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FOREWORD 

The study reported herein was performed "by the U. S. Array Engineer 

Waterways Experiment Station (WES) as a part of the overall Mobility Exer- 

cise A (MEXA) program sponsored by the U. S. Army Materiel Command (AMC). 

Most of the funds for the MEXA program were provided under Project No. 

ITO62109AI3I, "Military Evaluation of Geographic Areas"; however, final 

analysis and report preparation were funded under Project No. 1T062103AC46, 

"Trafficability and Mobility Research," Task 02, "Surface Mobility." 

This study was conducted by personnel of the Vehicle Studies Branch 

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

for Soils and Environmental Engineering; Mr. W. G. Shockley, Juief, Mobil- 

ity and Environmental (M&E) Division; Mr. S. J. Knight, Assistant Chief, 

M&E Division; Mr. A. A. Rula, Chief, Vehicle Studies Branch, and Mr. E. S. 

Rush, Chief, Soil-Vehicle Studios Section. Field tests were conducted by 

personnel of the Soil-Vehicle Studies Section und-.r the direct supervision 

of Mr. B. G. Schreiner. Messrs. R. P. Smith, C. E. Green, W. E. Willoughby, 

and 3. M. Hodge of the Soil-Vehicle Studies Section contributed to the re- 

duction and analysis of test data. This report and Appendix A were pre- 

pared by Mr. Schreiner. Appendix B was written by Miss M. E. Smith and 

Mr. T. R. Pat.in of the Mobility Fundamentals Section, Mobility Research 

Branch, WES. Appendix C was written by Mr. T. F. Czako of the Land Locomo- 

tion Division, Mobility Systems Laboratory, U. S. Army Tank-Automotive 

Command. 

This is Report 2  of a series entitled "Mobility Exercise A (MEXA) 

Field 'lost iiwram." The others are as follows: Report 1, "Summary"; Re- 

port, j, "Performance of MEXA and Three Military Vehicles in Lateral Obsta- 

cles": Report -1, "Performance of MEXA and Three Military Vehicles in 

iii 
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Vertical Obstacles"; and Report 5> "Performance of MEXA and Three Military 

Vehicles in Selected Natural Terrains." 

Directors of the WES during the conduct of this study and preparation 

of this report were COL John R. Oswalt, Jr., CE, COL Levi A. Brown, CE, and 

COL Ernest D. Peixotto, CE. Technical Directors were Messrs. J. B. Tiffany 

and ?.  R. Brown. 
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT 

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

units as follows: 

inches 2.54 
feet 0.3048 
yards 0.91^ 
miles (U.S. statute) 1.609341+ 
square inches 6.4516 

square miles 2.58999 
pounds 0.45359237 
pounds per square inch 0.070307 
pounds per cubic foot 16.0185 
miles per hour I.609344 
tons (2000 lb) 907.185 

To Obtain 

centimeters 

meters 

meters 

kilometers 

square centimeters 

square kilometers 

kilograms 

kilograms per square centimeter 

kilograms per cubic meter 

kilometers per hour 

ki lograms 

vii 



SUMMARY 

In the concept phase of Mobility Exercise A (MEXA) the principal pur- 
pose was to design vehicles capable of operating in remote areas of the 
world where extremely soft soils predominate, and to develop a program of 
tests for evaluating these vehicles in soft soils. As a result of the MEXA 
concept phase, two 2-l/2-ton wheeled and one 2-1/2-ton tracked vehicles 
were designed. The designs of the vehicle characteristics were in pari de- 
rived from three existing systems that provide for predicting vehicle per- 
formance relative to soil strength. These systems were the U. S. Army 
Engineer Waterways Experiment Station (WES) soil trafficability system, the 
WES mobility numeric system, and the Land Locomotioi Laboratory (I.LL) soil 
value system. 

After the MEXA vehicles were fabricated, a field test program was de- 
signed and conducted. A total of 328 tests were conducted on level clay 
soils at two sites near Vicksburg, Miss., and at eight sites near Fallon, 
Nev. The purpose of the test program in soft soil was to evaluate the per- 
formance of the three MEXA vehicles (MEXA 10x10, MEXA 8x8, and MEXA track) 
and three military vehicles (XMUlOEl, M35A2 (mod), and M113) on a range of 
soil strengths. Further purposes of this study were to compare the per» 
formances of the three MEXA vehicles with those of the three military vehi- 
cles and to compare the measured and predicted performances of the vehicles, 
using the three prediction systems from which the MEXA vehicles were de- 
signed. The measured and predicted performance comparisons are presented 
in Appendixes A, B, and C of Volume II. 

The principal results of the MEXA field test program in soft soil 
were as follows: 

a. Measured (experimental) vehicle cone indexes (VCI's) were estab- 
lished for the six test vehicles. They were: 

Experimental 
.. , VCI 

Vehicle         '"50 It 

XMfclOEl            32 18 
M35A3 (mod)         5t 27 
M113             29 15 

MEXA 10x10         18 7 
MEXA 8x8          23 11 
MEXA track         21 7 

Note: VCI50 " VCI for 50 passes. 
vc*lt * VCI for one pass 

(tentative). 

ix 



The MEXA vehicles were superior to the military vehicles in terms 

of VCIit and VCI5o- 

b. The best overall one-pass critical-layer criteria determined from 
field tests for the six vehicles were: the 0- to 6-in. layer was 
considered to be the normal critical layer unless the rating cone 
index (RCI) of the 6- to 12-in. layer was less than that of the 
0- to 6-in. layer, in which case the 6- to 12-in. layer was con- 
sidered to be the critical layer. 

c. The soil strength parameter that showed best overall correlation 
with drawbar pull, motion resistance, speed, and maneuver results 
was the 0- to 6-in. RCI. 

d. For the soil strengths tested, MEXA vehicle performance in terms 
of optimum drawbar pull coefficient was superior to that of the 
military vehicles, thus indicating a greater traction capacity. 

e. Towed motion resistance coefficient was generally less for the 
MEXA wheeled vehicles than for the military vehicles. On soil 
below about kO RCI the MEXA track motion resistance coefficient 
was lower than that of the military vehicles. Above about kO RCI 
the MEXA track motion resistance coefficient was generally greater 
than that of the M113 and XMUlOEl, but less than that of the 
M35A2. 

f. In terms of speed, MEXA vehicles do what they were designed to 
do, i.e. perform better on soft soils than military vehicles. 
However, on firm soil and on pavement, speed performance is less 
than-that of the military vehicles. Performance curves indicate 
that the speeds of the six test vehicles at their respective 
VCI^'s appear to be about 2.5 mph. 

g. For the range of soil strengths and speeds tested, speed appeared 
""  to be a more influential factor than soil strength in affecting 

the vehicles* ability to make a turn. The minimum soil strength 
required for maneuvering appears to be the same as VCI^ for the 
XMUlOEl, M35A2 (mod), MEXA 8x8, MEXA 10x10, and MEXA track. As 
for the M113, additional test data are needed to determine the 
minimum soil strength required for maneuvering. 



MOBILITY EXERCISE A (MEXA) FIELD TEST PROGRAM 

PERFORMANCE OF MEXA AND THREE MILITARY VEHICLES DJ SOFT SOIL 

VOLUME I 

PART I: INTRODUCTION 

Background 

1. In the initial effort (concept phase) of the Mobility Exercise A 

(MEXA) program, the principal specific purposes were to design a number of 

vehicle test beds that could operate in remote areas of the world where ex- 

tremely soft soils predominate, and to develop a program of tests for eval- 

uating the performance of these vehicles in soft soil. As a result of the 

MEXA concept phase, two 2-i/2-ton* wheeled and one 2-l/2-ton tracked vehi- 

cles were designed. 

2. The designs of the vehicle characteristics were in part derived 

from three existing systems that provide for predicting vehicle performance 

relative to soil strength. The U. S. Army Engineer Waterways Experiment 

Station (WES) soil trafficability system was used to determine the design 

characteristics necessary for the vehicles to make 50 successive straight- 

line passes on a soft soil. The WES mobility numeric system was used to 

design the characteristics required for the wheelsd vehicles to make one 

pass on a soft soil. The Land Locomotion Laboratory (ILL) soil value 

system was employed in determining characteristics necessary for both the 

wheeled and tracked vehicles to make one pass on a soft soil. 

3. After fabrication of the MEXA vehicles, shakedown tests were con- 
,   2 

ducted in February 1967.  At the same time, a four-phase MEXA field test 
3 

program was structured.  The field test program requirements were as 

follows. Phase I included the determination of the speed performances of 

the three MEXA vehicles and three military vehicles on soils of strengths 

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



ranging from so soft as to cause immobilization to and including a hard- 

surfaced road. Phase II included the establishment of essential soil 

strength-vehicle performance relations. Phase III included the updating of 

some of the terrain-vehicle relations required for a cross-country speed 

prediction model. Phase IV included an evaluation of the accuracy of the 

updated cross-country speed model in predicting performance from data de- 

rived from air-photo interpretation as opposed to data obtained from field 

measurements. The tests reported herein were conducted under the require- 

ments of Phases I and II. 

Purpose 

k.    The general purpose of this test program was to evaluate the per- 

formance of the three MECA vehicles and the three military vehicles (the 

XMUlOEl, the I435A2 (mod), and the M113) on a range of soil strengths. The 

specific purposes of field tests were to determine (a) the minimum soil 

strengths, in terms of vehicle cone index (VCl), on which the test vehicles 

could make one pass and 50 passes, (b) drawbar pull-soil strength relations, 

(c) towed motion resistance-soil strength relations, (d) maximum speed- 

soil strength relations, and (e) maneuverability-soil strength relations. 

It was also the purpose of this stujy to compare the performances of the 

three MEXA vehicles with those of.  the three military vehicles, and to com- 

pare the measured and the predicted performances of the vehicles, using the 

WES soil trafficability, the WES mobility numeric, and the LLL soil value 

systems. The latter comparisons are presented in Appendixes A, B, and C, 

respectively, Volume II. 

Scope 

5. The overall soft soil test program was divided into preliminary 

and comprehensive test programs. The preliminary program consisted of some 

of the tests to determine VCI for one pass and 50 passes. This program was 

conducted from late April to early September 19^7 at two sites near Vicks- 

buTL', Miss. The comprehensive program included the completion of the VCI 



tests and the rest of the tests required to satisfy the purpose of the 

study. Tests we^e conducted at eight sites near Fallon, Nev., from early 

October to early November 1967 and from mid-May to early June 1968. Teste 

were also conducted at one site near Vicksburg during September 1968. 

Testing was limited to sites containing clay soil with relatively smooth 

surfaces. Types of tests, vehicles tested, and number of tests conducted 

are given in the following tabulation. 

No. of Tests Conducted with Each Venicle 
MEXA MEXA MEXA M35A2 

Type of Test 10x10 8x8 Track XMl+lOEl (mod) MU.3 Total 

VCI 18 lk 13 12 111 15 86 

Drawbar pull 17 10 lk 7 6 9 63 

Towed motion 
resistance 7 6 7 5 k 5 3k 

Speed 8 12 7 5 6 6 kk 
Maneuver 20 16 21 20 8 16 101 

Total   70   58   62    k9 38   51   328 

Soil measurements and vehicle performance data collected during the field 

test program were tabulated and analyzed. Analyses of data presented 

herein included the development of the soil-vehicle relations outlined in 

the preceding paragraph. 

Definitions 

6. Certain special terms used in this report are defined below. 

Soil terms 
  li 

Unified Soil Classification System (U3CS).  A soil classification 

system based on identification of soils according to their textural and 

plastic qualities and on their grouping with respect to engineering 

behavior. 

Critical ."ayer. The layer of soil that is most pertinent to estab- 

lishing relations between soil strength and vehicle performance. For 50- 

pass performance in fine-grained soils and sands v;ith fines, poorly drained, 
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it is usually the 6- to 12-in. layer; however, it may vary with weight of 

vehicle and with soil strength profile. For one-pass performance, it is 

usually some shallower layer. 

Soil strength terms 

Cone index (Cl). An index of the shearing resistance of a medium ob- 

tained with a cone penetrometer (shown in fig. l). The value represents 

the resistance of the medium to penetration of a 30-deg cone of 0.5-sq-in. 

base or projected area. The number, although usually considered dimension- 

less in trafficability studies, actually denotes 

pounds of force on the handle divided by the area of 

the cone base in square inches. 

Remolding index (Rl). A ratio that expresses 

the proportion of original strength of a medium that 

will remain under a moving vehicle. The ratio is de- 

termined from cone index measurements made before and 

after remolding a 6-in.-long sample using the equip- 

ment shown in fig. 2. The tost sample is obtained 

with a trafficability sampler (shown in fig. 3). 

Rating cone index (RCl). The product of the 

measured CI and the RI of the same layer. 

Shear stress. The greatest shear stress re- 

corded when torque is applied to the sheargraph head 

during initial soil failure for a particular normal 

stress maintained on the sheargraph handle. (The 

sheargraph, shown in fig. h, is  a hand-operated in- 

strument utilizing a coiled spring for measuring 

torque and load.) 

Vehicle terms 

The inability of a self- 

A- 11 

FL-. 1. Cone 
penetrometer 

Immobilization. 

iropelled vehicle to move forward or backward. 

Pass. One trip of the vehicle over a test 

course. 

'■hxltiple passes. More than one pass of the ve- 

hicle in the same path over the test course. 
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Mobility index (Ml). A dimensionless number that results from a con- 

sideration of certain vehicle characteristics (see Appendix A, Aüdendu.1 Al, 

for formulas). 

Vehicle cone index (VCl). The minimum rating cone index (Re!) that 

will permit a vehicle to complete a specified number of passes, usually one 

pass and 50 passes. 

VCI^o measured. An experimental determination of the minimum RCI of 

the critical layer required for a vehicle to complete 50 passes. The crit- 

ical layer for most vehicles is usually the 6- to 12-in. layer below the 

surface. 

VCI (50) measured. An experimental determination of the minimum RCI 

of  the critical layer required for a vehicle to complete one pass. The 

criti 

layer 

critical layer is the same as that for VCT-^, i.e. usually the 6- to 12-in. 

VCI,. measured (tentative). An experimental determination of the min- 

imum RCI of the critical layer required for a vehicle to complete one psss. 

The critical layer for most vehicles is usually the 0- to 6-in. layer. 

Maximum drawbar pull (maximum towing force). The maximum amount of 

sustained towing force a self-propelled vehicle can produce at its drawbar 

under given test conditions. 

Optimum drawbar pull. The towing force that a vehicle produces at 

its maximum work output. 

Work output index. 

drawbar pull     distance vehicle traveled 
Work output index - 

vehicle weight  distance wheel or track traveled 

Towed motion resistance. The force required to tow a given vehicle 

in neutral gear under given test conditions. 

Ackoman steering angle. The acute angle between the left front 

when] 'ind the longitudinal axis of the vehicle. 

Articulated steering nnglo. The acute angle between the longitudinal 

a>;e.'. of thr front and rear vehicle unitj. 

'lip. Hie percentage of track or wh-^l mevcaent ineffective in ad- 

ya.«ie:u>..-' s vehicle forward. 



PART II: FIELD TEST PROGRAM 

Test Vehicles 

7. The wheeled military vehicles tested were the XM^lOEl and the 

M35A2 (mod) and the tracked vehicle was the Mil3 (see fig. 5). The MEXA 

a. XM*aOEl 

b. M35A2 (mod) 

C. M113 

Fig. 5. Military vehicles used in test irorr: •jn 

■ 



vehicles tested were the MEXA 10x10 and MEXA 8x8 (both wheeled) and the 

MEXA track (see fig. 6). The modifications to the M35A2 consisted of 

changing the tires to 11:00x20 NDCC and changing from dual rear wheels to 

single rear wheels. Pertinent data for the six vehicles are given in 

a. MEXA 10x10 

c. f-JIXA track 

Fig. 6, MEXA vehicles used in test program 



table 1. A more detailed list of vehicle characteristics is given in Re- 
5 

port 1 of this series. 

8. As stated previously a preliminary test program was conducted. 

The purpose of this program was to shake down the MEXA vehicles and to ob- 

tain a quick evaluation of their VCI's and those of the Mil3 and the 

XMUlOEl. These preliminary tests included 29 tests at the WES reservation 

and 5 tests with the XMUlOEl at Chotard Lake. For these tests only, ap- 

proximate cross-country payloads were placed on the XMUlOEl and M113 and 

the tires of the XMUlOEl were inflated to recommended cross-country infla- 

tion pressure. After completion of the preliminary tests, adjustments were 

made to certain vehicle characteristics to satisfy the requirements of the 

comprehensive test program as follows, (a) The vehicles* payloads were ad- 

justed to that specified for cross-country or combat operation. The pay- 

load of the XMUlOEl was reduced from 7000 to 5000 lb and the payload of the 

M113 was reduced from 5600 to UOOO lb. (b) Inflation pressure for each 

tire was adjusted to yield 25 percent deflection for the XMUlOEl and M35A2 

(mod) and 20 percent deflection for the MEXA 10x10 and 8x8. (The changes 

in weight and tire pressure were taken into consideration in the analyses 

of VCI tests.) 

Selection, Location, and Description of Test Sites 

9. Primary requirements in the selection of the test sites were that 

the sites (a) be of the same general soil type (clay)» (b) be large enough 

to accommodate several tests, and (c) consist of soil having the range of 

strength necessary to evaluate the performance of the test vehicles. Also, 

the estimated cost of testing at a site had to be compatible with the funds 

available. Several areas were considered. Those areas were reconnoitered 

and after an evaluation of the reconnaissance information, sites that best 

met the test requirements were selected. It will be recalled that the 

final selections were two sites at Vicksburg, Miss., and eight near Fallon, 

Nev. 

