to determine if data herein 
and the revised formula (perhaps modified) can be used to 
compute VCI requirements on some basis other than 50 passes. 
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Table 2 

Suianary or Data eui'i 

QM Uli- 
UtlM 

Unttt Averace Cone Index of heinold Inc Iniex nf KM 
TMt or 

Yes 

Piss 
If, 

1 

Pass 

0 

Aver-if; !■ Con- Iml.'X Layers Lnvcrj.             J 
"c Alan  Tü~ o 

^3 66 i»:» ;. . -. 

D 

120 169 

21 

216+ 

2h 

2lt5+ 

v 

261+ 281. 

0-^ 

53 55 

6-12    '1-15    1.2. IB        0-6 

16-ton XM;.38E2 iMhh,  !*x't  1 

6-12       12-1 

Lee, ■.•.. ■< 

ankej,  Teat 1 

fort 60 86. 126 .it OM   0.76 1 

Kort Lee. Wk. 87 Yea 1 0 
1 

95 9h 72 75 92 112 156 190» 197+ 261*+ 30O+ 87 80 80 93 12o 0.1.? 0.3d   0.77 

Fort Lee. • ' • .'■' Y«s 2 0 
1 

en 75 
30 

70 
28 

76 
52 8h 

128 
132 

192 
202+ 

ai>8» 
214 a«- 

291+ 
277+ 

26a+ 
287+ 

81 71* 77 96 0.37 0.21.    U.59 

fort Ue, .'v. ;,.. '. 0 
1 
5 u 

50 

66 
". 1 

3»t 

••3 
81» 

:.. 1 

57 
52 
92 

136 

71 
56 
92 

122 
186+ 

lie 
38 

iMi 
103+ 
3h» 

1* 

199 
2U7+ 
28o+ 

238 

257+ 
276+ 
30C+ 

260+ 
236+ 
282+ 
282+ 

28;*+ 
27U+ 
286+ 
2',.2+ 

297* 
288» 
28>f 
207+ 

290+ 
29'*+ 
297+ 
300» 

896» 
29I+» 
300+ 

75 * 125 181 231+ 0.31»«* O.38   0.80 

Fort Lc-e, ■ 'i • 30 rjo JO 0 
1 
2 

50 

56 
29 

83 
-.1 

61» 

1X8 

A 
51» 

ion 
160 

US 
108 
lf»7+ 
226+ 

:■■ 

166 
18I.+ 

869* 

21*0 
SkO* 
21*2+ 

27'> 

250+ 
261.+ 
272+ 
2')6t 

296» 
28U+ 
281* 
3^J+ 

;• •+ 
2'M 

29&+ 
290+ 
300+ 

3"0+ 
:. ■ + 

'.. ■r 128 180+ 221.+ 0.3'.*« 0.63   0.58 ( 

Fort Lee, Va. 33 Y«s i 0 
i 
s 

6 
51* 
21 

7«t 

57 
5"» 

70 
5-' 
80 

92 
M 

127 

120 
112 

11*7 

157 
176+ 
178» 

202+ 
2f\S*- 
216+ 

226+ 
22»f 
267+ 

2U+ 
21,2+ 
2ri+ 

273+ 
261i+ 
286+ 

■■+ 

28»+ 
288» 

' • ••• 123 liO» 0.31*»* 0.60   0.7U 

Fort Use, :\. 32 Yej k c 
l .;t 

10 
38 

81 
3C 38 

LI 
82 

156 
1U 

1 l8» 
200+ 

21.7+ 
254+ 

252+ 
.. < + 

262+ 
292« 

276» 
296» 

•0 M ■■* :!■■ 155+ ).3i.»« 0.62   0.78 

Fort Lee, S3 :.\ ry 
1 
J 

L 
50 

•V 

33 

85 
> 

159 

Ö3 
50 
77 

136 
225+ 

69 
142 
216t 
26c* 

156 
122 
218+ 
266+ 
2t6+ 

216+ 
200 
2-/1.+ 
291+ 
297+ 

272+ 
267+ 
292+ 
2 • + 
300+ 

290» 

293+ 
296» 
>   + 

a 9* 
297» 

■; ■ + 

300+ 
30'.>+ 

V' a? 111 155+ 215+ 0.3'»** c.77   0.66 

Lee, 21 No 5" 0 M 161» 116 133 I 21'.* 255+ 2«2+ 29»+ 2.5+ 296+ 123 138 

l6>toa M»38l ■ oon , '.X't TarJcer, 'i'ccl W 

Fort 1*3 177 218+ w 0.68   0.1.2 
1 02 U9» US» 11.0+ 1W.+ 216+ 250+ ., ^ 29U 298» 300+ 

I vs 61 72 79* 101*+ 131* 152+ 159» 161+ 170» ] .+ 

W ',:. 92 103 11*3 1 - + 228* 2ltl*+ 25^+ j';i.+ 266» 27'*+ 
50 6^ 93 130 J.--.+ >•+ 2&»+ 282» 266» 286+ 296» 300+ 

Fort Leu, 7a. L2 No 50 0 
1 

10 

5 

--• 
62 

- 
.•v 
55 

IC 

- 
78 
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113 
91 
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236+ 

-■V 

1U0 

272+ 

2114 

14 

2ie* 
291+ 

253+ 
236+ 
268» 
a ••+ 

27^.+ 
2YU 

2<9Hf 

291*«' 

300+ 
n+ 

30C+ 

■ • + 

300+ 

?)6+ 
83 • 123 165 211+ o.3i*»* -„.62   0.50 

Fort Lee, Va, .;. Yea i Q 52 ■ "■ '.6 62 i   : 150+ ■1 4 2l*l4+ 27 + 2 9» 57 58 ■r 105+ 0.2J* 0,50   0.72 
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5 

15 
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;.. 
'.• 

7U 

68 
. 
7.. 

1UO 
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59 
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2PP+ 

\M 
11CI 
132 
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275+ 
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21tJf 
263+ 
296+ 

266+ 

239» 
267+ 
. 38» 

■   + 

2Ö1+ 
286+ 
30t>» 
296* 
3'X>» 

290» 
30^f 

290» 6» 3<X>+ •• 119 I'.-. 206 251 0.3k** 0.65   0.67 

Fort Lee, V i. 39 Yea U 0 
1 

M 9* 
56 

H 
Ul 

UC 
79 162 

tu 
236 

2'X 
286 

27'.+ 
296» 

.-/'.+ 
3GO» 

290+ .•■:+ 0 ,,, 121 161* 211 '.'.3:•,• 0.1.5   0.60 
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Table g 

of Uata aiul Test  hesuits 

Moisture Content Dry IVnsity 
\iiiV Inltx of           hating Cona Index of                  of Layers,                       of Layor.% Kit 
Liyr^             I.nytrs             it Dry Wt                              rcf ücpth 
fco      TörjT'    r.f,    j. i    6-12    CB    12-1G   "o^T     6.12    12-16 ~Ö^        6-12    12-IE In. 

knXer, Tost Weight = 3^.31^' It (With Chains) 

OM 0.76         19 21     £2 51       96         27.2 22.9 26.6 90.8     99.2     89.2   1ZM 

0.3Ö 0.77         1*1 31,     ^0 ^       02        39.9 26.2 23.5 75.7     95.0   101.7 

0.21« 0.59        29 M     l£ 32      57        26.0 20.0 20.6 88.1*   100*4   103.2 

0.3Ö 0.80        26 32     hb 107     185+      22.1 20.0 18.3 '96.2   100.0   108.c 

C.63 0.58          2',' 146      Öl 10öf    130f        28.0 23.8 24.7 90.1*      99.5    100.5 

0.60 0.71*        23 37     2: 82     11Ö+      25.1 17.7 23.0 86.3     98.5     99.2 

0.62 O.78          27 1«2      -_£ B2      121+        30.9 21.1 25.9  

0.77 0.66         27 1*9     8^, 112+    l.<2+       25.3 18.U 22.9   

ken ,   Tr;st W^ifht  =  3':.31:.  -h (WUhcut  Cnalns) 

RemarXs 

Jfc.3 

i.t 
6.0 

11. 
16.2 

2.6 
10.3 
17.2 

1.0 
7.8 

0.(2    0.1*2 66     22      J2       92+       tk.k     25.5     26.0     98.I     98.3     93.'' 

0.62    0.50 28      l»7 92      106+        31.C      22.0      25.1      87.2    102.2     98.« 

.7 
6.1* 

11.0 
16.9 

1.1 
5.6 
■■: 

1.1* 
6,2 

15.1 

Vehicle inmobillzed on 1st pass, but was able to extricate itself 

Vehicle Imnobllized on 1st pass, undercarriage dragging 

Vehicle iranobilized on 2d pass, undercarriage on grounl 

Some wheel slip c-currcd after about 32 passes; however, vehicle com- 
pleted 50 passes tut with seme difficulty 

Vehiclu was irancbilized on 2d pass when wheels sank deep in a soft 
spot.    'Jiidercarriage was not drofiging.    After considerable maneu- 
v'Tin.-,  vehicle was able to move forward through the test lane. 
Vehicl'- w'is 'ible to continue traffic and complete 50 passes with 
no further Jlrflculty 

Vehicle wheels began slipping on Hh pass and vehicle was inriobllized 
on 6th pas.:.    Undercarriuce was not dragging.    Able to continue 
traffic with considerable difficulty and only by using "wagon- 
steering" action.    Completed 10 passes, test was then halted 

Vehicle inriobi li zed on '»th pass in reverse but moved forward out of 
test lane,    heentcred test lane ccing forward and was able to 
cmil^t»   '.th 1 ass by uslnc "wagon-steering" aetion 

Vehicle wheels began slipping on 25t:   pass.    Ccmploted 50 passes with 
some difficulty 

T'-st arf-a  cover« il with blade grass.     S'w wheel  clip occurred  al'ter 
'Jd pass,  but vehicle completed '>0 passes with very little 
lil'ficulty 

Mlielt   wheels began slli'i inc en 'toth pass; hewever,  vehicl* 
cntipleted 50 nascec but with cune dllCleulty.    Ifciim Ml llgi 
was net drvi'lng 

D.50    0.78 li*      21      £1       1*3        76 

0.56    0.1*8 22      29     2l       ^i        ^5 

32.C     21*.0     23.1*     85.8    96.6     99.6 

«7.8     21*.0     86.9     86.0     98.6 

15,6*      Vehicle ^ranr bilizei on 1st  pass, undercarriace war. dragging 

Vehicle conpleted 1st pass with considerable   lifficulty.    imnobilized 
on 2d pass, undercarriage was   irogging 

0.65   O.67        33     60   100    136     168        X8.3     20.6     22.3   lol*.7   lol.l* 

).1.5   0.6c 31     i*r     zk      &->*   W        25.6     21.2     23.6     11.0   103.1* 

yractcr.  Te.-t Wcriit = 31.370 lb 

-.6 
k.i 
7.9 

11*.2 

.. 

LM   c.bo 

(C< ntinui'l) 

_i        ?1 87 61.9      1*5.9      ^0.2      60.1      71*.0      79.4 

9.1 
U.9 

Vehicle  wheels I-'(•■Ji  :'lirpiri('  aft'r    0 parser,   anct  vehicle had 
■art   •nnille when trav> ling In rtWfM th'm In •■«rw>rd.    Cim- 
rleted 'i0 pass, s with wheel clip throurhout   the  entire ti-st 
lane,    'in (■ r.'irrl-ige was ml   dr^'.rlnr 

Vehl'       was  Ir/ielill;'.. 1 on l*th pars when wheels slipped, but no 
uni rcarrlaj-    irvi'ln,- lecurrel.     it could not go forward or 
I ackwird nur'   thiüi ■'*  to >   !'t .    Vehicle war   d 1'   to climb out 
of 'sf   lane 1 y uslrv  Its  t'ull "wagon-sfeerlnr" actiin 

Vehicle bcgVi to drag on J3d l>ass.    Citnplet' 1 51   passes without con- 
siderable difficulty 

(1 of 6 sheets) 
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Table 2 (Continued) 

1 Imr.L 
zat 

an: 
on 

!• .■' 

Ye.-, 
or 
r.'o 

Pass 
Ro. 

Data 
'■'ass 

No« 
AverM K Con. ■  Ind.x 

0^ 

Avorag e Cone Index 
Lay ITS 

or Hemolding Index of            Hd 
I.avprn                              1 

Lcc> tlon po. i c i,' Q lb 21 2.'."_ _2^ ^L 3-? 6-12 us 12.1S o-C 6-12      12-18    0-6   ' 

Vickcburg, Mi.-.;-.. 2 Yes •»3 0 
1 

1' 
go 

33 
59 

60 
66 

50 
77 
78 

73 
90 

107 
Hi. 

B6 
107 
!.:■( 

117 

1. . 

HI 
130 

121 
139 
Lft 
?0l* 

116 
136 
201« 
221 

123 
li«9 
222 
236 

131» 
160 
2l«2 
2l«9 

1«2 55 

2 

70 

ournadozer. «xU Trac tor,  Te;;t Woiglit =   3^ 

86 99 -- u.71.    0,72           --    \ 

Vlcksbiirc. Kiss. U No ' 0 
1 

!■■■• 

50 

3»* 
7' 
8( 
6h 

63 
7' 
V 
7-' 

67 
92 
90 
97 

Si* 
90 

108 
125 

92 
97 

122 
131* 

103 
L. 
150 

107 
96 

117 
15Ö 

106 
96 

111. 
163 

93 
112 
178 

105 

112 
196 

110 
10*.) 
122 
216 

55 71 81 92 99 " 0.77    0.78 

Vick.-.burg, Miss. 5 Yes 33 0 
1 

10 

31 
75 
65 

38 
<6 
63 

52 
82 
7k 

6h 
■:■ 

v.'. 

78 
101* 
88 

9lt 100 
109 

89 

loo 

82 

108 
128 

88 

117 
133 
95 

120 
151 
102 

Uo 51 65 TJ '.'l -- 0,87    0.81 

Vicksburg, Miss. 7 Yes 29 0 
1 

10 
29 

30 

•7 
1*2 

27 
52 
51. 
70 

ko 
67 
78 

102 

52 
73 

101 
121. 

73 
:.■ 

:. ■ 

i. 9 

f5 
7' 

103 
152 

7' 
100 
168 

9^ 
80 

112 
189 

p6 
MC 

130 
207 

106 
ua 
130 
232 

123 
126 
139 
AS 

3-' 1*0 55 70 89 ■- 0.80   0.86 

Vickaburg, Miss. 8 No 50 0 
1 

50 

37 
72 
7C 

1.2 
c- 
66 

52 
Si 
87 

70 
B 

103 

80 
Be 

1U2 

90 
86. 

