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FOREWORD 

This report concerns tests with pneumatic tires in a fat clay 
conducted at the U. S. Army Engineer Waterways E:x:rieriment Station (WES) 
as a part of the vehicle mobility research program under DA Project 
1-V-0-21701-A-046, "Trafficability and Mobility Research, t1 Task 
l-V-0-21701-A-01+6-03, 11 Mobility Fundamentals and Model Studies, ti under 
the sponsorship and guidance of the Directorate of Research and Devel-
opment, Headquarters, U. S. Army Materiel Connnand. 

Acknowledgment is made to Lt. Gen. A. G. Trudeau, former Chief of 
Research and Development, who directed that this test program be per-

formed; to Mr. R. C. Kerr, chairman, and Dr. Lester Goldsmith, Dr. L. C. 
Stuart, Dr. Robert S. Rowe, and Mr. C. J. Nuttall, members of the ad 
hoc committee which recommended the research program; and to Messrs. 
R. R. Philippe and R. F. Jackson, U. S. Army Materiel Command, and 
Mr. M. V. Kreipke, Office, Chief of Research and Development, who 
advised in the formu.lation of the research procedures. Personnel of the 
Land Locomotion Laboratory (LLL), U. S. Army Tank-Automotive Center, and 
of the U. S. Army Transportation Research Command (TRECOM), Fort Eustis, 
Virginia, maintained liaison and made valuable comments and suggestions. 
Messrs. C. J. Nuttall and C. W. Wilson of Wilson, Nuttall, Raimond, 

Engineers,· Inc., served as consultants and aided in the formulation of 
the test program, design of the test equipment, and analysis of data. 

The tests were performed by personnel of the Army Mobility Research 
Branch (AMRB), Mobility and Environmental Division, WES, during the 
period from September 1961 to November 1962. Data from certain additional 
tests, performed through June 1963, have been incorporated in the 
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analysis also. The test program was under the general supervision of 
Messrs. W. J. Turnbull, W. G. Shockley, and S. J. Knight, and the 
direct supervision of Dr. D. R. Freitag and Mr. J. L. McRae. Engineers 
actively engaged in the study were Messrs. C. J. Powell, R. D. Wismer, 
A. B. Thompson, J. L. Smith, and Sp4 J. R. Wood. This report was 
written by Mr. Wismer, and many of the plates and figures were prepared 
by Sp4 Wood. 

Col. Alex G. Sutton, Jr., CE, and Col. John R. Oswalt, Jr., CE, 

served as Directors of the WES during the coli.rsc of this study and 
preparation of this report. Mr. J. B. Tiffany was Technical Director. 
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SUMMARY 

This report analyzes the results of 184 multiple-pass tests with a 
single, smooth, pneumatic tire (9.00-11t, 2-PR) in a fat clay at a high 
degree of saturation. These tests were performed using a wide range of 
tire loads, tire deflections, and soil strengths. Some of the tests 
were conducted to study the influence of speed on performance. 

Basic plots of the data (one dependent versus one independent 
variable with all other independent variables held constant) show the 
relative effect of each independent test variable on tire performance. 
Scatter of the pull and torque data points was found to be quite large 
for the early tests. An examination of the data showed that a difference 
in soil strength between the soil surface and the remainder of the soil 
mass was the probable cause of the scatter. Improvement in soil pro-. 
cessing techniques subsequently produced more uniform soil conditions 
and virtually eliminated this scatter in the later tests. 

A simple static analysis was found adequate to represent the forces 
and moments on a towed or powered pneumatic tire operating at small 
sink.ages in a soft clay. 
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PERFORMANCE OF SOILS UNIJER TIRE LOADS 

TESTS IN CLAY THROUGH NOVEMBER 1962 

PART I: INTRODUCTION 

Background 

1. In May 1959, the Chief of Research and Development, Department 

of the Army, directed the Office, Chief of Engineers, to have the U. S. 
Army Engineer Waterways Experiment Station (WES) proceed with the 
investigation outlined in the "Plan of Tests, Performance of Soils Under 
Tire Loads," prepared jointly by LLL, TRECOM, and WES. The broad purpose 
of this project is to provide results that will point the way to the 
selection of the proper tire size and deflection for a given load and 
soil condition to achieve a specified degree of mobility. The study was 
initiated immediately, using a system composed principally of a single-
wheel dynamometer system and a series of movable soil bins. Test tech-
niques were developed to vary the wheel slip during a run so as to allow 
the towed, self-propelled, and maximum pull conditions to be defined with-
in the usable length of the soil bins. A desert sand and an alluvial 
clay were selected as principal test soils, and procedures were developed 

for filling the bins so that the soils would be. in a reasonably consistent 
and uniform state. A series of tires with different widths, diameters, 
cross sections, and structural characteristics were procured for testing. 
The details of the test plan, techniques, and equipment employed are given 
. th' . l* in Report l of is series. 

2. The testing program was begun with desert (Yuma) sand as the 
test soil. An analysis of the first-pass performance of a number of tires 

2 in the sand is presented in Report 2. .This analysis showed that tire 

width, tire'deflection, load, and the strength of the soil systematically 
influenced the performance of the tire. Several useful numerics were 
developed that combined these factors. 

* Raised numbers refer to similarly numbered items in the Literature 
Cited following the text of this report. 
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Purpose 

3. The tests reported herein a.re pa.rt of the comprehensive study of 
the interrelation of soft soils and pneumatic tires. The specific 
objectives of the tests were to: 

a. Gain experience in building soft, fine-grained soil test 
sections and conduct tests in these sections with pneumatic 
tires. 

b. Determine for one tire size the influence of the test soil, 
tire load, and deflection on the performance of the tire. 

c. Study the interrelation of the moments, forces, and dis-
placements that can be measured as a pneumatic tire travels 
on a yielding soil. 

4. The test program consisted of conducting 18lt multiple-pass tests 
with a single tire ( 9 .OO-llt, 2-PR) in highly plastic clay. Pertinent data 
on the test tire a.re given in table 1. Load and deflection of the tire 
were varied over a wide range, and soil Gtrength conditions ranged from 
very soft to very firm. Some tests were conducted to study the influence 

of speed on performance. 

Definitions 

5. Certain terms used in this series of reports are unique to this 
study, while others are considered unique to this field of research., To 
facilitate the analysis of the data and the communication of the test 
results, these terms were rigidly defined in Report 1 of this series.1 
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PART II: TEST PROCEDURES 

Soil 

6. A fine-grained soil has shear resistance because of interparticle 
attraction and friction. For a fine-grained soil of given mineralogy, 
interparticle attraction is solely dependent on particle spacing, while 
interparticle friction is dependent on effective stress and deformation. 

When a load is applied to a saturated, fine-grained soil, the shear 
resistance can increase only if the interparticle spacing decreases or 
the effective interparticle stresses increase. Neither of these events 
can occur in a saturated, fine-grained soil unless some water is expelled 
from the soil mass. Thus, the shear resistance of a saturated, fine-
grained soil is independent of the magnitude of the applied load when said 
soil is loaded under conditions that do not allow drainage of the pore 
water. In other words, the soil-water system described behaves as a 
material with a zero angle of internal friction. 

7. Fine-grained soils that cause serious difficulty for vehicles 
usually are saturated or nearly so. A moving vehicle loads the soil at 
any one place for only a short time, insufficient to cause significant 
migration of the water from the highly stressed zones under the vehicle. 
Thus, the strength of such a fine-grained soil is not enhanced by the 
vehicle load, and in fact, sensitive or highly remoldable soils may 
undergo strength decreases due to destruction of a favorable soil 
particle arrangement. 
Soil processing techniques 
and properties of test soil 

8. The soil used in this test program was an extremely nonsensitive 
fat clay, selected mainly because it was expected to retain its strcnGth 

characteristics under load when it was saturated or nearly saturated. 
Laboratory testing3 had shown this soil to behave as a load-independent 
material when its degree of saturation exceeded about 90 percent. Full-

L~ 5 scale compaction studies ' had shown that 90 percent saturation could be 
achieved by compacting the loose soil-water mixture with rubber-tired 
rollers. Therefore, a rubber-tired roller was adopted for use in 
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processing soil, and one of the criteria for adequacy of the soil test 
section was the attainment of a minimum of 90 percent saturation. A 
description of the mixing and compacting technique is contained in 
Report 1 of this series. 

9. The degree of saturation actually achieved in the soil cars is 
shown by the saturation lines superimposed on the data in plate 1. Test 
procedures were modified after test Cll2 as explained in paragraphs · 12-11+ 
and the symbols in the plates distinguish between the initial tests 

(C7 to Cll2) and selected later tests through C268. Soil layers (0 to 
6 in. and 6 to 12 in.) are also distinguished. With only o.. few 
exceptions, saturations between 90 and 100 percent were achieved. The 
overall mean was 95 percent. The stability or degree of load dependence 
of the soil under repeated passes of the wheel is illustrated by the 
data presented in plate 2. In this plate, the values obtained from sev-
eral different types of soil measurements before traffic are compared 
with similar measurements made after traffic. (In this report, traffic 
denotes passes of a single wheel over the test soil.) Results from test 
sections with reasonably uniform initial soil-strength profiles are 
shown because the before-traffic and after-traffic measurements were 
represented by different layers in the soil cars (e.g. the zero depth 
in an after-traffic measurement was the surface of a rut) • It is 
apparent that there was no consistent or significant increase or decrease 
with traffic in any of these soil strength-determining properties when 
the degree of saturation was approximately 95 percent. 

10. The effectiveness of the soil-processing techniques in p1·oducing 
a load-independent soil condition over the desired range of strengths is 
further shovm by the typical results of unconsolidated-undrained triaxial 
tests in plate 3. Three levels of strength that span the full range of 
test conditions are represented. The cone indexes, taken near the points 

in the test.soil from which the triaxial srunples were extracted, are 
recorded within each Mohr circle, with the exception of the high-strength 
condition for which only a soil-car average was available. It should be 
noted that the existence of an apparent friction anc;le is questionable for 

the low- and medium-strength soils. These data agree very well with 
results of previous tests on laboratory-prepared srunples. 3 It is believed 

4 



that the techniques used in preparing the soil test sections for this 
study provided soil conditions that were essentially load independent. 
Uniformity of soil 

11. Variation limits. When testing was begun, it was not known 
how uniform the test sections should be to provide consistent test re-
sults, nor precisely what degree of uniformity could be achieved with 
the processing techniques at hand. Somewhat arbitrarily, therefore, 
it was established that the goal of soil processinG was to limit moiG-
ture content variation to ~l percent and dry density to +l pcf and to 
obtain a cone index profile that did not show any marked change in cone 
index with depth (average slope of the cone index versus depth curve less 
than 1.5). In addition, the acceptable variation in cone index between 
any two of the three cone penetrations performed in the test lane at any 
depth within the 0- to 6-in. layers was generally limited to 20 percent 
of the 0- to 6-in. average cone index of the three penetrations. A summary 
of the soil data obtained for the tests is given in table 2. 

12. Limits exceeded. An example of the soil measurements that were 

obtained in some of the early tests is shown in plate 4. It can be seen 
that certain variations exceeded the limits proposed. Two features in 
particular were objectionable: the occurrence of Gurface soil water 
contents that diverged from the mean, and a marked soil-strenGth sradient. 
Both features tended to reduce the probability that a simple average of 
strength measurements made in the soil test section reflected the condi-
tions that actually influenced the tire behavior in a test. Consequently, 

' in later tests greater effort was expended to obtain more uniform soil 
conditions and especially to reduce the extent to which the surface 
characteristics were different from those of the rest of the soil mass. 

13. Improvements in techniques. Prior to test C113, soil cars were 
sprinkled with water at the end of each day. With the start of teGt 

Cll3, watering of the carG was reduced to a maximum of twice a week and 
was done then only if the surface of the clay appeared to be dry. The 
clay was not wetted within 21+ hr of the beginning of a test. In addition, 
just prior to a wheel test, the top 1/2 in. of the Gail waG trimmed off 
with a blade attached to the soil-processing truck. 

ll+. Because of the improvement in test controls, more reliability 
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was placed on the traction results of the clay tests after Cll2. For this 
reason, the wheel tests from C7 through Cll2 will be referred to as the 
"initial" tests and denoted by open symbols on the data analysis plots, 
while those after Cll2 will be referred to as the "later" tests and will 
be denoted by closed symbols on the data plots. However, even in the later 
tests, inexplicable deviations from the general trend of results wer~ 

encountered. 
Effect of nonuniformity of soil 

15. As a working hypothesis, it is considered that the force 
required to tow a wheel results primarily from energy losses expended in 
deforming a soft soil. Thus, in a soft soil, towed force is dependent 

more on the mass properties of the soil than on the surface properties. 
This hypothesis is in accord with current concepts of rolling friction. 6 

On the other hand, the traction that a powered wheel develops, especially 
a smooth, pneumatic-tired wheel, appears to depend significantly upon 
surface conditions. Thus, if the soil strength near the surface is 
different from that within the mass, the performance of a powered wheel 
probably will be influenced more by surface properties than by mass 
properties. 

16. To illustrate the relative importance of surface and mass soil 
properties, certain first-pass data from two tests using the 9.00-14, 
2-PR tire with an 890-lb load and 35 percent deflection were assembled: 

Moisture content ( 0- to l/lt-in.), °/a 

Moisture content (0- to 1-in.), °/a 

Moisture content (0- to 6-in.), °/a 

Cone index (surface) 

Cone index (0- to 6-in.) 
Towed force, lb 
Pull at 20°/a slip, lb 

Test 
c34 

ltl 

39 
32 
42 
1t7 

128 

Test 
c119 

34 
38 
40 

40 

39 
52 

41t6 

17. The moisture content and cone index data obtained in the 
0- to 6-in. layer were about the same in the two tests. The towed 
forces likewise were nearly identical. However, there was a big 
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difference in pulls achieved at 20 percent slip. The moisture content data 
for test c3l1 showed that oversprinkling of the soil surface had caused a 
significant increase in moisture in the 0- to 1-in. layer. Corresponding 
data for test Cll9, one of the first in which surface sprinkling had been 
reduced, showed the moisture content in the 0- to 1-in. layer to be 
significantly lower than that in the 0- to 6-in. layer. The low moisture 
content in the top 1/4 in. should also be noted. The cone indexes 
corroborate the moisture content data. Therefore, the causes for the 
marked difference in the pull at 20 percent slip and the close agreement 
of the towed force measurements seem clear. 