Vicksburg sites 

10. WES Reservation. This site is adjacent to a small upland stream 

■ ■ ..--.I 



Fie« 7. Location of WE3 Reservation test site 

(B Stream) that flows 

through the WES Reserva- 

tion (figs. 7 and 8). The 

site was a soft, rela- 

tively level, recent hy- 

draulic fill that varied 

from 3 to 6 ft in depth; 

the material for the fill 

had been pumped from the 

nearby WES lake. The fill 

soil classified as fat 

clay (CH) in the 0- to 6- 

in. layer and as lean clay 

(CL) in the 6- to l8-in. 

layer according to the 

USCS (fig. 9). Most of 

the vegetation (tall weeds) 

was removed before testing. 

11. Chotard Lake. 

This test site is on the 

south bank of Chotard Lake 

approximately 18 miles 

northwest of Vicksburg 

(fig. 10). The water level of the lake rises and falls with that of the 

Mississippi River, which feeds the lake. At the time of testing the river 

was low, and a Hat expanse of lakeshore was exposed and accessible. The 

shoreline for a distance of about HOG ft from the lake was practically de- 

void oT ve^tation. Inland from tnis open area was an area that extended 

for about 300 yd on which willow trees with trunk diameters ranging from 

• to 10 in. were //rowing. Views of the site are shown in fig. 11. Tests 

v-re conducted in both the oven  and wooded areas. The soil to a depth of 

18 in. was classified as fat olay (CH), according to the UJC3 (fig. 12). 

FalYon  sit'-: 

[arson .Unk. Carson Sink is a large, flat, barren playa, 1?. 

TO 



I 

I 

Fig. 8.    WES Reservation test site 

MvcaoMcm 

Fig. 9.    Soil gradation curves 
and classification data, WES 

Reservation test site 
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Fig. 10. Location uf Chotard Lake test site 

12 



1H0UM At *lSaV03 IN» VM 

i in «? >             * a n 

E 

<" S       3 s 

2 >■ 

J      J o            5 

1       8 o 

^ 

T™fff f"         ± ~   l     T 
^f#f#wi4 
|?3S8S$88200 

1HOOM Al WNM IN» «M 

QJ 

C   (1) 
S X 

aS 
<D ^ 

£ T) 
3  U 
O ca 

P 
C  O 
O Ä 

•H O 
+ 

TJ Cö -H 
CO  -P    W 
SH   crj 
60 T) -P 

CO 
H   C   <U 
•H   O  -P 
O -H 

W -P 
cd 
o 

• iH 
CU Vi 
rH -H 

M 
• CO 

60 CO 
•H H 

at 

§ 
c 

I 

■p 
•H 
w 
p 
w 
V 

CO -p 
0) 

ä 4) 

rJ 3 
V 

1 
0 I 
S ■P 

o 

13 



—                      r                                ■    ""            ^ 

1 
1   

'SITES    . 
*.3.   / 

yAND«/ 

LQNI  «OCR 

■ p 

c 0 
CARSON 

*L**LI                                                                                                  TL4T 

J 

SINK 

ICALf   IN MILIf 

J                         ©                         » r 
r 

r 

f 

/ 
r r 

e     * 

''   *> 
*   r • ♦• "^^ 

Fig. 13. Location of 
Carson Sink test sites 

covering about *+00 square miles. It is located abou 20 miles northeast of 

Fallon (see fig. 13). Carson Sink serves from time to time as a sump for 

water diverted from the Carson River to relieve flooding of adjacent farm- 

lands and of nearby Fallon National Wildlife Refuge. At the time of test- 

ing, most of the ground at Carson Sink was firm and free .of surface water. 

After a thorough investigation of the playa, four sites (see fig. lk), each 

having a different soil strength, were established and tested. The soil of 

sites 2, 3, and k  classified as lean clay (CL) in the 0- to 5-in. layer 

and as fat clay (Cfl) in the 5- to l8-in. layer. The soil of site 5 clas- 

sified as a fat clay (CH) in the 0- to l8-in. layer. (Classifications were 

in accordance with the USCS.) Soil gradation curves representative of the 

test sites at Carson Sink are shown in fig. 15. 

13. Four Mile Flat. Four Mile Flat is a barren playa about 20 

square miles in area. It is about 20 miles southeast of Fallon (see fig. 

16), The western half of the playa was firm and at the time of testing 

was crisscrossed by numerous drainageway** that were i  to 6 ft deep. In 

the western half, one site (site 9) was established on a flat between two 

drainageways. Between the western half (alkali flat) and the eastern half 

(dry lake) of the playa, a relatively sharp drop in elevation (about 8 ft) 

occurs. The "astern half serves as a sump for rainwater draining from the 

Salt Wells Basin and the surrounding mountains. Three test sites (6, 7, 
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and 8), each of different soil strength, were established in the eastern 

half of the playa. At the time of testing, the sites were generally flat, 

soft, and free of surface water. The soil classified as a fat clay (CH) in 

the 0- to l8-in. layer. There was a hardpan composed of sand and salt at a 

depth of 26 to 30 in. that was too firm to penetrate with a hand probe. 

Views of the sites are shown in fig. 17. A soil gradation curve that is 

representative of the sites is shown in fig. 18. 

a. Sites 6, 7, 
and 8 

b.  Site ') 

Fig. 17. Four Mile Flat test sites 6-9 
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COS :ct Procedures and Data Collected 

L'J.    Before tr-it'fic began, a  100-ft-long test lane war staked out and 

•■aie  Ir: :••:<    '■' the .\>il. wa." measure:] generally -.t the r.urfaeu and at 3"i-t!« 

V'*,iii--'il   Increments to a depth ->:' I"   in., and at 2;'- and  3fJ-in.  depths. 

:'!.■.".;■• nS'-ri.-'i»v>rr,<.-nt;:  .■/-.•re usually male -tt   LO-ft horizontal  intervals along 

'.•:■     vy--.-te?  path? or til"  Left ajvl   right wheels or tracks of the '/-hieLe. 

•i  ■• •:.■   •    ■'..•.   „•».• :•■■   Immoh'.Illation wad anticipated on the   :'i rst or second 

v-r:i.   <: !ti■ •.!    ••tie  In!<•:•:  re- lings were actually male in tne undisturbed 

••!•■•••..•  ••.:       ■ \   ■ ■:  ;-!!■•/    .:' the  vehicle  -.fter  it   hatl  become   ioa-ifct iized. 
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Twenty sets of cone index readings usually were made for each test. In 

most tests, remolding indexes were measured at two locations beside the 

test lane (generally at the station where the lowest cone index was re- 

corded) for the 0- to 6-in., 6- to 12-in., and 12- to 18-in. depths. At 

the remolding index stations, surface shear measurements were made with the 

sheargraph vane and rubber shear heads. Moisture content and density sam- 

ples were taken from the surface to a depth of 18 in. at each remolding 

index station. Representative bulk soil samples were obtained from the 

surface to a depth of 16 in. for field and laboratory identification. 

During and after traffic, cone index (at the same horizontal and vertical 

intervals as those for before-traffic measurements) and rut depths were 

measured. Observations of the soil and vehicle behavior were recorded 

during each test. 

15. Self-propelled tests were conducted to determine the required 

minimum soil strength for each test vehicle to complete one pass and 50 

passes. In these tests, each vehicle was operated in its lowest gear at a 

track or wheel speed of approximately 2 mph (except on maximum speed 

passes), and was driven back and forth in 100-ft-long straight-line test 

lanes until it became immobilized or completed '}0  passes. 

Drawbar pull-slip and -speed tests 

16. Before each drawbar pull test, a test lane large enough to ac- 

commodate the test was selected and staked, and a sufficient number of cone 

index measurements were made to determine that the soil was of the desired 

strength. Cone index, remolding index, and snear stress were measured, and 

soil samples for fi-Jld and laboratory identification and moisture content 

and density determinations were collected in the same manner as that for 

the VCI tests. 

17. Drawbar pull-slip tests were performed by attaching >>■  load loll 

to a 70-ft-long cable extending from the rear of euch test vehicle to the 

front of a load vehicle. After the test vehicle (operating in its lowest 

gear) had reached optimum engine rpm (approximately 2 mph) the load vehicle 

driver increased the load in several stages (by applying the brakes of the 

load vehicle gradually) from "no load-no slip" to either "high l--.l-i L'h 

slip" or "power limited" condition (test vehicle lid not have sufficient 
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power to develop 100 percent slip). At all times the test vehicle driver 

maintained optimum engine rpm. Measurements were made in this manner until 

a sufficient number of load and slip combinations were recorded to develop 

a drawbar pull-slip curve. 

18. Drawbar pull-speed tests were performed in the same manner as 

that for drawbar pull-slip tests with one exception: tests were performed 

at maximum engine rpm in each gear necessary to develop the drawbar pull- 

speed performance of each vehicle. 

Towed motion resistance tests . 

19. Towed motion resistance tests were conducted in conjunction with 

drawbar pull tests. With its engine running and transmission disengaged, 

each test vehicle was positioned so as to straddle one of the rutc devel- 

oped during the drawbar pull-slip test. The test vehicle was then towed at 

approximately 2 mph while a continuous record of motion resistance (towed 

pull) was made. 

Speed tests 

20. Before each test, a test lane of uniform soil strength was se- 

lected in the same manner as that for the drawbar pull tests. Additional 

before- and after-traffic soil strength data were collected in the same 

manner as that for the VCI tests. 

21. Each test vehicle bep;an a self-propelled, straight-line test 

from a standstill (zero speed) condition in its lowest gear and at full 

throttle and continued through each gear until maximum speed was reached. 

Then the power train was disengaged, and the vehicle was allowed to roll to 

a stop. 

Maneuver tests 

22. Before testing began, a section of uniform soil strength large 

enough to accommodate tests at three different vehicle speeds was staked 

out. After the tost runs were completed, the following data were collected: 

•>, nlanim^tric map showing vehicle position markers and the path of turn 

rfl'ttive to the approach lane: rut depths; cone index readings in the un- 

listurböd area adjacent to the rath taken by the vehicle; cone index read- 

ings in the ruts; and sheargraph readings, both at the surface and at the 

depth of rut. Remolding index and moisture content-density samples were 
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collected in the same manner as that for the VCI tests. 

23. A straight-line approach lane, about 300 ft long, was staked out 

to establish a base line for each test. The test vehicle driver aligned 

the vehicle in the approach lane and accelerated to the desired speed. 

Then a ground position marker and data recorder were activated. When the 

vehicle reached a predetermined spot in the approach lane, the driver 

turned the vehicle as fast as he could until the maximum steering angle was 

reached, and at the same time the driver attempted to keep a constant vehi- 

cle speed. After maintaining the maximum steering angle and near constant 

speed through an approximately l80-deg turn, the driver shifted the power 

train into neutral and allowed the vehicle to roll to a stop. In addition, 

at most test sites, a test was conducted in which the vehicles were steered 

into the tightest turn possible while maintaining a speed of approximately 

1 mph. The vehicles continued in this manner through a 360-deg turn. 

Vehicle response measurements 

2k.    Each test vehicle was instrumented to provide a continuous rec- 

ord of the desired response measurements during testing. These responses 

were recorded by a system that included a 36-channel, direct-print oscillo- 

graph and two ^-channel amplifier units. The system, together with an al- 

ternating current power supply, was installed on the bed of each test ve- 

hicle. A detailed description of the instrumentation system is given in 

Report 1 of this series.  The following tabulation shows the type of test 

and the measurements used in the analysis. 

Type of Test Measurements Made  

Drawbar pull Drawbar pull; drive-line torque; dis- 
tance traveled by vehicle; distance 
traveled by wheel or track; time; 
vehicle speed 

Towed motion Towed pull: distance traveled by ve- 
resistance  hide; distance traveled by wheel 

or track; time 

Speed      Drive-line torque; distance traveled 
by vehicle; distance traveled by 
wheel or track; steering angle; 
vehicle speed; time 

(Continued) 
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Type of Test  Measurements Made  

Maneuver    Drivo-line torque; distance traveled 
Dy wheel or track; event marks co- 
inciding with ground position 
markers; steering angle; time; ve- 
hicle speed (these measurements 
were excluded on 360-deg turn test, 
see paragraph 23) 
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PART III: DATA ANALYSES 

25. The test data were analyzed to determine the relations between 

soil strength measurements and certain vehicle performance parameters. The 

relations to be determined were: (a) number of passes completed by vehicle 

versus soil strength, from which VCI's for one pass and 50 passes were de- 

termined, (b) vehicle sp2ed versus drawbar pull, (c) drawbar pull versus 

slip, (d) drawbar pull versus soil strength, (e) towed motion resistance 

versus soil strength, (f) vehicle speed versus time (acceleration and de- 

celeration), (g) maximum speed versus soil strength, (h) turning radius 

versus speed, (i) force versus steering angle, and (j) force versus soil 

strength. The data analyses are presented in the following paragraphs, to- 

gether with a discussion of the performance of the MEXA vehicles' articu- 

lated steering and inching systems in soft soil. 

VCI Tests 

26. Eighty-six VCI tests were conducted at sites near Vick3burg, 

Miss., and Fal?.on, Nev. A sunmary of soil data and test results is given 

in table 2. The relations developed from these test results are discussed 

in the following paragraphs. 

Determination of VCI for 50 passes 

27. Previous trafficability studies in fine-grained soils have shown 

that the performance of most wheeled and tracked vehicles in terms of go- 

no go for 50 passes can be related to soil strength in terms of RCI. The 

RCI that is just adequate to support 50-pa<3s traffic of a particular vehi- 

cle is designated as the 50-pass vehicle cone index (VCI_rt). Furthermore, 

test results have shown that there is a 6-in.-thick soil layer whose RCI 

best relates to vehicle performance. Thi3 layer is designated as the crit- 

ical layer. The depth of the critical layer is dependent upon vehicle 

weight and the characteristics of the soil's RCI profile. If the critical 

layer and the 6-in. layer below the critical layer have the same RCI or 

show an increase in RCI with depth, the strength profile is considered nor- 

mal. If the 6-in. layer below the critical layer has an RCI less than 
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that of  the normal critical layer, the RCI is considered abnormal and the 

6-in. layer below the normal critical layer is used as the critical layer. 

The normal 50-pass critical layer for the vehicles considered in this study 

was the 6- to 12-in. layer. 

28. The RCI of the critical layer is plotted versus the number of 

passes completed by each vehicle in plate 1. In these plots a clear-cut 

separation of immobilization and nonimmobilization was not always present. 

Therefore, the final selection usually produced a measured (experimental) 

VCI™ that was slightly conservative. 

29. XM410E1. Test data are plotted in plate 1, fig. a, for this ve- 

hicle. Seven tests resulted in immobilizations and five tests resulted in 

the completion of 50 passes. Fig. 19 shows test 36 (item k*)  at Chotard 

Lake in progress. The XM^lOEl completed 50 passes with ease in item 12 on 

an RCI of 32. In item 9 on an RCI of 26 the vehicle had considerable dif- 

ficulty during the 50th to 5Uth passes. In item 10 on an RCI of 2k  (just 

2 RCI less than item 9)> the vehicle became immobilized on the 17th pass. 

From these tests the experimental VCI-- was determined to be a conservative 

value of 32. 

30. It should be noted that in items 1-5 (the preliminary tests de- 

scribed in paragraph 8) the vehicle test weight was l8,5(A lb (12.1 percent 

greater than for the other tests). Because of the weight differential the 

test results of items 1-5 were not given as much consideration as the re- 

sults of the other tests to determine VCI,-0 (and one-pass VCI's, discussed 

subsequently). 

31. M35A2 (mod). Fourteen tests were conducted with this vehicle. 

These data are plotted in plate 1, fig. b. In item 13 on an RCI of kG  and 

in item 15 on an RCI of kk  th< M35A2 became immobilized, on the Ulst and 

U7th passes, respectively. In item lk  on «m RCI of 55 the vehicle com- 

pleted 50 passes with some difficulty. Then in item 26 the M35A2 completed 

*    To facilitate the analysis of data and the presentation of data in 
tables, plates, etc., the tests were grouped according to type of test, 
vehicle, and test weicht. Sequential "item" numbers were then assigned 
to the tests. In the remainder of the report, a test is identified by 
its corresponding item number. 
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a. After 1 pass 

c. After 50 passes 

Fig. 19. VCI test in progress at Chotard Lake, XMUlOEJ (item U) 



50 passes with ease on an RCT of 59- From these tests the experimental 

VCIr_ was placed at 56. 
50 

32. ML13. Data from 15 tests conducted with the ML13 are plotted 

in plate 1, fig. c. In item 39 on an RCI of 30 and in item 33 on an RCI of 

27, the M113 made 50 passes with little difficulty. In item 37 on an RCI 

of 22 the MLI3 became immobilized OH the 51st pass. Then, considering also 

the results of items 28 and 38, the experimental VCI,-0 for the ML13 was 

conservatively placed at 29. 

33. In items 27-32, the test weight of the M113 was 2*+,200 lb (7.1 

percent greater than for the other tests). Because of the weight differen- 

tial the test results of items 27-32 were net given as much consideration 

as the results of the other tests in determining experimental VCI 0 (one- 

pass VCI is discussed subsequently). 

3b.    MEXA 10x10. Eighteen VCI determination tests were conducted 

with the MEXA 10x10. Test results are plotted in plate 1, fig. d. In 

item k8  on an RCI of 15 the vehicle was considered to be immobilized on the 

U7th pass. In item 5^ on an RCI of 19, although immobilization appeared to 

be imminent on the 50th pass, the test was continued through 5^ passes 

without immobilization. Fig. 20 shows this test in progress at Carson Sink 

site 3. In items 50 and 53, on 22 RCI, 50 passes were completed without 

difficulty. From the results of these tests the experimental VCI.-rt was 
50 

placed at 18. 

35. In the preliminary tests conducted at Vicksburg, the tire infla- 

tion pressure of the MEXA 10x10 was 3.0 psi (average overall deflection of 

31.6 percent) while in the comprehensive tests in Nevada tire deflection 

was set at 20 percent, yielding an average inflation of 7.3 psi. Plate 1, 

fig. d, indicates that this inflation pressure and deflection differential 

had little effect on the test results. 