126 

93 
98 

1U0 

110 
105 
158 

113 
106 
173 

U2 
112 
201« 

121« 
128 
228 

M 55 tn 80 MM -- 0.88    0.80 

Vicksburc, Misj. 1 Yes 3 c 28 US 57 62 a 75 77 -■; 02 88 MM u &!. 61 67 72 — 0.78    0.69 

Vlck.-biirg, Miss. 11 Yes 1 0 12 31 » 58 * 60 6h 63 61« 61« 62 M ■'■7 56 59 t'l -- 0.68   0.79 

Vickcburg, Miss. 12 tt 0 .;■ v. 57 72 82 B8 ML ■\ 78 Jk 71 UO 56 70 81 Mi, -- 0.66   0.61« 

Vicksburg, Mis.-,. 13 EM 3 c 18 •■■- 6a 6U 66 72 76 9t 81 M 95 38 5U 61« H 71 -- 0.63   O.78 

Port Lee, Vs. 13 Yes 1 c 67 ■- 77 82 127 171» 21.0+ ?06f 261+ 267+ 79 8k 88 

5-ton Forklilt.   hougli Terrain,   lor.! Veim 

105 136 C.1.5 O.58   0.69        36 

>ort Lee, Va. L-. tf 0 >> 112 96 69 92 L.. 176 230* 238+ 270+ 2 ..2+ 101 ■■■ 86 100 136 0.37 0.1.6   O.78        37    : 

Fort Lee, Va. 19 Yes 1 0 J5 52 60 v 116 178* 21.I4+ 267+ 281+ 300t 56 65 86 ^25+ 179+ C.33 O.36   0.U2         19 

Fort  Lee. ie Yes .. 0 160 130 102 •.. 123 i- 221+ 2^5+ 267+ 266+ 261«+ 131 105 103 131 177+ 0.21. 0.58   0.26         31     1 

Fort Lee, H. 17 Yes 6 0 121» 150 137 119 « ll»0 179 223+ 26W- 300*- 137 139 117 118 138 0.30 0,69   0.59        'U 

Vicksburc, mss. 23 lie '; c 
1 

1 

5 

a 
3 

1.1 

7 
66 

< 

7'' 
62 
'- 

100 

70 

71. 

ioe 

£5 
72 
68 

116 

M 
95 
88 

113 

96 

120 

103 
1C 
102 
121. 

117 
117 
105 
153 

126 
120 
117 
176 

HO 57 69 

Bucket Lr- lici ,   tx ■'• Iractoj ,   .   it '.'ciclj 

79 83 -.75*" O.76    0.60          30 

Vickcburg. Miss. M :;c : 0 
1 

1 
: 

17 
v 

•. 
i 

7? 

I 
72 
-- 
to 

61 
7 

101 

7J 
• 

- • 

113 

■■ 

97 

10 
58 

106 
112 

106 
96 

116 
uo 

111 
103 

11.2 

112 
116 
IV 
IU9 

36 51 61 71. 87 0.75#* 0.72 0.81      27   ; 

Vicksburg. Miss, 32 rio b c 
1 

10 
5 

„■■. 

.'.■; 

■■■ 

36 

.3 75 

51 

•a 

61* 

■'. 

7 
7 

i n 
71. 

101 
11.6 

c. 
Tl 

106 
L6C 

8U 
76 

118 
162 

9Ö 
B2 

109 
86 

151 
231 

31- ••3 ft 62 71 9.19- O.76   0.79         26     1 

Vickciburg, M!s.-,. 

Vicksburg, I'lss. 

Ui       Ye: 

L5      Yes 

10     30       Ul«       51 ■•■. fk       66       80       72       28     li2       U6       U8        1.8     C.63       0.7I.   c.60 23     I 

6     29       U      Uo       ^       31      y      kC       5U      78       86      26     38      37       33        31     0.6U       0.69   0.63 17 

.'ickaburg, NtMa U6      Yes 0       17 '•6       Uf       50       56       66       68       70 '.3     53       50       1.7        51     0,75"   0.82   0.71 32 

• Ruts  were x'-aruml   trt'r vhi'l^ war  ririrved. 
*• R»»'Min.   index was fstlnat'd rr'w sd.'a'-'nt t<st -ir-n. 
t On^-rass rut   i<['th. 

tt .If   r"!iark:'  ''filinn. 

A 

(CcrtinjeJ) 
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Table 2 (Continued) 

Idinc Index of           hating Cone Index of 
Layers     Layers        _ 

[T  g-is    i^IB  o-t  3-9  5-1^   ^-i?   is-iH 

ractor.  Ter.t Weielit = 3i.3VO lb  (Continued) 

Moisture Content 
of Layers, 

Dry Density 
of Layers 

fl Dry Wt PC  
o.^   c.12 i^ir o-t;    6-i2 ig.ib 

0.7U   0.72 

0.77   0.7Ö 

O.87    0.61 

0.80    0.86 

0.88   0.80 

0.78   0.69 

0.66   0.79 

52       63      71        75.'.     52.9    38.9     he.U     68.0     77.3 

62       72      77        66.1.     W.3     37.7     57.0     68.2     75.2 

Rut 
Depth 
in. 

k.i 
10.1 
13.0 

3.1 
6.3 

11.5 

Remarks 

57       66      7^        61«.8     53.0     kl.o     55.7     61*.8     72.9 

kk       58       73 75.ü     56.6     140.8     53.2     65.O     70.6 

59       67       70 59.6     55.3     ^2-7     £2.5     35.^      72.i 

9.9 

5.0 
ic.a 
15.3 

fc.7 
15.3 

i*8       50       50 

38    M    ue     83.i*   60.9   ^7.2   52.0   63.8   n,t 

0.66   0.61*        ..     ..     U6       53      J* 

0.63   0.78        --     --   J*o_    1*7      55 

fcüEh Terrain,   Tent Weight = jO.625 lb 

O.58 C.69 

0.1*6 C.7Ö 

O.36 0.U2 

0.50 0.26 

0.69 0.59 

36 I*:* 

37 39 

67      9** 

62     106 

79.0    70.3     51.6     52.5     57.9     68.1* 

76.7     57.1*     kt.7     5^.2     65.3     77.i 

35.7     25.1     23.2     9.9     99.5   U*«0 

Vehicle be^an to drag on ll*th pass,  slip occurred on 29th pass, 
vehicle was immobilized on l*3d pass 

Vehicle started to drag on 36th pass,  dragged entire test lane on kfth 
pass, completed 50 passes with no serious difficulty 

Vehicle started to drag on 10th pass, iragged entire test lane on 23d 
pass, began to slip on 30th pass, inmobilized on 33d pass traveling 
forward 

Vehicle began tc drag on 12th pass, dragged entire lane on 18th pass, 
began to slip on 25th pass,  immobilized on 29th pass 

Vehlclp began -iragglnf on 20th pass,  dragged entire test lane on 32d 
pass.    Vehicle was iraraobllized outside of test lane after l*9th pass, 
but was pushei back into test lane  with a D7 caterpillar.    Vehicle 
completed 501 h pass with difficulty 

Vehicle inmcbi 11 zed on 3d pass with undercarriage dragging,  and could 
not extricate itself.    Free water in right rut but none in left.    It 
is believed that the free water contributed to the  Immobilization 

Vehicle inr.obilized on 1st pass with undercarriage dragging.    Data 
taken or. each side of vehicle at point of imnobilizatiori 

Vehicle completed one pass.    Ho other traffic attemptei 

Vehicle imobilized en 3d pass with undercarriage iraggin,: 

Vehicle immobilized on Ist pass as it  sank suddenly and unlercarrisge 
started dragging 

18     22     31        I*»     75+ 

31     1*3      6ci        55       ^ 

1*1     68     01       76       81 

30.6      22.9     23.1*      88.5      97.0    102.2     3.1t      Vehicle completed one paM with come  difficulty.    Test halted because 
of rain 

30.8     25.8     27.0     88.1*      97.7      95.7       ..       Vehicle imobilired on 1st pass, undercarriage draggliig 

27.2     21*.C     1*0.1*     91.3      93.5      75.6     5.5»     Vehicle inr.cbilized on 2d pass, undercarriage dragging 

22.2     21.ri     &.C     97.6    100.6      91.9   12.C*     Vehicle itrobilized m 6th pass, undercarriage dragging 

i.x'. Tractor,  Test Weight =  13.615 lb 

)*'   0.76   0.60 30     1.3     52       62       66 70.6     U6.7     1*5.5     56.0     70.6      75.<- Vehicle completed 50 passes without difficulty.    Tree roots in test 
2.2 lane ray hav   fnabl' i tlv   vehicle U   eonpleti   test 
5.8 

ll.C 

0.72   0.81        27     38 56      70        I -.9     1*6.0     kX.l     5(..3     71.1     76.£ 

f*   O.78   0.79 26     32     1*0       1*8       56 77.1*     52.0     !*6.2     51.2     70.2     73-£ 

3.'- 
7.6 

11*.2 

I      0.71*   o.6r        23     33     31*       32 

}       O.i)    0.63 17      25      26 22        2C 

f"    0.02    0.71 32      1*0      1*1 36        36 

61*.2     60.8    1*5.6     59.6     6U.2     73.8 

Venicle began to Ju«;- on 33d pass.    Cor.pleted 5    passes with extreme 
difficulty 

'.'«hide began to drv l-1' I7t;. jass.    Cor.pleted >   passes; however. 
■ rT'ly hlrh clipr« ■   1      <.'r   1 ^n 'h<   list  few passe» 

Vehicle iwioli 11.e.i n 31 PASS with undercarriage draggitig.    Data were 
taken In unll: turbi.-d wil near p'int of inrob'Uzation 

57.3     $t,k     ^5.6     67.3      61.1.      75.1.   ik,7*     Vehicle iueiobll-rci ■ 1. 1st p»»4 while attcmptir<- t. ciiUr the test 
lane.   3ata wen' taker, it. undisturt»-!   .«.il near point of Imobllija- 
tlon. 

58.2     62.7     1*9.2     £5.0      62.2      67.2     ».5»      Vei.lcle iwnobiiized ci. ;th 1*3   with unden-irriage  irar,, ing.    Watt) 
table was alxut 1* in. belcw ^arfaoi .   cculd not extricate itsoll' 

(C(rti:i.ieJ) 

(2 of 6 ihcetr.) 
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Tnble 2 (ContlraMl 

Irirncliill- 
zation 

Yen Data 
or    Pass    Pass 

No.      Ho      Ho.      Ho.      0 
Test 

Location 

Vlcksburg, Miss. 

Vicksburg, Mi.-.s. H      Ver.      35 

Averggg Cone Inrl''x 
TB     a 

Average Cone Index at RWttdtag Index of 
  ^                          Uiyra                                        l.oyrs      ^ 
ji)       36     (-)-£     3-,i   6-12   2S    12'18 t-C     C-u     12-ia   Öl 

Bucket Loader, '.x1* Irqctur. Tent Welfrht 

l£     28      1*8      W       ^C      Wi       kk       52       58      61      63       31     '♦!       ^7      '»5 !t5     0.75""   0.71*   0.53 

20     32      ItS      JT       76      90       96-       96       90      98    10C       31     Ml       50      Jk Üj     ü.75»*   0.80   0.7U 

Vicksburg, Miss. 

Vicksburg, Kiss 

Vicksburg, Kiss. 

Vicksburg, IUs2 

Vicksburg, Miss. 

Fort lustij.  Vs. 

60      Yes      1*0 

Cl      Yes      Ul* 

No 

Cl      Ho 

:•> 

v 

77      Yes      11 

IM 

I 
x 

0 
1 

1 
-3 

O 
1 

50 

r: 
1 

50 

0 
1 

1 

20 32 M 
31 V9 59 
2I4 5I4 71* 
26 1*9 73 

21« 
32 
30 
28 

U6 

9 

146 

21» 30 
1*9 5.- 
30     1*1 

20      72 
22      50 

60 
69 
75 
72 

32      7l*        02 
76     86      90 
Vl*     71*       78 

55 
72 
so 

36 
57 

58 

% 
62 
77 

103 

65 
6d 
80 

102 

BB 

89 

71 
7e 

10a 

58 

56 

59 
91 

126 

63 
62 

102 
123 

82 
90 

100 

< 
36 

116 

61* 
63 

69 
56 

•y 
61 
96 

139 

56 
60 

108 
132 

w ee 
us 

91 
32 

133 

62 
- 

101 

•i 
72 

58 

98 

56 
66 

110 
137 

ao 
K 

13B 

92 

11*1* 

62 
<l 

IN 

102 
79 

58 
66 
92 

159 

70 
70 

IN 
128 

82 
93 

150 

98 
B9 

11*6 

61* 
60 

121* 

101 
82 

to 
68 
88 

173 

81 
80 

119 
122 

62 
95 

173 

96 
97 

151« 

60 
59 

131* 

101 
81* 

65 
T^ 
98 

176 

82 
123 
121* 

89 
107 
191 

•v 
96 

11.Ö 

60 

76 
86 

no 
193 

99 
97 

U6 
152 

101 
118 
218 

91* 
102 
152 

M 

138 13« 

32     1*5       53       58 58    0.68      0.82   0.70 

1*3     57       63       61 59     0.75»*   0.69   0.67 

63     79       82      80 79     o>75»*   0.79   0.80 

1*2     57       71       83 90     0.75*»   0.79   0.78 

30     39       51       59 63     0.75       0.80   O.76 

l-l/'-t.-n Pi w-r Wn^on  (.■■Mli,i".l),  Tel 

96 
81. 

103 50     Cl       60 71 87    0.1.1*      0.31   0.1.1 

Fc;t Lee.  Va. 

lort Lee,  ">.. 

Fort Lee,  Va. 

Fort Lee,  Va. 

Fort Le«,  Va. 

No 

tn 

U      Yes 

'S 

5- 

S 1 

X5 

(. 
10 
JO 

0 
u 
5 

0 
10 
90 

0 
J 
:■ 

11. 

61* 112 
51* 105 
60 101 

50 9k 
50 33 
35 70 

'.■- 

50 
1*2 

y 
v 
•i 

91 
37 
81* 

73 
1.6 
39 

0       50     60 
2       iff     36 

108 120 11+2 I96 230t 282+ 276* ?.j2* 300+ 
128 168 1Ä 236+ 278*- 297+ 2991' 30O» 
130 178 2löf 271.+ 285+ 290+ 29C+ 296»- 297* 

76 85 153 192 230+ 25&f 28<''<- 29I.+ 29'.+ 
62 101* 165 202+ 256+ 26I4+ 283+ 2dö* 291+ 

120 159 196+ 252+ ^fo+ 285+ IN» 291.+ 296+ 

76 96 158 209 236+ 265+ 292+ 293+ 291.+ 
56 116 172 214+ MO* 265>+ 290+ 281*+ 2</7+ 

132 17Ö 211.+ 232+ 250+ 27I.+ 283+ 286+ 292+ 

78 72 no üb up 2C8+ 2a?+ 290 292+ 
w. 1.8 100 178 250+ 285+ 295+ 300+ 
39 68 lO&f 170f 206+ 239+ 25'> 292+ 296+ 
1.1 71* 128 182+ 228+ 264+ 266+ 300+ 

^3 ^e        71* 109 152 196+ 221+ 26(>+ 290+ 
26 39       76 132 190+ 222+ 256+ 28^+ 298»- 

95   113     123     153       IM»   0.31*»*   0.38   0.63 

63     75     105     11*3       192+   0.31***   0.1.6   OM 

75     88     110     151.       201+   l,3U**   0.5I1   0.59 

70    71.       87     115       I68f   0.3'**»   0.1*6   0.65 

31 

2: 

21 

51      50 55 77 112      0.1.0       0.53    0.88 2< 

inrt Lee,   Vn. 

Fort Lee,   V-i. 

12      Ho V 

.3      Yes      11 

Csiap lendleton,  Va.      55      «o        50 

Canp lendleton. Va.      56      Yea      38 

0 
U 
50 

0 
1 

1 

0 
1 
5 

25 

0 
5 

1 
as 

75 
56 
21* 

8U 
... 

62 76 
60 56 
32     28 

31 
-'• 
• ■' 

ao 
26 

91 
1*3 
M 
7 

25 102 
15 n 
10 58 
:o M 

Be 
61. 