18. While these data represent rather extreme examples, they 
nevertheless indicate that surface conditions must be recognized in the 
analysis of the pull data. Examination of the data for approximately 
the first 100 tests indicated that a surface soil effect on traction was 

clearly present in the tests. The effect was predominantly a lowering of 
the torque and pull values because of the excessive wetness of the surface, 
but in some instances, there was an increase in traction because of dry 
surface soil. The preparation techniques instituted for the later tests 
lessened, but apparently did not completely eliminate, the problem of 
maintaining consistent soil properties throughout the soil mass. 

Measurement of Soil Strength with the Cone Penetrometer 

Effect of shaft drag 
19. Cone penetrometer tests were performed at three evenly spaced 

points in the test lane before traffic and at specified intervals during 
traffic. Cone index is computed as the unit pressure on the base of the 
cone but is not regarded as shear strength or bearing capacity, per se. 
One of the several advantages of the cone penetrometer is its ability to 

make measurements at various depths below the surface. In making 
measurements in soft clay prior to the first tire tests, it was found 
that the cone indexes increased with depth, whereas from the concepts 
outlined in paragraphs 6-10 there should have been no appreciable change 
in soil strength. The increase in cone index apparently occurred because 
the soft soil closed in on the penetrometer shaft and thereby added to the 
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penetration resistance. The resulting shaft drag was dependent on the 
relative diameters of the cone and the shaft, the surface area of the 
shaft in contact with the soil, and the cohesive strength of the soil 
(for a soil-to-soil failure along the shaft) or ·the adhesive strength 
of the soil (for a metal-to-soil failure along the shaft). 

20. The penetrometer used for these pretest measurements had a 
cone with a 1/2-sq-in. base area (about o.8 in. in diameter) mounted on 
a 5/8-in.-diameter shaft. The influence of different relative shaft-cona 
sizes was studied by making several cone penetrometer tests in both low-
and high-strength clay using different sizes of cones and shafts. The 
cone and shaft dimensions of the different penetrometers employed were as 
follows: 

Cone Shaft Cone Shaft Soi.1-Shaft 
Base Area Diameter Radius Radius Clearance 

sq in. in. in. in. in. 

1/2 5/8 0.399 0.312 0.087 

1/2 3/8 0.399 0.188 0.211 

l 5/8 o.565 0.312 0.253 

Typical examples of the cone index profiles obtained in two soil-strength 
conditions with these penetrometers are presented in plate 5. It is 
apparent from these profiles that shaft drag occurred only on the 1/2-sq-
in. cone with the 5/8-in.-diameter shaft and that the drag was more 
pronounced in the lower strength condition. It appears that the clay 
around the penetrometer hole moved inward radially an amount greater than 
the soil-shaft clearance of the 5/8-in.-diameter shaft, but less tha'.n that 
of the 3/8-in.-diameter shaft. 
Effect of cone size 

21. In tests C7 to Cl23 it was found expedient to use the 1-sq-in. 
cone with the 5/8-in.-diameter shaft to eliminate shaft drag as well as to 
guard against the possibility of obtaining erroneous readings due to shaft 
bending. However, later in the testing program, it was found possible to 
avoid both shaft drag and bending with the 1/2-sq-in. cone with the 3/8-
in.-diameter shaft. Consequently, starting with test Cl2L~, the 1/2-sq-in. 
cone with the 3/8-in.-diameter shaft was adopted as the standard pene-
trometer for clay tests because of' the mass of field data that has been 
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acquired over the past years with this particular cone size. 
22. The two sizes of cones used did not give exactly the same 

evaluation of a soil condition. From the previously mentioned compara-

tive penetrometer tests, it was found that the 1-sq-in. cone yielded 
cone indexes that were approximately 95 percent as high as those 
determined by the 1/2-sq-in. cone. Thus, the clay test data for the 
9.00-14, 2-PR tire include cone indexes determined by two different 
cone sizes exhibiting no shaft drag but with a definite effect of cone 
size. The relation between the two sets of cone indexes is not perfectly 
linear; however, the effect of a 5 percent difference was so small that 

the cone indexes determined by the two different cone sizes have been 
considered equal in this report. 

Programed-Slip Compared to Constcmt-Slip nnd Towed Test Datn, 

23. The tests performed in the study were mainly of the programed-
slip type. 1 The programed-slip technique, which allows the test wheel to 
go through a broad range of slips in a single pass, permits information to 
be gathered in one test that would otherwise require six or seven constant-
slip and towed tests. However, if data from the programed-slip tests are 
to be accepted, they must be shown to be the same as for the equivalent 
constant-slip and towed tests. 

24. Eighteen towed wheel and 27 constant-slip tests were performed 
with the 9.00-14, 2-PR smooth tire, representing essentially the complete 

' range of loads, deflections, and soil strengths considered. The data are 
listed in tables 3 and 4, respectively. The towed wheel tests are iden-
tified by the letter T in table 3. Relevant pull data from these tests 
were compared with data determined at the towed (table 3) and 20 percent 
slip (table 5) points of equivalent programed-slip tests in plate 6. 
Since corresponding data for identical soil strengths were seldom avail-
able, towed force and pull at 20 percent slip for the programed-slip tests 
were obtained from faired curves relating these measurements and the 
independent test variables (plates 7 and 8). The resulting comparisons 
(plate 6) show some scatter about the 1:1 line, but appear to be connnen-
surate with that experienced in the basic tests. As indicated in fig. a 
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of plate 6, one constant-slip test (c94, table 4) produced negative pull 
(-14 lb), while the faired line on plate 8 from programed-slip tests 
indicated a positive pull (+40 lb). However, if the 0- to 6-in. cone 
index of test c94 were 18 instead of the recorded 19, the corresponding 
pull at 20 percent slip from the faired curve would be -20 lb, thus 
yielding a good correlation with the pull measured in the constant-slip 
test. It was concluded that programed-slip tests furnish essential],y 
the same values of pull at the towed and 20 percent slip points as the 

constant-slip and towed tests. 
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PART III: ANALYSIS OF WHEEL PERFORMANCE 

Towed Wheel 

Towed force 
25. The force required to tow a wheel through the soil under the 

specified test conditions is considered to be the primary criterion 
of towed-wheel performance. The relations of towed force for a 
9.00-14, 2-PR tire in clay to soil strength, load, and tire deflection 
are summarized in plate 7. It can be seen that towed force varied with 
changes in these independent parameters in an orderly fashion. The towed 
force increased as soil strength decreased, as tire deflection decreased, 
and as load increased. The scatter present in the various plots in 
plate 7 is not considered unreasonable. The maximum variation in towed 
force between two supposedly identical tests at high strengths was 15 lb, 
assuming all other measurements to be exact. At low strengths, the 
variation appears quite large, but here the relation was extremely 
sensitive to small differences in soil strength and a variation of 
only one or two cone index units could account for much of the observed 
scatter. Since all the data were for a single tire, no information was 
obtained on the influence of the overall tire dimensions on performance. 
The only factors evaluated were load, soil strength, and tire deflection; 
and the range of these was limited. 

26. Load. The effect of load (W) on performance was studied by com-
paring the ratio of towed forces (PT) obtained at two different loads (at 
one soil strength and tire deflection) with the ratio of the two loads. 
For example, if the towed force was 170 lb at an 890-lb load and under 
the same test conditions was 22 lb at 340-lb load, the load ratio is 
890/340 = 2.6, and the towed force ratio is 170/22 = 7.7. Several 

such comparisons were made using data representing performance at 25 and 
40 cone index from the faired curves in plate 7. These cone indexes were 
chosen because the curves of plate 7 usually were best established in 
those regions and because the towed forces were comparatively high. No 
towed force less than 6 lb was considered because a few pounds change 
could cause a large change in the towed force ratio. These comparisons 
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are shown in plate 9, and the data are listed below. The curve drawn 
suggests that towed force varies as a power of the load. For the data 

PT 
K (:~ ~2 shown, the relation appears to fall about the li.ne p 1 = 

'.l' 2 

Load and Towed Force (Faired Values) 
p . 

wl Tl 
Deflection 

wl w2 PT PT w2 PT 
% 1 2 2 

25 Cone Index 
15 890 670 170 95 1.33 1.79 
15 890 !+55 170 4o 1.95 !+ .25 
15 890 340 170 22 2.62 7.73 
15 890 225 170 10 3.96 1.70 
15 670 1+55 95 40 1.47 2.38 
15 670 3!10 95 22 1.97 l+ .33 
15 670 225 95 10 2.98 9.50 
15 1+55 3l+o 4o 22 i.31, 1.82 
15 455 225 4o 10 2.02 !1.00 
15 340 225 22 10 1.51 2.20 
25 1330 890 305 128 1.50 2.36 
25 1330 670 305 73 l.99 4.18' 
25 1330 455 305 33 2.92 9.25 
25 890 670 128 73 1.33 1.75 
25 890 455 128 33 1.95 3.88 
25 670 455 73 33 1.47 2.21 
35 1020 890 . 109 78 1.15 l .l+o 
35 1020 720 109 46 1.41 2.37 
35 1020 455 109 18 2.24 6.05 
35 890 720 78 1+6 1.21+ 1.69 
35 890 455 78 18 1.95 4.33 
35 720 455 46 18 1.58 2.55 

40 Cone Index 
15 890 670 100 L+5 1.33 2.22 
15 890 455 100 16 1.95 6.25 
15 670 !+55 45 16 1)+7 2.82 

25, 890 670 50 28 1.33 1.78 
25 890 455 50 12 1.95 L1 .17 
25 670 455 28. 12 1.47 2.33 

35 1020 890 58 45 1.15 1.29 
35 1020 720 58 25 1.1+2 2.32 
35 1020 !+55 58 12 2.25 4.38 
35 890 720 45 25 1.21+ 1.80 
35 890 455 45 12 1.95 3.76 
35 720 !+55 25 12 1.58 2.08 
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27. Soil strength and deflection. In principle, a similar analysis 
could be made of the effect of soil strength and tire deflection on 

performance. However, since some of the curves are quite flat over much 

of the range of cone index and since the influence of tire deflection on 
towed force is not well defined by these preliminary data, this analysis 
will be deferred until additional data can be obtained. 
Sinkage 

28. No special equation has yet been developed to determine the 

sinkage, i.e. the maximum penetration of any point on the test tire into 
the clay, although it is possible that the expression used in the tests 
on sand* may be applicable. For the clay reported herein, sinkage was 
computed as the depth of penetration of a point on the tire surf ace 
directly beneath the axle, a value which is relatively easy to obtain 
from the oscillograph record. Since the maximum penetration of a 
deflected tire occurs a few degrees behind the axle, the sinlmge computed 

in this manner is somewhat less than the maximum sinkage. 2 However, 
examination of the detailed sinkage data showed that the error occasioned 
by use of the simplified method seldom exceeded l/lt in. and was that 
large only when the sinkage was relatively large. 

29. The relation of sinkage of towed wheels to the primary test 

parameters for the 9.00-14, 2-PR tire in clay is shown in plate 10. The 
similarity between these curves and those representing towed force rela-
tions (plate 7) is apparent. This similarity leads, quite naturally, to a 

direct correlation of sinkage and towed force. Plate 11 shows a grouping 
of all test data obtained by plotting the ratio of towed force to load 
against the towed sinkage. It is of some interest to note that it was 
necessary to use the force/load ratio to obtain a single curve. This 
makes the plot dimensionless, since the other factor, diameter, was 

-)(-

where z is sinkage, H is the hub movement, and 5MH is the maximum 
2 center-line deflection of the tire on an unyielding surface. 
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constant. When the towed force alone was plotted, the data tended to 
separate on the basis of the load employed. It is thought that this 
resulted from the different requirement of units when plotted in a 
dimensional form (i.e. sinkage in inch~s and towed force in pounds). 
While considerable scatter still was evident, the relation was con-
sidered to be essentially correct since no special trends were noted. 
It is possible that much of the variation experienced arose from the 

sinkage approximation, and, at small sinkages, from energy losses in the 

tire deflection, resilient soil deflections, slip, and other factors 
unaccounted for in the ·analysis. 

Powered Wheel 

Powered-wheel force systems 

30. A representation of the forces acting on a powered wheel is 

shown in fig. 1. The load on the wheel is represented by the force w 
acting vertically downward through the axle. With the direction of 
travel from left to right as shown, the input torque, M, acts clockwise 

DEFLECTED TIRE 

DIRf_QION OF -_ 
TRAVEL 

INITIAL CONTACT 
POINT 

TIRE 

Fig. 1. Theoretical force system 
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with respect to the axle, O. The output pull is represented by the 
force P acting horizontally through the axle in the direction opposite 
to travel. The soil reactions a.re represented by the forces H, V, and T. 
The horizontal force, H, and the vertical force; V, are considered to be 
the components of the resultant of the forces acting normal to the wheel 
surface. The force T is the traction resulting from soil shear 
stresses. 