36. MEXA 8x8. Fourteen VCI determination tests were conducted with 

the MEXA 3x8. Test results are shown in plate 1, fig. e. Examination of 

the data shows that the MEXA 8x8 became immobilized in item 6l on an RCI of 

20 on the 3'Hh pass. Fig. 21 shows this test at WES in progress. Notes 

for item 6< chow that the vehicle had no difficulty completing 50 passes on 

an RCI of 21, whereas in item 60 it had extreme difficulty completing 
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a. After 1 pass 

b. After 4Vth pass 

c. After 5l+th pass 

Fig. 20. VCI test in progress at Carson Sink site 3, MEXA 10x10 (item 5k) 
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a. After 1 pass 

b. On 26th pass 
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c. After 36 passes 

1^629-129 

Fig. 21. VCI test in progress at WES, MEXA 8x8 (item 61) 
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50 passes on an RCI of 22. Therefore, the separation point between go and 

no go for 50 passes was placed at an RCI of 23. 

37. In tests conducted at Vicksburg, the average tire inflation 

pressure of the MEXA 8x8 was 5.2 psi (average overall deflection of 27.9 

percent) while in the Nevada tests, tire deflection was set at 20 percent, 

yielding an average inflation pressure of 9«0 psi. Plate 1, fig. e, indi- 

cates that this inflation pressure and deflection differential had little 

effect on results of these tests. 

38. MEXA track. Data for the 13 tests conducted with this vehicle 

are plotted in plate 1, fig. f. Ten tests resulted in immobilizations and 

three resulted in completion of 50 passes. In item 81 on an RCI of 20, the 

MEXA track was immobilized on the UUth pass. In item 83 on an RCI of 19 

and in item 86 on an RCI of 20, the vehicle had considerable difficulty 

completing 50 passes. However, in item 82 on an RCI of 19, 50 passes were 

completed without difficulty. In item 83 the vehicle was allowed to con- 

tinue through 5^ passes without becoming immobilized. Based on these tests 

the experimental VCI^Q was conservatively placed at 21. 

39- Summary of VCI50 results. The following tabulation summarizes 

the results of experimental VCI,-0 determination: 

Vehicle 

Experimental 
VCI50 Vehicle 

MEXA 10x10 

Experimental 
VCI50 

XMlaOEl 32 18 

M35A2 (mod) 56 MEXA 8x8 23 

M113 29 MEXA track 21 

Determination of VCI for one pass 

kO.    Most of the field test evidence collected to date in fine- 

grained soils indicates that one-pass go vehicle performance separates 

well from one-pass no-go vehicle performance on the basis of RCI. However, 

critical-layer criteria based on tests of a range of vehicles and varying 

RCI conditions have yet to be firmly established. There has been limited 

evidence indicating that the critical-layer criteria for 50 passes can be 

used in determining one-pass VCI for some vehicles with generally fair suc- 

cess; a determination of one-pass VCI based on the 50-pass critical-layer 
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criteria (hereafter referred to as VCI. (50)) is discussed in the following 

paragraph. 

kl.    Measured (experimental) VCI. (50) is shown in plate 1 in the plot 

for each vehicle. The plots reveal that for the majority of the tests 

there was generally satisfactory separation of go tests from one-pass no-go 

tests at the designated experimental VCI (50) for the XMUlOEl, M35A2 (mod), 

M113, and MEXA track. However, it is apparent from examination of plate 1, 

figs, d and e, that experimental VCI,(50) is a poor indicator of one-pass 

performance for the MEXA 10x10 and MEXA 8x8. The test data for the MEXA 

10x10 show that in five tests the vehicle completed between 1 pass and 39 

passes on soils of strengths less than experimental VCI.. (50). The MEXA 8x8 

test data show that on six tests the vehicle completed between 2 and 27 

passes on soils of strengths less than experimental VCI. (50). This sug- 

gests that the use of the present 50-pass critical-layer criteria in deter- 

mining one-pass performance is not satisfactory for all vehicles. These 

results thus led to the data analysis presented in the following paragraphs. 

k2.    Possible one-pass critical-layer criteria for the vehicles in 

the program were studied in plots (not included herein) of CI and RCI of 

the 0- to 6-in., 3- to 9-in., 6- to 12-in., 9- to 15-in., 12- to l8-in., 

and 0- to 12-in. layers, and of combinations of layers versus number of 

passes completed. The data in these plots were analyzed to find the layer 

that showed the best separation on the basis of &o and n<~-go performance. 

The best overall one-pass critical-layer criteria for the six test vehicles 

were as follows: the 0- to 6-in. layer was considered to be the normal 

critical layer unless the RCI of the 6- to 12-in. layer was less than that 

of the 0- to 6-in. RCI, in which case the 6- to 12-in. layer was considered 

to be the critical layer. 

k3.    For each test, the number of passes completed versus the RCI 

based on this tentative critical-layer criteria was plotted by vehicle in 

plate 2. (Hereafter the one-pass VCI based on the tentative critical-layer 

criteria is designated as VCI,,.) The results are discussed in the follow- 

ing paragraphs. ?igs. 22 and 23 show typical VCI test immobilizations. 

kk.    XMlHOEl. Test data for the XMUlOEl are plotted in plate 2, 

fig. a. In determining measvu'ed (experimental) VCI^-t for the vehicle, more 
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a. XM^lOEl was immobilized on 7th pass at Chotard 
Lake (item 5) 

b. M35A2 (mod) was immobilized on 2d pass at Carson 
Sink site 2 (item 19) 

., - . - 

c. ML13 was imnobilized on 1st pass at Four Mile 
Flat site 6 (item kl) 

Fig. 22. Typical VCI test immobilizations, military vehicles 
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a. MEXA 10x10 was immobilized on 1st pass at Four 
Mile Flat site 7 (item 55) 

b. MEXA 8x8 was immobilized on 1st pass at Four Mile 
Flat site 6 (item 72) 

SS^.rvKb-   «* ' 

c. MEXA track was immobilized on 2d -nass at Four Mile 
Flat site 8 (item %) 

:-. 2'i.    Typical VCI test immobilizations, MEXA vehicles 



&®&%&*&m«em*!!>sm&'j? 

consideration was given to items 8, 7, 11» and 10 than to the other items. 

The XM^+lOEl was immobilized during item 8 on an RCI of 10 on the first pass 

and was immobilized in item 7 on an RCI of 17 on the lVth pass. However, 

because of the low immobilization pass number (fourth pass) in item 11 on 

an RCI of 21, the experimental VCI... was placed at 18. 

45. M35A2 (mod). Plate 2, fig. b, shows a plot of test data for the 

M35A2 (mod). In item 22 the vehicle was immobilized on the first pass on 

an RCI of 22. In item l6 it was immobilized on an RCI of 2k on the fifth 

pasc, whereas in item 19 it was immobilized on an RCI of 26 on the second 

pass. Then in item 18 on an RCI of 29 and in item 21 on an RCI of 30 the 

M35A2 (mod) was immobilized on the ninth and fourth passes, respectively. 

Based on these test results, the experimental VCI... was placed at 27. 

46. ML13. The RCI-number of passes completed relation for the M113 

is shown in plate 2, fig. c. In item 40 on an RCI of 11, immobilization 

occurred on the first pass. Notes for this item indicate that had the soil 

strength been slightly higher, the M113 probably would have been able to 

complete^one pass. Considering test results in items 30, 31» 32, 34, and 

36, the experimental VCI... was placed at 15. 

47. MEXA 10x10. Test results for the MEXA 10x10 are shown in 

plate 2, fig. d. In items 55 and 58 on an RCI of 6 the MEXA 10x10 was im- 

mobilized on the first pass. Then in items 59 and 47 on an RCI of 8 the 

vehicle was immobilized on the third and sixteenth passes, respectively. 

Based on these test results, the experimental VCI.. was placed at 7. 

48. MEXA 8x8. Test results for this vehicle are shown in plate ?., 

fig. e. In item 71 on an RCI of 10 the MEXA 8x8 was immobilized on the 

fifth pass; however, on this same RCI the test vehicle immobilized on the 

first pass in item 70. In items 63 and 73 on an RCI of 12 the MEXA 8x8 

was immobilized on the third and fourth passes, respectively. Considera- 

tion was also given to item 62 in which the vehicle was immobilized on the 

eleventh pass on an RCI of 13. Based on these test results, the experi- 

mental VCI  for the MEXA 8x8 was placed at 11. 

49. MEXA track. The RCI-number of passes completed relation for the 

MEXA track is shown in plate 2, fig. f. In item 74 the vehicle was immobi- 

lised on the first pass on an RCI of 5« In item 77 and item 84 the MEXA 
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track was immobilized on the second and sixth passes, respectively, on an 

RCI of 6. Based on these results and considering the results of items 78, 

75, and 76, the experimental VCI... for the MEXA track was placed at 7. 

50. Summary of VCI^ results. The following tabulation summarizes 

>ults of experim ental VCI., determinations: 

Vehicle 

Experimental 

VCIlt Vehicle 

MEXA 10x10 

Experimental 

VCIlt 

XMUlOEl 18 7 

M35A2 (mod) 27 MEXA 8x8 11 

ML13 15 MEXA track 7 

51. In review, the experimental VCI,.'s shown above were determined 
Xt 

on the basis of the critical-layer criteria described in paragraph h2. 

These criteria were best for determination of the minimum soil strength that 

would permit the vehicle to make one pass. For the remaining vehicle per- 

formance parameters (drawbar pull, motion resistance, etc.), where soil 

strengths were, for the most part, greater than experimental VCI,., the 0- 

to 6-in. RCI correlated best with performance. Therefore, the following 

analyses are on the basis of 0- to 6-in. RCI. 

Drawbar Pull Tests 

52. Sixty-three drawbar pull tests were conducted, 6 on asphalt 

pavement and 57 on a range of soil strengths at test sites in Nevada. 

Fig. 2!4 shows vehicles in position for drawbar pull tests. Soil strength 

and related data for each test arCT summarized in table 3. Drawbar pull, 

torque, speed, and slip data for each teyt are summarized in table h.    In 

the following paragraphs, the relations of drawbar pull to speed, slip, and 

RCI of the 0- to G-in. layer are discussed. 

Drawbar null-swed relations - 

53. For each drawbar pull-speed test, drawbar pull in terms of draw- 

bar null coefficient (drawbar pull, D, in pounds divided by vehicle weight, 

'•;, in rounds^ was plotted versus speed, and curves of best visual fit were 

lr:iwn through the data points. The curves are shown in plates 3 and k. 
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a. Carson Sink site 3, MEXA track (item 137) 

b. Four Mile Flat site 6, MEXA 10x10 (item 119) 

x-ig. 2k.    MEXA track and 10x10 in position prior to 
start of drawbar pull tests 

(Because of the large amount of data, the measured points are shown in the 

M35A2 (mod) plot only.) The relations shown represent the maximum draw- 

bar pull available for a given vehicle speed and a particular soil strength 

in terms of 0- to C-in. RCI. The inflections in the curves indicate opti- 

mum speed for gear changes. 

5*+. These curves show that, in general, as soil strength decreases 
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maximum drawbar pull at a given speed decreases. At speeds between 3 and 

6 mph on soil strengths of 52 RCI and above, the MEXA 10x10 was able to de- 

velop drawbar pull values slightly higher than those developed on pavement 

(see plate k,  fig. a, items 110 and ll1*). Higher drawbar pull tests were 

not attempted with the MEXA 10x10 and MEXA 8x8 on pavement because mechan- 

ical failures of the MEXA 8x8 (see paragraph 63) had occurred at high draw- 

bar pulls in tests on soils (items 123 and 128). At speeds less than about 

8 mph the MEXA track developed higher drawbar pull values on soil than 

those developed on pavement (see plate h,  fig. c, items 133 and 139)« 

Drawbar pull and work 
output index versus slip 

55- Drawbar pull in terms of drawbar pull coefficient D/V versus 

wheel or track slip for each test was plotted and curves of best visual fit 

were drawn through the data points. An example of these plots is shown in 

fig. 25; D/W is represented by the solid line. 

56. Since D/W varies with slip, the maximum D/W   is a performance 
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Fig. 25. Drawbar pull versus slip, MEXA 8x8 (item 126) 
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parameter often used in evaluating the traction capabilities of vehicles. 

However, in clay soils, the maximum drawbar pull usually occurs at or near 

100 percent slip. At 100 percent slip, maximum D/W is not a meaningful 

parameter because no useful work can be done when a vehicle is not moving 

forward. A more meaningful performance parameter is the optimum D/W 

value, the value of D/W when the vehicle's work output index is at maxi- 

mum. Work output index is a dimensionless number that indicates the ve- 

hicle's towing efficiency and is defined as follows: 

distance 
„ ,  .  , . .   D   vehicle traveled 
Work output index = „ x dlstance tracks or 

wheels traveled 

= g(l - slip) 

Optimum D/W values were determined from plots of D/W and work output 

index versus slip. An example is shown in fig. 25. Wheel or track slip at 

which the maximum work output index occurs is termed optimum slip. 

57. RCI of the 0- to 6-in. layer, optimum drawbar pull (n/w) 

and optimum slip for each test used in the analysis are as follows: 
'opt 
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Optimum 
Drawbar Pu!1 

Opti- 
mum 

:;iip It« 
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i NO. 
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(D/W)  L versus 0- to 6-in. RCI /  opt        
W-     (D/W) I  is plotted versus 0- to 6-in. RCI in plate 5. The ex- 

perimental VGI-. for eaeh vehicle is also shown plotted as an x at zero 
j-t 

(D/W)   . With the experimental VCI  values as guides, curves of best 

visual fit were drawn through the data points. Test results are dis- 

cussed in the following paragraphs. 

59- XMUIOEI. Item 93 was conducted on pavement with tires of the 

XMUlOEl inflated to an average pressure of 35 psi. In this test the 

XM^lOEl reached its power limit (the vehicle's engine stalled) developing a 

maximum D/W of 0.55 at 5 percent slip. Six drawbar pull tests were con- 

ducted on soil with the tires inflated to 12.2 psi. In itevs 87 and 8c, 

the XM^lOEl reached its power limit between 15 and 20 percent slip. The 

D/W and work output versus slip curves for these tests indicated that 

(D/W)    values developed near the vehicle's power limit. The 0- to 6-in. 

RCI versus (D/W) ,  for each test is plotted in plate 5> fig. a. The 

curve on this plot shows a sharp increase from zero to 0.U7 (D/W)   be- . 

tween an RCI of 17 and 50. Beyond an RCI of about 50 there was little in- 

crease in (D/W)    with increase in soil strength. 

60. M35A2 (mod). Six drawbar pull tests were conducted with the 

I435A2 (mod). The M35A2 (mod) reached its power limit (the vehicle's engine 

and wheels stalled) in the pavement test (item 1^5) and in soil test items 

9^ and 95. In the pavement test, the M35A2 (mod) developed a maximum D/W 

of 0.62 at 13 percent slip. In items 9^- and 95, the M35A2 (mod) reached 

Its pov/er limit between 20 and 30 percent slip. The D/W and work output 

versus slip curves for these tests indicated that the (D/W)    values 

were achieved near the vehicle's power limit. The RCI versus (D/W) 

curve in plate 5, Pi."., b. snows that between 27 and 50 RCI (D/W) .  in- 

creased sharply :"rorr. ,;ero to O.52. Beyond about 50 RCI,  (D/W)  , in- 

creased gradually with Increase in soil strength. 

bl. Milj. rTiri'j drawbar pull tests were conducted with the M113. 

The vehicle reached Its power limit (the vehicle's tracks stalled but the 

engine did not) In the pavement test (item 1^6) and in two soil tests 

(items 99 ^U'i IOO).  In the pavement test, the KJ.13 reached its power limit 

:• -.•• lopin.-: a maximum D/W 0:' 0.6U at about 2 percent slip. In items 99 
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and 100, the M113 reached its power limit at 28.0 and 23.8 percent slip, 

respectively. In plate 55 fig« c, the RCI-(D/W)   curve is steep between 

a (D/W)  ,  of zero and 0.50, indicating a great increase in pull between 
opt 

15 and 50 RGI. Beyond 50 RGI there is only a gradual increase in (D/W) 

with increase in soil strength. 

62. MEXA 10x10. Sixteen drawbar pull tests were conducted with the 

MEXA 10x10. Plate 5, fig. d, is a plot of (D/W)    versus RCI for the 

MEXA 10x10. The plot shows that ay RCI increased from 7 to 35, (D/W) 

increased from 0 to O.65. Values of (D/W)    increased only slightly be- 

tween 65 and l62 RCI. The MEXA 10x10 had sufficient power to produce 100 

percent slip in all tests. In item 110, the MEXA 10x10 developed a maxi- 

mum pull of 18,328 lb (1.02 D/W) at 100 percent slip (see table k). 

63. MEXA 8x8. RCI versus (D/W)    data for nine drawbar pull 

tests conducted with the MEXA 8x8 are shown in plate 5» fig- e. The curve 

shows an increase in (D/W) ,  from zero to 0.62 between 11 and 45 RCI. 

In item 123 the MEXA 8x8 developed a maximum pull of l8,3l6 lb (O.96 D/W). 

At this pull, Nos. 3 and k  differentials failed and had to be replaced. 

Furthermore, in item 128 the Nos. 3 and h  differentials failed at 0.71 D/W. 

Because of these costly mechanical failures, high drawbar pulls on firmer 

soils and on pavement were not attempted. 

6k.    MEXA track. RCI versus (D/W)    data for the lU tests con- 

ducted with the MEXA track are shown in plate 5, fig. f. The plot shows an 

increase in (D/W)    from zero to O.65 between 7 and 35 RCI. Beyond 
op X 

35 RCI, (D/Atf)   increased gradually v.-'th increase in soil strength. The 

MEXA track had ample power to generate 100 percent slip at the tracks in 

all tests. In item 133, the MEXA track had a maximum of 1 02 D/W at 100 

percent slip. In the pavement test (item 1^9) the MEXA track was able to 

pull O.87 D/W at 21.1 percent slip; had the cable between the load vehicle 

and test vehicle not failed in this test, higher pull and slip values 

probably would have been developed. 