LU 

66 
:• 

w 
I* 

10'. 
Ui 

55 
r- 
6a 

9k 
190 

91 
7 (i 

105 
no 
99 

UQ 
i:.s 

65 
91 
92 
y 

118 157 197+ 202+ 2I.8»- 262+ 271*+ 
1U6 1>2+ 22^ 256+ 2£3* 260+ 286+ 
197*   »0»    272+    288+    0M   3X)+ 

82     81*       95     118       157*   -).33       O.Ufc   r.6l 21 

7 

79 

121. 
12*. 
112 
122 
120 

70 
M 
W 
of 

98 
58 

118 

122 
120 
122 
100 
105 

72 
<: 
68 

133 192+ 235+ 266+ 28>y+ 
126 186+ 220+ 260+ 277+ 
1V9+    225+    21*2+   271+   280+ 

101 
111 

■97 
vi. 

■v 

n 
6u 
v.' 

B9 
16 

c 
JS 

ICO 
no 

96 
36 
91 
B9 

108 
96 
96 

102 
109 

toa 
98 

uo 
U7 

75 115 195 
80 11.5 238 

102 1U2 230 
192+ 230 30O+ 

68    66      61.       73 91    -.29    0.50 0.83      a| 

56     81     103     117       lit      >.1»9       0.55   0.52 2< 

61     »l.       63       (0 to 0.58 

(C.)iit I'lm; l) 

*•    Hemoldl r^' ifplex e.;tlmati;d  fnm adj ..••nt  tc.it areas 

A 



Table 2 (Continued) 

Moisture Content Dry Density 
din« Index of            hating Cone Ind'jx of                    of Layers, of Layers,              hit 

Layrs             Layers                % Dry Wt pcf                    üepth 
■■    -^ - ■        ~  he-marks 

I.'iyrs   Layers % Dry Wt pcf Üep 
(-12     läTIB   0-6   3-9   6-12   9-15   12-lb     0-6       6-12   12-18     0-6       6-12   12-1«     in 

ptor. Tent Weight = 13.oil) lb (Continued) 

|    0.7I*    0.53 23      31      35        29        2U 147.7      63.^      72.6      87.8     61.0      U8.6        --        Vehicle towed into test lane with weasel,  could not travel without 
aid of weasel,  inmobilized on Ist pass.    Undercarriace did not drag 

'    0.80    0.7^ 23      33      1*6        57        0* 75.0      53.0      1(1.5      S1-?     62-2      Ti^J        --        Some evidence of root structure helpinc to support vehicle on 6th pass. 
~ Vehicle  iracginc on 10th pass.    No level and rod available for rut 

measurement.    High slippage on 25th pass,  imnobilized on 35th pass 

0.82    0.70 22     31*      1»3        1*1*        1*1 7I1.8      50.6      57.1       53.1     65.9      62.2        --        Vehicle began to Jrag on 13tli pass,  inmebiiized on Uoth pass.    Could 
"'^—" l*.!* not extricate itself 

11.0 
11».U 

1   O.69    0.67 32      1*3      !*3        1*1        1*0 76.8      51,3      59.1*      52.1*      (ß.C      63.8        --        Vehicle began to drag on 12th pass,  immobilized on ^th pass travelirc 
'^~~~ l*.l4 in reverse.    Vuhlcle was able to extricate itself in forward 

10.5 

> 0.79 0.8C   1*7  59  65   A   Cl 6€.2  1-1*.2  1*9.0  58.6  76.1»  72.0   —   Vehicle completed 50 passes with ease 
—^— 1.6 

10.0 

*    0.79    O.78 32     1*3      56        65        70 69.2     1*7.2      1*5.8      56.7     66.9     73-^        --        Vehicle began to drag on ■.5t:i pass,  completed 50 passes with wheel 
  3.2 slips occurring 

13.5 

0.80    0,76 ""2     30     '.I       1*6       1*8 78.3     57.0      58.I      51.^     61*.6     62.fc        --       Vehicle Inmobilized on 11th pass traveling forward, undercarriage 
  5.1* lraggii.g 

18.1* 

ton (Modlfifd), T'-st Weight =   » .00 lb 

36 107.1* 58.0 30.6 Uo.o 65.8 92.8 
0.7 

0.31 0.1*1 22 q 19 26 Vehicle was immobilized on 3th pass as deep holes developed on right 
side of test lar.c.    Hut dc-jth at point of innobilization was 
approximately 1.5 ft 

0.38 0.63 32 ka 1*7 76 llöf 1.5.6 26.8 26.3 75.0 95.0 107.8 

5.5 

Vehicle completed 50 passes with ease 

0.1*6 0.1*1* 21 30 1*8 61« 81.+ 29.14 22.5 23.0 90.7 101.2 102.1* 
2.5 

12.0 

Vehicle wheels began   ilipping on •*2d pass; however,  vehicle completed 
50 passes with a little difficulty.    'Jniercarrim-e did not dr«g »t. 
any tine 

0.51* 0.59 26 35 59 K ii • 30.5 22.6 21.9 89.1* 102.9 106.0 
1.7 
9.0 

Vehicle completed JO passes with ease 

0.1.6 0.65 21* 30 1*0 61* 109f 29.6 26.0 22.6 87.8 93-3 101.2 
CM 
1.9 
5.2 

Vehicle  immobilized or. 15th pass when wheels began to slip.    Under- 
carriage lid not drag at ar.y tine 

0.53 0.88 20 23 i1' ^ " jfca 20.8 2U.2 76.2 100.1* 100.6 
..7 

Vehicle inr.oblllzed on 6th pass when it «uld ml negotiate a ro^t 
across the rut.     Vehicle was retrieved -uii root removed,  and 
vehicle was Ui-ain imr.obilizei it,   *th pa.is when the iMiercarrla«:e 
began tc drag 

o.ue 0.6I 27 3'» 1.1. &* < 30.1* 23.6 27.6 86.2 ^8.2 92.2 
:.i 
8.6 

Vehicle comi ictcd >   | x'..;e:; with ease 

f.50 0.83 ■ ■ .12 1*8 83 U1*.U 20.6 21.1. 71.3 101.0 106.1 
0.5 
1..2 

Vehicle imru billed on llth pass,  retrieved,  but  Imn« I 111 ;•.. d on I  th 
pus when back  axle   iragged i-.routil 

0.55 0.52 25 1*0 57 63 U 61.8 21,1 21.. 3 60.2 id*.2 100.2 
1.3 
1.8 
k.3 
(.7 

Vehicle cot.i '.ted JO (asses with ease 

0.58 37 22.5 22.9 19.1 100.0 102.3 
3.1 
1.9 
7.1 

Test cinluoted . r.   tlltj    n. 1 b.;ach an-a.    hit.; U.rvi V    lev« :■ 1   em  Ist 
pas.-., antl after  H   lasr.e.-.. w!ie'-l.i were lushing r.ul "ut of ruts. 
Sur.e wheel  .-.Lit   . ;.      ft':  jar..; and  unterOMTlagl  !•■ PM  1      Ira*' on  33d 
pas:;.    Vehicle bMMM INHM   1  ••!    n     th pa.;.:.    I-ita  .i.-.t.ei are  for 
station of innobllizal .   1 

L   to ,t inu'.' l) 

(■   of (    .:..■•   ,) 

f 



Tablo i (Continued) 

LTmcblU- 
^ation 

lös Data Averace Ccnu Index of Renoldlnc Index of Rating 
T'-ct       Of    Fas:-     fa-ij Avrfif dw Inl'-y.                                                 Layrrs                  Luyore                  _______ 

 Lucati.'n                Ho.      lie      Ho.      Ho. Ö         3 c ; x2 l^        i!' ^1        ,.''t        30        5^"    O-t      j-'./    0-12    ').ll)    12-10        (J-C      Ü-12      12-1^    0-C    3-9 

l-l./3-ton Piwr Wacon (Mi difi'-ii).  Test  W. lt:ht  ^ ^ 

Canp I'endleton. Va.      57     Yes        l         C 32 te 55 50 o2 70       70 105 l1*» 192 280       dfl     U        56       61         67      Q.85       0.62   0.52         36      36 
3 ö 15 28 ^i 50 152 1Ö5+ 20^ 225+ 275+ 300* 

3A-ton M37. .'.x'. Truck,  lest Wei^iit = i 

Vlckcbure, Mies.           19     Ho       56         0 ZU £1 66 7S 87 :
J2 100 102 109 121« 135       50     6S       77       86         93     0.77»«   0.89   0.80         3b     51 

1 63 80 73 32 85 82       92 82      78 95 120 
10 70 80 80 85 75 82       C8 82      72 65 125 
56 57 79 91 73 80 81.       30 ^       96 10.'. ill« 

Vicksburg, Miss.           20     Yes      55         0 2U 38 l»9 0, 62 92       9Ö 102 1U 115 131*       37      50       65       79         91      0.77«»   0.82    0.81         28     38 

VicksburE, Miss.            21     Ye.-.      37         0 15 25 35 55 71 31        88 81.       86 82 88       25      38       51.       69         80     0.77»«    0.78   0.81         19     28 
1 UO 1*8 58 66 69 78       '90 100       99 105 116 

10 30 55 63 62 63 72      71. 75      81 96 loo 
37 21. 60 7". 80 92 93 102 112 120 132 133 

Vlcksburc, Miss.           22     to       50         0 20 38 JO 61. 76 'X        88 91* 100 111. 128       36      51       63       77         35     0.75<-»   0.77   0.86         27     38 
1 1.8 5!. 57 69 80 8c       81. 16 VOk lie 131 

10 k 70 öc 80 76 BB,       83 3^      92 102 116 
50 30 70 83 03 82 90       96 58 102 112 126 

Vicksburc, Kins.           30     :.'o       50         0 22 V. 1.3 56 63 73       30 89       88 96 103       38     1*9       56       61.         72     0.75»*   0*79   O.Jh         28     37 
1 1*2 52 52 56 62 72       75 81»       36 92 108 

10 kU 66 71 70 68 72      80 88      90 98 126 
50 1,0 72 88 92 90 91       96 9l< 101 x21 iWi 

Vicknbure. "iss.           31     ••'■        50         0 2V U6 Uti 66 67 73       75 80       81. 98 U1»       '♦O     53       60       69         72     0.75**   O.76   0.71.         30     kO 
1 W 56 56 60 70 72       75 30       88 92 H1* 

10 1,0 66 71* 72 6fc 70       78 83       86 98 115 
5 39 65 37 y* 93 92       96 101 Uh 113 131. 

Vicksburc, W.-.:;.           33     *os      11         0 23 3C 5^ 56 ft 66       71 71»       78 30 ^       31'     kj       57       62         67     <:.75**   0.7'»   0.77         26     31' 
1 1.0 1*1. 50 62 67 75       7« 3U      79 9l &f 

10 38 5? 63 55 61 6A       7'" 72       75 8o 81. 

Vlck.-.burg, "i.-.-.           3-     Ve ■       1         0 6 22 KK k9 1.5 36       36 1.5       52 -- --       M     33       1.6       1.3         39     0.81       0.72   0.7I*         19     29 
1   

Vic(-..-.burE, ."l:.:.           Jli     lio       50         0 y 53 61 66       68 76       85 jZ X       31     39       50       6ü         65     0.86       0.88   0.86         27     31, 

0 
• 

• 22 1.1. -.   1 •, ■ v ;»5 52 -- -- 

0 v .-; 61 ■■ ■ ; .' Bg ■■ •6 
1 ■■•• 5 .' •: ■ •■'. V- 76 81 •7 • 

- ?• - • ( t. fe ... 67 
9 - . • ,.. ■ 1 ■ ■• 73 ,'• 79 -. 

0 a 3 • 59 55 5 - 51 .- 
i ■ '. 

■ 
:.:. 

■• •V 55 51. ■ - 
1 ^ 5 5- « ■ TU 7 V V 
17 2fi _ 5; ■' 53 5' • ■ ■ ■.' 7 ' 

Vick.-,burg, "  ... 56 56 61.       25     33       ^       53 55     0.03       0.T9   0.62 21     27 

3/'-ton '-''Sj,  ..X'1-  Irack.  Test Ävrr.t = ^ 

Vlcksburg, MM.          65     Yes       1 22 27 32 39 1.8 58 58 63 60 60 62      27     33       '•0      1.8        55     O.70      0.70   0.66        19     23 
1 25 -. 50 50 52 5b '/■■ 61 60 73 76 

/Icksburg, ['.iss.           ••      Yes     3t         0 2d «6 51 6c 62 70 76 83 92 I'V 108       1.2     53       58       61.         69     O.80       3.79   O.80         ^     '»2 
1 !»5 0 65 G, 63 72 80 91 Idk lu6 107 

XO 1*6 72 91. 82 79 K 9^ 99 112 13" IM 
38 U2 58 80 90 102 U2 121 131. 141. 151. 1.2 

VKv.sbuiv. •■:     .           '7     Ye       1 35 73 7' 7- 71* 78 83 9Q 96 109 115       61     71'       7'»       75         78     O.56       0.60   0.76         34     k| 
1 :        • 7 • 71 71 76 76 33 86 108 112 

i -l 73 7 V- T- au 92 10». 108 101. 106 
17 ■•■: 75 81 36 - ■ 115 U5 123 136 

(l\ r.t :].u<'l) 

! enoldine Index 1   • :    ' • 1   'i» :      1.' ■ ■ ■ *   ' ■        •'■ 

A 



Le 2 (Continued) 

lolctur'' Content Dry IV'nsit.y 
[ Ir.     • of            Ratirig Cone Index of                   of Loyorn, of Layirr, 
'ers unyi'TB  i Dry Wt  pcf Depth 

""T         1.12    12-18 0-t         '.-l.'    12-10      in. 12      12-18    0-6    3-,<    6-12    9-1^    12-15      0-C C-12    12-18      0-fc ^--l.'    12-10 

'led). Test  Wright  = <)U00 lb  (Continued) 

,62   0.52        36     36     35       35      35 

h<!Diark.,-. 

!3unio tent area an [»recedlnr. test,    runie wtioel r.llp on 3d pass,  and 
11.5 vehii.'le wan inr.obili zed un 'ttli pans wlien left clde nank rather nud- 

d'_nly.    lata liatod are  for ntation of Inmobj lizatlon 

i; 

.Truck. Tent Weicht = 5925 lb 

,89   0.80 38     51     68       72       Ik 69.6      55.9      51.1     5V'      C't.l      65.8 

,62   0.81 28     38     53       65       71* Ch.S     UB.U     Ul.C     f),k     71.6     TO.« 

,75   0.7^ 

.76   0.71- 

»71«   0.77 

.72   0.71* 

.88   0.86        27     3!'     U''_     52      56        70.1     '18.f     52.5     53.9     70.2     08.0 

l.C 
3.8 
M 

,78   0.81 19     28     1*2       55       ft ^S-B     5i.O     1.1.6     J6.3     70.7     77 
"I   3:. 

1   8.9 
13.;- 

.77   0.86 27     38   Ji8_     63       73 65.9     1*7.3     ''Cf     59.0     69.O     6v.2     2.3 

12! 5 

28     37     kl      ^      53 

30     Uc     M       52      53 

66.7     VM     '*7.0     57.9     70.8     72.6 

26     3''   Jii. 