31. Static equilibrium. To be in static equilibrium, the forces 
acting on the powered wheel must satisfy the following equations. 

or 

or 

or 

Sum of the horizontal forces must equal zero: 

EFH = -P - H + T cos TJ 0 

T p + H 
cos T] 

Sum of the vertical forces must equal zero: 

EFV = V + T sin TJ - W O 

T w - v 
sin TJ 

Sum of the moments must equal zero: 

T 

M + ey - Vx - Tr e 

M + Hy - Vx 
r e 

0 

32. The forces P and W a.re measured by the test apparatus, and 
their lines of action a.re known. The moment, M, is also knovm from the 
test measurements. However, the magnitude and the line of action of 
the soil reactions, H, V, and T, are not known from the data measured 
during a normal test. Special tests in which measurements are made of 
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soil stresses are being conducted, but the results are incomplete. How-
ever, these data indicate that, with good approximation, it can be asswned 
that the resultant of H and V passes through the axle center line; 
thus, it can be stated that the moments due to H and V are equal in 
magnitude but opposite in sign and, therefore, cancel each other. Equa-

tion 3 then becomes: 

T 
M 
r e 

(3a) 

33. The line of action of the resultant shear force (T) would be 

parallel to a line drawn between the initial and the final points of tire-

soil contact if it is assumed that the same shear force per unit of area 
exists at all points on the tire-soil interface. However, the tire-soil 
interface is not a straight line as shown, and the shear stress is not uni-
form but increases generally with depth. The actual resultant shear, there-

fore, is not parallel to the straight line but probably makes a smaller 

angle ( 11) with the horizontal. The effective moment arm, r , is probably e 
not greatly different from the deflected radius of the tire, rd , espe-
cially at small sinkages. At small sinkages, the angle 1) probably ap-
proaches zero, as well. 
equation 3a becomes 

If it is assumed that 1) = 0 and r = r 
d e ' 

T ( 3b) 

Then, combining this with equation 1 and, for simplicity, letting the de-
flected radius be the undeflected radius, r , minus the maximum in-soil u 
deflection, 5MS , at the particular dynamic condition to be considered, the 
equation becomes 

M p + H 

This approximation, depicted in fig. 2, is considered to be reasonably 

valid for small sinkages, and it has been used to assist in the analysis 
of powered-wheel traction. 

34. Self-propelled point. At the self-propelled point, all the 
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..Y 

_,____...__ ___ H 

Fig. 2. Simplified force [;yet cm. 
Asswnc r = r - OMS and T] =: 0 e u 

tractive effort that a wheel develops is expended in overcoming motion re-

sistance, i.e. P = 0. If, in addition to the assumptions stated in the 

previous paragraphs, the towed force is considered to approximate the mo-

tion resistance at the self-propelled point, i.e. PT= H , equation lt sp 
becomes 

wl1erc M sp 

M Sp 

is the torque at the self-propelled point. 

(5) 

This added approxi-

mation probably will be reasonably good for tests in which the sinkage is 

about the same at both the towed point and the self-propelled point. 

35. Test data for the self-propelled condition arc given in table 6. 
The relation of towed force to the ratio of torque at the self-propelled 

point and deflected radius is evaluated iri plate 12. The correlation ic 

quite good as demonstrated by the close agreement between the data points 

uncl the line representine 1:1 relation. The scatter is well within the 

probable experimental error. The sinkage at the self-propelled point in 

all tests used in the plot was 1.5 in. or lesc. 
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Fig. 3. Typical pull-slip and torque-slip curves, fat clay 

Pull at 20 percent slip 

100 

36. On a typical pull-slip curve for a pneumatic tire operating in 
clay (fig. 3), the pull does not reach a definite maximum except possibly 
at a very high slip. Thus, it was necessary to choose a particular dynamic 
condition in the positive pull region in order that pulls could be compared. 
A specific slip condition was chosen because the same velocities, bo~h ab-
solute and relative (between tire and soil), then exist in each test. Sev-
eral specific slip points (20, 40, and sometimes 60 and 80 percent) were 
evaluated in each test. In the analyses, primary consideration was given to 
the 20 percent slip condition (table 5) because this slip is large enough to 
develop 80 and 90 percent of the extrapolated pull at 100 percent slip and . 
yet small enough for the wheel to operate at a reasonably high efficiency. 

37. The pull at 20 percent slip (P20 ) developed by the 9.00-llt, 2-PR 
tire operating in fat clay is shown in relation to percent deflection, load, 
and soil strength in plate 8. The faired curves in this and all succeeding 
plots depicting pull give primary consideration to the later test results. 
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This plate shows that the pull at 20 percent slip increased with in-
creasing soil strength (cone index) and increasing deflection, and that 
these increases were nonuniform. The. effect of load on pull was not as 
clearly defined and appeared to vary with both soil strength and tire 
deflection. 

38. Effect of soil strength. The rate of chanQ;e of pull with respect 
to soil strength varied from very large at the lower cone; indexes to very 
small at the higher cone indexes for all loads and all deflections (plate 8). 
The largest rate of change was in the low cone index region for 35 percent 

deflection condition. The data suggested two critical soil strengths in 
relation to pull development, one at 20 and the other at 60 cone index. 
Below 20 cone index, the decrease in pull per unit decrease in cone index 
was rapid. In fact, all test conditions for which the soil strene;th was 

15 cone index or less and surface contact pressure was in excess of 7 psi 
failed to produce positive pull. Above 60 cone index, there was little 

increase in the pull at 20 percent slip, regardless of load-deflection 
condition. In the 20 to 60 cone index range, there was a general increase 
in pull development with increasing cone index, but the rate at which the 
pull increased varied with load, deflection, and cone index. Thus, a 
separate relation between cone index and pull at 20 percent slip was re-
quired for each load-deflection condition. 

39. Effect of deflection. The effect of percent deflection on pull 
at 20 percent slip is shown for a typical test load (455 lb) in plate 8d. 
In the very soft soil, deflection had little influence, but in firm, soil, 
the greatest pull was achieved with the greatest deflection. Since the 
combination of firm soil and high deflection resulted in a relatively large 

contact area, the results suggest that a large contact area (and therefore 
low pressure) enhances performance. However, the increase in pull was not 

linear with increasing deflection but apparently increased at a decreasing 

rate. Thus~ there is probably a limit to the benefit gained by increasinQ; 
percent deflection. 

40. Effect of load. Pull does not appear to be a direct fu11ction of 
load as it is of soil strength and deflection. For the 35 percent deflec-

tion condition, for example, the effect of the load on pull was erratic 
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between 20 and 60 cone index. However, for a given soil strength and tire 

deflection, the pull/load ratio appears to have a fairly regular inverse 
relation with load (plate 13). 
Torque at 20 percent slip 

41. Using torque as a measure of tractive effort, a relation of 
tractive effort to load can also be shown (plate 14). The 1020-lb load at 
35 percent deflection (see plate 14c) may be an exception to the relation, 
although it seems more likely that these data are not valid. The 1020-lb 
load data were not considered reliable because of the small number of tests 
performed at this load in the initial phase of testing. Except for this, 

plus a few scattered tests at other loads, the tractive effort-load rela-
tion can be explained in terms of the dependence of tractive effort on soil 
shear stress and soil shear area. Since the clay can be considered a 
purely cohesive soil within the soil strength range tested, the soil shear 

stress was independent of load; but the soil shear area was dependent upon 
tire deflection!and wheel sinkage--both of which were dependent upon load. 

Thus, tractive effort, which is considered to be the product of contact 
area times unit stress, must also be dependent upon load. 
Sinkage at 20 percent slip 

42. A direct relation between sinkage at 20 percent slip and load 

for a constant deflection-strength condition is observed in plate 15 for 

all deflections and strengths with the exception of the 1020-lb load at 

35 percent deflection (plate 15c). It does not seem likely that the 1020-lb 
load actually produced lower sinkages at 20 percent slip than did the 890-lb 
load. Because of the doubtful reliability of the 1020-lb load data as 
discussed in the preceding paragraph, these data should be disregarded 
until further tests can be made. 
Analysis of forces at 20 percent slip 

43. Returning to the force system of a powered wheel as shovm in 
figs. l and '2, rearranging equation 4 for the 20 percent slip condition 
results in the following equation if sinkage is small (TJ ~ 0): 

20 
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If the motion resistance at 20 percent slip (H20 ) is assumed equal to the 

towed force (equation 5) for the particular tire-soil condition considered, 

equation 6 reduces to 

(r - o ) 
u MS 20 

or 

- p 
T 

(r 
u 

M sp ( 6a) 

This is a nonconservative assumption because the motion resistance at 
20 percent slip can be expected to be larger than the towed force because 

of the larger sinkage likely at the 20 percent slip condition. Before ob-
serving the relation of equation 6a to the test data, it is advisable to 
review the inherent assumptions: (a) the resultant normal force on the 
tire passes through the axle center line, (b) r r oMS ' (c) angle e u 
Tj = 0 ' and ( d) H20 = p = H T sp 

44. The relation between the measured pull at 20 percent slip for 

the 9.00-14, 2-PR tire operating in clay and the pull at 20 percent slip 
calculated by equation 6a is shmm graphically j_n plate 16a. 'I'he correla-
tion is quite good. It should be noted, however, that the directly measured 
pull values are generally lower than the values computed from measured 
torque, tire radius, and tire deflection. This is attributed mainly to 

M sp the fact that the computed quantity, (ru _ oMS) i.e. motion resistance 
sp 

at the self-propelled point, is probably smaller than the actual motion re-
sistance when the wheel is slipping at 20 percent, because in the latter 

condition, sinkage is greater. When a more nearly correct motion resistance 
is used, the scatter about the 1:1 line is reduced considerably. This is 
illustrated in plate 16b.· To obtain the plot shown, the equation 

(r - o ) 
u MS 20 
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was rewritten as 

(r - oMS) 
u 20 

p. 
T z20 

in which PT at the sinkage actually incurred at 20 percent slip was sub-
M 

stituted for the term s:e 
(ru - 51.f_) 

Proper PT values were determined 

sp 
by the equation PT = w(o.015 + o.123z) from plate 11. In this form, the 
equation might be considered to be total traction output = total traction 
input. The improved relation lends credence to the simple analysis pre-
sented of the powered-wheel system, at least for light pulls and low sink-
ages. Note that points occur on both sides of the 1:1 line in plate 16b 
up to about 400 lb, but thereafter the pulls calculated by dividing measured 
torque by an effective radius are all higher than those measured more 
directly. 

Effect of Speed on Performance 

45. Studies have shown that the effective shear strength of a 
cohesive soil increases as the rate of strain increases. 7 Therefore, it 
was reasonable to expect that the torque, pull, towed force, and sinkage 
recorded in a wheel test would be affected by the rate of travel of, the 
wheel. A few tests, including towed, constant-slip, and programed-slip, 
were run to gain some appreciation of the extent of the influence of the 
speed (table 7). Towed tests have an advantage in that inertial forces in 
the carriage system are negligible (although they can be important at rapid 
accelerations). Furthermore, this type· of test provides an opportunity to 

average res'Ults over a longer distance and to dissipate transient oscilla-
tions that can occur at high speeds. Powered tests, both constant- and 
programed-slip, could not be run as fast as towed tests because the torque 
input requirements exceeded the available system output. 

46. The results of the variable-speed towed tests are presented 

graphically in plate 17. Although only three towed speeds were used, a 
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reasonable range of test conditions was represented by judicious selection 
of loads, deflections, and soil strengths. It is apparent from plate 17 
that sinkage (fig. a) and towed force (fig. b) decreased with increasing 
speed and that the greatest change occurred within the speed range O to 

6 fps. These results suggest that at higher speeds less energy is expended 
in deforming the soil. 

47. One test condition (lf55-lb load, 15 percent tire deflection, 
and a cone index that averaged 36) was selected for powered-wheel speed 

testr;, and the results of pull and torque measurements at 20 percent s:tip, 
shown in plate 18, corroborate both shear studies7 and results of towed 
wheel tests. Torque (fig. a) and pull (fig. b) measurements indicated 
increases in performance with increases in speed. Apparently, sinkage 
(fig. c) decreased, but not to the degree noted in towed-wheel tests. 

Effects of Repetitive Traffic 

48. The ultimate requirement of the test program will involve 
extrapolation of single-wheel performance to multiwheel (vehicle) pe;rfor-
mance. Thus, it is of interest to examine the results obtained on each 
pass with the intent of evaluating the degree to which the performance 
data on any one pass, particularly the first, are indicative of multiple-
pass performance. In examining the results of these tests, it should be 
borne in mind that there was little or no strength change in the test soil 
as a result of traffic. Therefore, the trends indicated cannot be related 
directly to performance in soils that either increase or decrease in 
strength under traffic loadings. 

49. The effect of repeated passes of the test wheel is shovm in a 
general way by the data plotted in plate 19. It is apparent from this 
plate that multiple passes had relatively little effect on the magnitude 

of the tire-soil performance parameters shovm, except for cumulative sink-

age, for either the high- (cone index -50) or low-strength (cone index -20) 
condition. It should be noted, however, that although the cumulative sink-
age incre~sed with each pass of the tire, the incremental sinkage was 
approximately constant, particularly during the second through fifth 

passes. Thus, a significant increase in motion resistance would not be 
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expected and, in fact, was not evident, as shown by the relatively constant 
magnitude of pull and towed force for the different passes. Results of a 
constant-slip test of 20 passes are presented in plate 20, and serve tc 

substantiate and extend the observations made for the programed-slip tests. 
50. The effect of multiple passes on pull at 20 percent slip, 

torque at 20 percent slip, and towed force for this tire operatinc; in 
clay is shown in a different manner in plate 21. In this plate, the first-
pass value of the different parameters is compared with the arithmetic 

means of the parameters for all the pas::;es, which i::; termed the test aver-
at:;e. It is apparent from this plate that the first-pass and test-averae;e 
values of pull, torque, and towed force were equal within the limits of 
experimental error. 

51. The similarity of first-pass and test-average values suggests 
the possibility of usinc; test-average tire performance values in parameter-
by-parameter analyses to improve the reliability of developed relations 
because of the possibility of soil-bed nonuniformity yielding an unrepre-
sentative first-pass result. Also, the constant magnitude of pull, torque, 
and towed force, respectively, on all passes may make it possible to 
multiply the respective test-average values by the number of wheels on a 

particular vehicle to predict vehicle performance. Sinkage, of course, 
is not expected to follow a similar trend, since the sinkage on the first 
pass usually is somewhat greater than on subsequent passes. 



PART IV: CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

52. From the information presented in this report, the following 
conclusions were drawn: 

a. The basic concept of using wet clay at a high degree of 
saturation as a load-independent test soil is valid and 
useful (paragraphs 9, 10). 

b. Variation in soil strength between the soil surface and the 
remainder of the soil mass at the time of test can drasti-
cally affect powered-wheel performance, but does not seri-
ously influence towed-wheel performance (paragraphs 16, 17). 

c. The towed force determined at the towed point of a programed-
slip test and that determined by a purely towed test are equal 
within the limits of experiment error (paragraph 24). 

d. For a towed wheel, increasing test speed reduces towed 
force and towed sinkage, the largest changes occurring in 
the 0- to 6-fps speed range (paragraph Lt6). 

e. For a powered wheel, increasing speed increases torque and 
pull at 20 percent slip and apparently decreases sinkage 
slightly (paragraph 47). · 

f. Towed force, pull, or torque, respectively, measured on the 
various passes of a single test do not change appreciably 
(paragraphs 48-50). 