Towed Motion Resistance 

65. The towed motion resistance for each vehicle was measured fol- 

lowing most drawbar pull tests. A summary o;' the soil data for each test 
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is presented in table 3. One-pass towed motion resistance (in pounds and 

as a coefficient R/W where R equals motion resistance in pounds and W 

equals vehicle weight in pounds) and 0- to 6-in. RCI for each test are tab- 

ulated below. The coefficient R/W and the RCI for each test are plotted 

in plate 6. A curve of best visual fit was drawn through the data points. 

Motion Resistance 
Item 0- to 6-in. Coefficient Item 0- to 6-in. Coefficient 
No. RCI lb 

.0E1 

R/W No. RCI lb 

(Contii 

R/W 

XM*+3 MEXA 10x10 lued) 

87 50 1565 0.09 Ill 23 11+90 0.08 

89 37 2150 0.13 113 162 770 0.01+ 

91 2k 3225 0.20 115 13 151+5 0.09 

153 189 992 0.06 122 12 1750 0.10 

93 Pavement 592 0.0U Ikj Pavement 56-L 0.03 

M35A2 (mod) MEX/s i 8x8 

9^ 50 2062 0.11 121+ 25 1680 0.09 

96 37 3500 0.19 126 29 1575 0.08 
98 172 1373 0.08 128 k9 1325 0.07 
lU5 Pavement 726 O.OU lk& Pavement 61+1 0.03 

130 13 3323 0.17 
M113 131 11+ 1+172 0.22 

99 53 1821 0.08 MEXA Track 
101 37 2780 0.12 

103 2k 3560 0.16 132 52 1800 0.09 
161 189 1U69 0.06 13k 32 2020 0.10 
ike Pavement 102*+ O.OU 136 23 2360 0.12 

138 159 1500 0.08 
MEXA 10x10 lU9 Pavement 1136 0.06 

lU2 16 6520 0.33 
108 35 1260 0.07 Ikk 6 9070 0.1+6 
110 52 750 O.OU 

XMUlOEl, M35A2 (mod), and Mil3 

Motion Resistance 

66. In plate 6, figs, a, b, and c, the test data for the XMUlOEl, 

the M35A2 (mod), and the Mil3 show that an n/ti   of O.OU was measured on 

pavement, Then the curves show a gradual increase in R/W from pavement 

to an RCI of about 50. Below about 50 RCI, R/W increased rapidly with 

little decrease in RCI. The lowest strengths tested show an R/W of 0.20 

on 2k  RCI for the XMl+lOEl, an R/W of 0.19 on 37 RCI for the M35A2 (mod), 
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and an R/W of 0.l6 on 2k RCI for the M113. 

MEXA 10x10 

67. In plate 6, fig. d, the MEXA 10x10 curve shows an R/W of 0.03 

on pavement. Below pavement strength, R/W increased little as RCI de- 

creased to about 30. From an RCI of 30 to an RCI of 12, R,W increased 

gradually from 0.06 to 0.10. 

MEXA 8x8 

68. The MEXA 8x8 curve, plate 6, fig. e, indicates a gradual in- 

crease from pavement R/fa (0.03) to an RCI of about 30. Below about 30 RCI, 

the curve shows that R/W increased rapidly to 0.22 at 12 RCI. 

MEXA track 

69. In plate 6, fig. f, the MEXA track data show an R/W of 0.06 on 

pavement. This, the highest R/W measured on pavement for the vehicles 

tested, reflects the mass of the MEXA track's track system. R/W increased 

gradually as strength decreased from pavement to an RCI of 30. Below about 

30 RCI, the curve shows that R/W increased rapidly to 0.^6 at an RCI of 6. 

Speed Tests 

70. Forty-four speed tests were conducted, nine on pavement and 35 

on a range of soil strengths, at Vicksburg and Fallon. Soil strength and 

related data for each test are summarized in table 5. Each test was con- 

ducted as described in paragraph 21. The relations developed for each ve- 

hicle are shown in plates 7 and 8 as speed versus time. Only curves are 

shown since the individual data are numerous; however, the data are on file 

at WES. These curves were used principally to obtain maximum speed-soil 

strength relations; however, measures of acceleration and deceleration can 

be obtained. A detailed analysis of acceleration and deceleration is not 

within the scope of this report; therefore, these performance parameters 

are discussed in general terms and no attempt is made to relate them to 

soil strength in this analysis. 

71. Once maximum speed was believed attained, the driver disengaged 

the power train and allowed the vehicle to roll to a stop. Deceleration 

portions of the speed-time curves in plates 7 and 8 are more clearly 
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defined than are the acceleration and time required to reach maximum speeds. 

There should be a relation between slopes of deceleration curves and soil 

strength, and also the deceleration curves should be straight lines if the 

only factor affecting deceleration were soil strength. However, in some 

cases, pavement tests in particular, the deceleration curves are convex in 

shape. Ont. of the additional factors that probably affected deceleration 

is wind resistance; however, further study will be required before definite 

relations can be developed. 

Maximum speed versus soil strength 

72. The maximum vehicle speeds and soil strengths in terms of the 

0- to 6-in. RCI used in the analysis are as follows: 

0- to 
Vehicl e 

0- to 
Vehicle 

Maximum Maximum 
Item o-in. Speed Range and Item 6-in. Speed Range and 
No. RCI mph 

XM** 

Transmiss ion* Ho. RCI mph 

XA 10x10 

Transmission* 

10E1 ME (Continued) 

152 2k 12.] L-l, L-2, L-3 168 69 17.3 H-l, H-2 
151 35 20.0 t-1, L-2, L-3 166 171* 21.3 H-l, H-2 
150 1+9 2M.1 L-l, L-2, L-3 190 Pavement 20.9 H-l, H-2 
153 IÖ9 23.5 H-l, H-2 191 Pavement 22.5** H-l, H-2 
1"' Pavement 53.0"-' H-l, H-2, H-3 

MEXA 8x8 
M35A '- (mod) 

177 12 "*.9 H-l, H-2 
15" 35 3.2 1-1, L-2 176 12 7.2 L-l, L-2 
15!* 35 9.1 I--1. L-2 173 13 9.7 H-l, H-2 
155 !+9 ll».1* L-l, 

7 j? 1-3 175 15 7.2 L-l, L-2 
157 
lo7 
l'J> 1 

139 
Favement 
Pavement 

25.7 
39. 5 
52.3*-» 

L-l, 
H-l, 
H-l, 

111 3 

L-2, 
lr-2 
H-2! 

L-3, 

H-3, 

L-1», L-5 
H-I4, H-5 
H-'i, H-5 

17»t 
170 
173 
172 

169 

16 
19 
21 
29 

33 

3.1* 
12.0 
12.9 
lC.2 

l't.7 

L-l, 
H-l, 
H-l, 
H-l, 

H-l, 

L-2 
H-2 
H-2 
H-2 

H-2 
1/2 1-3 7.3 1-2 171 1*9 16.3 H-l, H-2 
li 0 2h 10.3 2 -2 192 Pavement 22.2 H-l, H-2 
150 55 15.' 1-2. }-5 193 Pavement 22.9** H-l, H-2 
lr" 50 17.3 >         1 -      — » 3-5 
1' 1 li) 20« _■ 1-2, • -. MEXA Track 
a" * i a'."":aent . j 

H'Ji £ 2.2 L-l, L-2 
".■"i",'J\ 10x10 133 

1"1 
10 
2h 

3.5 
10. t 

L-l, 
H-l, 

L-2 
H-2 

1' 7 11 .'.' • .1 : -2 130 ■u 11.0 H-l, H-2 
:'  ' -- I. H-l, 

irj !»9 12.2 H-l, H-2 • 1Ö2 133 15 • i H-l, ii-2 
X'-■' y Pavement i' .2 H-l, H-2 

!  ::  Je low and i.i;'i., respectively. 
{   /it:, tire:  it.n-ueJ to | rc^jurej recommended for us»' tin h:o\'-surface re 
;•   ;ai: '.!•<•;• (mod),   70 nil MEXA 10X20, !'   y.:i:  and MBCA   x   ,  15  !Ji). 

ids 
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73. Maximum vehicle speed is plotted versus 0- to 6-in. RCI in 

plate 9; included in each plot is the maximum vehicle speed achieved on 

pavement. The maximum speed values were obtained from plates 7 and 8. A 

curve of best visual fit was drawn through the data points. The dashed 

portions of the curves were determined by extrapolating between the lowest 

RCI-maximum speed value and experimental VCI . - 1 plotted at zero speed 

for each vehicle. VCI.., - 1 was assumed to be the soil strength that would 

cause immobilization. Extrapolation between VCI., - 1 and lowest RCI- 

maximum speed value was necessary in order to obtain an approximate speed 

value for VCI... because of difficulty in locating test sites having soil 

strengths equal to experimental VCI,. for each vehicle. The the curves show 

that at VCI,. speed for all six vehicles tested was approximately 2.5 mph. 

Acceleration and deceleration 

7k.    As can be seen in plates 7 and 8 for a given vehicle and soil 

strength, uniform acceleration did not develop, generally, because of 

shifting of gears. Gear shifting can be seen as inflections in the speed- 

time curves (plate 7, fig« a). In several tests toward the end of the ac- 

celeration period, erratic speed-time curves were developed (item 153» 

plate 7, fig. a); this was not fully explainable and needs further study. 

75. The development of relations between acceleration and soil 

strength is not presented. One of the difficulties in relating accelera- 

tion to soil strength is that, of necessity, vehicle range and transmission 

were varied from test to test. For each test a range and transmission gear 

were selected to produce maximum vehicle speed, which in some cases did not 

necessarily provide the maximum acceleration that could be obtained. Fur- 

thermore, in some tests deceleration was not started at the proper time. 

For example, in item 150 (plate 7, fig. a) it appears that deceleration was 

started before maximum vehicle speed had been reached. Also, in item 152 

it is shown that the vehicle reached maximum speed in about 15 sec; how- 

ever, the driver continued, attempting to regain the maximum speed once 

speed was reduced. It is pr bable that the maxivam spe?d was reached in 

L-2* gear combination and the vehicle shifted into L-3 and speed was 

*• L-2, etc., denotes low second, etc. 
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reduced. Had the vehicle continued in L-2, the speed might have been 

slightly higher. 

76. XMUlOEl. Five speed tests were conducted with the XMUlOEl. In 

the maximum speed on pavement test (item 1.86), the XM^lOEl tires were in- 

flated to 35-psi pressure (recommended pressure for XM^lOEl tires on pave- 

ment). In all other XMUlOEl tests, the average tire inflation pressure was 

12.2 psi. The curve in plate 9» fig- &> shows that as soil strength in- 

creased from an experimental VCI... of 18 to about 50 RCI, speed increased 

sherply from 2.5 to 22.5 mph. As soil strength increased beyond 50 RCI, 

speed increased gradually. A top speed of 53 mph was developed on pavement. 

77. M35A2 (mod). RCI's versus maximum speeds for the M35A2 (mod) 

tests are shown in plate 9« fig« b. Four tests were conducted on soil and 

two tests on pavement. In one of the pavement tests (item l88), tire in- 

flation pressure was 70 psi (recommended pavement pressure). In all other 

tests, average tire pressure was 20 psi. The higher tire inflation pres- 

sure increased the maximum speed on pavement of the M35A2 (mod) by 12.8 mph. 

The curve in plate 9, fig. b, shows an increase in speed from 2.5 to 52 mph 

between an experimental VCI... of 27 and pavement. 

78. M113. Six speed tests were conducted with the M113« The curve 

in plate 9« fig« c> shows that as soil strength increased from an experi- 

mental VCI  of 15 to about 50 RCI, speed increased sharply from 2.5 to 

17.3 mph. Beyond an RCI of 50, speed continued to increase gradually to 

about 30.2 mph on pavement. 

79« MEXA 10x10. Eight speed tests were conducted with the MEXA 

10x10. Results are plotted in plate 9, fig. d. In item 191 the MEXA tires 

were inflated to a pressure of 15 psi (recommended pavement pressure). In 

all other tests the inflation pressur3 was 7.3 psi. The increased tire in- 

flation pressure increased the MEXA 10x10 maximum speed on pavement by 1.6 

mph. The curve shows that as soil strength increased from an experimental 

VCI  of 7 to 35 RCI, speed increased from 2.5 to 17«0 mph. Beyond 35 RCI, 

speed increased gradually to a maximum of 22.5 mph on pavement. 

80. MEXA 8x8. Speed test data for the 12 tests conducted with the 

MEXA 3x3 are shown in plate 9, fig. e. In item 193 the MEXA tire inflation 

pressure was 15 psi (recommended pavement pressure). At this pressure the 
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MEXA 8x8 reached a maximum speed of 22.9 mph. but in reaching this speed 

the vehicle's front unit experienced excess lateral movement which caused 

the driver concern for his safety. However, when inflation pressure was 

reduced to 9 psi the maximum speed on pavement was decreased by only 0.7 

mph and lateral movement of the front unit was not excessive. The curve 

in plate 9> fig« e, shows an increase in speed from 2.5 to 17.5 mph from 

an experimental VCI-. of 11 to an RCI of k5,  indicating that the MEXA 8x8 

is sensitive to small changes in soil strength. Beyond ^5 RCI, this sensi- 

tivity decreases. 

8l. MEXA track. Seven tests were conducted with the MEXA track. A 

plot of the test data is shown in plate 9> fig« f• The curve for these 

data indicates that as soil strength increased from an experimental VCL.. 

of 7 to 30 RCI, speed increased sharply from 2.5 to 10.5 mph. Between 30 

RCI and pavement, speed increased gradually to a maximum of 16.2 mph. 

Maneuver Tests 

82. At the Carson Sink and Four Mile Flat tests sites 101 maneuver 

tests were conducted with the six test vehicles on a range of soil 

strengths. Soil strength and related data for each test are summarized in 

table 6. The one-pass average speed and measured turning radius for each 

test are presented in table 7. Also shown in table 7 are steering angle 

and corresponding torque data for tests with the Ackerman-steered XMUlOEl 

and M35A2 (nod) and with the articulated steering of the MEXA 10x10 and 

MEXA track. Steering angle and torque data in turning tests with the M113 

were not recorded because the M113 is a skid-steer vehicle and it is not 

equipped with a steering transducer. Steering angle and torque data were 

recorded in tests with the MEXA 8x8. However, because reduction of the 

torque record produced negative torque that could not be reconciled in some 

tests, the data were considered to be questionable and are not included in 

the analysis. The analysis of the maneuver test data consists of the de- 

velopment of turning radius-speed relations- force-steering angle relations, 

and force-RCI relations. These relations are presented and discussed in 
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the following paragraphs. Typical maneuver tests in progress are shown in 

fig. 26. 

a. MEXA 10x10 after completing a left turn at Carson 
Sink site k  (item 2^0) 

isil$i>3R»£ 

to. MEXA 8x3 after completing a right turn at Four Mile 
Flat site 6 (item 271) 

Fig. 26. lypical maneuver tests in progress 
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Turning radius-speed relations 

83. Turning radius (in feet) and speed (in miles per hour) data were 

plotted for each of the test vehicles, and curves of best visual fit were 

drawn through the data points. These plots are presented in plate 10. The 

0- to 6-in. RCI for each turn is also shown in the respective plot. The 

turning radii were obtained from planimetric maps that show the path taken 

by the outside edge of the outside wheel or track of the vehicles in each 

test. The average speed for most turn tests was calculated from measure- 

ments of time and distance. The time and distance required for the vehicle 

to roll to a stop after the vehicle power train was shifted into neutral 

(paragraph 21) were excluded from the average speed computation. 

Bh.    The relations developed in plate 10 show that, in general, for 

the range of speeds tested, as speed increased turning radius increased. 

Although there is no indication of a strong correlation between soil 

strength and turning radius for a given vehicle, it is probable that dif- 

ferences in soil scrength may have contributed to the scatter of the data 

in plate 10. Also, test procedures created some difficulty in determining 

the turning radius in some of the tests, and this could account for part of 

the scatter. 

Force-steering angle relations 

85. For the XMfcLOEl, M35A2 (mod), MEXA 10x10, and MEXA track, per- 

formance in terms of force (at the wheel- or track-ground interface) com- 

puted from drive-line torque divided by vehicle weight (F„/W) was plotted 

versus steering angle in degrees for each turn test. F_ was computed 

without regard to efficiency losses between the torque sensor and wheel- or 

track-ground interface. A curve of best visual fit was drawn through data 

points for each turn test. The curves were grouped by vehicle according to 

tests conducted at approximately the same speed and are presented in plates 

11 and 12. For each curve (represented by item numbers) the corresponding 

0- to 6-in. RCI and the average speed are tabulated below the respective 

plot. 

86. The curves show the relation of steering angle to F_/W from 

the straight-line position (0 deg) through the steering action to the maxi- 

mum steering angle (MSA). These relations indicate that, generally, during 

^7 



the steering action F,VW increased very gradually for the wheeled vehi- 

cles and gradually for the MEXA track between zero steering angle and about 

5 deg less than maximum steering angle (M3A - 5 deg). At about MSA - 5 deg, 

F^W usually began to increase sharply, and in most cases F^/W reached a 

maximum at the MSA. Tabulated below are the average MSA for each vehicle, 

the average increase in F^W from zero steering angle to MSA - 5 deg, and 

the average increase in F^/tf from zero steering angle to MSA. The MSA 

values shown are average values since the MSA for each vehicle deviated 

slightly from test to test. This deviation probably was caused by slack in 

each vehicle's steering system. 

Avg Increase in Avg Increase in 
Avg   Frp/tf from Lero Fr/W from Zero 
MSA  Steering Angle Steering Angle 

Vehicle   deg   to MSA - 5 deg     to MSA  

XMklQEl 29.0 0.02 O.O6 

M35A2 (mod) 2k.$ 0.03 0.07 

MEXA 10x10 25.9 0.02 0.07 

MEXA track 27.2 0.07 0.13 

87. The tabulation above shows that the increase in F^/W was about 

the same between zero steering angle and MSA - 5 deg for the three wheeled 

vehicles, but that for the MEXA track the increase was about double that of 

the wheeled vehicles. This was also true of the average increase in F_/W 

from zero steering angle to MSA. 