19     29     33       31 

70.:     60.8     51.5     53.2     62.8     Co 

76.I     flT.O     59.1     55.1     OJ.U     r-jj 

,79   0.62        21     27     36      37      * 19,(      59.2     53.0    50.6     6J».6     70.2 

2.0 
6.5 

11.9 

61*.8     52.8     lij.*     tl.l     69.I     *.t 

6.0 
11.3 

2.6 
10.9 

7.5 

3.1 
8.5 

U.3 

3.9 
U.5 
l«..2 

Vehicle operated ar. 'tx2 for com|>lete tent,  completed 56 paaoe!; with 
MM|  lid not drar 

Vehicle be^on operatine as 1«x2,  atarted nlipplnc and drarolMK on 10th 
pasn,  inriobilizod en 16th pann.    Front drive enßa<:ed and tent con- 
tinued,  cunpieted 50 passe:; with extreme difficulty,  immobilized on 
55t1i pa^n.    Heavy rain occurred during tine test wan conducted 

Vehicle began operating an '»xT!,  experienced high slip on Int MM« 
Vehicle ntarted to drfig on 13th pana going forward.    Excessive slip 
occurred over the entire te:;t  lane on 17th pasn.    Vehicle Inmobi lized 
on 2i>th 1 a.;.-, traveling in rovorne.    Front drive engaged and test con- 
tinued.    Immobilized on yfih pasn traveling forward, wan able to 
extricate itself in reverne, tent .".topped 

Vehicli  bera.'. operating an a '.X/-',  ntarted to drag on  16th pass,    toqie- 
riencud excen:;ive slip on 2(Jtl. pans, imobilized on 28th pa;is travel- 
ing In reverse.    Front  drive engaged and test continued with vehicle 
operating an a Ux'*.    Ccnpleted 50 passer, without becoming iramobl- 
lized; however,  it was having extreme difficulty 

Vehicle becan operating as a |tx2, startol dragging on I'^th pass, imo- 
bilized .n itOth pass. Front drive engaged and tent continued. Com- 
pleted '/    passes with extreme difficulty 

Vehicle began ojmrating as a UxZ,  ntarted to drag on  I7th pans,  inrio- 
bilizod on Loth pass.    Fro?;t drive engaged aiid tent continued. 
Completed 50 passes with eise 

Vehicle began    perating as a ■•x2i  inncbllizel on 2d pans,    front drive 
engaged and test  continued.    Vehicle started to drag on Hth pass. 
Alter 1  -pan.; dat.i wor'    t ;Jc n u'il>r riiwid UP through penetrowter 
holen.    V'hldf.  ifcinlili/ed ,,n 11th pas» 

Vohicio im. Mli.;.d  ..n ist  pn;:..     It   ir. I. ll-vd that the   water In Um 
ruts <■    ' rlbut'd  to th^  Inrnol lll/.atii'ti.    Free wnt.-r in small derr.-s- 
.ion:;.     »nter table  about 1  In.  b- lew the  tiurfooe.     After  Irnnohl ll.-a- 
tion v hli-ln i'ould not •■xtrioatr Itei U';  und. roarrl'igo   tl.i not  drag 

Vehicle began operating as a  «x.-, began dragging on I'jtti pans.    Vehicle 
tilted to left side,  imobiiized on SUth pass.    Drive engaged and 
test  continued.     Vehicle  completed '/' pai;:;e.i with  extreme difficuLty, 
swales 'Uid ridges  in rutn apparently caused by root ntj-ucture 

30-rt   t'.'Lit lane,   lata at  Vlt  interval.;.     Vehicle completed  17 panne.; 
WtXh «xtnme difficulty,  inmobilized on l"th pass,  coul I  not   r 
'' j-yriT'  ■ :   backwarl 

TI-UCK..   To:;t Weii-i.t  =  7-^   lb 

.70   c.66        19     23     2?      33      36 

Iff   0.80        3J<     ''2 J*6_    51      55 

70.8     57.7     53.6     5<.l     O.6     69.1 

n.k     Uk.i     53.7     53.6     71*.8     (6.1 

1,60   0.76        ih     ki     kU       51       *        NM     57.'«     IA.9    55.8     f7.3     71.5 

Vehicle could not travel a.; a '•x.'.    An a '.x1' the vt-hicle was  pulled 
8,2 into the tent  lane, traveled for 35 ft.  and wa;   inriobilizod 

Vidiicle could int travel M '•x2.    Front drive engaged '«id tent ccn- 
1.9 tinuod.    Vehicle began to drag on 13th pa;-:;, began ti    ilip on 
8.1 pass, Imnobllizod on i"V.. ja.;:;.    Tn'.   not.-,  ,t. rit.- nay havo 

12.9 affected tent results 

Vehicle began operating an a taS,  nt-irted   Ir-u-rir^: -u. 1  .-.liijJW 01   l'ith 
X.8 pa.:.;,  imi bilizt; 1  c •.  U*th pa:;:;.     \  I i,vor • t'   ;and ab<'ut  .'   :ti.  thic 
8.1 arrl located about  '•   In.   below the  nurfaoo  wa:;  pro :• vt      ..■■   the  entir, 

1'.'.3 tent la;ic 

(Ccntw.ued) 

•.. ot   ) 

>ß 



Table 2  (Con'   nucii) 

T-.-i 
■ill..ri 

InoUU. 
iat ion 

KM Jita 
ox   fua l-, : ; 

.,          ..o. ..o. 

«V( r'i>'" Cun-  mi. x ..'■ KwiolciltiK tndi'x of 
Avr'nv  C. lie   Tuli x     l.'iy' r::      LWITL;  

i < •        i.'       l>       i ;       -a       ^       :."      IT   ■:.(       :.'.■   t-i?.   _,.vj   T^rTB ■/      C.\2     i:Vl?   ü^ 

j/'i-tcn H3V.   .x-. True:-.,   roi-.t W.-lclit ^ 

Vlckr.burg, Mir..;.           <0     Ho       50         0 30 59 €6 72 ao 7t'' 79 * bd 106 ll't       52     £6       7<       n         79     0.89       0.7C   0*81         ■•'« 
1 5^ 70 70 76 7C fio 88 >t '^J 112 120 

10 1«8 72 Ö3 80 83 vl 101 90 106 UO lit 
50 i«2 70 88 10I4 120 132 IM Ut 150 11*6 XSlt 

Vlok::burg, Miss. Y,>      Yea        1 8     35        51        ^O       I4O        UO       1*5        51        5b        --        —        31      1*2        1*1*        1*0 1.2     0.81*        0.80   0.80»»      2| 

Vickaburc, Mlsa. 80     Yes        5 0       19     1*8       1*1*        38       ^O       38       1*1.        '.3       52       —        --        37     '.3       '.1       39 1*1     O.93       0.80   0.&)»'     3I4 

Wlllyr. ::uUun W^:oti.  Tu.;t wl;:i 

Vlcksburg, Miao. 72     Yec        5 0        1*     25       1*1       50       l»7       ^       ^       ''3       hj       --       --       23     3.'       1*6       1*7 kj     0.76       0.72   0.72 ■ 

•/IcV.r.bui-g, Ml-s. 73      Ve:;        1 1.     22       33        '.5       37       36       ^O       1*2        50       —        —        n     33       38       39 3Ö     0.78       Ü.7I*    0.71 i6 

Vlcksburg, Miss. 75      Yes      12 0 9     31        1*7        53       53        57       A        6d       77       90     107       29     M        51       51* %     0.7I*        0.67   O.60 

Vicksburg, MM.           88     ier,      3?        0 30 1*2 53 68 68 66 76 78 Ölt 97 111*       1*2     51*       63       17        70     :.77**   0.7'*   O.67         w 
1 1*2 50 51* 62 60 66 7Ö 9•' 106 HL 128 

10 30 61 65 65 65 32 100 106 112 123 132 
37 ^O 51* 71 T* 93 110 120 131 132 131 I'.l 

Vijksburg, Miss.           89     Yes      1*8         0 32 1*5 5l« 61* 65 69 83 9I1 105 Uh 12l»       1*1*     9*       61       66         72     0.Ö0       0,76   0.76         35 
1 1*1* 52 5' ( V; 71 92 105 110 121* lUl 

10 U8 60 68 6« 61* 87 101 111 122 13'. 130 
1*8 31. 62 67 8c loo 107 121 M 151* 15Ö 160 

Vlcksburg, Miss.           ^     Yej      IL         0 32 59 66 w) 61* 66 /Ö 89 99 106 110       52     62       63       63         69     J.77,#   0.66   0.71*         1*0 
1 1*1* 61* 71* 5Ö 61* fk 81* 102 107 HI 123 

10" 1*2 66 72 68 73 92 100 lio 122 121* 133 
lU 39 50 60 62 72 85 lol* 111* u6 117 122 

Vicksburg, Miss.           vl     No       50        O 30 1*6 62 75 72 |€ 70 72 68 ju 98       1*6     59       68       71         71      J^**   0.78    T.79         j5 
1 56 61 66 70 70 73 72 7'. 88 98 103 

1'. 52 61. 65 64 61* 70 71 78 86 92 gi« 
?0 55 70 80 71* 72 76 86 £ 98 106 111*                                                                                  I 

l/.-ton MI51. i.x'- li-u'-k  (MolJfl.jl), Toj 

Fort >ustls, Va. 1      Yes      27 0       12     U6       1*5        kj       52       59       68       81        92      102     loo       31*      U5       1.7       51 6C      ;..3l*       0.U0   0.31 0 u ■i U5 •a » 59 6B 11 '- 102 loo 
1 '•3 ■•■■ -'- .., V 50 (-• 78 a 99 96 

10 :f •. •-s U2 60 69 k ^ 101* >« 

Fort Eustls, V«.             3     Ho       50        0 21 U M* 1*9 61 76       85 86 83 90 100       36     1*6       51       62        71*     0.1*6       0.60   0.1*6         17 
1 25 1*2 W 1*8 68 101      88 89 91 105 Vk                                              ' 

10 30 51 '♦C 50 62 81*      82 81 88 91 100 
50 29 38 33 50 7^ 81*       80 31. 38 100 112 

Fort I«e. Va.                  8     Yes      16        0 3i 6ö 72 78 97 IfcO 17I* 217* 236* 271** 287*     57     73       82     105       137     0.26       0.28   0.70         15 
5 ^> 52 6C 69 90 115 155 210* 2^6* 268* 276* 

10 23 .6 51 69 9'* 130 1^6* 226» 250* 2fta* 29l** 
15 21 3^ 61 78 91. 136 177 21*9» 290 298«' 300» 

Fort Lee, Va.                10     tto       5'J        0 61* 76 60 53 68 106 160 216» 2U2» 26*»' 28I*'*     67     61*       60       76       Ul     0.33       0.1*3   0.68         22 
5 67 80 6U 60 81* 1U2 2rx> 2ii6f 251* 269* m* 
■ 71* 76 56 52 70 108 170 20l** 231* 27c* 289* 
50 62 ^ 1*1. 53 82 119 171»* 206* 228f 26^ 28df 

(Ci.ntirmej) 

*    lut:; iMi-uitd  -ifti^r vt-r I -le  wi..  r<:t,rlove'l. 
•*    .'-enoldlng index <■ t ir •tt.'l  ;'rur.   idjacent test   tro«:. 

A 



tie 2 (Cor'   nuod) 

nr Inii.'x or Ril In/ Conr  Ind« x nf 
I.'iycrB 

Mniatitr«' Content 
ft'  L»VJ   r::, 

ly.T» li'iyccn f Dry W1. 
Hib     12.18   o-c   3-..   fc-u;   >i;   u'-i"    o.«       >.i.    1 -1" 

t.  Te.-.t W.li;lit  - 't,<-'.,j  ih (Cor.tinaul) . 

~ 

Dry  ■-■•nrlly 
of Liiyrr 

tic I' 
12-1" 

o.te       U    53    M      tt      t5       63.0    W.e    1.6.1.    a.u    71..0    71.". 

• 

L0O   o.8o»«     2L     31.     35      32      3.'.        60.9     62.'.     '^.i. 

Lao   0.80"     3''     37     33       31      33        57.'.     55.9    M>.l 

iglgCTtt, Test Weight = 3^0 It) 

0.7-'   0.72        17    29    33      3^      32        55.7     65,1.     57.2    66.7     (l.o    66^ 

D.76   0.7C        35     kt     N€      50      55 

D.66   0.7'. kO     U6     U2       U       51 

69.1«     ^.o     '♦S.ö     J6.*     72.1     72.0 

61..1     1.6.3     l>k.i     60.7     72.2     69.0 

0.78    0.79 35     1.1.     53       55       56 65.7     ^7.7     ?0.e     50.5     72.t     66.C 

pk   (Moll fiel).   Tf^t Weight .  3I«3'    It 

. ho   0.31        12    17     19      ifl      19      179.2     50.9    kkA    29.1    (9.0    75.e 

D.6Ö   0.1.6 17     ft     31       33       |h       179.7     **6.0     31.3     :7.ü     68.7     90.0 

0.28   0.70 15     2t     23       51       96 28.2     21.1.     27.t     ^.u   lo2#2   100>( 

0.U3    0.68 22      i*      2t        1.2        75 32.8      20.8     23.8     83.5    102.(    101.6 

Hut 
^eptli 
In. 

I.J 
7.8 

13.5 

'3.6 a.5 65.' -- 

-6.2 A.1 71.' 

D.71»   ü.71        i£    25    28      2".      27       J9*8    61.i.    52.2    6J..5     Q.O    69.8    9. 

p.67   0.60 21     31     3I4       35       35 5".2     rA.Z     9*.0     C9.8     63.1.     ef.7     y.y 

0.7'.    0.67 3^     '.0     1.7       '<7       k?        76.6     1.9.5     55.1'     53.9     63.8     a.U 

I 'U    il - 

VoMclc I'.-Cttii cpon'-iic   ir,   i   -x..  b.-,Tii. ti     ijr^ ci,   i  ti.  [»-.3.  c-Xju- 
rlonc.'d ueavy dn^y:liie on lytK pu-ia, :.al '.-xtruM difficulty on l.Ytli 
y:i~z,    Cuaplut ,d >.  1 I.GI.V. with i-xlr.-ri.  lii'l'iüuity 

Jt-\,: :lv 'i'ititi 1 ■!    i   .x., w'i. ieinubl li?oil on 1st pasi, culJ not 
• txtricute itoeir.    'i.ii.Tc^rrlace   111 not  inc 

Vel.icl'j oi«rato<l as a '.xl., imacblli :ed on 5t(i jan:., iindercarriagu 
drvrlf*'.    VcM.-lf i;.uld rut .'Xtrioate It .olf 

9.6*      Vehicle Innobllized on 5tli pa.;:; tm'/ellw :'i rvarl. undercarriarc 
draggir«.    Could not extricate Itrrlf.    Operate! an a Uxl. 

Vehicle Inr.obilized on lot par.3 ti-avulliic forvarl, underc-trriit^ 
drwylnc.    Kxtrlouted itnelf in rcver;c but could not turn cut of 
rut a.    Operated or.  a ;.x'. 

.  cuuld ii> t 
'.Vllclo o|*)-it<-d as ^x'., began dr»*;cine on • th pass. 

•^o slip on bth pans.    Vehicle iwaobiU^ed on 12lh f 
extricitu lt.;olf 

Vehicle complete: 1 otw pnzz or UxS, lBiwblllze<l on Ti 
Front drive    ■ ,• i<%'d "»^d te:.t continued.    Vehicle 
on 11th IIOSG,  imob!ll;ed on 3>'.'d pan; ii. revere, extricated 
It.^U' in ''i.rwiri,  -ui 1 eontlnu' I bick 'md for'h.  ImnoblllZMl cm 
J8th 1'Iüü  In  nwr—1  ixtrl   -i'.  )   Iftelf In  'irwirt.   •.nl w»8 
Irrif* lllz- 1    n -"»th r-1'^ In nvr.-.e.    Cnull  nut  ■■•rl't.   Ifs.!' 