~· Soil strength, load, and tire deflection affect towed force, 
pull, and sinkage in an orderly manner (paragraphs 25-27). 

h. A simple system to represent the forces and moments on 
towed or powered pneumatic tires operating in a soft clay 
at small sinkages is adequate as a basis for examinit1g the 
relations among the test variables (paragraphs 35, 4Lt). 

Recommendations 

53. On the basis of the discussion and the analyses presented in 

this report·and the conclusions therefrom, it is recommended that: 

a. The clay-testing phase of the current program on the per-
formance of soils under tire loads be continued, and that 
tires of other sizes be included as soon as possible. 

b. The parameter-by-parameter analysis of clay behavior under 
tire traffic be continued, and a numeric analysis be 
initiated. 
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c. The simple force system continue to be examined, evaluated, 
and modified in light of new test data and better understand-
ing of tire-soil relations. 

d. The revised test controls on clay saturation and surface 
strength be continued, and all test controls be reexamined 
constantly in order to improve test quality. 

e. Evaluation of the equivalence of test data obtained at 
similar dynamic states and test conditions produced by 
towed, constant-slip, and programed-slip tests be continued 
as the test schedule permits. 

f. A detailed evaluation of the effect of speed on powered-
wheel performance in clay be accomplished. 
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Table 1 
Summar;z:: of Tire Data 

9.00-14, 2-PR Smooth Tires 

Unloaded Dimensions Loaded Dimensions - Hard Surface Contact Print Data 
Inflation Section Section Section Section Rolling Rolling Print Print Contact Contact 

Load Deflection Pressure Width Height Diameter Width Height Deflection Radius Circumference Width Length Area Pressure 
lb psi in. in. in. in. in. in. ft ft ~ in. sq in. psi 

Armstrong Serial No. 8A-1503, Tests C7 Through Cll2* 

225 15 9.4 8.48 5,75 26,79 8.62 4.89 o.86 1.045 6.95 4.59 7.00 26.07 8.63 
340 15 14.1 8.50 5.81 27.09 8.69 4.94 0.87 1.056 6.95 4.58 7.02 26.18 12.99 
455 15 17.6 8.68 5,84 27.15 8.91 4.94 0.90 1.056 7,02 4.63 7 .J4 27.62 16.47 
670 15 30,1 8.76 6.04 27,55 8.92 5.13 0.91 1.072 7,13 4.20 7,00 23.43 28.60 
890 15 40.2 8.82 6.16 27,79 8.99 5.24 0.92 1.081 7,17 4.20 7.12 2t1.20 36,78 

290 25 5,9 8.52 5,67 26.81 8.82 4.25 1.42 0.999 6.74 5.86 8.90 43.13 6.72 
455 25 9,4 8.48 5,75 26.97 8.85 4.31 1.44 i.oot1 6.76 6.20 9.20 47.40 9.60 
670 25 14.1 8.50 5.81 27.09 8.87 4.36 1.45 1.008 6.82 5.90 9,63 47.27 111.17 
890 25 17.6 8.68 5,84 27.15 9.00 4.38 1.46 1.010 6.85 6.00 9,78 48.41 18.38 

1330 25 30.1 8.76 6.ot1 27,55 9.10 4.53 1.51 1.022 6,98 5,69 9,71 45.85 29.01 

225 35 2.4 8.70 5,15 25,77 9.40 3,35 1.80 0.924 6.36 8.20 12.00 83.22 2.70 
455 35 5,6 8.50 5,65 26.77 9.20 3,67 1.98 0,950 6,53 7.30 ll.80 71.58 6.36 
720 35 9.4 8.48 5,75 26.97 9.23 3.74 2.01 0.956 6,57 7,40 12.00 74,55 9.66 
890 35 12.5 8.49 5,79 27.05 9.15 3.76 2.03 0,958 6.61 7,19 11.80 71.24 12.49 

1020 35 14.1 8.50 5,81 27.09 9.20 3.78 2.03 0.960 6.62 7.21 11.80 71.28 14.31 

Armstrong Serial No. 9A-1503, Tests Cl~5 Through Cl52 

340 15 14.1 8.51 5.88 27.23 8.78 5.00 o.88 1.065 6.98 4.28 7.07 24.25 14.02 
455 15 20.0 8,57 6.00 27.47 8.80 5.10 0.90 1.070 7,05 4.18 7.28 24.39 18.66 
890 15 41.6 8.80 6.30 28.07 8.86 5.36 0.94 1.091 7.23 4.00 7.14 22.97 38.80 

1300 15 59.0 8.93 6.42 28,31 9.13 5.46 0.96 l,100 7,33 3,75 7.08 21.02 61.80 

455 25 9.3 8.50 5,80 27.07 8.99 4.35 1.45 1.007 6.78 5,70 9.t10 411.16 10.30 
890 25 20.0 8,57 6.oo 27.47 8.98 4.50 1.50 1.020 6.94 5.40 9.40 42.05 21.20 

455 35 5,5 8.49 5.64 26.75 9,33 3,67 1.97 0.950 6.55 7,25 11.80 71. 55 6.36 
890 35 12.3 8.51 5,86 27.19 9,33 3.81 2.05 0.962 6.65 7.00 11.68 67.57 13.17 

* This tire was accidently destroyed on April 2, 1962. 



C7 

c8 

C9 

ClO 

en 

Cl2 

Cl3 

Cl4 

Cl5 

CJ6 

CJ7 

Cl8 

Cl9 

C20 

C21 

Pass* 

1 
2 
3 
4 
5 
A 

A 

A 

1 
2 
3 
4 
5 
A 

l 
2 
3 
A 

2 
3 
4 
5 
A 

A 

A 

Moisture Content 
% of Dry Weight 

Dry Density 
ncf 

0- to 0- to 0- to 
1/4-in. 1-in. 6-in. 

Lo.yer Layer Lo.ycr 

6- to 0- to 6- to 
12-in. 6-in. 12-in. 
Layer Layer L:iyer 

45.9 115.9 

46.2 42.3 

45.9 46.5 

46. 7 40.0 

45.4 39.0 

45.4 41.4 

46.o 46.3 

45.6 42.5 

45.9 45.9 

116.9 lio.9 

45.4 45.3 

46.o 41.9 

45.9 46.4 

411.6 42. 7 

45.2 lt).4 

44.6 45.0 

lt5.6 1+4.4 

45.11 42.l 

47 .3 4S.o 47 .8 

lt9.l1 l:7.1 48.l 

45.2 1+7.6 46.3 

72.2 72.4 

71.8 76.2 

72,5 72,11 

71.7 77,7 

72.5 72. 7 

73.4 79,9 

71.S 69.0 

73.3 70,8 

73.2 71.11 

73.4 76.1 

71.3 73.0 

71.2 79.1 

73.2 14.o 

72.3 77 .4 

71.4 74.8 

73.3 72.0 

73.3 75.2 

73.0 74.S 

72.6 7h.b 

72.8 75.5 

73.3 7'1.4 

TLC 72.J-1 

69.13 • 71.0 

71.8 c2. 1 

72.l '13.6 

Table 2 

Summary of Soil Data 

Cone Index 
0- to 6- to 
6-in. 12-in. 
Lciyer Layer 

18 
18 
17 
14 
16 
16 

17 
15 
16 

21 
24 
23 
26 
25 
29 

23 

C22 

C23 

1 
2 
3 
4 
5 
A 

A 

C24 1 
15 
15 
15 
11;. 
16 
15 

17 
16 
17 

17 
15 
15 
15 
15 
16 

18 
17 
16 
15 
18 

16 
16 
15 
17 
17 
15 

18 
16 
17 
17 

18 
16 
17 
18 
17 
J 8 

19 
17 
17 
17 
18 
l() 

19 
19 
18 
18 
19 
16 

20 
18 
18 
18 
17 

16 
18 
16 
13 
::._) 
2_6 

19 
16 
13 
l'.; 
17 
19 

16 
13 
17 

20 
23 
20 
2li 

25 

21 
21 
23 
23 

20 

21 
211 
21 
29 
23 
22 

20 
21; 

22 
23 
23 

25 
23 
23 

17 

25 

l9 

22 
?l 
22 
20 
22 
22 

22 
24 

20 
20 
21 

c25 

C26 

2 
3 
A 

A 

A 

C27 J 

C28 

C29 

C30 

C32 

C34 

C36 

C37 

2 
3 
4 
5 
A 

A 

A 

3 
11 
A 

A 

;, 

(Continue:!) 

Moisture Content 
% of Dry Wcir;ht 

Dry Density 
ncf 

0- to 0- to 0- to 
1/4-in: 1-in. 6-in. 
Layer Layer Layer 

6- to 0- to 6- to 
12-in. 6-in. 12-in. 
L:iyer Layer Layer 

Cone Index 
0- to 6- to 
6-in. 12-in. 
I,:iyer Luycr 

'117. 7 413.o 47 .2 

47.7 48.8 1:8.2 

117.3 l17.7 47.5 
47. 7 48.o 49.1 

47.7 47.9 118.5 

47.7 117,2 48.0 

47.1 117,1 47.3 

46.6 46.1 46.7 

46,5 47.6 47,11 

45.8 117.4 116.9 

45.1 h5.1 46.1 

46.2 46.9 1+7.l; 

39.8 39.1 38.8 

39.1 38.5 38.6 

40.1 39.9 :::s.9 

l;G.O 3').l 39.2 

46.7 48.o lq.G 

4o.8 36.9 38.9 

l.:.o.6 

71.8 72.8 19 
17 
15 
17 

. 15 
70.2 69.4 16 

10.9 
70.8 

18 
18 

72.2 70.6 19 
16 
17 

72.8 70.5 17 

72.4 71.5 19 
17 
17 
17 
16 

74.o 12.1 18 

73,0 72.2 18 
18 
18 
17 
17 

72. 7 71.0 18 

73.4 72.0 19 
19 
17 
17 
18 

72.7 27.lt 18 

79.3 78.6 111 
36 
39 
39. 
39 

80.0 79,7 l;O 

78.3 81.2 41 
36 
39 
3G 
39 

79.) 79.1 38 

72,3 72.11 19 
113 
17 
l'I 
17 

'(2.3 71.5 17 

73.6 72.l 19 
19 

' 17 
72.lt 70.4 16 

12.1 n.1 

72.5 70.3 

73.8 7L6 

72.1 70.2 

so. 7 eo.9 

rn.1 Ao.J, 

73.0 71.1; 

19 
18 
17 
18 
18 
19 

17 
17 

18 
17 
J 7 

21+ 
22 
17 
24 
19 
19 

23 
22 

26 
20 
20 
20 

18 
20 
20 
19 
19 
20 

21 
22 
22 
20 
21 
22 

21 
22 
20 
19 
20 
23 

1;7 
1;4 
46 
48 
42 
45 

21 
23 
22 
21 
?3 
22 

21 
20 
21 
22 

21 
20 
20 
20 
20 
21 

21 
21 
20 
19 
23. 

22 

co 
21 

'<'. :+:c;.:::;urerr:ents were taken bcfo:r-e passace of the w1H.-'Cl for the p::ws indicated. A indicates r..-~asurc:rr.enb~ taken o.fter L:.ll pa.-:sc:.s were 
after the pas::; indicated. 

or 
5 ~hcct;:;) 



;,:oi::;~ure Content 
~~ of .Dry Weir.Jn; 

0- to 0- to 0- to b- tc 
1/11-in. 1-in. 6-in. J2-in. 

Tec;t Pcu:;.:; ~ ~ ~ L:;.ver 

C39 

C41 

c42 

C43 

c44 

C45 

c46 

C47 

c48 

C50 

c51 

C52 

C53 

c54 

;, 

A 

A5 

A 

A 

A 

2 
3 
4 
5 
A 

A 

5 
A 

A 

A 

A 

J\ 

3 
A 

l+O.lt 39.9 39.9 

l;l.O 40.1 39-9 

40.l 39.8 39.5 

39.0 39.I; 39.2 

39.1 39.2 38.9 

40.4 39-5 39-3 

40.2 40.0 39.1 

34.2 34.o 34. 7 

34.9 34.o 34.3 

34.9 35.0 311.7 

39.2 38.4 35.6 

39.1 38.8 38.6 

39-9 39. 7 39.2 

35.0 34.4 

34.3 34.4 

34.o 33. 7 

34.3 33.8 

39.4 39.0 39.2 

39.3 39-3 "J).5 

33.6 33.6 

. 34.5 33. 7 

33-3 35.4 

39-5 38.9 39.2 

39.6 39.4 39-7 

39.5 39.4 39.9 

39.2 39.4 39.1 

47.1 h6.3 47.0 

46.1 46.o 46.6 

Table 2 {Continud) 

Dry Density 
ncf Cone Index 

0- to 6- to 0- to 6- to 
6-in. 12-in. 6-in. 12-in. 
~ Layer ~ L8.yer 

79.G 82.1 ltJ C55 

A 
38 
4o 
1!2 
42 

116 
44 
46 
45 
49 
47 

C56 1 
79.lt 81.lt ti.2 

79-7 79.1 44 
39 
41 
4o 
42 

79.lt 81.2 41 

78.6 81.3 44 
43 
1;2 
42 

79.8 81.8 l;l1 

79,9 Sa.o li.5 
1;.2 
42 
46 

So.a So.a 43 

BG.2 86.o 82 
82 
So 
76 
82 

84.o 85.0 81 

86.4 85.9 78 
75 

85.8 84.4 So 

81.3 79-5 42 
41 
4o 
43 
41 

80.7 80.3 40 

78.3 77.4 42 
41 
36 
4o 
4o 

ea.7 80.5 4a 

85.4 so 
77 
72 
77 
74 

85. 9 75 

85. 5 75 
70 
70 
73 
72 

90.1 69 

Sa.9 81. 3 38 
l+l 
41 
l;.l 
11-l_ 

78.8 79.I; 1;2 

88. 7 

81.3 80.0 

So. 7 79.2 

80.2 79-5 

80.6 60.7 

73.3 72.0 

73-7 72.7 

77 
77 
79 
78 

79 
74 
83 
79 
81 

42 
38 
1,1 
41 
39 

20 
23 
22 
23 
22 
21 

50 
49 
47 
45 
53 
50 

50 
53 
50 
51 
53 

);8 
51 
50 
56 
51 

83 
BG 
83 
24 
88 
'32 

83 
.86 
84 

1;5 
42 
45 
46 
48 
48 

46 
53 
44 
49 
115 
49 

82 
81 
76 
81 
72 
83 

80 
78 
75 
So 
76 
76 

46 
49 
43 
48 
'..iO 
50 

80 
90 
26 
91 

83 
83 
83 
88 
87 

50 
45 
1;8 
45 
l;O 

lt4 
48 
39 
42 

25 
26 
25 
24 
23 
23 

C57 

C58 

C59 

c6o 

c61 

c62 

c63 

C65 

cG6 

c67 

c68 

c69 

(continued) 

2 
3 
4 
5 
A 

A 

A 

5 
A 

A 

A 

A 

5 
A 

1 
2 
3 
4 
5 
A 

l-~oisture Content 
% of Dry Wcir,ht 

0- to 0- to 0- to 6- to 
l/it-in. 1-in. 6-in. 12-in. 