88. As shown in the plots, the curves for each vehicle exhibit the 

same general shape and tend to separate according to soil strength. The 

plots show that generally as soil strength decreases, F_/V tends to in- 

crease. The plots also indicate that for the range of speeds tested with a 

particular vehicle, differences in speed had little effect on force- 

steering angle relations. 

FT/W versus 0- to 6-in. RCI 

89. Report 3 of this series states that steering angles above 

MSA - 5 deg are seldom needed for maneuvering even at obstacle spacings 

approaching the minimum required by the vehicles. Therefore, the MSA - 5 

deg value is of interest since it appears to be a more practical value with 
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which to analyze vehicle force and its relation to soil strength. 

90. The soil strength parameter that showed the best correlation 

with F^Af was the 0- to 6-in. RCI. A plot of Fj/W at M3A - 5 deg for 

the lowest vehicle speed in each soil strength versus the 0- to 6-in. RCI 

is shown in plate 13. Curves of best visual fit were drawn through the 

data points for each vehicle. The F,p/W values were obtained from the 

curves developed in plates 11 and 12. Data used to prepare plate 13 are 

summarized below. 

Item 0- to 6-in. FT/W at Item 0- to 6-in. FT/W    at 
No. RCI MSA - 5 def? No. RCI MSA - 5 deg 

XMl+lOEl MEXA 10x10 (Continued) 

19U kk 0.12 21+6 2U 0.11+ 
198 29 0.12 250 210 0.06 
202 2k 0.17 25U 19 0.06 
206 19U 

M35A2 (mod) 

0.07 256 11+ 

MEXA 

0.08 

Track 

210 1+6 O.lU 27k 52 0.21 
2lU 3k 0.20 278 32 0.23 
218 198 0.07 282 

286 
21+ 

151+ 
0.25 
0.21 

MEXA 10x10 
290 17 0.1+1+ 

238 
2U2 

50 
35 

0.11 
O.lU 

291 
293 

15 
7 

0.1+1+ 
0.1+6 

91. The curves in plate 13 show that for the XMUlOEl, M35A2 (mod), 

and MEXA 10x10 F_/W increases only slightly between about 200 and 50 RCI. 

Below 50 RCI, F_/W increases rapidly with little decrease in RCI. Two 

data points for the MEXA 10x10 (items 256 and 25U) did not fit the general 

shape of the curves. No reason can be given for these apparent anomalies; 

however, erroneous torque data are suspected. The curve for the MEXA track 

indicates a slight increase in F_/W between l60 and 30 RCI. Below 30 RCI, 

F_/W increased rapidly with decrease in RCI. One noteworthy aspect of 

these plots is that the shape of the curves compares favorably with the 

curves developed in the towed motion resistance analysis. 

92. Plots wfi~ alsc made, but are not included herein, of F_/W at 
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MSA - 5 deg versus the 0- to 6-in. IvCI at other vehicle test speeds. These 

plots revealed little change in the magnitude or shape of the curves pre- 

sented in plate 13. 

Minimum soil strength 

93. In table 6, the 0- to 6-in. RCI's for items 272, 273, 293, and 

29*+ show that the MEXA 8x8 and the MEXA track are capable of maneuvering on 

soil strengths equal to their respective experimental VCI 's. For the 

other vehicles tested, the maneuver data are not sufficient to permit per- 

formance determinations based on soil strength alone. However, the results 

tabulated in paragraph 86 were considered once again, and the following 

statements can be made regarding these vehicles. 

9^. Frr/W is considered to be a relative measure of motion'resist- 

ance. Keeping in mind that the VCI., of the MEXA track was established at 

7, the data show that on RCI's of 7 and 6 the increased motion resistance 

from zero steering angle to maximum steering angle was not great enough to 

cause immobilization. Then since the XMUlOEl, M35A2 (mod), and MEXA 10x10 

show a smaller increase in F~/W   with increasing steering angle than did 

the MEXA track, it follows that these vehicles also should be able to ma- 

neuver on soil strengths equal to their respective VOL..'s. As for the 

M113, additional test data are needed to determine the mir      \ 

strength required for maneuvering; however, since the M113 J.- .- skid-steer 

vahicle, it is felt that it might require a soil strength slightly higher 

than VOL., for maneuvering. 

95. The preceding analysis indicates that five of the six vehicles 

tested should be able to maneuver in soil strengths as low as their respec- 

tive VCI1. 's. Nevertheless, since motion resistance was shown to increase 

luring a turn and increase in motion resistance reduces the maximum speed 

a vehicle can attain, it follows that maximum speed in a turn will be less 

than the maximum straight-line speed on a given soil strength. The follow- 

ing tabulation presents tho maximum turn speeds and their related soil 

strengths. For comparison purposes, the tabulation also shows maximum 

straight-line speed for each soil strength (acquired from the speed-soil 

strength curves in plate y). 
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0- to 6-in. 
RCI 

Max Speed, mph 
Vehicle Turn 

10.3 
6.5 
5.1 

5.2 
2.7 
2.8 

Straight Line 

XMUlOEl 
M35A2 (mod) 
M113 

MEXA 10x10 
MEXA 8x8 
MEXA track 

2k 
3^ 
25 

12 
11 
7 

12.0 
8.0 

12.0 

5.5 
2.5 
2.5 

The tabulation above shows that in four of the^ix tests, straight-line 

speed was greater than turn speed. The results of two tests are considered 

anomalies because turn speed is greater than straight-line speed. Such 

anomalies are especially likely to occur in this kind of a comparison when 

the RCI value is near or at VCI.. because the value of VCL.. is usual'; 

slightly conservative. (Note that VCI.. is 11 for the MEXA 8x8 and 7 for 

the MEXA track; see paragraph 73•) However, despite these anomalies, the 

data, in general, tend to support the hypothesis that the motion resistance 

encountered in a turn causes a decrease in the maximum speed of vehicles. 

Performance of MEXA Vehicles' Articulated Steering 
and Inching Systems in Soft Soils 

96. The three MEXA vehicles were equijiped with articulated and 

"inching" systems. The articulated joint between each vehicle unit is, in 

the free position, capable of roll, pitch, and yaw. The inching system be- 

tween each unit has the ability to move one unit of the vehicle while the 

others remain stationary. The maximum extension distance of each inching 

unit is 2 ft. (In fig. 27b, the inching cylinder between the two units of 

the MEXA track vehicle is shown in extended position.) 

97- In seventeen of the VCI tests, after the vehicle became immo- 

bilized, the operator attempted to extricate the vehicle by means of artic- 

ulating and/or inching. Vehicle performance in each test is described in 

the remarks column in table 2. The tests in which one or both of the sys- 

tems were used are indicated in the following tabulation and results are 

discussed in the following paragraphs. 
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Lcle Item No. 
System Tested 

Veh: Articulated Inching 

MEXA 10x10 42 X X 

43 X X 
44 X X 

45 X X 

47 X X 
48 X 

h9 X X 

51 X 

52 X 

MEXA 8x8 62 X 

65 X X 

MEXA track 77 X X 

79 X X 

80 X 

81 X 
84 X X 

85 X X 

Tr.tal  17 14 14 

Articulated steering 

98. The roll, pitch, and yaw actions of the articulated joints of 

each MEXA vehicle were used in combination. Within limits, pitch and yaw 

actions can be controlled mechanically by the vehicle driver. With the 

articulated joint in free state, roll is induced by the terrain configura- 

tion over which the vehicle is traveling and cannot be controlled mechani- 

cally by the driver. Of the 14 attempts to extricate a vehicle by articu- 

lation, the MEXA 10x10 was the only vehicle that was able to extricate it- 

self from an immobilization. The MEXA 10x10 attempted to become mobile 

through the use of the articulated steering in nine tests; attempts in four 

of the tests vere successful. In item 48 the articulating action allowed 

the vehicle i-o extricate itself in a forward direction from the inmobiliza- 

tion. In items 49, 51, and 52, te~t conditions were similar. In these 

three teats, the MEXA 10x10 was backed into the soft soil area until it be- 

cxr>.o  immobilised. The test vehicle first attempted to continue backing 

across the soft soil using articulation but was not able to do so. The 
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vehicle then attempted to pull forward without articulating and could not. 

Articulation was again used and the MEXA 10x10 was able to gain enough 

traction to pull itself out in forward onto the firm ground that lay im- 

mediately in front of the vehicle. 

99« Results of these tests indicate that articulation is of limited 

value as a means of extricating the MEXA vehicles from an immobilization 

caused by soft soil. 

Inching system 

100. The inching system (fig. 27) was designed so that, in theory, a 

vehicle could utilize inching to extricate itself from an immobilization in 

the following manner. With a vehicle composed of units A and B at the min- 

imum length position (contracted), the operator can brake unit B and apply 

power to unit A and at the same time activate the inching cylinder located 

a. Vehicle immobilized, inching cylinder 
partially extended 

b. Vehicle immobilized., inching cylinder fully extended 

Fig. 27. MEXA track at Four Mile Flat site 8 (item 85) 
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between the two vehicle units. Thus, unit A can develop tractive effort 

and push against unit B with the inching cylinder. This would enable 

unit A to move to a new ground position. The functions of the two units 

are then reversed and unit B is drawn up to unit A. The vehicle could 

supposedly inch forward or backward to a position where the ground was firm 

enough to allow the vehicle to travel conventionally without inching. 

101. The inching system was used on ik  immobilization tests. Fig. 27 

shows the MEXA track during one test. The inching system was helpful in 

extricating the vehicle in only one test (item 62, with the MEXA 8x8). In 

12 tests, either both units moved aw«y from each other, although one unit's 

brakes were locked, or one unit remained stable whether it was supposed to 

or not, forcing the other unit to move to and from the first unit. The 

general observation made by test personnel was that once a MEXA vehicle be- 

came immobilized due to a soft soil condition, the more the inching systan 

was used, the more deeply embedded the vehicle became. 

102. These results indicate that for the MEXA vehicle, only in rare 

situations will the inching system contribute to a vehicle's efforts to ex- 

tricate itself from an immobilization caused by soft soil. 

Further Analyses 

103. The analyses presented herein have been based on those aspects 

of the test data necessary to satisfy the purpose of the immediate program. 

The data collected during this program lend themselves to further analyses 

directed toward more detailed studies of acceleration, deceleration, and 

drive-line torque characteristics. This extension of data analyses would 

provide a basis on which to evaluate aspects of motion resistance, speed, 

and maneuver test procedures and vehicle response measurements and their 

ability to establish meaningful soil-vehicle relations. Additional analy- 

ses of these data are planned for the future. 

lOU. The experience gained from the conduct of the tests and analy- 

ses of data in this program points up the need for updating and standardiz- 

ing test procedures for conducting comprehensive soil-vehicle test programs. 
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Mechanical and Operational Problems of the MEXA Vehicles 

Mechanical failures 

105. During the course of the test program reported herein the fol- 

lowing major mechanical failures occurred. 

a. The MEXA 8x8 had five differential failures during the 
t^st program. These failures occurred in tests where the 
torque demand was at or near maximum torque output. 

b. During a speed test on pavement the welds that held the 
MEXA 10x10 center drop box in place failed, allowing the 
center drive shaft to drop, causing extensive damage to 
both center drive shaft and drop box. 

c. Numerous fatigue cracks developed in the vehicle frame 
of the MEXA 10x10 and MEXA 8x8. 

d. On two occasions the main bearing of the power train 
at the back unit of the MEXA 10x10 failed. 

e. The passive air springs of the MEXA 8x8 had to be re- 
located to prevent the spring support brackets from 
excessive deflections. 

f. On two occasions high pressure hoses of the MEXA vehicles1 

hydraulic system ruptured. 

Vehicle operation 

106. The following deficiencies were noted during test operation of 

the MEXA vehicles. 

a. At times, especially at high speeds, the steering re- 
sponse of the MEXA vehicles was slow. 

b. Each time a MEXA vehicle was moved the vehicle's trans- 
mission and transfer case controls had to be adjusted 
to make gear shifting possible. The driver made this 
adjustment within 2 or 3 min by opening and closing a 
pressure release valve. 

c. The MEXA 8x8 was difficult to control in a tight turn. 
Because the front unit of the MEXA 8x8 was lighter than 
the second and third units, there was a tendency for the 
front unit to be pushed sideways. To correct this prob- 
lem, the first-Joint pitch control had to be used during 
a turn to transfer some weight from the second unit to 
the first. 
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PART IV: COMPARATIVE EVALUATION OF VEHICLE PERFORMANCE 

107. The performances of the military and MEXA vehicles were com- 

pared on the basis of the results presented in Part III. These results in- 

clude the experimentally determined VCI  and VCI,.-, drawbar pull-speed re- 

lations, drawbar pull-soil strength relations, towed motion resistance-RCI 

relations, maximum speed-RCI relations, turning radius-speed relations, and 

force required in tvrning-soil strength relations. Except for the VCI,-0 

determinations, all performance correlations were made on the basis of one- 

pass performance. The similar relations developed for each vehicle are 

compared and discussed in the following paragraphs. 

VCI Tests 

108. Tests to determine the minimum soil strength that would permit 

the vehicles to complete one pass (VCI..) and 50 passes (VCI_0) in a 

straight-line path on level fine-grained soil revealed the following re- 

sults: 

Experimental 

Vehicle        VCI50       ^t 

XMUlOEl 32 18 
M35A2 (mod) 56 27 
Mil 3 29 15 

MEXA 10x10 18 7 
MEXA 8x8 23 11 
MEXA track 21 7 

109. The experimental VCI.. and VCI,-0 for the test vehicles showed 

that on the basis of "go-no go" for one pass and 50 passes in fine-grained 

soil, the three MEXA vehicles were superior in performance to the three 

military vehicles. 

Drawbar Pull Tests 

Drawbar pull-speed relations 

110. The drawbar pull-speed curves for military and MEXA vehicles 
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are shown in plates 3 and k,  respectively. A comparison of performance in 

terms of drawbar pull divided by vehicle weight (n/w)  versus speed shows 

that on soils strong enough for all vehicles to operate, the ME3CA vehicles 

generally developed higher D/W values between 0 and about 2 mph. Beyond 

2 mph the military vehicles developed higher D/fy values. The data for 

these tests show ' hat the military vehicles could not develop enough force 

to produce 100 percent slip between their traction elements and pavement or 

the firmer soil strength. The MEXA vehicles in their lower gear apparently 

had ample power to produce 100 percent slip on all test surfaces. 

Drawbar pull-soil strength relations 

111. A summary of (D/W) . versus soil strength cur/es for the six 

test vehicles is presented in plute Ik.    The curves show that the traction 

performances in terms of (D/W) . for the MEXA vehicles are superior to 

those of the three military vehicles. From the minimum soil strength 

values, (D/A*) . for each of the military vehicles increased rapidly to 

about 30 RCI, beyond which little change occurred with increased soil 

strength. The (DA)00t 
for each of the ^EX* vehicles increased rapidly 

up to about UO RCI. Beyond Uo RCI, the (DA) t for each of the MBCA 

vehicles increased little with increase in soil strength. 

Towed Motion Resistance 

112. Effects of soil strength on one-pass towed motion resistance 

for the test vehicles are shown in plate 15• Motion resistance divided 

by vehicle weight (R/V) is plotted versus 0- to 6-in. RCI. Performance 

curves in these plots indicate that for the soil strengths tested, R/V 

for the MEXA wheeled vehicles was less than R/W for the wheeled and 

tracked military vehicles. On soil strengths less than about ho RCI, 

R/W for the MEXA track was generally less than R/w   for the wheeled and 

tracked military vehicles. Above about Uo RCI the MEXA track's R/to was 

generally greater than that of the M113 and of the XMUlOEl but less tiian 

that of the M35A1 (mod). 

Speed gests 

113. Curves showing the effect of soil strength on maximum vehicle 
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speed on a level surface for the test vehicles are presented in plate 16. 

The plot shows one-pass maximum speed versus 0- to 6-in. RCI. A comparison 

of curves indicates that the performance of the MEXA vehicles as a group 

was superior to that of the military vehicles on soil strengths between 7 

and 21 RCI. The ML13 outperformed the MEXA track except in very soft soils 

below an RCI of about 20. The MEXA wheeled vehicles outperformed the Mil? 

except on pavement. The XMUlOEl outperformed all MEXA vehicles except in 

the very soft soils, below RCI's of 20-30. The M35A2 (mod) outperformed 

the MEXA wheeled vehicles in firm soils (RCI 70-80) and on pavement, and 

outperformed the MEXA track in soils firmer than RCI UO. On pavement the 

speei of the conventional military wheeled vehicles was about 2.5 times 

greater than the speed of the MEXA wheeled vehicles and the speed of the 

military tracked vehicle about 2 times greater than that of the MEXA track. 

Maneuver Tests 

Turning radius-speed relations 

llU. A summary of relations developed showing the effects of speed 

and soil strength on turning radius for the test vehicles is presented in 

plate 17. The plots show vehicle speed versus turning radius for each 

test vehicle on a range of soil strengths (indicated on the plots). As 

previously discussed (paragraph 88), for the range of soil strengths tested, 

soil strength appeared to have little effect on the vehicle's turning 

radius. A study of these relations indicates that at a given speed the 

military vehicles have smaller turning radii than the MEXA 10x10 and the 

MEXA track. The MEXA 8x8 turning radius was greater than that of the 

XMUlOEl, about the same as the M35A2 (mod), and greater than the M113. 

Turning force-soil strength relations 

115. The effects of soil strength on force required in a turn 

(}•',./:■/ at MSA - 5 der) for the XMUlOEl, M35A2 (mod), MEXA 10x10, and MEXA 

track are shown i: plate 13. The performance of the MEXA 10x10 was abcut 

the same ns that >f the XMUlOEl and was better than that of the M35A2 (mod). 