Vehicle beear.    poratit^j -is hxZ, benai. to  Irag on 18th pass,  linnobi 1 ized 
l.U on 26th pass.    Pnnl drive engaged   aid test contlrmel with v.  .icle 
U.C operatlüc as -x.    Irinobillzed en i-tfth iv.s in reverse, extricated 

10.5 itr.el;' in  - r. .n 

Vehicle bufu. i peratiiic a.; :.x.\  bc-t:ir. dn^clnc on l'.th pass, !«*•■ 1 .- 
0.8 iized '-I. l:'th pa.-...; al:x  volt rear-wheel ^u.Iu- iir. .i-irn- 1 with 
1«,1« mi   «■ ui 1   rut   turn.     Pn lit   w),. . 1   IrlV'   WBS  ■ nci,-. ,1  iu;   vhli !■ 
(,i «till TCMU nut   HW    :'■ r.-tri     ■■   I-    kwar<l.     «Ii-11 ♦•■.■  1  ■ ut,   t|..    1. •'• 

r.-.r wh'• 1   111 nit  turn until  'tu   VeMele  ■••-n l.. 1 un:l-'.rl- t       11 

Vehicle bec1«; o|jerating as   .x;,   itarted to irac on ..5th ;a.-.;, iw»M- 
1.2 llzed 01.   •. 1  pajn.    Kixiiit drive cnfjoc*! and test centitiuei,    C<.«,- 
3.6 1 letel '.    I-i.  -.e : with aLr.i   t   ;..    I .r^'litulty.    «":.■■• '.    ■«■■ r<   •. ' 
8.0 -it oceipletion c:" 5    |i..;i'.,  M     «hide un i't-   irrl-v, • In, 

thriiirhcu'   the  intlre  length of t« ut  Ion. 

Vehicle operated M UxT. until 1 «»obi llzed on loth paM with le:t-i   || 
0,2 wheel ir;  i '.  1c that dcvelafal between fAxinds at grass.    Ci : I     . 
0.8 test as l.xl-  -uA Imoobili^ei    n    Vth pa;;^ with lelt-fr i.t wt >■■ .   !•    i 

hole between gRM mounds,    hut  depth in hole VM  i.-1  !t.    Cone 
indexes measured between rrass nxxinds.    Cone indexes In erasa mounds 
were 15    kc tj    -it I to  5  la. 

Veliicle lecu. hiv'nc   Uffteulky after     »passes as holes  f.-rtie ■ 
0.1 tween moumls of gra.i3.    Ctmpleted  '^1 -• * lerible dlf- 
0.5 flculty.     Cone   Indexe.: rae-».: ird  li'.-. .■   ,i-i       •.   .' 1   .       •.•    1. 1 • 
3,6 in hole.-; wer.  about   1.3  t"t  alter '   , i  -• . 

Test conducted in an area v< i 1 ■ •' vere' i'ion.    Ve' .' ^ 
0.6 on It'tl; pi   . lut wa:   nble t.      -trl   •.'■   1'      If.     ;iin.llll  • I   vln    ii 
1,2 I'.th |-iir.    Vhlil'   und'ritirrl-ii'.   wa:   n t    ir •,    In      T.     lih-r  1-.   1 1- 
2,6 I'.itln.    "ulnuir  rut   !■   ti,   ,1   .,!.,.   of lirtlH   «tlm   - 

n't-T   I    t-n-p.-s 

Vehiclo c«.«! ieted 5    i*soe.; with ew.      - / -t. 1   [IW.-I  wa, 
0*J pleted i.   i 1   .1     in test   iv« Did  te t  vi'hicic   v,:air.   -intinued 
0,8 traffic.    After 2i.' pa    I     •.•••..    .1       1.. ,    t     •   •■uUJ   vl l-e'^-e 
1.1« iMW-blll^od wl.en   front Wl.Cel  ttßilt   1^ t    ■ 1 IrX  1 Vi r IfM   rBOl   it.  I.    | 

tone.    Kit depth   ippr'ximately    . -5 ft   it 1     nt .-   1     . -atlin 

(Continued) 
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Xiiblu  2  (Cor1 nuud) 

■::. HTT- 
HAIOB 

AM] 
HI : 

■ ■ 

50 

■i' | 

i -i ■ , 

Location 

■ 

.iu. 

Vicknturc. MISJ. 0 

Vlcksburc, MlM« 

Vlckaburc, Mas. 

79     Yc" 

Av'T«^1 Con»"  Tn l<x 
Avr-i/-.' Omm tmtn of        HiniiUm in<i.'x «f        I 

3' 59 ^6 72 80 7« 79 * 88 106 llh       5^     CC      73      '(7        T9     BtfiJ       'J.7£   u.a?        «t 
i      9h 70 78 70 76 8o 88 ■■,. * I lie 120 

10      US 72 83 80 33 91 101 '8 106 110 118 
50     kz 70 88 101* 120 132 im 15c 150 IM I5t 

8     35       51       Uo       Uo       1.0       1*5       51       5» 

80     Yes       5 0      19     W       M       38       1*0       38       M       '.1 

31     1*2       1*1*       1*0        1.2     0.81*       0.80   0.80»"     2C 

37     1.3       kl      39        fa     0.93       0.80   0.80«»     g| 

Vlcksburg, Miaa. 7^     Yec       5 0        1*     25       U       50       1*7       W       M»       '»3       bj 

/leksburc, HUi« 73      Yer.        1 1*     22       33        '•5        37       36       '♦O       1*2       50 

WUlj.-i Ct'ttiun V'M'.'-U, Tu.g v.' iglij 

23     30      M      ''7        '»5     0.76      0.72    j.72 17 

20     33      38      39        38    O.78      ü.71*   0.71        16 

Vlcksburg, Mis.-.. 75     Yes      12 9     31      kl      53       53       57      A      68      77      98     107      29     M 51 58    0,'fr      0.67   0.60 

Vlcksburg, Miss. Ye» 0 30 h2 53 
1 1*2 50 51* 

10 38 61 65 
37 1*0 51* 71 

68 68 66 76 78 81* 97 n't       tt     9> 
62 bo 66 78 93 106 Hi* 128 
65 65 82 100 106 112 123 132 
71t 93 110 120 131 132 131 lltl 

63      67        70     0.77""   0.71.    0.67 32 

Vlcksburg, Miss. 

Vicksburg, Mis,;. 

Vlcksburg, Miss. 

89      Yes      1*8 

Ye;      11* 

91      No 50 

0 32 fcj 51. 61* 65 69 83 91* 105 m 12U 
1 1*1. 52 58 60 61* 71 92 105 110 1. 11*1 

10 1*8 60 Co 61* A 07 101 111 122 Hk 130 
1*8 * 62 67 80 100 107 121 li*2 15'* 158 160 

0 32 59 66 60 61* 66 78 89 99 108 110 
l 1.1* 61* T* 58 6k 7'* A 102 107 1.11 123 

10 1*2 66 72 68 73 92 100 110 122 121* 133 
11. 39 50 60 62 72 85 1C'* 111* 116 117 122 

0 30 M 62 70 72 70 70 72 88 91* 98 
1 56 61 66 70 70 73 72 71' 88 98 103 

10 52 A 65 61* 61* 70 71 78 86 92 9^ 
50 55 70 80 r* 72 76 86 92 98 106 111* 

1*1*     51*      61      U       72    0.80      0.76   0.76        35 

52     62       63      63        69     O.T/**   0.66   0.7'* 1*0 

1*6     59       68      71        71     'J.77**   O.78   O.79 35 

Fort Eustls,  Va. 1      Yes      27 0 12 1*6 M 1*3 52 59 68 81 92 102 100 
1 13 '.5 38 1*0 51* 58 69 78 92 99 96 
0 16 1*5 ts 1*2 1*9 60 69 82 96 101* 98 

lA-ton M151. hxl. Truck  (Modi fl.: I).  lert 

31*      1*5        fc?        51 60      0.31*        0.1*0    0.31 12 

fort Eustls,  Va. 

Knrt  Lee,  Va. 

3      No 50 

Yes      16 

0 
1 

10 
50 

0 
5 

10 
15 

21 LI* 
25 1.2 
30 51 
29 38 

31 
29 
23 
21 

68 
52 
•'.6 
38 

1*1* 
1*8 
1*6 
38 

72 
60 
51 
61 

1*9 
1*8 
50 
50 

78 
69 
69 
78 

61 
68 
62 
73 

76 
101 

81* 
81* 

85 
88 
82 
80 

86 
89 
81 
81* 

83 
91 
88 
88 

90 
105 
91 

'00 

100 
111* 
100 
112 

97 1^0 
90 115 
91* 130 
91* 136 

171* 217+ 236* 271*+ 287+ 
155 210+ 21*6+ 268+ 276+ 
I96+ 226+ 250f 282+ 29!*+ 
177 21*9+ 290+ 298+ 300+ 

36     1*6       51       62 71*     0.1*6       0.60   0.'*6 17 

91     73        82     105        137     0.26       0.28   0.70 15 

.••ort Lee,  Vi. 10     No        50         0 61* 78 60 53 68 106 I60 216+ 21*2+ 261*+ 281*+ 
5 67 80 61* 60 81* 11*2 200+ 21*6+ 251+ 269+ 279+ 

20 71* 76 56 52 70 108 170 20l*+ 231+ 270+ 209+ 
50 £2 1*5 1*1* 53 82 119 171*+ 206+ 228+ 2Co+ 288+ 

67     61*       60       76       Ul     0.33       0.1*3   0.68 

(dntlnueci) 

•    hut:: HMWad  -irter vehicle was  rutrJeveJ. 
•*•    Heinoldlng index estimatcJ from adj-iccnt test ureas 

A 



f 

ii tin« 

Tub 1 (OM w) 

»1 ilnr tatfaa 

-r1— 

H'it Itii- rnni   Tnd'X of 
I Uli 

~nTri"n i.'-i j-.' «i-u1 >i;" 

'■V.latiir.' C'^nt'nt 

| Pry W< 

]try I'fir.lty 

 ef 
-i.   i .i 

^i.-i-,   ;'.;;:i W. i^ht ^ Y'.;'^  lb (C^nUfiuoa) 

,,8?. 53 » a « 

o.8o   ü.80" 2£ * 35 32 £ Co. 9 62.'. 

o,8o   o.8o** 3'. 37 33 31 33 57.'. 55. y 

iun H^COD.   'i'ost wa^iit ■ ÜM lb 

ih 32 55.7 0.11   0.71 17 29 33 65.1. 

Ü.7I4   0.71 16 25 20 M 27 99,9 Cl.k 

o.e? 0.60 n 31 3't 35 35 5U,2 5'.. 2 

•   0.7'.   0.67 32 I40 1*7 '*7 1.7 76.6 '•9.5 

63.0     1*6.8    '.t.i.     61.0    Yit.o    71.« 

yj.u    ii.(.    '1.5    C5.0 

'*'>.]     <(.?.     (k.7     71.< 

Hut 
Reptil 
in. 

2.3 
7.8 

13.5 

Vehicle tagM ojioritltig as a ••x1',  1   , M fc    Irag on I'.th (iass, exjie- 
rlencod heavy ilrawlnc 011 1 »tli poac,  hai extreme difficulty en ''7th 
para.     Completed y   pa.;ac.; With  i'rt.T'if.i..   lil'lloulty 

Vehicle operated vi a ''x't, wa.". inaobllizod on Ist pass, could not 
extricate itself.    ';ndercarii'u:e   M I  | I drag 

Vehicle operated as a ''xl., Jmnobili ..•-•l 1      '.th jar...,  undercarriage 
Iratcir«.    Vehicle could not extricate ttMlf 

65.'<      57.2     (f.7     '1.0     ((.1     9.8*      Vehicle inr Milled on 5th pane ItWWllag ('■ rwari, undercarriacc 
Ir^'^inf      Could i.ot extricate ItMlf«    Oj.eratr-1 as a 'JX

1
* 

52.2 At] Cl.O 69.8 

51..0 69.8 £o.U fif ,7 

55.^    53.9    O.Ö    A.I 

0.76   0.76 

0.66   0.7'» 

35     M     U6       50       55 fig.'*     ^7.0     1*5.8     J6.I1     72.1     72.0 

1*0     U6     1*2 

►   O.78   0.79 35     W*     53 

1*1* 

55 

51 

56 

6i*.1    1*6.3   ■'*''.;   i-o.7   72.2   69.0 

65.7      ,'7.7     50.8 72.6     66.6 

ruck  (Modined).   Tc-.;t Weight =.  3''3ü lb 

0.1*0   0.31 12     17     19      18      19      179.2     50.9     ^.l    29,1     69.0     75.8 

0.60   0.1*6 

0.28   0.70 

0,1*3   0.68 

17  Jk    31       33      51*       179.7     X»0     31.3     27.0     68.7     90.0 

15     20     23 

22      2l*      26 

51 

..:• 

96 

75 

28.2     21.1*     27.6     90.1*    UM 100.6 

32.8      20.8     23.8     83.5    102.6    101.6 

9.2*      Vehicle Imiaobilized on Int par:    ';avelin(: forwan, ■.r.derearriact 
drageliC.    KxtrJcated itself in revorce but could not turn out if 
nits.    Operated as a '*x'i 

7.7*      Vehicle operated as l*xl*, becan draggirg on 6th pass.    Wheels bocan 
to slip 01. 8tli pass.    Vehicle ininoblllj'.ed on 12th jiass, could not 
extric-.te itself 

Vehicle completed one p-us as lix2,  inmoblllzei on .d pass as l»x2. 
Front drive encaged and test continued.    Vehicle began dratKlng 
on 11th pass, innobilized on 32d pas:;  in reverse, extricated 
itself  In  I'orvirl,   -JI i rontinu. i lack   ami  forth,   imnohlll.;'  1     n 
■*8th pass in rWH»|  ■ xtrlrnt.«-!  Iteolf in :'< rwirl,  and was 
ini  iblllz' 1 in '.Oth pass In reverse.    Could tot -xtrleatp i*:-' If 

Vehicle becan operatitic as l*x2, besan to li-ag on iStli pass, inwobiiized 
1.1* on 26th pass.    Front drive engaged and test continued with vehi'U- 
1»,6 oper-'.tinc as W*.    Innobilized on 1.8th pass in reverse, MkViM     1 

10.5 itself In tanmH 

Vehicle began opei-atln<: as '*x2,  began dragging on l;'th lass,  itHEni i- 
0.8 llzed OH ll*th pass; also left rear-wheel bOUillg WM JIMH4 with 
l*.l* mud and would not   turn.    Fn ill wh-■ 1   Iriv'   HU  • nci,- I lut, vvhiel* 
6.6 still couid nut  rncy.   i'. rward or hnekward.    Wli.'ii tow^vl • m ,   '■      Ltft 

r'lir wh'"l  lid m t turn until tiir whlela raaebed luiiisturl. 1 .'11 

Vehicle bccxi operating as I*x2, started to drag on ^'5tli pass, imobi- 
1.2 lized on '^d pass.    Front drive eiigo^ed and test continued,    Com- 
3.6 pleted 50 passe;-, wit!, almost no dilTioulty.    Wheels wei-e Mt    i'inn!!^ 
8.0 at  completion of J    paMMj  but  vehicle tind'Tearrl'i*-!    A-I,    irar.'inr 

thr'ni/'hout, the entire  LMgUl Of teat  Ian'' 

Vehicle operated as l*x2 until iranobi lized or 10th pass with left-i-' tr 
0,2 wheel in a hole that developed between mounds of grass.    OontlOUd 
0.8 test as l*xl* and irunobill.-.ed on -'7th pass with lert-front wtieol in ■. 

liole between gra.-.s mounds.    Kut depth  in iiolo was  l..1  :t.    Cone 
indexes measured letween grass Kuato.    Cone indexes in gIMl ■   ■ 
were 150 to 25c at 2 to 3 in. 