Ij::wer ~ ~ 

46.5 44.9 43.9 

43.9 44.2 44.5 

4).3 45.5 44.3 

45.IJ 44.8 43.9 

45.0 4lt.3 ll-3.0 

45 .2 l;6. 7 li6.4 

411.3 44.6 43.0 

42.5 lt4.8 43.G 

411.8 41t.7 !;3.1 

1;l1.l1 !14.J li-3.3 

116.11 li.6.o li6.G 

117.0 46.3 45.8 

43.5 44.o 113.2 

Dry Dcnsi ty 
pcf 

0- to 6- to 
6-in. 12-in. 

I,ave:r 

Cone Index 
0- to b- to 
6-in. 12-in. 
~ Vwer 

'73.6 72.2 24 
23 

73.7 "13-9 23 

711.3 76.0 25 
24 
24 
24 
211 

c(lf. 5 73 • 7 24 

76.2 76.2 26 
25 
24 
24 
23 

74.6 75-5 27 

74.4 75.4 24 
22 
23 
22 
23 

711.5 76.3 23 

74.7 75-5 25 
25 
24 
23 
24 

73-9 74.5 22 

74.7 75.6 21; 
23 
25 
21t 
25 

75.l 75.7 26 

73.1 71. 7 23 
26 
25 

·23 
25 

72. 7 72.6 23 

7li..8 7lt.O 25 
23 
21 
23 
21 

73.1 70.5 21 

7).5 76.S 211 
21;. 
23 
2lt 
25 

75.0 75,7 2') 

711.0 7'.J.8 25 
2lt 
23 
22 
24 

75.2 75.G 25 

71,,3 73.3 2lt 
23 
21 

73.5 74.3 21 

711.6 71.2 

73,6 76.1 

711.4 75-9 

75.6 75.7 

71;.4 72.8 

?5 
23 
23 

23 
22 
22 
23 
22 
22 

24 
23 
27 

29 
32 
31 
32 
30 
31 

31 
32 
32 
31 
31 
32 

30 
30 
32 
33 
34 
33 

30 
30 
31 
29 
29 
29 

32 
32 
31 
30 
32 
29 

25 
26 
26 
26 
26 
25 

26 
23 
2li 
'.?5 
23 
23 

29 
32 
31 
29 
33 
29 

31 
31 
30 
28 
29 
31 

25 
24 
25 
26 

2"1 

]0 
32 
29 
30 
30 
32 

31 
32 
28 
29 
31 
27 

22 

(2 of 5 sheets) 



Table 2 {Continued) 

Moisture Content Dry Density 
% of Dry Weir,ht per Cone Index 

0- to 0- to 0- to 6- to 0- to 6- to 0- to 6- to 
1/4-in. 1-in. 6-in. 12-in. 6-in. 12-in. 6-in. 12-in. 

Moi::;ture Content Dry Density 
cf, of Dry Weight pcf 

0- to 0- to 0- to 6- to 0- to 6- to 
1/4-in. 1-in. 6-in. 12-in. 6-in. 12-in. 

~ ~ ~ ~ ~ Layer ~ Layer ~ Lo.yer ~ ~ ~ ~ Layer Layer Layer Layer 

Cone Index 
0- to o- to 
G-in. 12-in. 
~ L':l.yer 

C70 

C71 

C72 

C73 

C74 

C75 

C76 

C77 

C78 

C79 

c8o 

c81 

c82 

c85 

c86 

1 
2 
3 
4 
5 
A 

1 
2 
3 
4 
5 
A 

1 
2 
3 
A 

1 
2 
3 
A 

/, 

1 
2 
3 
4 
5 
A 

1 
2 
3 
4 
5 
A 

1 
2 
3 
4 
5 
A 

A 

1 
2 
3 
4 

A 

1 
2 
3 
4 
5 
A 

1 
2 
3 
4 
5 
A 

1 
2 
3 
4 
5 
A 

1 
2 
3 
A 

45.8 45.4 46.3 

44.o 45.3 47.1 

43.9 44.2 43.2 

42.3 43.7 43.2 

43.1 h3.2 42.9 

44.3 411.l 42.5 

45.6 45.1, 46.6 

44.2 45.9 46.9 

46.2 45.4 116.6 

45.1 45.4 45.1 

44.6 43.6 43.3 

43.2 43.7 43.1 

44.3 42.9 43.3 

44.6 43.5 43.7 

45.'7 45.5 46.5 

44.8 115.3 46.3 

46.1 44.9 48.o 

41.9 42.4 42.3 

42.5 43.1 42.6 

41.8 43.1 42.7 

41.4 42.3 42.2 

42. 3 41.1 40.9 

42.3 41.2 40.2 

41.8 40.5 39.3 

~7-7 47.4 45.7 

48.2 47.6 45.7 

48.6 47.2 116.1 

48.9 46.5 45. 7 

74.9 73.9 

75.2 73.2 

74.2 75.8 

76.7 77.4 

76.9 76.7 

76.0 75.2 

74.3 73.0 

73.5 73.3 

75.2 74.5 

77.0 76.4 

76.8 76. 7 

77.2 75.8 

77.1 76.8 

711.3 72.4 

75.2 73.1 

75. 7 73.4 

76.2 76.8 

77.6 77.5 

76.0 75.3 

78.3 77.4 

78.8 79.5 

77.5 79.5 

79.0 76.9 

79.1 .81.0 

73.0 73.5 

72.1~ 71.6 

73.0 73.1 

73.1 73.8 

22 
21 
21 
22 
22 
20 

25 
25 
24 
26 
23 
24 

27 
26 
24 
25 

25 
26 
26 
24 

26 
24 
24 
23 
23 
24 

29 
27 
26 
27 
27 
27 

28 
25 
27 
25 
26 
27 

26 
24 
25 
25 
24 
23 

27 
26 
27 
:06 
26 
26 

31 
29 
28 
29 
28 
29 

31 
32 
32 
29 
29 
29 

41 
4o 
41 
39 
110 
4o 

44 
42 
4o 
43 
In 
42 

20 
19 
20 
19 
21 
21 

21 
21 
2' 
21 

22 
22 
211 
22 
22 
22 

26 
31 
30 
29 
29 
31 

29 
30 
26 
28 

25 
25 
26 
29 

26 
26 
28 
26 
28 
27 

29 
34 
36 
38 
37 
38· 

33 
33 
33 
30 
32 
32 

26 
26 
26 
25 
28 
28 

30 
27 
28 
26 
27 
28 

35 
39 
37 
33 
33 
35 

48 
48 
49 
48 
48 
50 

49 
52 
51 
48 
51 
45 

2) 
28 
29 
32 

29 
28 
29 
26 

C87 

c88 

c89 

C90 

c91 

C95 

C97 

C99 

Cl CO 

Cl02 

c106 

(Con~inued) 

l 
2 
3 
4 
5 
A 

1 
2 
3 
4 
5 
A 

A 

1 
2 
3 
A 

1 
2 
3 
4 
5 
A 

3 

" 5 
A 

A 

5 
A 

/, 

A 

1 
2 
3 
4 
5 
A 

3 
11 
5 
A 

A 

2 
3 
4 
5 
A 

42.0 

42.3 

42.2 

42.0 

47 .1 

46.8 

47.5 

46.6 

40.4 

39.8 

40.3 

48.6 

48.? 

37.5 

38.3 

38.8 

47.0 

47.8 

47.5 

38.3 

38.2 

39.2 

38. 7 

47 .e 

47.2 

38.9 

37 .1 

40.9 

40.3 

40.5 

~7.2 

46. 7 

47.0 

39.9 

40.3 

39.9 

39.9 

48.3 

47 .5 

38.2 

38.4 

38.G 

46.4 

46.2 

46.5 

46.6 

38.4 

38.8 

38.6 

46.l 

45.8 

35.0 

35.6 

39.'7 

40.5 

40.3 

39.8 

45.2 

44.8 

44.3 

45.2 

39.7 

39.8 

38.8 

39.11 

48.6 

48.2 

38.9 

39.3 

39.2 

39.4 

45.6 

44.6 

44.7 

39.9 

40.2 

39.8 

1.0.2 

45.2 

78.6 

78.7 

80.5 

80.0 

72.8 

74.o 

72.5 

73.5 

80.3 

79.2 

80.2 

79.6 

71.2 

72.0 

81. 7 

81.h 

80.9 

Bl.l 

73.6 

73.0 

74.5 

74.2 

80.6 

80.9 

80.h 

80.6 

73.7 

73.B 

86.4 

80.0 40 
38 
38 
38 
4o 

78.9 40 

79.6 42 
. 42 

44 
44 
42 

78. 3 42 

73. 7 21 
20 
21 
23 

74.4 23 

72.8 20 
20 
21 

73.0 21 

81. 6 41 
39 
39 
39 
39 

79. 6 37 

81.3 41 
111 
111 
40 

80.4 ~g 

71.0 19 
17 
17 
16 
16. 

70.1 17 

80.6 50 
48 
46 
48 
47 

80.11 45 

79.8 118 
118 

79.6 48 

73.6 2h 
23 
23 
22 
21 

73. 6 22 

75. 7 22 
22 
21 
22 
21 

75. 7 21 

78.5 116 
46 
45 
45 ' 
45 

77.4 114 

79.2 47 
117 
48 
45 
45 

78.9 li6 

74.2 22 
23 
22 

73.6 22 

74 
64 
67 
70 
73 
73 

48 
44 
46 
48 
52 
50 

52 
52 
54 
48 
50 
52 

29 
29 
29 
28 
29 

27 
31 
30 
30 

51 
46 
46 
48 
47 
45 

49 
47 
50 
47 
49 
li2 

22 
19 
21 
22 
22 
24 

51 
49 
47 
50 
51 
48 

52 
52 
55 

27 
28 
26 
28 
25 
28 

30 
31 
28 
30 
31 
28 

49 
53 
52 
51 
55 
56 

53 
59 
59 
52 
56 
56 

27 
25 
28 
26 

86 
85 
88 
80 
89 
83 

(3 of 5 ~heet:J) 



Moisture Content 
% of Dry Weight 

0- to 0- to 0- to 
l/!t-in. 1-in. 6-in. 

Test Pass L:l.yer ~ ~ 

6- to 
12-in. 
Layer 

Cl07 

Cl08 

c109 

CllO 

Clll 

Cll5 

c116 

Cll7 

Cll8 

Cll9 

A 

A 

A 

A 

1 
2 
3 
4 
5 
A 

A5 

1.5 

A2 

A5 

Cl20 l 
2 
3 

A5 

Cl21 

Cl22 

Cl23 

3 
A5 

A 

2 
3 

A5 

A5 

Cl25 1 

Cl26 

Cl27 

Cl28 

c129 

2 
3 

A5 

A5 

A5 

l·.5 

A5 

38.4 

38.6 

34.1 

33.5 

42. 7 

34.o 

37 .5 

32.5 

33.9 

42 .o 

36.3 34.9 

35. 3 
34.8 

35.2 33.9 

35.0 33.C 

36.2 35.0 

36.6 35.1 

35.2 33.6 

34.7 33.5 

39.1 39.5 39.5 

38.8 39.2 39.7 

35.6 36.1 3).8 

36.4 36. 3 

35.4 36.1 36.1 

38.3 39.6 39.7 

39.5 39.7 

38.5 39.1 39.6 

39.1 39.5 

34.9 36.3 35.9 

36-6 36.8 

36.0 36.5 36.8 

u4.7 44.8 

44.3 45.1 

114.o 45.5 

li-4.4 45.3 

35.6 37.9 39.l+ 

38.6 39.3 

38. 7 39.1 39.3 

38.4 39.3 

35.2 36.0 36.1 

35.9 36.6 

35.9 35,6 36.4 

36.2 36.2 

111;.2 41,_5 44.5 

44.4 44.2 

Dry Density 
ucf 

0- to 6- to 
6-in. 12-in. 
Layer Layer 

86.o 

85.6 

85.3 
86. 3 

88.2 

87.0 

es. 1 

85.l 

86.7 

86.8 

7il.5 76.7 

80.l 77 .o 

83.9 82.0 

82.4 79.9 

83.0 so. 7 

76.8 77.0 

78.3 77.4 

77.6 76.7 

78.6 77.1 

81.4 82.2 

82.4 81.2 

81.2 82. l 

72.7 73.5 

73.6 71.3 

74.6 71.6 

73.3 71.9 

79.6 79.0 

77.2 78.0 

79.0 79.6 

78.9 77.6 

87 .2 82.6 

82.9 81.2 

81.3 81.1 

82.8 81. 7 

74.2 73.0 

74.o 12.6 

Table 2 (Continued) 

Cone Index 
0- to 6- to 
6-in. 12-in. 
~ Layer 

74 
72 
78 
71 
74 
72 

73 
67 

74 
72 
75 
62 
69 
73 

55 
62 
59 
52 
58 
57 

75 
67 
71 
72 
78 
76 

34 

34 
33 
3!+ 
35 

51 
53 
46 
47 

50 
liG 
38 

39 
35 
39 

37 
35 
38 
39 

47 
48 
48 
117 

47 
117 
47 

20 
18 
19 
19 

23 
20 

22 

47 
50 
118 
51 

06 
3s 
37 
36 

(2 
59 
60 
57 

58 
54 
55 
57 

23 
21 
24 
21 

83 
85 
88 
79 
85 
84 

86 
82 

82 
83 
80 
70 
72 
81 

82 
67 
75 
73 
82 
77 

33 

34 
36 
3'5 
35 

51 
51 
50 
52 

37 
35 
39 
J;.1 

49 
51 
51 
l.;.9 

55 
119 
50 

21 
21 
21 
21 

21 
20 
21 
22 

37 
37 
37 
38 

36 
39 
37 
37 

54 
55 
60 
50 

60 
61 
61 
61 

22 
21 
21 
21 

Test Pass 

Cl30 

Cl31 

Cl32 

Cl33 

f..5 

A5 

2 
3 

A5 

2 
3 

A5 

c131~ i 
2 
3 

A5 

Cl35 

c136 

A5 

2 
3 

A5 

c138 1 

Cl39 

2 
3 

A5 

J 
A5 

CJ.40 l 

Cl42 

c145 

Cl46 

Cl47 

c149 

Cl50 

Cl51 

2 
3 

A5 

A5 

3 
A5 

3 
A5 

2 
3 

A5 

2 
3 

A5 

A2 

A5 

2 
A2 

A5 

A2 

(Continued) 

Dry Density 
ocf Cone Index 

!foisture Content 
1a of Dry Weight 

O to 0- to o to 
1/1+-in. 1-in. 6-in. 