Die performance of the MEXA track was the poorest of the four vehicles in 

this twst. 
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PAKT V: SUMMARY OF TEST RESULTS, AMD RECOMMENDATIONS 

Summary of Test Results 

116. Results of this investigation are summarized below. 

a. VCI's established for the six test vehicles were: 

Expei ■imental 

Vehicle VCI50 VCIlt 

XMUlOEl 32 18 
M35A2 (mod) 56 27 
M113 29 15 
MEXA 10x10 18 7 
MEXA 8x8 23 11 
MEXA track 21 7 

(See paragraphs 39 and 50 and plates 1 and 2.) 

b. The MEXA vehicles were superior to the military vehicles 
~  in terms of VCI.. and VCI Q (paragraphs 108 and 109). 

£. The best overall one-pass critical-layer criteria deter- 
mined from field tests for the six vehicles wore: the 0- 
to 6-in. layer was considered to be the normal critical 
layer unless the RCI of the 6- to 12-in. layer was loss 
than that of the 0- to 6-in. layer, in which case the 6- to 
12-in. layer was considered to be the critical layer 
(paragraph U2). 

d. The soil strength parameter that showed best overall cor- 
relation with drawbar pull, motion resistance, speed, and 
maneuver test results was the 0- to 6-in. RCI (paragraph 

51). 

e. On soil strong enough for all vehicles to operate, the 
MEXA vehicles generally developed higher 'naximum D/Af 
value: than did the military vehicles for speeds less than 
about 2 mph; at speeds greater than 2 mph fche military ve- 
hicles developed the higher maximum D^tf (paragraphs 5^ 
and 110 and plates 3 and h). 

f. MEXA vehicle performance in terms of (D/w)opt .vas superior 
to that of the military vehicles, thus indicating a 
greater traction efficiency. For the soil strengths 
tested, the military vehicles developed maximum (D/W)opt 
of between 0.50 and O.60 and the MEXA vehicles developed 
maximum (DyAf)opt of Detw«en O.60 and O.cO (paragraphs 
57-6U and 111 and plate 5). 

£. Towed motion resistance (R/W) was loss for the MEXA 
wheeled vehicles than that for the wheeled ami tracked 
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military vehicles (paragraph 112). On soils of strengths 
below about kO RCI the R/W of the MEXA track was lower 
than the R/W*s of the military vehicles (paragraphs 
65-69 and plate 6). Above about ^0 RCI the R/fa of the 
MEXA track was generally greater than the R/W's of the 
M113 and the XM^lOEl but less than that of the M3:>A2 (mod). 

h. As soil strength increased from minimum values of VCIit, 
vehicle speed increased, with the vehicles developing a 
maximum speed on pavement. The performance curves indi- 
cate that the speeds of the six test vehicles at their re- 
spective VCIi-t's appear to be about 2.5 mph. Maximum 
speeds on pavement were: XM^lOEl, 53.0 mph; M35A2 (mod), 
52.3 mph; M113, 30.2 mph; MEXA 10x10, 22.5 mph; MEXA 8x8, 
22.9 mph; and MEXA track, 16.2 mph (paragraphs 76-81 and 
plate 9). 

i.   MEXA vehicles do what they were designed to do—perform 
better on soft soils than military vehicles. However, on 
firm soil and on pavement, the three military vehicles 
performed better than the MEXA's (paragraph 113). 

j_. For the range of soil strengths and speeds tested, speed 
appeared to be a more influential factor than soil 
strength in affecting the vehicles' ability to make a turn 
(paragraphs 8k and 11^). 

k. The military vehicles had smaller turning radii than the 
MEXA 10x10 and MEXA track at the same speed for the range 
of soil strengths tested. The MEXA 8x8 turning radius was 
greater than that of the XMUlOEl, about the same as the 
M35A2 (mod), and greater than the M113. (Paragraph 114 
and plate 17.) 

1. Force (Fj/V) developed during vehicle turning action was 
slightly greater than straight-line Fj/W up to about 
5 deg less titan maximum steering angle. Beyond maximum 
steering angle minus 5 deg, force usually increased 
sharply (paragraph 86). 

m. The Fm/fo required in a turn for the MEXA 10x10 was about 
the same as that for the XM^lOEl and was less than that 
for the H35A2 (mod). The MEXA track required the highest 
Fj/tf of the four vehicles tested (paragraph 115). 

n. The minimum soil strength required for maneuvering appears 
to be the same as VCIlt for the XMUlOEl. M35A2 (mod). MEXA 
8x8, MEXA 10x10, and MEXA track. Additional test data tu*e 
needed to determine the minimum soil strength on which the 
M113 can maneuver. (See paragraphs 93 and 9h.) 

o. The MEXA's articulated steering and inching systems con- 
tributed little to their abilities to extricate themselves 
r'rom immobilizations caus'id by soft soil (paragraphs 
96-102). 
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Recommendations 

117. It is recommended that: 

a. Further analyses of the data be made. The analyses of 
data presented herein were limited to meet the stated 
objectives; however, additional test data were collected 
to permit comparative evaluation of test procedures and 
the development of other soil-vehicle relations that may 
lead to improved soil-vehicle relations or simpler test- 
ing procedures. 

b. The MEXA vehicles be repaired and reconditioned for use 
in other test programs. 

£. Additional tests be conducted in fine-grained soils to 
complete testing of vehicles on desired soil strengths 
that were not tested because of mechanical failures of 
vehicles. It is also recommended that tests be con- 
ducted on soils ranging in strength from 60 to 300+ RCI. 

d. Tests be conducted to refine testing procedures for de- 
termining maneuvering and slope climbing capabilities 
and effects of slippery surface on vehicle performance. 

e. Tests be conducted to determine the performance of MEXA 
vehicles on sands in desert environments. 
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Table 2 

Summary of Seil Data and VCI Teat ■ 

N   . Ujcgj I. 

1      Chotard Uk« 

'■■trc  [ndex at  L'epti.s 

. o !*<■ 56 ^ ^ 31* 
'■1 « 12 HP 3-U jl* 
3tt -:j U H2 31* 'HP 
A ..* HO 2*3 38 29 

1'. I U 

<■        fVa 1 <> 

0 30 12 28 36 
I i» T<, 30 * 

■"' 

'40 *2 3k lr 

,, ?■■' -j 76 °2 
32 71 76 'Ü 

V 80 ft 81 no 
t8 

£2 
7>* 
70 

IS 

f-8 
It. 

at, 

68 
£8 
76 

'0 

30 
81 
'12 
St. 

, *2 12 ll* 
;2 to V 

■*' U 32 50 

HatiriR Pcne 
Avp Cone Index Remolding Index      Index of layers Moisture Cor 
of layers, in. of Layers.  In. in. it Dry Wt) of Lay 

Military Vehicles 

__^___^___^     of I-ayers, in. of layers.  In. in.  
"HT       V>      ~~W    O-'J      '-lg    12-18    0-6       6-12    12-18    O-o    Pit    12-: 0     '0-l *     f>6      6-1 

2-1/2-Ton HMMIOEI, 8X8 Truck. Test Weigh 

••5 ''7 (5       0,7k    0.76   0.63       33     36       22        71.0     53.5     67 
1.5 1*0 33 
39 32 32 
29 27 29 

W ',0 33       0.70   0.80   0.60       32    1*0       20        65.7     51.6     58 
1*8 1*5 31 
Ii2 3.1 32 

68 80 75       0.82   0.78   0.82       56     62      £2        60.8     61.9     ■*! 
73 83 7f 
71. 8; 8] 

'Hi HO 

36 50 li*       0.7'.    0.78   0.76       27     38       1*9       1U3.9     81*.7     50 
U 57 u. 
'■2 70 7! 
57 7k 71 

1*2 )3       0.71    0.6'j    0.58       2Q     29       19       107.0     69.8     56. 
,19 38 31 
'1 39 31 

2-l/.'-Ton XM..1J-1. 8x8 Truck, Teat «elgh 

1*1 I.' 53       '1.3»    n.82   0.75       31*     38       1*0        £5.6     61.1     5'*. 

J.'5   0.73   0.76       17     20       30        95.5     76.8     6*. 

O.i'O   0.81*    0.63       10     17       21       135.5     81*.7     61. 

0.7'.    0.82    O.'-l*        21      2> 28        1J8.2     £9.6      56. 

U **« Jt V. Li 
)o        «1 I*» 

.1 1*2        UH 

1*7       »7        ,r<       0.73   0.76   0.62       Hi*     *       2* 19.9     26.5     1*8. 
■ 0       51       1*0 
1 1       M       1*1* 

0.7;.    ".72   O.I K. 21.1*     28.1     35. 

O.I*i    0..0    n.M. ■*       17 <? 20.1.      J£.,3      M. 

■ .1,■'. .fun »' A*l ■.^■i, , 'x>  True«. T«at <I»U 

,>10    O.r.'     0.71»         11*      '■** !.''• 71.9 £1*.0 I.'*.' 

.-:■   o.a.   0.*'      18    ',- :; *i.» fet.l. ti.i 

..•••    0.77    0.1.         37      U ".0 HO.I '9.*. »?.' 

.'-'     J.V'     0.71         2*.       '0 *7 110.3 1,9,3 51..- 

. •-    J./i    O.ID        11       -• Jl II;.* 80.6 <2,(. 

.'•1    0.   -    '!. .'•          .■.       • »! 7- .2 «•;._< '1..C 

.■2 ?•. av.t y,.i .   1     0.-."l    O.'O 2» 

'.rr-s :. r al   -Ifejj  LJT^: kt  .'...-fejU *rv*(.i   ..r.tv'.  (,re£.-^- 
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Table 2 

Summary of Soil Data and VCI Test Results 

Hating Ccne 
Index of Layers                Moisture Content Dry Density (pcf) 

IK             /"■ <j Dry Wt) of Layers,  l.i. of Layers,  in. 
3   0-6   6-12   12-18 0-1       0-6     fc-12     12^18 0-6     Egg   12-lfl 

Shesruraph* 
Avg Rut 

r    ZTS-   ^th 
0-1       0-6     6-12     12-lB"   b-6     6-12 TgTg     c       f°     \       a     »°       r 

Military Vehicles  

j/2-Ton mMOEl. 6x8 Truck, lest Weight lB.iO't lb 

33     36       22        ' 1.0     53.5     67.0     52.0   68.0   76.7     68.0 

|     32    I»      20        1 j.7     51.«     58.0    61.6   69.8   63.8     63.2 

56    62      62        60.6     61.9     I12.6     1*5-9   60.5   73.5     68.7 

«9       1U3.9     81.7     50.2     35.8   Il7.ll   CH.J     76.2 

29     29      19       107.0     69.8     '*.!     51.li   55.O   65.8     66.6 

0.2      8      0,7    1,J      L      2.3        — Vehicle dragged on mud buildup between ruts on  10th pass.    H'.d difficulty on 17th pass and 
1.6 extreme difficulty on 20th pass.   Vehicle considered to he immobilized on 22d pass 
6.0 

11.6 

0.5      8      3,3    0.7      6      2.6        -- Vehicle dragged on rr.ud buildup between ruts on 8th pass and became immobilized on lltth pass 
?.2 
7.6 

10.8 

3.6    20    10.lt    2.2   11.      6.5        -- Vehicle began dragging on ffud buildup between ruts on W+th pass, but completed 50 pesses with 
0.1 ease 
1.8 
2.3 

2.9    10      6.1    2.1      8      It.5        « Vehicle began dragging on mud buildup between ~uts on 6th pass and had some difficulty maKiruj 
2.2 39th p&sl.    Vehicle completed '.0 passes wit!   difficulty 
5.2 

10.1 

0.2   11       3.7   0.7     1»      2.0        — Vehicle begat: dragging on mud buildup between ruts on 3d pass.   IThere was some ■«heel fc„ip on 
1.8 5th pals.    Vehicle became lr-.-notilized on 7th pass 
8.0 

2-Ton M.1JS1■ bxb Truck. Test Height it,50^ lb 

3* 38 10 65.6 61.1 5I1.7 36.8 55.lt «,3.8 83.2 lt.0 26    12.2   0.0   35    11.6 

17 20 30         95.5 76.8     66.6 37.9 51.2 58.5 80.7 It.3 20 

10 17 21 135.5 8I».7 61.'. »6.3 1.8.6 62.5 70.9 2.7 6 

21 21- 28 128,2 69,6 56.2 1.3.5 1.8.8 fit,* 7lt.7 j.9 JJ 

3* V * 19.9 £... ip.j     if,,u (151,8 (,B,(, t7i6 ,,0 jj, 

21 & 16 21.1. S8.1 35.8 1,0.9 «.it 79.V 62.0 3.8 »    ll.lt   0.8   28     9.8 

1.7 
6.6 

10.3 0.'.    25 8.t 
5.« 

11.8 

It .It 1.0   13 It.8 
10.0 

12.C 1.°    17 7.0 
3.2 

15.lt 

10.6 1 .!t    23 8.5 
2.0 
7.1 
9.? 

10.7 

Vehicle began dragging on mud buildup between rut* on l*5th pas*, but nad no difficulty 
completing fO pws'-s 

Vehicle begun dragging  an mud buildup between ruti on 3d pass.    ry 5th p»*s vehicle was 
dragging f-ntir** te*t l*n<*.    Or. l^th pa** vehicle had extreme 'lifficulty and wa* considered 
to be iranbiM7',d 

Vehicle entered tf-st Ian« and became  Imrnr-t'llited on 1st peer 

Vehicle began dragging on fnuJ  buildup by  10th pas»,  and was  dragging entire  teat   lane by 20th 
pass and having lone difficulty.    MffrrenUal  caused raechftrücal difficulty on 3',-th pa**, 
but vehicle c-rrplct'-d *M pases  lefTc  test was  stopped 

Undercarriage M left  «'.it via  dragging f* 7th pass.    On lk%t\ paaa vehicle becatr.e  in-jnobliiit-d 
in revtrsf gear du*1  t    lack Df p ** r  tr *lip wheel*.    Vehicle  Tr&v<-lt-d  In  forward gear 
through the  l*n<-  and re^nter^d test  lane at  oppifltr  end.     FsaSrS  Ik,   1';,  and  1*   were  coft.- 
pleted in forward f&r.    Vehicle becane Immobilised on I7tn pa«* in forward gear 

1,7 
l!i.jt-rcarris.gr beg»;;  irigr-'-f a'  atart of Hfc pa**  in reverse g*-ar.    Vehicle continued through 

t«*t lane, became IrmobilUed near end of lane on l*th pa**,  and could not go forward 

%•     37        W 20,1*      #,i      (^.1      (,f.C    7%0   tiO.O     ««9.2 ?.2    31     1?.3    1.2    '0    11.0 Vehicle  CMplrt.d  '0 p*S8«-s  With   ea*»- 

8." 
k.k 

be Mi!iJU? ■,Ba^t.. l*i Tr^cii, Teat »'»'.gut 1-'.1':~".J it 

3k     kf>       U<>        71,8     61» .0     l»t*.7     k*,u   "*.i.   «■..'.     731,0 "..3    ?■'    l".l    :>.2    22    13.2 

€1.2     JJ-.i.      W*.S.     i,Ö.it    *9.0   73,0     • V      l.,t    3d    ?>,o   0,?    id,    \-*J 

5»     W       '.0 M.l     S9.1.     a?,'.     W-.*.   fcj,8   7:J.'      F3.P     ?,4    ?9   ?t,i.   CO    *!    If.fc 

3**     30       i?       110.3     *V.3     !*».8     a».J    ■-< .^   ( J.a     ?£.* 

i*   K     u     U3.*-   «.<"    (2.*-   «),3 4!*.«   td.i    7^,i 

?.i   ?;   if.i   0.3   >    !* 

yo   13.?   ... 

*.."■    21     1*.,»    O.f    ^      \K, 

3.9 

11*.0 

13.0 

tk.c 

Vetiiflc began :lra^g:i^ on au|d buildup by  Y'.h patf* and had »Of* *l.«el  Blip on  Jith p««*.     "•< 
hiele ha-i iifficui'y on JJth paa^; difficultj- inereasttt until Vtftici« becwM la»obilUed on 
-lit ptai 

Vetiicl« tegar. irag^ing oa cut buildup ty l.u* p**a ar.J üat *o«w jiffuuity ^.n *l\i: pasn. 
Vehicle vu »tie to pasplet« ^0 ta*e«a 

VrMele fcegar. ir»ggii^    n ^*i idillup ly Vh p«<a a*;i :^t difficult)  üA -,l»t !--.-.;.;   iirfi- 
rulty  Increased wit)   eacl   B*bSr^.ent j^:*,    Vehtvl«   '*d e*tr«--.t-  Jiffl'-ulty --i. a'tn pass  and 
keuM i»ev4ilie?J    i. '•Ttt   i*a; 

ti.Ielt t^g=_':  draggl;^ sllfhtly    n   *!  [«as  irJ was   \n&U4 e'.t;r«-  Iw* 
t-eca.-* Iw. ILjisrJ    *. * U   i^es   lit * r**r i 

TJ. pass,    V«-r iele 

Vehicle I» st  lai.t  at l i«--»*'t   I»- X iliri .   -i   1st p-. 

hlej«  nad Jirfi. 4itj   ;   -t!. p»*; 

^i.^lrr  vr! :■!•-   ur.4rr<-arri*gt 
irvr  infilled   i; yth i*ss 

?2 ».i       *.l      71.0    * .t Vrhieifr   bc.'a^r    itJf-   1.*:*«-*     <:    ."1   ja«; 

6V 
^ 
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Table ? (Continued) 

fidex  'it Dei ' hs.   In. 
73 3T 

?1        'ira  r    Mr 
Bit*  U 

M   -h     ■;>     n 

0 \U 
1 V 

58 r6 57 57 62 
,'1 63 67 68 71 
6t 6? £3 72 67 
75 72 76 SO B2 
78 75 78 30 88 
'■;> 59 53 5-3 (2 

M It? 11 3« lil 
l« 18 25 20 M 
38 ?H 29 39 51. 