Vehicle began havlnt: difficulty aftej-      I pMMt  U  holu  feme'  !■■- 
0.1 tMW B0*ntl of gi-j;.;.    Completed 50 passe.; with o 1.-.iderable dif- 
0.5 flculty.    Cone indexes MUttTCt 1''tween gras;; mounds.     Put. depths 
3.t in holes wen; about 1.3  ft alter J passes 

Test conducted In on area void of vegetation.    Vehicle was Immobilized 
0.6 on 16th  p-.iss bttt was  able to  extricate   ItMlf.     Irm'llll,- I   igata OB 
1.2 I'th pass.    Vehicle und.ri-.arrlac.   was nit dragging "ii either tawuhl« 
2.6 15zntlrn.   HuinM rut depth   it point of latdblllzatlen raa 0.68 n 

afl • •• 1   paaaei 

Vehicle completed 50 passe.; with ease.      L-l/;".'-ton  power wagin com- 
0.5 pleted  12 passes in test  lane  -md test  veiucle  again conti:.uo i 
0.8 traffic.    After 20 passe.; vehjele was mvlng difl'leulty and became 
1.1* immobilized when front wheel could not rlimb over ti-oe ivot in tost 

lane.     l\ut depth approximately 0.95  't at point of !mobilization 

(Continued) 
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Table 2 (C neU 

S i ;■ :- 

R             ' bat» 
i     i-icr, lasr; 

:ic. No. 

■ :■' !■■!,■■■    ': ■     !■   !• ,'. Wfnoldlt.r  IndPX 
'Wfr'tiTe Cor.c Inde; OV    Ul    ■  '■ 

■rr ö^—,.. t.u >lv 
01     I/IV'TS 

■^    r.h—üvT! 

l/.-ton Hl^l. '.x^ Truck (M...U fiel), Tgd 

I   i-   fan, '/■■. i       :;■       > o      d3     8c'      6i      70      6^     US     IJ'I     18b*   2l'A   z/^-   291«*    TJ    70      72      91       119     o.lö      0.1*6   0.66 
10       77     70       Uö       M       (i     1X6     173     190»   232+   20^    2*+ 
50       "»B      UU        ft      102     138     186+   222+   nt*    272+    2<>>f    300+ 

1,   V-i. Ye.;        I 0        38      70        TO        6^        72      IZU      165      221«+    26l+    276+    239t      62      71        69        If 120      0.20        OM    0,1* 
18      1*6        1*8        I48        32      ]16      15U      226+    250+    261*+    296+ 

Fort  U«.  Va. 20      Y»8      ll* 0        1*2      51*        fa* 
11*        21.      31        Si 

Vlcknburg, Mis.-,. 37      Ves 

1*0       58       W     121*      17^+    216+    25!*+    281*+     1,7     U6       faff       63 
K        87     150+   l8ö+   23fU-    279+    28*t-    291*+ 

1*     26       fa)      1*8      1*6      1*7      50      56      62      73       78      25    1*0 

91     0.28      0,%   o.fci 

l/2-ton M27''.  -txl* Carrier (Mule), 

1*6       1*7 1*8     0.70       0.68   O.63 

Vlokr.burp, Miss. 

Vickrburf, Miss. 

Vlcksturg, .'-'.i.:;. 

VlcKnburg, Mir':, 

VlcKnburg, Miss. 

Vioksburg, •■ 

Vick.itjrp, MM. 

1*9     Ho       50 

50      Yes 

51      Yes      21. 

52      !te        JO 

■      Yes      19 

86     Yes 

31*     No 

0 17 21* 29 32 38 50 5^ 62 61* 66 68 
1 21* 26 28 32 Ul 52 5U 53 61 71 71* 

10 32 37 3b 3Ö 52 56 66 61* V TS 76 
50 ■ » . fafa 56 61 63 67 70 71. 76 

23     28      33       '♦O 1*7     0.75"   0.76   0.62 

7     II       11* 3b      !*.)       1*6       52       58       60       63       11     16       21*       ik 

21     27      31       3'* 0 15 22 ■ 32 31» 36 38 1.5 52 63 61* 
1 11* 19 • 37 36 39 5« 50 53 60 

1 11 ■ 25 )k * 38 1*2 51 ft 56 62 
21* 8 . • S1* 1*2 n 56 62 61. 66 68 

0 20 26 ■ • 1*0 38 1*2 1*6 1*1* 53 66 
1 21. 35 1*0 1*0 U3 U5 50 5»* 60 

1 23 33 ■ 3 1*0 1*0 1*5 1*6 50 5'» 62 
50 2C 3* *3 1.6 DO faf 56 58 62 

0 tt 1*2 fafa fafa 52 ft 59 68 
1 12 1 ■ ' 3:. 1*0 1*0 1*1 1*6 1*9 51* 60 

I) 12 22 27 3- 1*0 1*8 ft 62 66 68 68 

0 7 10 16 \% ft 85 106 106 -- -- 

0 8 31 50 1*8 36 3^ |i 1*.'. 53 u 78 
50 21* 31* 31* 3t .. 55 66 81 85 100 

1.2      0.65        0.63    0.75* 

36     0.61*       0.68   0.75** 

26     32       36       39 ^O     0.71       O.72   0.75»* 

20     27       31*       ^o 1*3     0.75       0.67   0.75* 

11     15       27       1*3 65     0.61       0.58   0.75** 

36     c.73      0.72   ü,69 

Vlckaburg, Kl :•,-., ■       Yen 3     19       35       55      1*1      38      38      1*3       1*5       1*8       53       19    36      1*4       1*5        39     0.66      0.82   0.80 

Vicksburg,  Mlr.s. 36      Ho       71 7     fafa       'ji       U<)       1.2      1*0       50       57       63       6:<       73       35     fa?       W       ^ '■■'•'     '•• 0.65   0.68 

♦    Rutu measure«! after vehicle vac retrieved. 
«*    Remoldln»' Index ejtlraated from adjacent test areas. 

A 



Itolature Cor.t • • 
■    Viy« r. , 

Dry Density 
or U.vers, 

I't'1              -B 

But 
Depth 

0.1 ■-1. I -1- la. 

H. 21.0 IM 91.2    100.2 9M 
u.C 
CO 

30.u 21«.2 2U.') 8M    9U.u 101.8 
2.2 

32.6 25.2 2k,C 63.0    91.^ 9€.l» ._ 

■Iding tndn M !•..• Ca ■ ti Im 

1-I.:      l.'-l      "3"    ■,. ■   r.lr    ,-.',.    ],■-17* •'-].■    1 -i"    ~'        *n      1 -lt:      ii,. hcntait..-, 
■     I     ■ ■ '       ■■ fc     ■'. —r.      ■ I     1 I 1- ■    .       I       -■ I II      ■     I ■     ■!   I    I ■      I -   .  -I      - ■ ■ ■■■^■1 ■! -—■■»- ^—   -.1 ■■■■-    —^— 

(Mu.ljriej).   V.:.-,t Weight - 3:tj'i  lb (C nllruud) 

t'.U6    G.6H lU      2£.     33        ^2        Bl . 1 . •      21.0      2^.'.      91.2    1(X).2      v.1- --        Ter.t conducted in an area cleared of woody undurbrar.h but ccvejvd vrtth 
blade grasü.    Veiiicle was havlnc dil'l'lculty alter !«2 passes aa hclor; 
developed ilor^ tl.o test  iane.    Complüted 'j0 passet: with somn  11 f- 
ficulty ar. wheels  slipped.     M.-utinmr.  mt depth was about 1   It 

1.1.2    HJfk 12     2^     29       50 30.U      21*.2      21*.9     86.0     9l*.l»    101.8        --        Test conducted on aii area cleared of woody underbruslu    Vehicle wheels 
began to slip on 2l»tl. .ass and was imcbilizod on 26th pass.    Vehicle 
had to be towed out ol' lane 

0.56    0.61 13     12     26       3?       56 32.6     25.2     214.6      ^.O     91.''      $Uk        --        Test l-me covered with blade grass only.    Vehicle wheels began slipping 
I4.9 on 13th [ass and was InmobiUzed M; i'tth pass.    'Jndercarriage was 

dragging at point of imnobilizaticn 

Carrier  (Kule).   ii-^t Welgl.t =  l.'.U-  U. 

0.68    O.83 10      Q     Jl        3C        Uo 76.0      62.6      U7.9      5f.0      ^3.2      71,6        -- tarfM« »ane as t*;st  JJ  (see belowl.    Vehl"le  immol ill.-ed Ir forward 
on 1st pass aHer r'onsidcr'ible spinning of wheels without WMM ' . 
Vehicle was able to extri -ate  Itself with the aid of one mi. push- 
ing,    t'ndercarrlag"   did not   ir-i,- 

I»*    0.76    0.62 17      il     25        28        OT 7'*.3      5^.5      39.6      53.0      f3.l1      80.>♦        --        Vehicle completed 5- passes without difficulty 

Vehicle immobilized on 1st  paso,  undercarriage  Iragging,  could net 
extricate itself, extricated by manpower 

Considerable slip on 15th pass.     Vehicle tilted to left through entire 
test lane,  undercarriage dragging.    Vehicle seemed tc be und-r- 
powerel, could not spin wheels except In a surge.    Immobilized on 
Zfetll I'iss,  still   -ouia not  spin wh'-els.     It.   is believed that  the 
vel i 'le could not have completed  M' pMMi  tWI   »  ' >.   .lii'.ju'it .■  power 

Vehicle completed JO passes without experiencing serious dlfflc-ilty; 
however,  vehicle tilted to left side along the entire test  'one, 
'Indercarrlage did not drag 

''ndercarrlage of vehicle dragged on 15th pass, considerable slii  was 
experience! on i6th pass,    Veiiicle immobilized on 1th pass.    Vehicle 
•■ould nol  ipli  whMlia    11 i :i !■:■■.■• 1 ■ 1.-r   • • •   mttlclt  looU 
have cool leted 5'' passes  even with adequate power 

Ho surface water.    Vehicle  inmobilized on 3d pass,  undercarriv:e 
dragglnf.    Kxtricated by r.anpcvor 

Surface ? or 3 ii. of soil was extremely wet,  soft,  Jü i     ;::;• ry. 
8.6 causing veiiicle to experieiice difficulty c r.  !■•'   pMI HbOB l.ici. 

slippage occurred.    Vehicle had tc back up and obtain mmentur. to 
complete 1st pass.    Vehicle completed '-. passe:; wit!, n<   itl.er 
difficulty 

0.82    0.80 13      ^7     36       36        3-1 71.■!      60.O      55.li      56.9      65.O      68.6      5.0»      Surface 8 or 3 in. of soil was extremely wet,  soft, and  sli||. i.y. 
Veiiicle was inmobilized going foivard on 1st pass, but was able 
to extricate Itself in reverse.     No other traffic was attempted, 
undercarriage did not drag 

0,65    0.68 28     3^      31       Q       30 6M      63.0      55.lt      Q.7      63,2      68,.2        --        Surface conditions were about the   -.a^..- ■». ti.. .-.e  for test 35 bat  not 
as critical,    Veiiicle cunpleted 71 1 a;;i:es without experiencing 
serio.i;;   Uffteulty 

U.6 

0,63 0.75** 7 ]_ 15 26 32 109.8 78.7 61..8 1*2.8 53.1* 61.6 -- 

0,68 0.75"* 13 18 .-: 26 27 93.2 81..3 65.5 Ut.i 51.1* <1. 
0.7 
3.5 
7.6 

0.72 0.75** Ifl Li 26 29 30 86.5 71.0 78.0 l»7.( 51.8 5U.: 

1:1 
0.67 0.75»* 15 22 23 30 32 93.7 86.2 83.:. itU.9 U9.8 51.' 

0.6 
7.6 

0.58 O^S*' 7 2 16 32 «19 93.3 85.0 71.7 1*7.3 1*4.7 57. C -- 

0.72 0.69 22 31 32 27 25 ( •..- 59.1* 62.9 58.8 'l*.l 62,1* mm 

"     T i   .tieets) 
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APPENDIX A: VEHICLE CONE INDEX COMPUTATIONS 

1, The vehicle cone index (VCI) is the minimum rating cone index 

(RCI) that will permit a vehicle to complete 50 passes in fine-grained 

soils. It is determined by first computing a mobility index (MI) from an 

empirical formula and then referring to a curve relating MI to VCI. 

2. This appendix presents the original mobility index formula for 

self-propelled wheeled vehicles, the revised mobility index formula for 

self-propelled wheeled vehicles developed in the main text of this report, 

and comparisons of VCI's computed using both formulas for a selection of 

standard military and experimental military vehicles. 

Mobility Index (MI) 

3. The MI is an abstract number obtained by applying certain 

vehicle characteristics in the MI formula. 

Original MI formula 

MI = 

Contact 
pressure X ^ 'T 
factor factor 

tire 

weignt 
factor  wheel factor , .  , 

rj + load tire     grouser  „ . 
.factor  X factor   lactor 

.    trans- engine   .  . 
* factor x fs*±on 

factor 
+ 20 

Factor 
No. 

Contact 
pressure 
factor 

gross weight, lb 
tire width x rim diam x No. of tires (1) 

Weight 
factor 

Tire 
factor 

>35,000 lb = 1.10 
15,000-35,000 lb = 1.00 
<15,000 lb     = 0.90 

1.25 x tire -width, in. 
100 

(2) 

(3) 

Al 



Factor 
No. 

Grouser 
factor: 

Wheel load 
factor 

Clearance 
factor 

Engine 
factor: 

Transmis- 
sion 
factor: 

With chains   =1.05 
Without chains =1.00 

 gross weight, kips  
No. of wheels (duals count as one) 

clearance, in. 
10 

>10 hp/ton =1.0 
<10 hp/ton = 1.1 

Hydraulic «1.00 
Mechanical = 1.05 

MI = 0.60 [[{lf^t}+(5)-(6)] x^)x(8)] 

(5) 

(6) 

(7) 

(8) 

+ 20 

Revised MI formula 

MI ■ 

contact      t 
pressure x  * 
factor 
tire 
factor 

grouser 
factor 

wheel 
+ load 

factor 

clearance 
factor 

engine  transmission 
factor  factor 

Contact 
pressure 
factor 

Weight 
factor: 

gross weight, lb 

tire width, in. X outside diam of tire, in. _ No. of 2. 

Weight Range, lb 
/Gross Vehicle Wt, lb\ 
\        No.  of axles        / 

<2000 
2,000 to 13,500 lb 

13,501 to 20,000 lb 
>20,000 lb 

X 
tires 

Weight Factor Equations 

Y = 0.553X 
Y = 0.033X + 1.050 
Y = 0.142X - 0.420 
Y = 0.278X - 3.115 

(1) 

(2) 

A2 



where 

Tire 
factor 

Grouser 
factor: 

Wheel load 
factor 

Clearance 
factor 

Engine 
factor: 

Transmis- 
sion 
factor: 

Factor 
No. 

gross vehicle wt(kips) v   J UJ. * 
X = ß Mo. of axles P ' Y = weight factor 

10 + tire vidth3 in. 
10U 

With, chains   =1.05 
Without chains =1.00 

 gross weight, kips 
No. of wheels (duals count as one} 

clearance, in. 
10 

>10 hp/bon =1.00 
<10 hp/bon =1.05 

Hydraulic =1.00 
Mechanical =1.05 

MI •[«HH» ]« ♦ (5) - (6) x (7) x (8) 

Vehicle Cone Index (VCl) 

(3) 

w 

(5) 

(6) 

(7) 

(8) 

k. The VCI of a vehicle can be obtained from a curve of MI versus 

VCI (plate Al) or more accurately fron a tabulation of MI versus VCI, as 

shown in table Al. 