Lctyer ~ Layer 

6- to 0- to b- to 0- to 6- to 
12-in. 6-in. 12-in. 6-in. 12-in. 
L2yer ~ Layer ~ L11yer 

41.~ 

33.6 35.5 35.0 36.3 

35.6 36.5 

35.6 35.9 36.0 

36.1 36.0 

42.4 

44.3 44.7 

43.4 43.2 44.9 

43.9 45.7 

39.9 42.8 43.9 44.8 

44.2 l;l;.8 

41.1 41.1 43.11 

43.2 li.4.G 

42.5 

43.1 411.3 

46.o 117 .5 

36.2 36. 7 36. 7 

36.6 36.S 

33.l 

35.5 36.2 36. 7 

37. 7 39.11 39.9 40.3 

38.6 39.2 110.5 

37 .9 39.1 39.2 40.2 

38.l; 38.9 41.6 

44.8 

115.6 45.3 46.o 

!;2.2 114.1 li-3.2 

42.lt 43.9 

44.11 114.7 46.5 

411.6 

114.1 115.4 45. 7 

74.7 73.5 

75.2 73.1 

84.o 

83.8 82.0 

84.o 

83.4 81. 7 

72.11 71.8 

73.7 72.2 

75.8 71.9 

74.9 72.0 

74.5 72.4 

71:.1 

75.4 72."2 

24 
24 
25 
26 

60 
64 
62 
62 

63 
59 
54 
611 

21 
21 
20 
23 

23 
23 
24 
24 

23 
22 
22 
21 

25 
76.2 72.1 24 

73. 9 71. 3 211 
22 
22 

75.7 73,5 23 

70.8 69,9 18. 
18 
17 

72.3 6g.l1 1.7 

73.2 10.B 16 
16 
17 

72.G G6.8 17 

82.4 81.l1 57 
57 
58 

81.7 51.G 56 

74.2 74.o 17 
15 
16 

74.o 73,1 17 

83.2 p,i l 63 
64 

' 63 
83.8 82.5 Gl1 

78.7 77.6 

78.G 77.3 

80.1 78.2 

78.3 77.0 

71<. 5 73.0 

70.8 71.0 

70.7 68.3 

'fl.'.) 71.6 

76.7 

74.4 

76.0 75.2 

711.4 71.9 

73.6 70.8 

42 
44 
42 
40 

42 
41 
110 
39 

17 
16 
16 

l6 
15 
14 
111 

25 
22 
22 

23 
22 
21 
22 

17 
16 
19 

22 
21 
21 
24 

54 
60 
58 
58 

66 
63 
53 
67 

19 
20 
19 
21 

21 
21 
21 
21 

20 
21 
20 
20 

22 
23 
21 
22 

22 
22 
23 
22 

20 
21 
21 
25 

21 
20 
22 
20 

21 
18 
26 
25 

68 
67 
66 
67 

112 
45 
42 
41 

46 
113 
41 
4u 

20 
18 
18 

19 
19 
19 
27 

23 
22 
23 

21 
22 
21 
22 

19 
22 
29 



Cl52 

C209 

A5 

3 
A3 

C210 l 

C211 

C212 

C213 

C214 

C231 

c232 

c233 

C234 

2 
3 

A3 

1 
2 
3 

A3 

1 
2 
3 

A3 

1 
2 
3 

Id 

A3 

1 
2 
3 

A4 

Al 

A2 

Al 

c235 i 
2 
3 

A5 

c236 i 
2 
3 

A5 

C237 

c238 

2 
3 

A5 

A5 

C250 l 
2 
3 

A5 

C251 1 
2 
3 

A5 

Moisture Content 
cf of DrJ Weie;ht 

0- to 0- to 0- to tJ- to 
l/i+-in. 1-in. 6-in. 12-in. 
~ Layer ~ Layer 

41+.6 

36.8 

35. 3 

34.8 

35.5 

35.6 

32.4 

31.6 

34.o 

30. 7 

36.2 

36.5 

36.6 

36.4 

36.4 

36.lt 

46.o 45.7 45.8 

l15.l1 116.4 43.9 

36.2 36.9 36.8 

jO.j 36.9 37.3 

36.2 36.5 

35.2 36.3 37.1 

36.5 

35. 7 

35.9 

35.2 

36.6 

36.6 

36. 7 

36.2 

34.6 

34.5 

34.2 
34.o 

34.7 

33.6 

36. 7 

36.6 

36.5 

36.4 

35.6 

35.5 

35.1 

37.3 

37.1 

37 .2 

36.8 

37.0 

37.0 

37.1 

37.0 

35.1 

35.2 

35.1 
34.5 

35.0 

35.6 

32.9 311. 7 35.0 
31.7 34.o 311.8 

37.2 37.6 39.6 

36.9 38.1 39. 7 

37.4 37.9 39.6 

37.7 37.8 39.5 

36.9 37.8 39.3 

37.8 37.4 39.6 

37,2 37.1 39.6 

37.6 37.6 39.2 

37.0 37.1, 39.3 

36.3 38.2 39.3 

37.0 37.4 39.3 

38.3 38.2 39.3 

36.8 37 .o 39.J 

37.6 38.1 39.3 

Dry Density 
ucf 

0- to 6- to 
6-in. 12-in. 
Layer L::i.yer 

71.0 70. 3 

70.5 72.3 

81.4 82.4 

80.8 80.3 

81.4 

. 81.8 

82.3 

82.3 

81.l 

82.4 

82.2 

82.3 

84.5 

83.8 

85.4 
84.6 

82. 7 

82.2 

81.8 

80. 7 

79.6 

81.0 

81.8 

83.8 

84.2 

84.8 
85 .5 

35. 3 

86.o 

85.1 85.2 
86.2 8lL8 

80.9 78. 7 

81.2 77.5 

80.8 79.5 

80.3 79.2 

80.9 79.0 

so.s 78.0 

81.7 78.2 

80.8 78. 7 

81.3 78.8 

79.6 78.2 

81.3 78.8 

79.6 78.2 

81.5 78.8 

79.8 78.2 

Table 2 (Concluded) 

Cone Indc;x 
O-to6to 
6-in. 12-in. 
L:iycr L~.i.:v~r 

15 
15 
16 
15 

4o 
38 
<8 
i~o 

46 
44 
43 
116 

36 
40 
4o 
40 

39 
38 
38 
110 

41 
l.i.1 
42 
42 

49 
56 
55 
53 

51 
57 

50 
57 
J5 

59 
70 

32 
31 
33 
33 

30 
35 
32 
32 

32 
32 
35 
31 

33 
37 
36 
33 

33 
34 
33 
32 

33 
34 
33 
32 

35 
38 
38 
37 

19 
2?. 
22 
32 

39 
110 
42 
43 

42 
4o 
41 
4o 

41 
42 
4o 
43 

119 
·54 
54 
52 

50 
52 

52 
6'J 

57 
63 

30 
32 
30 
32 

31 
33 
34 
32 

30 
31 
30 
33 

32 
33 
33 
33 

33 
32 
32 
32 

33 
32 
32 
32 

C252 

C253 

c255 

C257 

C258 

C259 

C261 

C262 

c263 

c26lt 

C265 

C266 

c267 

C268 

Pass 

A5 

3 
A5 

A5 

3 
A5 

f\.2-0 

1 
2 
3 

A5 

3 
A5 

A5 

l 
2 
3 

f..) 

A2 

A2 

A5 

A5 

A'j 

3 
A5 

3 
A5 

Moisture Content 
~ of Drv l·:dp:ht 

0- to 
l/h-in. 

La,ycr 

32.l 

32.1 

35.2 

33.1 

35. 7 

3)t.8 

35.2 

~6.4 

36.4 

36.7 

0- to 0- to 
1-in. 6-in. 
L'1yer L·i:ycr 

b- to 
12-in. 
L::i.ver 

37.G 38.1 39.3 

36.2 37.6 38.li 

36.2 37.6 313.l.; 

35 .l 

33. 7 

35.4 

35.9 

3). '{ 

34.8 

36.2 

3 5,9 

3').6 

37. 3 

36.2 

36.1 

35.6 

37 .o 

38.1 

38.l 

36.0 

35.3 

35.') 

35 .9 

3'].6 

35.8 

35.9 

36.l.i. 36.8 JG. l 

JG.o 3J.i3 35.1 

35.S 3•::l.:!. 36.0 

35.0 36.1 35.7 

41.0 42.2 l.;~.8 

ln.5 42.1 1,2.7 

37.2 36.7 jG.l 

37.l 36.5 35.8 

37.4 37.1 35.7 

Dry Dcw;ity 
lJCf 

0- to 6- to 
n-in. 12-in. 
I,:cycr L~tycr 

Cone Index 
0- to G- to 
6-in. J2-in. 
L·iycr L'!yr!r 

81.'..i 75.S 3'.J 
38 
38 

·r9.s 1s.2 37 

Bo.6 Co.8 35 
3L1 
3li 

81.9 80.3. 3'.) 

e,o.6 so.s 

81.9 80.3 

e2.c 81.0 

82.l+ 81.4 

81.1 81.4 

c;2.1 81.9 

82.6 

e2.1 

81.0 

iJJ.8 

P3.4 

?9.3 83.1 

81.5 (31 .8 

' il2.'.) c'J.2 

76,5 75.4 

7';.9 75. 3 

82.3 81.5 

82.l 83.6 

35 
34 
:::l+ 
35 

21 
?O 
ll) 

l;l 

j') 
37 
39 

3·1 
36 
39 
38 

37 
39 
39 
42 
4o 
113 
49 

)1 
53 



DefJ ec-
tion 

Te3t ('% 0) 
Test ~ _j_ 

C22 PS 
c6o T 
C92 PS 

Cl6 P.3 
Cl07 PS 

Cl4 P3 
C29 PS 
C48 PS 
C50 PS 
C51 P3 
C52 PS 
C53 PS 
C57 T 
C70 PS 
C97 PS 

Cll6 P.3 
Cll7 P3 
Cl42 PS 
Cl47 FS 
Cl50 PS 
Cl52 PS 
C235 PS 

C99 PS 
Cl02 PS 

c62 
c68 
C75 
C78 

C!OO 
Cl49 
Cl51 
C209 
C237 

c16 

PS 
T 
T 
PS 
PS 
PS 
T 
PS 

PS 

Cl2 PS 
c38 PS 
C43 PS 
c44 PS 
C63 PS 
C87 PS 

Cl09 PS 
Cl20 P.3 
Cl21 PS 

C21 P3 
C77 T 
C79 T 
C88 PS 
c89 PS 

c106 FS 

c58 T 
C67 PS 
C95 PS 

CllO P3 
Cl22 P3 
Cl46 PS 
C232 PS 
C234 PS 

c66 PS 

C23 PS 
C25 PS 
C61 T 
C69 PS 
C85 PS 
c96 PS 

C7 PS 
C9 PS 

Cll PS 
Cl3 PS 

Cl5 P3 
Cl7 PS 
Cl9 PS 
C20 P3 
C28 PS 
C41 PS 
C42 PS 
C45 PS 
c46 PS 
C"7 PS 
C54 PS 
C55 PS 
C56 T 
C80 

15 
15 
15 

15 
15 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

15 
15 

15 
15 
15 
15 
15 
15 
15 
15 
15 

25 

25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 
25 
25 

25 

35 
35 
35 
35 
35 
35 

35 
35 
35 
35 

35 
3) 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 

Load 
(w) 
-1!:_ 

Table 3 

9.00-14, 2-PR Sr.:ooth Tire, Towed Condition 1 A21 Pulls Her;a.tive 

Clay 

Sinkar,e 
(z) 

--2E..:.__ 
Slip 
_1_ 

Deflec-
tion 

Test ()G 5) 
~ _._:f_ 

Lo0,d 
(W) 
-1!:_ 

Sink0,gc 
(z) 

--2E..:.__ 

First Pass Fir<.t Pa::::s (Continued) 

240 
238 
217 

342 
31;4 

469 
465 
410 
462 
46o 
443 
436 
462 
441 
440 
454 
460 
442 
439 
441 
li.28 
465 