13        33 

50        30        71 
68 (3 7k 72 

'! 
55 U9 

102 120 no 1 v! 

113 125 133 111 
120 117 108 117 

--   I.*,    m 

■7       tM 

u.       «o     nr 

IQ?     102      302 

I.'.' U'- 1.-0 
1C-. Ijt 117 
300       JTO       IQV 

Rating Cone 
Remolding Index        Index of layer» Moisture 
if layers.  In. in. (it, Dry Wt) oi 

Avg Cone Index 
of  layers}   in. of Iay< ...       __ ^__   ,_  _ 

0-6"      6-12    12-lB    0-6      6-lg" 12-18    0-6    6-12    TdZE     M '     0-6* 

Military Vehicles   [Con 

H 59 57 
106 72 66 
122 70 66 
1^1 77 7k 
130 73 78 
97 62 53 

1.5 hk UO 
36 22 21 
27 25" 32 

2-lA-Ton M35A2 (mod), 6x6 Truck, Test Wei 

0.88   0.6 7   0.60       53     10       3li 

0.66    0.76    0.51       30     j3       20 20.8     27.4 

— 67 59 57 -- 111 77 67 -- 138 80 73 -- 129 69 70 

-- 62 5t> 55 

_. 30 70 66 -. IV 106 117 
■ - 178 116 1» -. M 110 11'. 

-- 35 68 66 

„ Ik 76 86 
-- 99 31 39 
" (■7 HH 101 

.. 79 102 120 •« 120 103 110 
-- 1'.' ll'r 102 

0.7k    0.72   0 65       27 

57      0.67   0.6I4   0.I49      I45     38      20 

Zl.k      28.1 

I8.7     36.8 

0,7li    0.19    0.57        59     1.3        39 20.1      36.7 

O.90   0.52   0.U4       67     liO       (3 32,8     77.2 

1.12    0.58    0.6.0        88 16.9      51.; 

M11.3 M'.', lill Travel. Trst Wcl 

' 8    o.l..?    0.1,0       U 

A 
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|P# 

fljle 1' (Continued) 

srs MolBture Content Dry Density (pcf) 
(ft Dry Wt) of Layers. In. .        of layer». 

 Sheargraph  , 
Vane                 Bubber „e Rut 

 ~5—S~ "'P*11 

£_    r_ In. 31   *Q-l'' "<&"' 6-Jg    'l2-iB   0-6      6-i"g" "tgSlg     C        £     Sv 

try Vehicles  (Continued)  

■5 Truck. Test Weight 18.225 lb (Continued) 

, 57.6     81.2 65.3     52.»      3.0   25   17.8   1.0   29   16.it 

I        20.8     27.lt     U6.0     73.»   91.7   71.6     5lt.2     lt.0   27   18.2   0.5    30   16.5 

21.lt     26.1     35.8     6O.9   86.lt   79-9     62.0     3.8   *    16.2   0.8   28   15.6 

18.7     36.B     6».7     85.0   82.3   60.2     U8.6     It.5   26   18.1    0.7   3»   19.0 

2.8 

a.J 
5.6 
e.it 
9.8 

5.3 
IS.l 

3.1 
5.8 
7.1. 
9.6 

Undercarriage was dragging on 19th pass. Vehicle was dragging entire lane by 2»th pass. 
A large amount of mud hai accumulated on tires and axles by It2d pass. Vehicle became immo- 
bilirec on lt6th pass 

Undercarriage was dragging on 2d pass. Vehicle had difficulty making 3d pass and became 
immobilized on itth pass 

Vehicle became immobilised on 1st pass 

Undercarriage was dragging on 23d pass. Vehicle became immobilised on 33d pass 

I   20.1  36.7  65.3  66.6 76.2 59.6  58.2  3.5 28 18.3 1.8 10 17.8   —    Undercarriage «I dragging on 23d pass. Vehicle became Immobilised on lilt pass 
2.6 
».1 
6.0 
B.O 

32.8     77.2   135.lt   115.9   55.0   36.1      It0.lt     5,lt    39   27.7   1.0   3»    19.6 

!        16.9     51.2   103.1   108.3   67.1   1.0.6     ltj.7     2.8   It 2   27.8   o.lt    38   23.8 

1.2 
8.6 

1.2 
'.3 

Undercarriage bigan dragging or. soil buildup between ruts on 10th pass and was dragging 
entire test lane by 25th pass.    Vehicle beeasw immobilised on 31st pass 

')0  paSSeS  With   ease 

. Tracked. Test «eight 2» .200 lb 

52.5     1.2.5     36.2     36.2   77.8   Sit. 3     85.1      3.8   13     5.6   0.6   17   2.9 

3».6       35.0       33,6       3I1.I    77.0    8e.lt       81.0    ■ 7.'.    32    12.'     0.8    33    6.0 

Ult.9     37.1      32.lt      311,6    tto.8   Is .■       81.. 1.1    13.'-    0.0    '<2    '..0 

i.9 
9.1. 

1.1.8 

l.lt 
11.' 
1J.9 

Vehicle becae* Immobilised on 1st pass.    Undercarriage was dragging 

Vehicle began dragging on 8th pass and was dragging entire test lar-e by loth pass,    Difficulty 
increased with each subsequent pass.    Poth tracks were flipping and vrhlcle became 
immobilised on It* th pass 

Vehicle togan dragging   at 10th pass and was having difficulty an !2th puss.    Vehiel-   was 
tragglag entire lane by lltth pass and leoame   Immunised ufl 26th pass 

U7..-      «7...      ltO.3     37.1   06.8   79.0     81.8   17.2   20   20.0   1.2   31 
3.1' 

10.2 

Vehicle began dragging itfi itth pass and was dragging entire lane by "th pass.    Both tracks 
were slipping anj vehicle  became   Imm-blltK^d   jh 8th pass 

' V.'       at.2      37.2      V-.O    flt.lt    81.J 9.7    1*    n.a   o.lt    31 Vehicle begin   bragging    *i  1.11. jjass  and was   draggling entire   lane  by (th pass. 
Elipp'sg and vehicle became   Iftmot lllse 1    n 711   pass 

'2.7     ItV.l     Itl.2     50.7   7'.'    77.1      '7.1     ?.' Vehicle   Btgsn   dragging    t.   •!  pass   ani was    Iragglhg  entire   l*ne   ly  '»;    pass,     Vel-i" 
txrrear   llffleulty    :    "th  pass  aed berar*   Iraa-lliixel    n   'th  pads 

Tra-.-kel. lea. wight  .'.'.' M 11 

7». I (9.9     '9.7   ' '.' 1.?      «.'     •■.< Vehicle was   tragging  slightly    r.  J*th pass,  but  cue-.pietel  50 lasses aim  ilt'le  difficult, 

hide was   Iragging  slightly    ;    'th lass  ant ly   I".   pass  v 
I'lffteitl'j   Increased with tie   sobeestier.t  t*s=  alt   a. pass 

Irage .1 g -:t>r  test   lane. 

•.?      it.a       e.'      :•       '.1 Vehicle  iegai.   lrag--.i.g  slightly  Bfi 5th pass     r   * :J lull-ii*   and  ly   1* t!   lass  Vehicle  was  drag» 
ging eatlre   >.r.e,    Vet-tele was tertiag s *.e   alrfleuify an.i  At!   (ass.    ',   nl.le >.a i ilrf.- 
tulty staging -n ruts vfi pass  <t ant cut late sites vr ruts at ea.aral |'a.e* aiatt lai.« ai.i 
became bssuibil I- c '. bait was able t^ eatrlcate Itself unter tam paatef,    Yehiele .as r<»; uft sei: 
nearby Uta'- «as .<!   nigtier e'.restg'.i. u» iteaevc «ail afci re*i.'-citi tan« fur   »f'-i; (-a=s bait cut 1 
te.'.   slay in ruts  aftl lecate  iaseveilitcl.    Vet.Uic  ct-.ii tele 1 »t  i,c  leeebiiietl  _t.   -xu. pass 

./carriage   : - eat    lra(g:-.g    i. -tt  fass, 
as*   tie   t.litet Wt   1   IT.  pass   In  revere 

Irr:- *:ty   t. -■■   j^sjt at.t 1* 

li-e-arri^-   .   (tat    leiggit^ 
eal tstrt'r   ilrfl   .:* j    -t. - 

»«   lra(i
T ; e 

L5 
6 
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Table 2 (Continued) 

:ne  Index at De^thSj   hi. 
Avg Cone Index 
"f layers.   In. 

o-t    f-ig  12-18  5^ 

jJ      ■'irs.n .'Inn 

'«n» Sin« 
3 it..   It 

!-0       fnur vilf   flit 

Fu.r "':'•■   P.«t      II. 
alt.. ■ 

87    -- 
71    — 

7«    86     <iit    IS   68 
139 
182 

( 2 '.0 i« 
' 9 «5 38 
^2 3» 17 
1.0 3^ 38 

# UO 51 

6« 58 56 
75 65 62 
67 53 50 

IS 17 'I 
19 * 28 

It     IB    lit      16       21       23 

1)7 
'3 

76 lt7 111 
67 its 111 
56 38 It? 
«6 »2 56 

73 ''9 55 
103 L7 i-l 
109 57 5« 

19 19 23 
13 A 31 

Rating Ccne 
Remolding Index        Index of Layers Moisture Co 
f Layers, In.         in. (j Dry Wt) of La 

>-12    12-18*   6-6   t'.lg    fg^lB 0-1        O-t      i? 

  .ttjlitury Vehicles (Continued) 

M113 APC, Full  Tracked.  Test Weight  22.600 

0.7'.   0.59       «7     37       22 17.9     26.5 

0.85    0.60   0.51»       62     35       30 20.M      36.3     6i 

O.56   0.72   0.59 

0.56    0.66    0.6« 

11      lit        lit Mt.I 

6     13       17 Wt.O 

«0.5 

52.2 

It 2      KIM 

MrJU Vehicl.l 

2-1/2-Ton MSÄH. 10x10 True*. Test Weight 

56  .O.ltö   0.50        6       3 8I..8     62.8     y. 

° 2it 

10 '.<j ._ .. m .. „ 1? 
?2 t»H .. .. M  -- .. 1.' 
,0 21 -- -- 10     — -- 12 

15 lit       122      282*    2<t2' 17     0.78   0.»c    0.50       27 

1.0        Jtt    -- 21 1-t It 

If .. .. 12 — — n 
1? " -* 10 -- -• * 
JO .. .. 20 .. .. 13 

.■'• 
.. .. 19 

-1 -- -- 1C -- -- n 

10 
It ll 
'.It 

Ii2 
198' 
»*' 

258' 
278' 
278* 

275* 
2*.* 
283* 

286.* 
■86* 

23J6* 

10 

111 

10 
10 
12 

SO 
9k* 
78* 

21 
IS 18 

80 
'it. 

Uli 

156 
171 
278* 290* 

35 
»5 

23 
2» 
18 

19 
It 

0.78   0.5« 0.52 

11 
12 

12 
It 

20 
tO 

27 
37 

37 
I18 

13 
10 

10 
8 

11 
12 

O.I|.-    0.«8 0.« 9 

U 
11 

18 
20 

St 
> 
36 

30 
32 
'2 

38 
1.2 
66 

22 
21 
10 

1« 
17 
13 

17 
18 
22 

0.56    O.'.O 0.5; 

It. It 2« to 31» 19 16 M Use 'ret 11 data 

« 1.0 28 .1 It8 10 10 16 

34 

*it «i 
100* 

82* 
8U* 

IM* 

100* 
1 0* 
100* 

31 
30 
15 

> 
20 

.It 
l< 
39* 

0., .    0,'t. 0.52 

31.5     W.3     »< 

W.7     «*.J     M 

«8.1 

52.8     It; 

37.6      J5 

*     1'       18 55.5     «9.9     «6 

ct..tart Use 11        1«       H 

1'.       21 

tl        -1 

2«      0.«'.    O.tO   ?.<.« 
27 

>«       V. 1«     o.-io   u. 
12       «1 jO 
(0        «u 28 

0.6* 

28      0.57    O.t*    0.(6 
89 

a'.    ->.«■   o.to  o.tJ. 

222.3   U*,9    77 

7?.t     57.!     55 

!      10 11 112.7 $.0 

1?       222.3    1*4.9     77. 

    -v •• •" .i ,. .. ..        'i «0 

«, • . .... .„ .. .. tt, _y. 

33     0.' 
ft« H.J       23.2      W, 

A..- 

A 



Table 2 (Continued) 

* layers Moisture Content Dry Density  (per)     B Shc»r6r»ph       
|n.     KDrvWt) of layers,  in. of layers,  in.       ÖBS_ Rubber__ 
g gjg     0-1       pit     6-12     12-1*   O-o     6-12    12^Tg   _C_   £   J s     <P     S

r 

ltarv Vefriclee   (Continued) 

racked.  Ttst WeitiU  a.600 lb  (Continued) 

22         17.9     26.5     HJi     8J.1    85 -U   67.5     51.>> 2.9   28     6.7    1.3    26     k,(i 

Depth 

30         ?0.1i      36.3     66.1     67.6 75.0 60.0 59.2 

Ik          Ut.l      kO.5      52.0     1*9.2 80.2 68.5 71.3 

17         Wt.O     52.?     ^.k     »6.6 67.9 68.2 70.5 

MBA Vehicles 

10x10 ttucs. Test Weight 18,030 lb 

4         ».8     62.8     51.k     ;0.1 61.:, 70.5 71.0 

2.1 
',.0 

■>.2 
11/ 

2.2    31 6.5    1.2    30 5.3 
1.7 
■>.9 

1.9     3 2.3    1.2     6 i.o 
11.0 

2.5      3 2.9   1.8     5 2.5 — 

8 31.5 M»,3 **9-9 ^9.1 7^.6 70.2    66.0 4.Ö 20 6.0 O.o 3* 2.2 

u UI4.7 *•»«■ w.3 bu.a 76.y 74.9   76.0 4.4 31 €,k 0,1 ?o ?.o 

5 62.9 98.6 *3»8 »t.3 69.»» 77.5     78.$ 1.* 16 3.'' O.s 10 1.0 

9 1*8.1 37.6 35.6 37.2 Ü2.1 »*).8     93.6 5.7 1 2.8 0/. 8 1.0 

9 Use Us*  11 d*t* 

18 55.5 i*9,$i 46.3 49.0 70.7 ??-9      71.8 6,5 13 7.2 0.? 2* 2.3 

15 W3,j| 144,9 77.9 67.5 32.? M.O 58.7 

tt 7?S 57.5 55.7 43.7 66.-* bC.H 76.O 

11 112.7 ?K).0 61.9 4l».4 48.0 tJ.O n,9 

17 2??.3 1W..9 77.9 67.3 32.; M.O M&.7 

32 I'M 23.2 47.4 Äg,J '*2.4 /O.f* 17./ 

19 Vy.~. *,> 17,S *«.9 92.1 79.« »5. • 

ii -J.l -.1,6 **-•'* '2.9 «t*.* t*,a *V,2 

a4 feS.g "I.*, -%■* "5,0 "£,• of.,*i **,£■ 

3,2   a*    * .*   0.; 

o.1* 

fc.S 

(.6 
7, a 

0.? 
6 .it 

7.2 

1.4 

0.« 

f.fc 

jhdercarrlaga began dragging on 14th pass and was dragging entire lane by lfltta pass. Vehicle 
had difficulty backing up on 38th pn*l and becar.e iwmoliiliied on 44th pass in reverse, but 
traveled forward out iT test lane and raentered lane at opposite end in forward gear. Ve- 
hicle became  ImMbillged on 49th pacs  in  forward,  and considered  to be  inrootilized on 44th 
past 

Vehicle conpleted  '0 pe..s< s with *•*«*.- 

Vehicle bdOPM   immobilized on lJt pats.     It.  appeared  that   had  the  sMl  teen of slightly higher 
strength, vehicle night have Ucn able tn complete  1 pest 

Vehicle btcsme imnobilized on 1st pass.    Vehicle* s maximum cpeed just before ii.jaobilizat ;on 
9.0 occurred  «as 2.68 aph 

Vehicle isttMdiatAlY b#cnno immobilized on 1st pass.    Undercarriage was not dragging,    Ve- 
hicle's yaw, pitch, and inching actions were triad, but vehicle could not extricate Itself 

Undtrcw.iig« began dragging a 24th pass. Vehicle had extrem* rii 
past and became is* >b'li*ed on 30th pat«. Vehicle's yaw, pitch, 
tried, hut vehicle  could not «trie?!«   lt*alf 

'ficulty completing 29th 
and incning actions were 

Vehlclf '* difficulty  lnoreued with euch subsequent pus.    Undercarriage w»s  drigging entire 
test taM on i' th pas«.   v*McJe b*e*R£ Immobiliced on '-Oth pats*   Vehicle's yaw, pitch, 
%n.f iHChliif actions wire tried, but vehicle eoulJ not extrleet.*  ltt<-lf 

Vehipl« Dtcamr   !rrjf.->bllii*d or. 2d pass  in forward g"*r.    Undercarriage w»a hot  dragging. 
Vehicle*• yaw, pitch, and  Inching actions were tried, but vehicle could not extricate itself 

Ve,)l?l« begen dragging on 9*h put and was dragging entire lane on 10th pus.    tfheel slip oc- 
Vehlcie had difficulty on i-t». pus «nd extreme difficulty (high slip) curred on _ 

on . >'-h pees. but . _ 
mobilised on ""fa& pus 

f**n. vehicle had difficulty on i-t». t^ta end extreme difficulty (high slipJ 
'■a* able to eonplet« : '/th pue at ü.14 -rj^i. Vehicle conaldered to be la* 
rest 

Vehicle began dragging on '•th pgt*it had sone difficulty co»:pletlng 13th pass, and had extreme 
difficulty (nigh slip) on 16th pesi.    It becane inteoblllzed on 20th past.    Vehicle's yaw, 
pitch, and inching actions were tried, but vehicle could not extricate itself.    Vehicle 
cor.ii4ered to be iranobllised un 16th pass 

Gradual rutting occurred w<th each pus until undercarriage wu dragging entire la;.« on Sfl^a 
pus. Vehicle had extreme difficulty (i.igh slip) after 39th pus. A large anount of T.UJ 
had iwrc-ur.ulatei on th« tires by 39^h pus. Test was halted alter 47th put to cool torque 
converter. Vehicle managed to co&plete Htn pu* at 0.15 «ph. rorward progress completely 
stopped on 57th pass. Yaw «id pitch actions were tried, end after about IV mln vehicle wai 
able to extricate lteelf fron test lane.    Vanicle considered to be isnobiliaei on -Vu. pas« 

Vehicle repeated procedure of that of test fee, end wu considered to be inaobUUed on 1st 
pus 

Ate« covered with ebvut t in. of soft slush atop »oil of nuch higner strength.    Vetiiele 
easii* completed 50 puses 

-• Vehicle fcaekftd iit^ »aft area until It became Iweobllited but v«£ able to estrlcate Itself 
'■•? la r.rwar 1 u^lng pitch and ,/av action.    Vehicle considered to be tstaobillfed on 1st peas 

« Vehicle wes b».-eJ into f~-f- wt» to allow retrieve! *lth wUch    .r. frwt of vehicle).    Vehicle 
6.0 ^ee«M iariovilited but <,as atce to «jttrle\te itself in forwexd using pltdi end yew action of 

'^rdramllc syst-M.    This procedure wu repeated three times and ev-:. time vehicle wa» able to 
eatriceie Itself u, forward.    Vehicle couiiered to be lasflobUired on 1st pess 

.. Veniele eompleted MS puoes *i:i. e«*e 
o.l 
Ul 

.„ (hM b«gam w ac^umulete 0« ttres cm ..1 pus, en* e large «;-.-.'- baa avcumuleted by  uet pes«. 
1,2 Ibvtereerriw« »as ireggibg t* ;w ;«;, but veH;cie eompietmd -. peeses 
2.2 
■.' 