Comparisons of Computed VCI's for Standard 
and Experimental Military Vehicles 

5. Since VCI's computed with the original MI formula have been used 

for several years and are listed in earlier supplements of the "Traffi- 

cability of Soils" series of reports, numerous Miscellaneous Papers, and 

Department of the Army Technical Bulletin ENG 37, it was felt that a com- 

parison of original and revised VCI computations should be made to show the 

A3 
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i 
range of VCI similarities and areas of VCI divergence with the two 

formulas. 

Standard military vehicles 

6. The latest available data source, Department of the Army Tech- 

nical Manual 9-500, ^ was used to select representative vehicles for 

comparisons of VCI's. The vehicles selected are shown in table A2. The 

characteristics of these vehicles, generally, have changed little since 

the development of the original MI formula. Table A2 shows that both the 

original and revised formulas produce VCI's that are in close agreement 

through the 3A- and 2-l/2-ton truck range, but the VCI's diverge for the 

l/h-,  1/2-, 5-, and 10-ton truck range. 

Experimental military vehicles 

7. Computed VCI's for selected experimental military vehicles are 

listed in table A3. Data sources for each vehicle also are shown. 

The VCI' s computed with the revised formula generally are lower than VCI' s 

computed with the original formula for vehicles through the 5-ton rated 

pay-load range. The revised-formula VCI's are considerably higher than 

the original-formula VCI's for the 8- and 16-ton vehicles. 

■ 

* See Literature Cited at end of main text of this report. 

Ah 
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Table Al 
■ 

Mobility Index Versus Vehicle Cone Index r 
MI VCI MI VCI MI VCI MI VCI MI VCI 

0 3.0 31 39.2 67 55.6 103 72.0 139 88.3 
0.25 5.5 32 39.7 68 56.1 101+ 72.1+ ll+O 88.8 
0.50 7.0 33 1+0.1 69 56.5 105 72.9 ll+l 89.2 
0.75 8.3 3^ 1+0.6 70 57.0 106 73.3 11+2 89.7 
1.00 9.0 35 1+1.0 71 57.1+ 107 73.8 11+3 90.1 

1.50 10.8 36 1+1.5 72 57.9 108 71+.2 11+1+ 90.6 
2.00 12.5 37 1+2.0 73 58.3 109 7i+.7 11+5 91.0 
2.50 13.8 38 1+2.1+ 71+ 58.8 110 75.1 11+6 91.5 
3 15.1 39 1+2.9 75 59.2 111 75.6 11+7 91.9 
h 17.5 1+0 1+3.1+ 76 59.7 112 76.0 11+8 92. l' 

5 19.7 i+l 1+3.8 77 60.2 113 76.5 li+9 92.8 
6 21.5 1+2 1+1+.3 78 60.6 111+ 77.0 150 93.3 

l 23.0 1+3 1+1+.7 79 61.1 115 77.1+ 151 93.a 
21+.2 1+1+ 1+5.2 80 61.5 116 77.9 152 91+.2 

9 25.3 1+5 1+5.6 81 62.0 117 78.3 153 9^.7 " 

10 26.1+ 1+6 1+6.1 82 62.1+ 118 78.8 151+ 95.1      . 
11 27.3 1+7 1+6.5 83 62.9 119 79.2 155 95.6 
12 28.1 1+8 1+7.0 81+ 63.3 120 79.7 156 96.0 
13 28.9 ^49 1+7.1+ 85 63.8 121 80.1 157 96.5 
11+ 29.6 50 1+7.9 86 61+.2 122 80.6 158 96.9 

15 30.1+ 51 1+8.1+ 87 61+.7 123 81.0 159 97.1+ 
16 31.0 52 1+8.8 88 65.2 121+ 81.5 160 97.8 
17 31.7 53 1+9.3 89 65.6 125 82.0 161 98.3 
18 32.3 5^ 1+9.7 90 66.1 126 82.1+ 162 98.7 
19 32.9 55 50.2 91 66.5 127 82.8 163 99.2 

20 33.5 56 50.6 92 67.O 128 83.3 161+ 99.6 
21 &.1 57 51.1 93 67.1+ 129 83.8 165 100.1 
22 3h.6 58 51.5 91+ 67.9 130 81+.2 166 100.6 
23 35.2 59 52.0 95 68.3 131 81+.7 167 101.0 
2k 35.8 60 52.1+ 96 68.8 132 85.I 168 101.5 

25 36.3 61 52.9 97 69.2 133 85.6 169 1Q1.9 
26 36.8 62 53.3 98 69.7   i 131+ 86.0 170 102.1+ 
27 37.3 63 53.8 99 70.1 135 86.5 171 102.8 
28 37.8 61+ 5I+.2 100 70.6 136 86.9 172 103.3 
29 38.3 65 51+.7 101 71.1 137 87.1+ 173 103.7 
30 38.7 66 55.2 102 71.5 138 87.8 17I+ ion.2 

Note: For MI a bove approxima tely 1+0, VCI obtained from cqu at ion 
1 /CI = 25. 2 +  (0.1+51+ X M I)   . . 
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APPENDIX B: STATISTICAL EVALUATION OF ORIGINAL AND 
REVISED MOBILITY INDEX FORMULAS 

1. The development of the revised MI formula shown In Appendix A and 

discussed in the main text of the report was accomplished by trial-and- 

error adjustment of constants and the ingredients of the eight factors of 

the original formula. This approach was intentional, since it was desired 

to have any revised formula be similar in form, i.e. retain the same fac- 

tors of the original formula. That the approach was successful can be seen 

by comparing the two formulas and comparing differences between the experi- 

mental VCI's and computed VCI's (table 4, main text). As a further check 

it was decided to perform a more complicated analysis (with the aid of an 

electronic digital computer) that would statistically relate the experi- 

mental Mi's (converted from experimental VCI's, table Al) to the combina- 

tions of vehicle factors contained in the formulas. This analysis was 

performed by a multiple linear regression method as described herein. 

2. Data used in the analysis were from tables Bl and B2; MI factors 

used were those from the MI formulas in Appendix A. 

Analysis Technique 

3. The multiple regression technique was used to determine the 

association between the dependent variable (MI) and the independent vari- 

ables (combinations of vehicle factors). Statistical techniques were also 

used to measure the quality of the association between the dependent and 

independent variables. Plate 2 (main text) shows that a linear relation 

exists between computed and experimental. VCI's; therefore, this evaluation 

was made using a multiple linear regression method. The actual computa- 

tions were made by an electronic digital computer programmed for a multiple 

linear regression.  This program requires the computation of regression 

coefficients that will provide the best fit of an equation to a set of 

observations in the form: 

Y = b0+blXl + b2X2+ •••Vn 

Bl 

ll«l         



• f 

where 

b0 , b1 , b2...bn 

"1  9   .-^ • • • A 

i is the dependent variable (the MI corresponding 
to the experimental VCI) 

are the coefficients to be determined 

independent variables (vehicle factors) 
n 

The regression also provides statistical quantifies giving a measure of the 

reliability of the regression equation. 

4. In order to evaluate statistically the original and revised 

mobility index formulas (Appendix A, paragraph 3) in 6.', close to their 

original form as possible, it was decided that a four-variable (one 

dependent and three independent) multiple linear regression would best 

serve the purpose. This was accomplished by using the MI corresponding to 

the experimental VCI of the 20 vehicles listed in table h  of the main 

text as the dependent variable (Y) and grouping the eight vehicle factors 

of the original and revised MI formulas (including the two constants of 

the original formula) into three independent variables (X.. , Xp , and X^) 

for each of the two formulas (original and revised). The three independent 

variables (X, , X^ , and X_) for each of the 20 vehicles for the original 

and revised mobility index formulas were obtained as follows: 

Independent variables from origxital MI formula;* 

X1 = 0.60 ßlj g |{) x (7) x (8)J ♦ 10 

X2 = 0.60 [(5) x (7) x (8)J ♦ 10 

X3 = 0.60 [(6) x (7) x (8)] 

Independent variables obtained from revised MI formulas;* 

XX = ßjffÄH * (8) 

* Numbers in parentheses have same significance as in Appendix A. 
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X2 = (5) x (7) x (8) 

X3 = (6) x (7) x (8) 

The computed values for the three independent variables (X, , Xp , and 

X_) for the PC vehicles used in this analysis axe included in tables Bl 

and B2 for the original and revised formulas, respectively. Note that 

the same computed VCI obtained from the original and revised formulas 

(presented in table h,  main text) can be obtained for each of the 20 

vehicles by substituting values of X1 , X_ , and X_ from tables Bl and 

B2 into the equation below and converting mobility index to VCI from 

table Al. 

Mobility index = X1 + X2 - X^ 

For example, from table B2, vehicle 1 (LeTourneau electric digger, model 

L-28), the values of X, , X« , and X_ (independent variables) obtained 

from the revised formula as discussed above are 

X1 = 3^8.0 

X2 = 21.2 

X3 = 1.3 

and substituting the values for X. , Xp , and X_ in the above formula 

the computed MI is: 

MI = 3^8.0 + 21.2 - 1.3 = 367.9 

Converting the above-computed MI (367.9) to VCI is accomplished by the 

equation (from table Al): 

VCI = 25.2 + {OMh x 367.9) = 192.22 
■ 

B3 . 

  



* ( 

The above-computed VCI rounded to the nearest whole number (192) is the 

same as that computed for vehicle 1 (LeTourneau electric digger) by the 

revised formula as shown in table k  of the main text. 

5. The computed values for the three independent variables (X, , 

Xp , and X~ —combinations of vehicle factors) and the dependent variable 

(Y = MI corresponding to the measured VCI) for each of the 20 vehicles 

listed in tables Bl and B2 for the original and revised MI formulas, 

respectively, were supplied to the electronic digital computer. Separate 

computations were made for each formula. Results of these computations 

are presented in the following paragraphs. 

Results of Multiple Linear Regression Computations 

MI formulas 

6. The multiple linear regression equation for predicting mobility 

index from the experimental mobility index and the eight factors (combined 

into three independent factors) of the original mobility index formula 

for the 20 vehicles used in these computations is 

MI = 0.65X1 + 26.3UX2 - 102.84X-  - 201.80 

When the original factor numbers are substituted for    X.   , X    , and   X_ 

(see paragraph 4), the equation above becomes 

MI = 0.65 j 0.60 [^ \ Hj x (7) x (8)1 ♦ lo| ♦ 26.3^ [o.60 Rj) x (7) 

x (8)   + 10 j - 102.84   0.60 | (6) x (7) x (8)1    - 201.80 

The equation above can be simplified as follows: 

MI = 0.60 x (7) x (8) Lfc [$ * [|fl 

+ 26.34 x (5) = 102.84 x (6)   + 68.10 
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7. The multiple linear regression equation for predicting mobility- 

index from the experimental mobility index and the eight factors (combined 

into three independent factors) of the revised mobility index formula for 

the 20 vehicles is: 

Ml = 0.96x1 + 1.28X + 3.90X - 3.97 

Substituting the factor numbers from the revised formula for X- , Xp , 

and X_ (see paragraph h)  gives 

MI = 0.96 [$-*-$ x (7) x (8)] 

+ 1.28 [(5) x (7) x (8)1 + 3.90 [(6) x (7) x (8)1 - 3.97 

The equation above can be simplified as follows: 

MI     -([0.96     [$      X     [hi]   +     i'28     X     W     +     3-90     X     ^M    X     W      X     ^^j     ■     3- 97 

Reliability of formulas 

8.    Multiple correlation coefficient (R ).    The multiple correlation 

coefficient    1.00 - E(Y - {l2 

I J Edr - 
is a statistical measure of how several 

variables are associated with each other. This coefficient measures the 

success of estimating the dependent variable (MI) from the three inde- 

pendent variables (vehicle factors in combination). The R  obtained 

from the analysis of the original and revised formula factors was 0.9^ 

and 0.99» respectively, which indicates that the correlation between pre- 

dicted and experimental MI for both methods is highly significant (greater 

than the 1 percent level of significance). Predicted values of MI and VCI 

using the multiple linear regression equations for the original and revised 

formulas are included in tables Bl and B2, respectively. Plots of pre- 

dicted MI versus experimental MI for the linear regression of the original 
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I 
and revised fomulas are presented in plates Bl and B2, and predicted 

VCI (predicted MI converted to VCI) versus experimental VCI for the two 

formulas are presented in plates B3 and B^t, respectively. The solid 

line in plates Bl-Bk represents perfect correlation (R = 1,00)  and the 

nearness of the plotted points to these lines indicates graphically how 

close the equations predict MI and VCI for each of the 20 vehicles. 

9. Standard error of regression equation. Another measure of the 

accuracy of the formulas is obtained from the standard error of the 

regression equation JsZJl 
V N - 1 The deviations were +22.5 and 

-8.7 MI ui-its, respectively, for the original and revised formulas. The 

R  values of 0.9^ and 0.99 and the standard deviations from regression 

of -22.5 and -8.7 MI units for the original and revised formula factors 

indicate that the predicted values of MI obtained from the regression 

equation will be accurate within the above-stated limits 9^ and 99 times 

out of a 100, respectively, for the two regression equations. The 

standard error of regression is included in plates Bl and B2 as dashed 

lines to show graphically where the predicted MI for each of the 20 vehi- 

cles plots in relation to these limits. 

10. Deviation from regression and percent error. Other measures of 

the accuracy of the fomulas are the deviations from regression (Y - Y 

/Y-Y   \ 
=  unit error), the percent error I —r:— x 100 I , and the mean absolute 

deviation for the 20 vehicles. Unit and percent error for the linear 

regression equations for the original and revised factors for the 20 

vehicles are included in tables Bl and B2. It should be noted that the 

algebraic deviations from regression will sum to zero; however, because 

of rounding to the nearest whole number for MI and VCI, the algebraic 

deviations shown in tables Bl and B2 do not sum to zero. The algebraic 

sign is included only to indicate if the equations are predicting high or 

low. 
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Comparison of Results of Predicting Vehicle 
Cone Index by the Four Formulas 

11. Comparison of results of predicting VCI by the four mobility 

index formulas (original, regression of the original, revised, and 

regression of the revised) are made in the tabulation following this 

paragraph. The accuracy of each formula is indicated by the deviation of 

predicted from experimental VCI for the 20 vehicles previously discussed. 

The deviations are shown in the following tabulation as unit error and 

percent error: 

No. of 

Type Formula 

Original 
Original (regression) 
Revised 
Revised (regression) 

Vehicle Cone Index 
Tables with Unit Error Percent Error 
Detailed 
Results 

Absolute 
Average  Range 

19.0   1-132 
9.1 0-34 
3.6   0-9 
3.2 0-7 

Absolute 
Average    Range 

k 
Bl 

k 
B2 

26.4   2.0-130.0 
18.7     0-91.9 
6.1     0-14.5 
6.1     0-20.0 

12. From the tabulation above, it can be seen that the original (re- 

gression) formula greatly improved the accuracy of predicting VCI over the 

original formula (unit error reduced from 19.0 to 9.1). The revised 

formula further Improved VCI prediction accuracy over the original (regres- 

sion) (9.1 to 3.6). The revised (regression) formula Improved VCI pre- 

diction accuracy only slightly over the revised formula (3.6 to 3.2). Hie 

VCI's computed with the revised fomula, generally, are lower than VCI's 

computed with the original fomula for vehicles through the 5-ton rated 

pay-load range. For vehicles of 8- and 16-ton ranges, the revised formula 

VCI's are considerably higher than the original formula VCI's (see table 

A3> Appendix A). This is as desired since the original formula estimated 

VCI's too high for the lighter vehicles and estimated VCI's too low for 

vehicles in the heavy pay-load range (see table 4, main text). 