694 
6"8 

876 
890 
906 
884 
922 
868 
8'2 sib 
915 

301 

462 
445 
464 
433 
4'12 
450 
454 
460 
466 

653 
669 
671 
662 
663 
678 

18 
6 
6 

27 
15 

83 
14 
;o 

9 
10 
12 
10 
30 
38 
49 
14 

8 
86 
82 
43 
80 
20 

36 
122 

193 
175 
126 
185 
78 

178 
305 
122 
110 

61 
14 

0 
0 

16 
8 

10 
19 
11 

241 
64 
39 
17 

130 
20 

903 109 
898 121 
924 34 
888 19 
895 34 
900 50 
888 48 
848 32 

1316 348 

235 7 
221 11 
235 8 
222 5 
232 4 
248 3 

461 32 
488 28 
468 26 
470 25 

458 25 
456 14 
468 23 
466 23 
465 16 
h32 0 
465 10 
422 4 
456 5 
459 8 
483 12 
486 12 
473 10 
451 7 

o.44 
0.00 
0.00 

0.38 
o.oo 

l.48 
0.26 
0.01 
0.00 
0.04 
0.00 
0.03 
0.35 
0. 57 
0.56 
0.23 
0.00 
l.01 
l.05 
0.611 
l.35 
0.39 

0.40 
l.21 

l. 72 
l.81 
1.26 
l. 73 
0.6o 
l.lt6 
2.85 
1.21 
l.15 

0.31 

o.66 
0.10 
0.00 
0.00 
0.21 
0.00 
o.oo 
0.13 
o.oo 

2.49 
o. 75 
o.49 
o.12 
l.26 
0.00 

l.02 
l.27 
0.00 
0.00 
o. 05 
0.23 
0.24 
0.15 

2.30 

0.00 
0.14 
o.oo 
a.co 
o.oo 
0.00 

0.00 
0.41 
0,54 
0.42 

0.13 
0.10 
0.48 
0.22 
0.02 
o.oo 
0.03 
o.oo 
0.05 
O.oo 
0.02 
n.02 
0.05 
0.01 

0.2 0.075 
o.8 0.025 
0.0 0.028 

-0.1 0.079 
-LO 0.044 

l.5 0.177 
0.1 0.030 
0.5 0.029 
0.5 0.019 

-1.l 0.022 
0.1 0.027 
o.6 0.023 
1.0 0.065 
0.0 0.036 

-1.7 C.111 
-0.8 
o.6 

-0.9 0.195 
-0.9 0.187 
-l.l 0.093 
-0.5 o.1e1 
0.0 0.043 

-1.0 0.052 
0.2 0.188 

-2.2 0.226 
o.o 0.197 
0.2 0.139 

-0.5 0.209 
-2.0 0.085 
-0.9 0.205 
-0.8 0.370 
0.3 0.137 
o.8 0.120 

0.9 0.023 

-1.8 0.132 
-0.') 0.031 
o.o 0.000 
0.0 0.000 
0.5 0.034 
1.0 0,0.18 

-0.5 0.022 
-0.1 0.041 
-0.9 0 .024 

-2.1 0.369 
-0.8 0.096 
o.4 0.058 

-0.5 0.026 
-2.0 0.196 
-1.0 0.030 

-l.7 0.121 
-l.5 0 .135 
0.0 0.037 

-1. 5 0 .021 
0.0 0 .038 
0.0 0.056 
0.1 0.051, 
o.o 0 .038 

-3.1 o.26li 

-l.3 0.030 
-0.6 0.050 
2.6 0.034 

-l.O 0.023 
-l.5 0.017 
o.o 0.012 

l.0 0.069 
0.0 0.057 

-1.3 0.056 
-0.8 0.053 

-0.l 0.055 
-l.8 0.031 
0.5 0.049 
o.o 0.049 

-l.4 0.034 
-2.0 0.000 
-2.0 0.022 
-2.0 0.009 
0.3 O.Oll 
0.5 0.017 

-l.3 0.025 
-0.4 0.025 
-1.6 0.021 
-o.6 0.016 

12.63 
9.92 
5 .29 

17 .10 
4.65 

26.06 
lJ..34 
10.GO 

6.00 
5.82 

10.55 
l0.38 
17. 77 
20.05 
18. 33 
13. 35 
9.08 

26.00 
25.82 
19.17 
28.53 
14.53 

15.09 
29.lt6 

35.olt 
37~08 
31.2lt 
32. 74 
19.62 
34. 72 
lt8.94 
22.23 
28.59 

15.84 

25.67 
l0.35 

5,95 
10.31 
19.67 
11.25 

6.14 
12.43 

9.91 

110.81 
25. 73 
21.65 
15. 76 
31.57 
12.20 

37 .62 
39.04 
18.48 
16.15 
19.04 
21.43 
17 .41 
14.37 

52.64 

13.06 
13.00 
10.22 

9,65 
11.Go 

5.17 

25.61 
32.53 
27 ,53 
29,38 

25.li.4 
24.oo 
29.25 
24.53 
ll.34 
9.6o 
5.67 

10.05 
5, 70 
6.12 

24.15 
20.25 
!8.92 
14.55 

C81 PS 
C\44 PS 
Cl45 PS 
Cl48 PS 
c231 rs 
C233 PS 
c236 PS 

C24 PS 
C59 T 
C76 T 
c86 ro 
C91 P3 

PS 
P3 
PS 

Cll9 PS 
C213 T 
C238 PS 
C257 T 
C259 T 

C39 PS 
c64 T 
C65 FS 
c82 P3 

C22 P3 
c6o T 
C92 P3 

CJ.3 PS 
Cl07 P.3 

Cll+ P3 
C29 PS 
c48 ro 
C50 P3 
C51 P.3 
C52 PS 
C53 PS 
C57 
C70 P.3 
C97 P3 

Cll6 PS 
Cll 7 PS 
Cl42 PS 
Cl47 PS 
Cl50 P3 
Cl52 P3 
C235 PS 

C99 rs 
C102 P3 

C62 T 
c68 rs 
C75 T 
078 T 

ClOO PS 
Cl49 PS 
Cl51 PS 
C209 T 
C237 PS 

. Cl6 R3 

Cl2 P3 
C38 P3 
Clt3 PS 
c4lt P3 
c63 PS 
C87 PS 

0109 PS 
Cl20 P3 
Cl21 PS 

C21 P3 
C77 T 
C79 T 
c88 P3 
c89 FS 

Cl06 PS 

Continued 

35 
35 
35 
35 
35 
35 
35 

35 
35 
35 
35 
35 

35 
35 
35 
35 
35 
35 
35 
35 

35 
35 
35 
35 

l'.J 
.15 
15 

15 
15 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

15 
15 

15 
15 
15 
15 
15 
15 
15 
15 
15 

25 

25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 

721 
736 
726 
704 
715 

906 
828 
908 
882 
884 
908 
377 
884 

1010 
1022 
1008 
1016 

466 
476 
417 
467 
462 
1+35 
433 
466 
440 
442 
450 
472 
438 
433 
li4o 
420 
l+So 

876 
886 
904 
886 
915 
852 
793 
886 
862 

303 

475 
435 
470 
1135 
472 
446 
449 
440 
461 

645 
668 
663 
662 
658 
680 

12 
15 
lG 
43 
3 

_12 
10 

71 
23 
16 

108 
27 

47 
19 
30 
52 
60 
39 
15 
25 

0.00 
0.00 
0.00 
0.1+1 
o.oo 
0.02 
0.06 

0 ,58 
0 .46 
0 .00 
1.08 
0 .00 

0.00 
o.oo 

0 .32 
o.08 
0.13 

Second Pa.s::: 

22 
6 
6 

23 o. 511 
16 0.00 

85 
19 
10 
8 

10 
11 
8 

31 
34 
!19 
13 
111 
91 
77 
37 
86 
20 

lt4 
111 

191 
160 
138 
174 

58 
173 
292 
108 

92 

50 
19 
6 
8 

15 
9 

15 
22 
9 

261 
77 
39 
25 

146 
21 

2.04 
0.39 
0.03 
0.02 
0.15 
0.10 
0.13 
o.59 
0 .86 
0.87 
0 ,37 
0 .10 
1.56 
Llt5 
0.97 
l.9lt 
0 ,57 

0 .119 
l.69 

2.18 
2.4lt 
l.98 
2.54 
0. 77 
2.35 
4.33 
1. 58 
l. 39 

0. 31; 

l.37 
0 .05 
o.oo 
0 .oo 
0 .27 
0 .00 

y.oo 
0 .09 
0 .oo 

3.84 
l.25 
0.78 
o.oo 
0.21 
o.oo 

* T, towed te.st; PS, programed-slip test. 

Slin pt ~·.' 

~ w __IT__ 

0.0 0.026 
-0.5 0.032 
-0.2 o·.035 
-0.2 0.096 
l.4 0.017 
o.6 0.027 
1.0 0 .021 

-0.5 0.098 
-l.8 0.031 
1.7 0.022 

-3.6 0.153 
-1.4 0.033 

-4.7 0.052 
-0.7 0.021 
-0.3 0.033 
-0.5 0.059 
-0.7 0.068 
-0.5 0.01.3 
-l.7 0.017 
-1.5 0.028 

1.1 
-l. 7 
-4.J 0.113 
-0.3 0.028 

0.2 0.066 
-2.0 o.ott7 

-0.1t 
0.2 
0.9 0.067 
0.0 0.077 
0.0 0.111 

-0.3 0.029 
-0.2 0.030 
0.1 0.208 
o.l+ 0.178 

-0.1 0.084 
?.3 8.205 
0.2 O,Olt2 

' -l.5 0.063 
-0.1 o. 173 

0.5 0.218 
0.0 0.181 
0.9 0.153 
l.6 0.196 
Llt2 0.063 
0.2 0.209 
o.6 0.366 
0.3 0.122' 
0.1 0.107 

0.5 0.020 

-0. 3 O.l05 
0.1 0.0411 

-0. 7 0.013 
0.0 0.018 
0.0 0.032 

-2.0 Q.020 
0.0 0.033 

-0.1 0.050 
-0.3 0.020 

-l.4 0.1105 
-0.5 0.115 
0.2 0.059 

-2.0 o.03S 
0.1 0.222 
0.0 0.031 

11.12 
i.110 

l0.98 
27.88 
9.61 
8. 74 

15.87 

37,95 
29.44 
25.93 
33,52 
17 .l1l1 

21.57 
12.16 
18.16 
22.62 
22.67 
27 .52 
19.93 
21.05 

22.95 
lt0.88 
42.00 
23.09 

14.oo 
10. 39 

5.07 

29.12 
13.22 
10.42 

6.06 
6.211 

11.lt) 
10.07 
18.64 
20.95 
19.22 
13.G!; 
8.91 

29.20 
27 .06 
20.00 
28.00 
15.48 

15 .09 
27 .83 

38.09 
36.92 
33,48 
35.08 
19.47 
38, 73 
49.88 
23.32 
26.911 

11.82 

27 .91. 
11.45 

6.27 
10.61 
19.67 
ll. 74 

6.24 
12.57 

9.6o 

50.62 
27 .83 
22.86 
15. 76 
32.90 
10.62 

(1 of 4 sheets) 



Test 

Cl22 
Cl46 

c66 

C7 

C24 
C59 
C76 
c86 
C)l 

C39 
c64 
c65 
c82 

C22 
c6o 
c92 

Cl8 
Cl07 

Cl4 
C29 
c48 
C50 
C5l 
C52 
C53 
C57 
C70 
C97 

Cll6 
Cll7 
Cl42 
Cl47 
Cl50 
Cl52 
C235 

C99 
Cl02 

De>flec-
tion Lo::d 

T·est ('fe o) ('.·i) 
T~.rpe --~- lb 

Sinf;.ari;e 
( ') 
in. 

Second P8.s::: (Continued) 

PS 
PS 
PS 
P3 
PS 
PS 
PS 

PS 

PS 

PS 

PS 
PS 

PS 
PS 
P3 
PS 
PS 
T 
T 
PS 
FS 
PS 
PS 
FS 
P3 
P3 

PS 
T 

PS 
PS 

PS 
P3 
P3 
PS 
T 
PS 
T 

P3 

PS 
PS 

PS 
T 
F13 

PS 
FS 

P3 
FS 
F13 
FS 
FS 
F13 
PS 

FS 
FS 
P3 
PS 
FS 
PS 
F13 
P3 
P3 

P3 
PS 

25 
25 
25 
25 
25 
25 
25 
25 

25 

35 
35 
35 
35 
35 
35 

35 
35 
~5 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 

35 
35 
35 
35 
35 

35 
35 
35 
35 
35 
35 
3:3 
35 

35 
35 
35 
35 

15 
l'.J 
15 

15 
15 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
1) 
15 
15 
15 
15 
15 
15 

15 
15 

1262 

228 

722 

JOlO 

431~ 
1.12 
446 

l+.J. 
35 
4o 
31 
22 
24 
39 
33 
15 

8 
G 
6 
L 

J.2 

30 

70 

4o 
65 
1+2 
19 
26 

17 
G 

31 
12 

87 
16 
lC 
.12 
12 

p 
30 
58 
58 
17 
12 
92 

3. 79 

0. 71 
0, 34 
0.12 
o.oo 
0.00 
0.00 
0.04 
a.co 
0.03 
0.07 
0.05 
a.oh 
a.co 

0.04 
o. "',.O 

l. 72 
a.co 

0.00 

0.50 
o. 74 

~. 71 
0.20 

o.oo 

2.311 
0.40 
0.10 
0.01 
0.10 
0.20 

0.97 
1.19 
o.1t2 

0.52 
2.30 

Slip 
.L 

- l.2 
-0. 7 
0.0 
0.5 
0.1 
o.o 

-2.4 0.269 

-0.9 
0.1 
0.5 

-Lo o.on 
-1.0 0.014 

0.000 
0.009 
0.016 

-0.9 0.021 
-0.8 
-0. 7 
-0.5 
-0.l 
-0.2 
-0.2 
O.j 
1.6 
0. 7 0.025 

-3.1 0.0'(3 

O.OltJ 
0.074 
o.olt6 
0.022 
0.029 

-1.0 0.037 

0.5 
o.G 

0.11 0.039 
-0.5 0.035 

0.052 
0.166 

Ta.ble (C.ontinued) 

55.13 

11.19 
5, 67 

10.24 
6.00 
6.63 

21. 30 

24.02 

J,_3,52 

Test 

c66 

(Cont i:med) 

Test 
Type 

F13 
T 
T 
PS 
PS 

P3 

n; 
P3 
n; 
PS 
PS 
P3 
PS 
PS 
P3 

T 
PS 
PS 
PJ 
PS 
PS 
PS 
PS 

F13 

PC 
PS 
PS 

P3 
PS 

PS 
PS 
I'S 
FS 
PS 
PS 
PS 

PS 
T 

F13 
PS 

F13 
PS 
PS 

PS 
T 

F13 

FS 
PS 

25 
25 
25 
25 
25 

25 
25 
25 
25 
2) 
25 

25 
2;.i 
25 
25 
25 
25 
25 
25 

25 

35 
35 
35 
35 :: ~) 

35 
3) 
35 
35 
35 
35 
3'.' 
35 
35 
35 
35 
35 
35 
::.:; 
35 
3') 
'?,') 

:'.5 
35 
)5 
35 
35 
35 
35 

35 
35 
35 
35 

35 
35 
35 
35 
35 
35 
35 
35 

35 
35 
3'.5 
35 

Sinkage 
( c) 
in. 