*.0 
10.2 

VenUle enure J te#t  1*;-« wu u tire« eeve/t« peered eil* »**i,  ;t  ii,uwoi I»J.S «^j »o«t te- 
',', cejho  _.«/■-1 iiisci    1* first pmsa).    tfekler^e/ricgw   :: • ;-■'.   zrag 

'•>;■: ie thurem ten let* *.; as tirea bevejM eev«r*i witi -mi, tfemicle ala«e>4 i.**, v.i t^* 
(a> is w« iis»i>iUt«j   ä« flftft pea: .    (X.d«ewriv* ui m»i   •- ^*. 

te«;tU.ued> 

wVe> 

ß 



T^ilüF :' (Continueä) 

fwtir-fl 
. -i,<-  Ind. x Bfinolltne Irate«     Inä"i    i' J " -istur'- Onn\etlt 
         ,  _„       _    _ __. ' '  Pry V.Q  i-f layers,   ii 
'-'■'    l.'-l'     0"        '-12    .12-.'!;    b-     ,-;:    I.;.JH      Q-l cut-       )-.];      g 

_____ Mr2:A VeMeJrs_f_j___aj  

l/2-T'i, I1EXA.   i,;]0 ITiii-..  Tf5t jit-iglt Hj.030 ]l. 

1!        17 1*7.1     51.0     53.li 1' 2'.      cvl.    0.70     0. 
21 27 

2^ 20 
17 SO 

C'.V'    0,70     0,(.!i       (      ii       17 1.7.1      ',].o     53,1t     ',; 

CV'.    0.71       C.70        B       !'•         20 '.0.'        ->].l       '.].?      ';( 

2-1/g-Ti. M.-MA.  '*■' Tnigf. Trat WI-IEM 11.01- 

O.Mt     O.W.       0/.        l.-y                   22 ;il*.t)       »7,0       '?.9       ^ 

O.'-l.    0,3°     o.1-?     28     ?0       20 »7.2     35.8      ^.-'l     *i. 

100'      l'l       1/ 

M M. 1, J. 

•)     0...-   o.fi.     0.U0     80    li       12        '-3.9     ''!.?     3Ü.S     S 

£ 

. !.     rv-0      O.M.       K(      12 i.2    n.s    <<v     n 

."-.'■    o.ti.     n.'-i     i'. 

11.      I. 
1 ■ J 2 20 

1 i       "....    CV-"       O.'i       J> 

r<        • '.'..    M.S    ;•<. i     y? 

..      ;k,U     '.,,..     1.0 

O.MJ      '. -        ■! 21 i.3."       ti..!t        «i...        tt 

l -.'       -'..'■      >7."      ■ t. 
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Table s ('Continued) 

Rating Cone 
InilM of Uyers Moisture Content Pry Penalty (pcf) 

[jj Dryht) of layers,  in.       »f '«ycr:. In. 

Shear-.-rftjin' 

0-     ■ -lg    1>T?   "5-1 0-6       Bf     jj-jj    Ö-? 

MKXA Vehicle!  (C.-.ntin,Kd)  

MEXA. 10x10 Tru^., Tost Weight .16.030 jfa   (Continued) 

n       17        1,7.1     51.0     f?.L     01.8   70.',   66.3     f-?.?     l. 

6-12    12-1-      C        £1   _y_   _a_   £   _V_ 

j]       17        1,7.1     '.1.0     53.lt      51.6   70.'.   (X..3     <"';.ri 

fl     lli       30        50.5     51.1     ' l.?     '■0.2   (3.9   69.8     W-.h ■.?    ■<    a.R 

■'■vg Pu1 
Iiepti 

Vfhiclr becBHie   ImtnbiliKed  f.r, lEt  p-aöS.    All   t lr-s werf   slipping  -i*   .—nt 11irnt i -m ind C-HT- 

plet<"Iy cr-vered with mud,    Underean .*P*   did  n >t   inr 

Vehicle If "im    [mot ! 1 izpci    n 1st. pass.    £11   tirea w»i •   Slipping at   !■•-   t '.]i;-i'i >n  und were 
f.ir.plf'-ly  r-.-rvF-rrti with mud.     Mr.k-rrarrläge   Hi  nnt  3ra** 

VeMcl- r.ec 
«lipping 

iiWRnfciiijr.1 -r.  "■:! pass whan ill  'iris 1 •■■■ir.- "-.vend win. -.A and began 

'■T.n HKXA.  Hx? True*.  Test «rjtf-»   U.üjj  lb 

Ut.ri      37.0 3U,9   äl.f.    %.8     B'i.0     5,0    ?0 U-nd«rcafriig-a tegs» dragging =n 8th pace and was dragged entire test lane on l6lh pass. Ve- 
hicle had difficulty on 31«t pure, and extreme difficulty (high slip) »f\«r -»Oth parr, but 
was alle to complete 50 passes.    Maxlrnur. speed on 50th pars was 0,95 ™fh 

^    ?0      20        J7.8     3:>.Jl     3't.8     3'«.?   83.5   f'.l     V
J
J-J* 

53.9    '•I- .2      3* .0   76/.    -<3.'       "?.'       3.''    1?     <*.'/ 

.19.'      37.5   Vfi.7    !10.'- 

15       13 r>3.9     «3.8     3r'.<      T7.0   70,6    «0.1* 

.0     11        i'.?     O.r 

7."     ],«•      ly 

Vehicle began -Iracglng or. r:ti pass and «as dragging entire lane on 16th pfU*,    I*   had extrer* 
0.1 difficulty (high slip) '•■n 3-Ut puss.    All tight wlwj»ll were slipping otj  vHn pass, and ve- 
v,«Jt Mel* HI making very little forward pro, rcrs.    It was con* i de red to bo  irsr-obilized am 3fth 

11.0 pass 

-• Vehicle wtt dragging or. Hh  pair with  GOT* wheel  slip an i  «as  dragging entire test   lane on 6th 
1.0 pass.    Ve!;i-:le had exirenr difficulty or. bin part and was aide  LO complete loth pass a', only 
•■•3 Q.tl fipn.    On 11*.. pass all wheels were spinning and vehicle »as maxlng very lit! if fe-r-ard 

■,■' progress ani -as t-nsi dered to i*j iwwfcilizel.    Vehicle's  Inching action *»s used, an i after 
15 rr.U of effort vehicle wus  able to «ttricste  itself 

.-*  89»H *r.fiur.t   <f »urfac«   ww'cr wii   T. Ian«   after 1st pas«.    r*i 3d pass v«-).tel*  ,-t ,rt- 1 
3.' slipping  ill  eight  v1.--'-!*  n: i  d -anw   Ironl Illz1*'!.    UndTrarrlag*  wis  r. ■•   V-iRplif1.    Vrhielr 
'.■' was  afcl*  •- 1-. ■'¥.  -ut    if  t<j*   :ar>p 

*• Vehicle began to   'ra^r on C'ti pass and was dragging entire •».-.■.   lane en   '*n pass.    Vehivle'i 
1.1 liffieulty  increased    !'ii t*.-N pass.    Speed Oil . Otn pacs -as '.'.™1 rpj.,    Vef.lrle f-dnsldered 
^.3 'o bo Icsaoblliied on . itl pass as all w-^.wels were elippii^- am very little forward progre*H 

10,7 ..RE belf.f.-   -ale 

«.h.n'    [,k,u    >.).!.    i.0.;1 *?.i   /"--.t    flo*: e:.icle's ■jn-'ercarria*;« was   lrag»:lr.p on 7*'. pas; and   -as dragging entire lane on i. 'n pass. 
VehK'le nad ex'-rc-* difficulty    i.lph slip  on - 31 p*=-. and speed "t. ■ '•*'n pass -a* only' 
0/.1 Ti.t    V-! tvlf  c nsldrr -d  to fct   if« l lilt- d    n .'*• tl. pax*.     :v.-.  j i* ■♦..   -m,i   ir.Ci Ing 
a.-;;.*» ««-re  tri.-i.  1 it   tftt   vrtsis-lf   I*JU13  1   •   rxtrii*att   i's^l:" 

Vehlrj«   1 •-^>n * ■ draf ij>- 'C paea-s with r--!atiV'   e»«s 

Vehicle was -ira^ijiiiri cr. 7th pass and -a"   uregglng entire t«:t  iaj:e en ijtft paxs.    Vefiiele P 
d*r.*iculty gradually   increased wit-, each sat-se-jueri jaas,    ^'pees on ■ .'"; (aü  -m  2.3* e*jet 
k'h**li -.ere siippirrf. «1 ?6*Ji p**s with very little fcr-ari pr--^re£e.     It  waa   -on i ler.; 1 •-.-• 
be i:«.tiiued er. .*"»; j*ss 

.1* ttgWj t iviriM- .*•. llr--; ! 1* t> p«SS, Whlrle ^Upcfi' 
u-idrrearriafK wia drag.*:t^ ■ ir. v.-*t tan* *> i'?d f-ass. Vr; 

fas;.    Vct.i.-li-  start«-1   !' rwir 1 and  th*  N  ,   ? differ*-!.t ii'   fa 

KtFrr,     i;rr;     ;!*>,   aM 

~H,I     bo,*       .,'■.-    ■.-.,:• 

IcÄTr     lütt   I !' iS^ 

sun :-'-e*   t**; 

sil   tir^» slipfii,'.    »Aier »rri-.*?- w~-s -   T   tr»,-,!!-*' 

•      !«* W« R        1 1--^'; 

is    :J       :-i       u. '. '     *»■;,«*   "».■ 
i    1    »r't   >   t. r.   ,   *>^! wit»   - .1 iy  kit   i-ass,   ^r 

:-"' ; ■• 

itil«r;   .   :a- t.i=. 

4i*. e :    nt!»   . 

1    in :.r-  „s   ^*rt-'l 

01 
& 



T'ible 2 (Concluded 

'■lii'X   'it.   F'"r*!;S,   ti:. 

Rating Cone 
Avp; Cone Index Remolding Index      Index of Layers Moisture 

Layers, in. of Layers, in. in. (f Dry Wt) of 
■'"'"    12-1?    Q^&      6-

A
 -----*    •..-■■«■—        —    .-< "-=--- .      ■ 

*2     Carson ,'! 

83      Carson ;*in* 
si'- \ 

%    Four HUC rut  iaf    res 
Bite   ;' 

85      Four Mile Flat     1j 
■ it*  - 

%       F^ur Mile FUt     13**      Pir 
jilt* ' 

10 .1? 15 * 
10 12 la a' 
n 12 lit 10 
10 13 it 2k 
l! A 30 '>' 
1.5 '':- 'a kk 

18 *.' 22 31 

11 10 :i 31 
?t' •0 •:2 }8 
2: 32 ? HI 

k8 10 Ill 38 
?2 IiS 3' 3'. 

6-12 

10 
8 

111 

12 

'.1 
33 
18 

6k 
67 

41 

1»8 

31 
28 

at     25 
20       23 
18 22 

'0 

12    12-18    535   6-12    12-18      0-1 0-6~       i 

 MEXA Vehicles (Continue 

MEXA Track, Test Weight 19,680 It 

7 68.6     56.k 12 O.lift   0.55     O.58       7      I, 7 
13 

13 0,k8   0.60     0.6k       988 
13 
23 

kj      0.63    0.52      0.36"      20     23        15 
32 
20 

29      O.kO    O.kk      0.k2      2k     13        12 
30 
28 

k2      0.3k    0,k£      0.k7      2k      27        20 
50 
2k 

32     0.77   0.78     0.59     35     3k       19 
39 

39 
35 

30     0.7k    0.72     O.65     23     19       20 
32 
28 
29 
31 
26 

23 0.k6 0.56 0.63 6 10 !'• 

20 O.38 0.57 0.62 3 7 12 
21 

28 0.61 0.7k 0.71 16 21 20 

50.7 kk.7 

kf.k kO.l 

35.8 33.9 

38.9 33.8     : 

10.0 26,3     k 

21.k 28.1     3 

..«..1 8.k 

'k.2     50.3     6( 

''9.2     k3.8     kj 

A 



Table 2 (Concluded) 

g Cone 
f layers v0isture Content Dry Density (pcf) 
n,  {%■ Dry Vit) of Layers, in. of layers,  in. 
3,2    12-lB      0-1 0-6      6-12      lg^lg 0-6      6-ltf    12-lB 

MSCA Vehicles {Continued) 

jtck. Test Weintt 19.680 lb  (Continued) 

I        7        68.t     58.1*     Wt.6     1+2.1   65.O   V6.it     78.1 

3        8        50.7     Wt.7     '*0.9     38.1»   76.1   79.0     83.I 

Sheargraph 

i. Jj£ ä. i. 

1.0 n    2.2 1.8   8   1.8 

U.8     1     i*.8   1.7   JO     2.3 

Avg Rut 
Depth 

Vehicle became  immobilized on 2d pa3s;  undercarriage waa dragging.    Vphicle's yaw, pitch, and 
inching actions were tried, but the vehicl»   cmld not  extricate   itself 

Vehicle began dragging on 2d pass and was dragging entire lane on 3° pass.     It became immobilized 
on 5th pass 

3       \f H.U      1(0.1      33.2      33.1    80.2    87.S      8U.8 '.7      1      3.;^    1.2      '■■■ 

12 3C'.2 33.9 31*.? 3fc.6 86,0 85.9 8U.1 8.0     2 8.1 0.0 1*2 2.1* 

20 38.^ 33.8 '   35.5 35.0 81*.1* 81*.2 83.2 5.1+      0 5,1» 0.* 3n 2.1) 

19 19.0 28.3 1*6.8 76.2 78.3 67.2 52.1* 2.7 28 1*,] 1.0 2°. 2.1* 

fcO 21.1* 28.1 35.8 60.9 86.1* 79.9 62.0 3.8 4* 5.0 0.8 26 2.2 

lb 58.8 U8.U 55.3 51.8 73.2 67.1* 68.2 1,6     6 1.8 1.2 s 1,5 

12 r'l*.2 50.3 60.7 57.1 71.1 63.9 66.2 3.0      a l.ij 1.0 7 3.3 

20 '*9.2 1*3.8 1*2.7 W*.2 7l*.0 73«? 73.0 2.2      ' ?.l* 1.6 7 1.9 

1.7 
12.6 

1.2 
9.2 

1.1* 
10.3 

2.9 

7.0 

X,r 

1*,3 
7.7 

10.1* 
11.8 

Vehicle began dragging on 7th pass and was dragging entire lane by 10th pass.    It had difficulty 
completing SOtii pass and became immobilized on 38th. pass.    Vehicle's yaw, pitch, and inching 
actions were tried, but the vehicle could not extricate itself 

Vehicle began dragging on 8th pass and had extreme difficulty i.high slip]   from 16th pass to 22d 
pass in which  immobilization -""'Cirrori.    V*?M>1' 's   inching ■icti^n w»s  tried, but the vehicle 
could not extricate  itself 

Vehicle began dragging on ltth. pass, had some difficulty on 16th pas:." 
no 33i pass, and became immobilized m :'l*t;. pass. Inching actl «i •*" 
could not extricate  itself 

had extreme d'ffieulty 
tried, but   the vehicle 

Undercarriage was dragging on mud buildup bet-eon ruts on 35th pe.se.    Vehicle completed 50 
passei without difficulty 

Undercarriage -as dragging on mud buildup between ruts <ir. Utn pasr.    Vehicle ■ 
with lam« difficulty  Itrack  slip, 

rapleted :;■. passes 

Undercarriage b'-gan dragging heavily    r tth pass.    V^hlclf   became   Immobilized -n ' th pass.    Ve- 
hicle's yaw, pitch, and inching action! were tried, but the vehicle could not extricate   itself 

Vehicle became Ismcbilistd on .d pass going, forward.    Vehicle's 
were :riei, bat the vehicle coui : not extricst« itself 

Vehicle V*M dragging '-nt lr»-  t-st   lane ty 7th past.    ! iffieulty  !:. 
pass sftt-r 33th paai.    Vehicle cceipletrd "0 paasea wlM.   iifficii 

:i, and inching actions 

vcl   Increased with each 

ß Ct 
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