B7 



M 

•H Ü 
Si « 
01 

p t) 
B L :• 
II p 
tj t^ ;. L 1 ;■! ^^ 

1 - • 
o 
H 

1 - CM 

1 T co 
^J n -J- 

21 t H        O 
nj     -5 

^ y 

(r\    \o     t~i c i 
H 

;i 

oo 
H 

v 
r-4 m 

• 

O o\ ■ l 

8 f '.', 

t J > 
h 

4> () 
3 » i.; *""* w 

.j       en      O      VJ SQ iT» t f^ t\ji 
+        i +        i + c*> * H 

+ i * M r-t H cy 4 r^ 
i i t i • | 

jj 
x 

a 
- 
9 

I    it H 
[I +> o 

". > 

H | H 
«1 +3 (, 
i > 

.>] tl 

■a 
v -P 
ü   O     • 
tti •£) M 

<i '^ 

i 

O     co      Q      ir\ 
OJ r-l 

ir\      O      3^     co 
t^        rH        CT\       CO 
Oj r-i 

(\J GO CT\        ?K 

H        O        O        O 

HE   H 
o 

„', 

m     CJ      Q     Q 
\D      Co      VO      VO 

9   9 

as     t^ 

a 
4) 

■> 

a 

o 

o 

vot-O^J^ü      mm^ 
IA     in     m     -* 

s 

o 

q a 
« ^ B  8 

S   2 

fy        ro 

£ 

«i 

I 

•- 
■v. 

I 

q 
a 

S :] 8 S o ■ > 8 6 IPS 6 o 
UN 
O 8 O 8 s o o s s o 

ri rH A H A 1 4 H . ( H A ,i 11 .H --( .) H .-i ■ \ ■H . 1 

r^ 
8 :; 'A 8 8 1^ o 8 8 o 8 if> o 8 8 8 ; 8 8 "■ ; 8 
H H rH ■i H H H H ■ \ J H H H H ■ * ■~\ . i .H . ( H 

3 •1 .■i 

H 
O 

■ 
t 
H 

lA 
. ( 

C\J 

CM 

O o • J 

H 

H • 
CVJ A • ! 

H oo • 
o ■ t 

in 

. i ■ i ■H 

C\J 'i 11 t- •M - ■-■ «o 0 •v r~ HI t ir\ y> > ir\ C3\ T» ro 

•1 ■\ . 1 i ■ 
H 

in i 1 D i> <j\ I - 1 | J N «'i ■ ( 1 CVJ -H O 1 

I, 
11 :■ 8 8 ;; :; : :; ID 

■ > ■; 8 8 : 8 ;; 8 in ;; " o 

i i ■ 1 ■ 4 ■ i • i < t 1 I H 11 . i H . 1 ^ ■ ) . < . i - < . < 1 | 1 

. i 
t 

,1. 

H 
•i 

■ ( 'A i-t ft ft 1 .1 i J 

■ ■ ;1 3^ 
11 g 

■ • • ■ • • o > o o ■ -> ) ' ^ i o O 11 o o ) 

9 8 ■: •; .; Q :: '; R b R » » •; % » R R v 

. i ■ | . i i ) i ■ i ■ 1 ■ H . i . ) H o ' ' i • ' 1 1 ' • 
t i j i • (T\ ■ i o , •( », ON rn 1 m ■ J ■ . ^ i: ■ 11 -- 

i i 
■ i 

■ 

■ J Ä i m 
■ 1 ■ 1 H 

• a ! ;1 H 
-1 

■ i 
■ to t~ I ■ i | 

I 
■ 1 

•H 
ft •a E (> 

1 *» ♦J .; 4> 

IN 1 g ■i 

vo 0 

2 
■ ;i .; '.' ■:<( 

„ ; ^H ■j 
1 :: 

t* i I * 
I' K in H ai X 

::: ^ii ■ i t 
X 

i 
X 

t - i 1 

-.i >. U • •Al J i I I 
II B X r X I o •>: » CJ v3 M t X rt 

^* * e t 
;;i ■: f; t B u »< j< ♦> ■•■ R s 4' v i K ** ■ u o fS u !■> P5 M • 

n :1 o rl 01 3 
0' 

H 9 s A fii Ri E u X 
. J •■ n. V a ■■1 o • i ro h h- O •rf 

■i iii •. CM i l «1 m w I m 
crt g) i E 

•■• 

; ; N ■H 
II 01 " i 11 □ i: H 
vl t! Ö »■ '■ '-: T- '-' 
Ö u i; 

1 
■-: i: .1 

■-: 

o 
01 ;; C 

• ■ 
<J 

0 u ■ 3 t- 4» Li i (> 3 « 
H 1' .' ■H • ' i' 1 1 ■I 

V II 1 i i VO )£ O *" 1 ■ 1 
. 1 ■4 C\J t .N . 1 - 1 i i m lA CM ,ii 

■1 5 
Of .. < 
.. •ö 
^ vO 

0» 
•H 

i 1 ■H 

<) X u 
a 1 * V 

■' Li 
X 3 fl u B L 

V H .' 
,■: . . x 
I *i ' ■ ) -' 

■ * 1 ■ 
.J 

'•: <> ti i" <• v: 
i 

i'. 
r V 

< ^ 
E 

^  a 



* ( 

$ a 

»< 
t» 11 
i; ^ 1 
fi 

0 

1 S a :l ' 

i I 

P  o 

9   d 

» 

■1 

i a 

a 

I 

8 

i 

v 9 4 a t i ;\j       ir\      t-      ^      J>      tv      ro 
*        fr        ♦        f        *■        I        • 

»A tf\        i/> tA ITN IT» 

h-      CO 

1   I 

;   ,; 

■* 

8   8   S 8   8 

9 

(n LA 

CM ■ • A ', ' J ' • • • • 
■ 

1    > ■ • < ■ O 

ly '   t • ■ 1 t- ^ ■ 
t ," •. i H • ■i 

^  y  y  s 

I Bl 

m 
'. 
0 

„ 
■.; a t 

■ iri B • 
u 
E • > 

V. 
E •- 

Jl .1 1 
"■ ;> ■ ' 1« 

3 'i ■* I f 1' • 
j< ■' 1 B :: •» i c 

f i 
fl o - - B 

I. t ^ .. ■1 i: .: .: -i 
■i i> 

■ *> 1 a ♦> I i ;' .' 
1 i ) ^ tH t i:> r-4 < ' « m u> 

> 

■ 

i 

8   S   8   «   S 

•4 

S 

O 

> 

r - 
-I 

•'        -. 

) 
H 

E ;; ♦»      o 5 
fc ^ .. 
B 1 
Q          «0 • J i rH 

' J 
J 

TV 

iS 

6 

A     fi 

.rv      ry      (j        fl ori 

•>■>      cy      c» i 

oi      o      t-     (ri     o   H 
t       t      m     oj     <\i    o 

•"net)        f i        injom^iASJ-^fJvajTin-icy^      i) 

*  S 

8888888   8   8 

8   o   8   8   8   8   «   8   8   8 

r 

|.- '- 
» ■i •' 
■ 8 ,. 
r 1 

I .' 
i H 

i • 1 < H 
1 

5 

a. 

- 

:-:' 



P
R

E
D

IC
T

E
D

  
 M

O
B

IL
IT

Y
   

IN
D

E
X

 

> 
   

   
   

   
   

   
   

   
   

   
O

   
   

   
   

   
   

   
   

   
   

 O
   

   
   

   
   

   
   

   
   

   
 o

   
   

   
   

   
   

   
   

   
   

 O
   

   
   

   
   

   
   

   
   

   
 O

   
   

   
   

   
   

   
   

   
   

 O
 

1 
/ 

/ 
/ 

/     J /    s /      S 

// 

/ 
/ 

/    s 

// 

/A' 
/ 

/ 

/ 

/    s 
r    /   / S   / S   / 

/ 
/ 

/ 

/ 

/ 
/ 

/ 

•• 

/ 'yd. 
/  • 

/ 

1 TO i une 

STANDARD  £ 
He6R£SSI0N 

HHOß FROM 

■■ 

'. A 

'p4'. 
/ 

/ 
s 

4 

0 

/   17 J 

y / 
/ 

• 

so 100 ISO 200 2S0 

EXPERIMENTAL   MOBILITY   INDEX 

300 3 SO 400 

REGRESSION   EQUATION 

Mls0.«0X(7)X(t)    0.B5 f J^Y^ )*2».34X(i)-l02.«4X(«)     +«•.10 

NOTE     NUMBERS   BY    PuOTTEO   POINTS   ARE 
VEHICLE   NUMBERS   PROM   TABLE   Bl. 
PREDICTED   MOBILITY   INDEX   BY 
MULTIPLE   LINEAR    REGRESSION 
OF   ORIGINAL   FORMULA   FACTORS. 

PREDICTED VS EXPERIMENTAL 
MOBILITY INDEX 

ORIGINAL FORMULA FACTORS 

PLATE Bl 



• I 

400 

SSO 

300 

290 

5 
200 

190 

100 

90 

/ / 

/ 
/ 
^ 

/ 

/ 

/ 

/ / 

/ V 
r 

-STANOAPD £l 
flMHt RCOffi 

9*0* 
SSIONfUT) 

y 

f 

1 TO 1 L INC 

1 ■ 
4 

dp 
INv 

90 100 190        200        290       900 
CXPCRIMCNTAL MOWLITY INOCX 

390 400 

(HM 
WOWCMIOW CQUATION 

«I.29X (9)* 3 MX Ml ) «(TIXf^l- JtT 

NOTt.   NUMMM «T  ^LOTTCO POINT» ADC  VIHICLt 
NUMMNt mOM TABCC ■2. 
mCOICTID MMILITV INOCX VI MUUTIPLC LINCAK 
«GBtttlON   Of HtVIUO FORMULA   fACTOHS. 

PREDICTED VS EXPERIMENTAL 
MOBILITY INDEX 

REVISED FORMULA FACTORS 

PLATE B2 

  



200 

lao 

ieo 

140 

K 
U o 
z 

120 

hi a ■ I ■ > 
o 100 ■ 
»- 
u 
5 ■ 

•0 

EXPtRIMENTAL 

• 0 140 

VEHICLE   CONE  INDEX 

X00 

j 

NOTE: NUMBERS   BV   PLOTTED   POINTS   ARE 
VEHICLE   NUMBERS   FROM  TABLE   Bl. 

PREDICTED   VEHICLE   CONE  INDEX   BY 
MULTIPLE   LINEAR    REGRESSION  OP 
ORIGINAL   FORMULA   FACTORS. 

PREDICTED VS EXPERIMENTAL 
VEHICLE  CONE INDEX 

ORIGINAL FORMULA FACTORS 

PLATE B3 



M 

too 

100 

100 

140 

I 
W 

s u 

J 

i 

110 

100 

• 0 

• 0 

40 

to 

1 
</ 
/ 

/ 
1 TO 1 UMg- y 

/ 

/ 

/ 

/o A*4 

W 
/4oS yC* 

V 
y „/« 

i                    >*'• 
/ 

1 / 
to 40 00 SO 

EXPERIMENTAL    VEHICLE 

140 100 

CONE  INDEX 

100 too 

NOTE:  NUMBERS   BY    PLOTTED   POINTS   ARC 
VEHICLE  NUMBERS   FROM  TABLE   B2. 

PREDIC- »0   VEHICLE   CONE INDEX   BY 
MULTIPLE   LINEAR   REGRESSION  OF 
REVISED FORMULA FACTORS. 

PREDICTED VS EXPERIMENTAL 
VEHICLE CONE  INDEX 
REVISED FORMULA FACTORS 

PLATE B4 

• 

- - -   —^—~— 



Unclassified 
a>curity CU«»tflc«tton 

DOCUMIHT CONTROL DATA -RAD 
(Stcutllr tlmflllcmllt) of nil: bo4y »I mbttrmtt »nu Inltnlnt muflatlii mutt W witfä mhit lh» »mnll rfirt I» ttmtUIMj 

U. S. Army Engineer waterways Experiment Station 
Vicksburg, Mississippi 

Unclassified 
aft. owoup 

f.  RKPOIIT TITLt 
TRAFFICABILITy OF SOILS; DEVEWIMENT OF REVISED MDBILITY INDEX FORMULA FOR SELF- 
PROPELLED WHEELED VEHICLES IN FINE-GRAINED SOILS 

4. OKtCHIPTIVB HOT.» (TfH ol 

Eighteenth Supplement 
« an« Inelutlf 4m f) 

%■ «u TMOni«! frixi mm». «IMI« Mltal.laai 

James G. Kennedy 
Edgar S. Rush 

March 1968 
M. CON1 

V 

». r-oJtCT NO. 1-V-0-21701-A-0U6 

•. Task 02 

80 
7ft. 

19 
««■I 

Technical Memorandum No.  3-21+0 

mm Hß»*) 
»IS» (An* 

IS. mSTNIftUTION STATSMKNT 

This document is subject to special export controls and each transmlttal to foreign 
governments or foreign nationals may be made only with prior approval of U. S. Army 
Materiel Comrand. 

IS. •■STMACT 

I*. SPANSONIN« MIUTANV  ACTIVITY 
U. S. Army Materiel Command 
Washington, D. C. 

In 1955, formulas for computing mobility indexes (Ml) and converting them to vehicle 
cone indexes (VCl), or minimum soil strength required for 50-pass go-no go, for current 
military wheeled and tracked vehicles were reported. Subsequent traffIcability tests 
with vehicles having construction-equipment-type tires showed that the computed VCI did 
not agree closely with test results. To obtain dati to determine whether the MI for- 
mula for self-propelled wheeled vehicles needed modification, field tests were run with 
small vehicles equipped with large, high-flotation tires, very large vehicles with very 
heavy wheel loads, and a few conventional vehicles. Main test purposes were to obtain 
data to determine experimentally 50-pass VCI for some untested vehicles and from these 
and other te&t results develop an MI formula for a wide range of vehicle weights and 
tire sizes. Although only 16 vehicles were tested, VCI's were determined for 20 vehi- 
cle "types." To determine if VCI prediction could be improved, a statistical analysis 
was made on both the original and revised MI formulas using a multiple linear regression 
technique./ General conclusions are that considerable improvement can be made in the 
original fprmula merely by vising the multiple regression equation; further improvements 
can be maoe by using the revised formula; use of the revised multiple regression for- 
mula provides only slight improvement over use of the revised formula. Thus, it Is 
suggested that the revised formula be adopted. Appendix A gives the original and re- 
vised MI formulas and compares computed VCI's for some standard and experimental vehi- 
cles using the two formulas. Appendix B is a detailed analysis and evaluation of the 
original and revised MI formula factors by the multiple linear regression technique. 

TOfM■ l M ■««* M«»i.ft«i* •• wmmt i«ts. 1 JSS •« 
IM«••1479 •laaiiifciB»». «MICH IS 

Unclassified  
■•curity CUMincattM 

BiMH -- 



• l 

fcctttiliy ClMttftotlo 
LINK   A 

KOLt I       «T 

Mobility 
Soils—Traf ficability 

Vehicles, Military 

LINK   • 

ItOLC 

LINK  C 

NOLI 

Unclassified 
tocurity Ctetatflcatlon 