'.l'hird Pa::;s (Continued) 

900 

239 

100!~ 

1024 
988 

1020 

197 
175 
118 
172 
'16 

12 

eo 

5 
16 
10 
14 
18 
10 

75 

135 
150 
110 
Jf3 

50 

12 

21 
16 
lv'.) 
10 

19 

~23 

31 
20 

LOS 
23 

1+9 
122 

2.84 

0.00 
0.54 
0.00 
Q.00 
Q.14 
0.00 

2.20 
'.7,'.Jl 

0.02 

0.00 
o.oo 
0.16 
a.co 
0.01 

0.07 
0.07 
0.00 
0.00 
0.00 
o.s11 
0.00 

0.13 

0.00 

0.09, 

_(Y)I+ 
0.91 
0.60 
0.21; 
0.20 

0.32 
1.60 
2. 33 
0.21 

Slip 
_j__ 

0.114 
0.11?. 

0.9 0.039 

0.170 
0.057 

1.0 0.012 
-2.0 0.03!1 
-1.5 0.023 
o.G o .031 
l.l O.Ol;.l 

-0.6 0.022 

-0.8 0 .114 
0.078 
0.023 
0 .2511 

LO 0.029 

0.152 
0.170 

0.0 0 .Ol;l1 
J .0 0.020 

-0.5 0.0)6 

-0.5 0.0::::) 

-0. 5 0.0111 

-0.2 0.035 
-0.7 o.lOG 
1.0 Q.022 

-1.l 0.173 
-2.1 o.ol12 
-1.l 0.026 
-2.0 0.155 
l.7 0.032 

-3.l 0.049 

-0.2 o.Ol+? 
0.080 
O.Olt8 

-0.6 0.025 
-1.5 0.027 

-1.0 0.0!19 
0.110 
0.153 
0.037 

111. 71 
3G.G7 
311 .G2 
32.22 
19.08 

.!}3.06 

10, 78 

38.65 
40.00 
19.83 
lli.92 

?2.50 

13.00 
9. 52 
'.J.21 

ll.9) 

20. 38 
111, Jlt 
10,98 

7 .11 
10. 79 
31.00 
8. 33 

?.1i.l;9 
ld1.52 
l17 .05 
25.50 

(2 of Ji sheets) 



Trcst 

C22 
c6o 
c92 

Cl8 
Cl07 

Cl4 
c29 
ch8 
C50 
C51 
C52 

Test 

PS 
T 
PS 

PS 
PS 

PS 
PS 
PS 
PS 
PS 
F3 

Defl_,;c:-
ti on 
(% o) 

r! --"-

15 
.15 
15 

15 
15 

15 
15 
15 
15 
15 
15 

PS l5 

C70 
C97 

c116 

C99 
Cl02 

C75 
C78 

ClOO 
c1i+9 
Cl51 
c209 
c237 

Cl6 

Cl09 
Cl20 
Cl21 

C21 
C77 
C79 
c88 
c89 

c106 

T 
PS 
F3 
PS 
PS 

F3 
PS 
PS 
P3 

PS 
PS 

T 
PS 
T 

F3 
PS 
PS 

PS 

FS 

PS 
PS 
PS 
PS 
F3 
PS 
PS 
PS 
PS 

PS 
T 
T 
PS 
PS 
PS 

C58 T 
C67 PS 
C95 PS 

C.1.10 P3 
Cl22 PS 
Cl46 PS 

PS 
PS 

c66 P3 

C23 P3 
C25 P3 
C61 T 
c69 P.3 
C85 PS 
c96 PS 

C7 PS 
C9 PS 

Cll P3 
Cl3 P3 
Cl5 PS 
Cl7 PS 
Cl9 PS 
C20 FS 
C23 ?S 
C41 PS 
Cl+2 PS 
cl;.5 P'3 
c46 PS 
C47 PS 
C54 PS 
C55 P'3 
C56 
cso 

15 
15 
15 
15 
15 
15 
15 
15 
" 15 

15 
15 

] 5 
15 
15 
15 
J'.j 
15 
15 
15 
15 

25 

25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 
25 
25 

25 

35 
35 
35 
35 
35 
35 

35 
35 
35 
35 
35 
35 
35 
35 
35 ~ 
35 
35 
35 
35 
35 
35 
35 
35 
35 

r,0ad 
(w) 
.lb 

236 
236 
220 

482 
406 

457 
429 

075 
872 
900 
850 
921+ 

876 

474 
446 

670 
670 
663 
658 
694 

880 
858 
910 
888 

896 

232 
237 
215 
23!+ 

464 
485 
462 
477 
465 

465 
u99 
470 
433 
466 
414 
460 
l158 
481+ 

1184 
441+ 

Sink.age 
(z) 
in. 

Fourth Pa.ss 

22 
5 
5 

12 

l') 
12 

31 
37 
50 
13 
10 
96 

32 

:!__08 

76 
22 

25 
10 
12 
18 
13 

81 
52 
22 

178 
14 

142 
149 
24 
18 

49 
40 
44 
42 
28 

64 
49 
12 

7 
4 
6 
9 
5 

18 

10 
5 

0.82 
0.14 
0.00 

0.90 
0.00 

0.39 
0.10 

O.ll 
0.20 

0.83. 
1.15 
l.411 
o.5l1 
0.12 
2.2l+ 

1.20 
2.67 
0.65 

0.61 

2.13 

0.40 

l.93 
0.06 

0.00 
0.51 
0.00 
0.00 
0.10 
0,00 

l.92 
1.16 
0.32 
3,17 
0.00 

2.69 
2.98 
0.09 
0.00 

0.62 

0.15 

0.00 
0 .co 

0. 58 
o.86 
1.17 
0.69 
0.22 

1.49 
0.57 
0.07 
0.00 
0.00 
o.oo 
0.13 
0.00 
0.00 

0.06 
0.12 

Slip 
_L 

}_,2 0.093 
0.5 0.021 

-2.0 0.023 

1.1 0.097 
-l.5 0.032 

0.025 
0.022 

o.6 0.033 
-0.2 0.0?8 

0.9 0.067 
2.1. 0.085 

-0.5 O.ll3 
-0.l 0.040 
-1.0 0.021 
l. 7 0.22:3 

l.2 0.099 
l;,7 0.215 
0.9 0.048 

o.o o.ol+6 

2.3 0,224 
2.9 0.196 
2.0 0.151 
3.6 0.201 

-O. 3 o.oe:.; 

2.1 0.123 

0.5 0.023 

-0. 7 0.160 
-Lo 0.01+9 

1.0 0.021 
-0.7 0.052 
-0. 7 0.023 
0.5 0.027 
o.o o.o4o 

-0.1 0.028 

-0.5 O.lCl 
-1.5 0.078 
-0.9 0.03·3 
-1.4 0.271 
-0.5 0.020 

-0.2 0.161 
-2.0 0.1711 
0.0 0.026 

-1.0 0.020 

o.o 0.07-l 

-l.3 0.030 
-3.J 0.021 
-2.4 0.037 
0.0 0.017 

-1. 3 ·0.106 
o.8 0.082 

-.l.2 0.095 
-1.4 0.088 
0.1 0.060 

.o.8 0.138 
0.4 0.098 

-0.6 0.026 
0.016 
0.009 
0.014 
0.020 

0.5 0.0H 
-1.6 

-0.8 0.021 
-0. 7 O.Oll 

Table 3 {Continued) 

14. 75 
9.08 
5. 79 

19.44 
4. 78 

12.68 
9.67 

5.64 
11.00 

18.60 
20.67 
20.Jlf 
12.80 
10.09 
24. 76 

20. 71 
26.40 
13.88 

15. 73 

28.26 

17.59 

26.33 
10.62 

10. 70 
19.12 
10.93 

6.28 
11.59 

9. 79 

27 .92 
23.93 
15. 79 
28.61 

9.51 

22.97 

9. 77 
ll.J4 

2q.oo 
30.31 
28.88 
29.81 
25. 83 

29.06 
31.19 
12.05 
9.84 
5 .68 

10·.35 
6.22 
6.54 

22.00 

20.17 
15. 31 

Test 
Type 

c81 rs 
Cl1+4 P3 
Cl45 FS 
Cl48 PS 
0231 F3 
C233 - PS 
C236 PS 

C2l+ FS 
C59 T 
C76 T 
c86 PS 
C91 PS 

034 
c108 
ens 

039 
064 
cG5 
082 

c92 

c18 
Cl07 

C50 
C51 
C52 
C53 
C57 
070 
C97 

0116 
Cll7 
Cl42 
c147 
Cl50 
CJ52 
c235 

C'.)9 
c-:_c2 

Cl6 

Cl09 
Cl20 
Cl2l 

C21 
077 
C79 
c88 
c89 

0106 

c58 
067 
C95 

CllO 
Cl22 
Cl46 
C232 
0234 

PS 
P3 
PS 
PS 

P3 

PS 

PS 
PS 

PS 
T 
PS 

PS 
PS 

PS 
PS 
PS 
PS 
PS 
PS 
PS 

PS 
PS 
p-._) 

PS 
PS 
I'S 
PS 
PS 
PS 

PS 
PS 

PS 
T 
·r 
PS 
P3 
PS 
T 
PS 

P3 

PS 
PS 
PS 
PS 
F3 
PS 
PS 
PS 
PS 

PS 
T 
T 
PS 
PS 
PS 

T 
PS 
PS 
PS 
PS 
PS 
PS 
PS 

(Continued) 

35 
]5 
35 
35 
35 
35 
35 

35 
35 
35 
35 
35 

35 
35 
35 
35 
35 
35 
35 
35 

35 
35 
35 
3S 

15 
15 
15 

15 
15 

15 
] 5 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

15 
15 

lj 
15 
15 
15 
15 
15 
15 
15 
15 

25 

?) 
25 
25 
25 
25 
25 

'25 
25 
25 

25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 
25 
25 

Load 
(w) 
lb 

Sinkage 
(z) 
~ 

Fourth Pass {Continued) 

li73 

732 
726 

718 

892 

900 
869 
883 

1015 
1013 

1020 

433 
401 
485 

883 

29? 

li28 
1169 
448 
449 
444 
462 

654 
668 
658 

668 

876 
846 
920 
887 

900 

6 
16 
18 
53 
9 

16 

33 

46 

48 

48 
22 
25 

60 
120 

0.00 
0 .oo 
0.00 
1.14 
0.00 

0 .19 

0.85 
0 .22 

0 .00 

0 .22 

0. 71 

0. 71 
o. 34 
0.27 

0.35 
2.21 

0.25 

17 o. 71 
11 0.16 
l+ o.oo 

16 o.oo 

16 
12 

27 
38 
56 
19 
12 
92 

48 
79 
20 

108 

11 

22 

10 
21 
lO 
10 
20 
10 

79 
53 
20 

18 

145 
;41 
42 
16 

57 

0.42 
0.15 

1.37 
2 ,95 
O.'('j 

0.65 

li.02 

1.15 

2.39 

0.00 
0.63 
0.07 
0.00 
0.22 
0.00 

2.17 
1.40 
0. 35 

0.01 

3.10 
3.41 
0.17 
o.oo 

o. 73 

Slip 
..1_ 

-0.3 0.013 
0.5 0.035 

-0.2 0.039 
-1.2 0.121 
1.0 0.019 

-0. 7 0 .034 

-2.1 0.046 
-1.9 0.029 

-1.0 0.046 

3,3 0.048 

-0.2 o.051i-

-2.2 0.053 
-0.5 0.025 
-1.0 0.028 

-2.3 0.059 
-2.4 0.118 

-1.0 0.035 

o.G 0.073 
o.6 0.017 
LO 0.018 

l. 7 0.033 
2.9 0.029 

l .4 0.058 
2.9 0.087 
1.0 0.12!1 

-0.8 0.0!13 
0.025 
0.229 

} .6 0.111 
3.9 0.197 
o.o 0.0111 

-3.6 0.058 

2.7 0.21'.Jt 
4.8 0.198 
2.9 0.1511 
3.2 0.206 
0.5 0.080 

2.8 0.122 

-1.0 0.037 

-1.2 O·.Oli9 

1.5 0.023 
-0.5 O.Ol+) 
-1.0 0.022 
-0.5 0.022 
-0.1 0 .045 
1.0 0 .022 

l.l 0.121 
0.5 0.079 

-0.3 0.030 

0.0 Q.027 

-0.1 0.166 
-0. 7 0.167 
-0.5 o.046 
0.0 0.018 

-0.1 0.063 

l·i 
__ c_r __ 

11.40 
7 .20 

11.50 
31.29 

8.711 

31.83 
27 .92 

18.89 

24.10 

22.87 

26.47 
20.21 
20.07 

25. 38 
42.21 

ll1.50 
9.27 
5. 711 

4. 70 

]2.68 
9,76 

18. 6!1 
?O. 71 
20.45 
12.69 
10.17 
23.65 

19.68 
26. 73 
llt, 70 

15.80 

l10.71 
35,33 
35,56 
32.J.16 
20.15 

28.48 

17 ,59 

10.60 

10.70 
18. 76 
11.20 

6.31 
11.38 

9.83 

27 .25 
23.86 
15.67 

9.15 

38.09 
38.45 
20.00 
15.29 

21.l) 



T~cb2-c 3 (Concluded) 

"Gsflec- Pull 
Ih:t'l.ec-

Pull tion Lo::td 
(Pt) 

Sinkage 
Ft 

tion Lo~.cl (Pt) 
Sir.l:.'.l.c;e 

:'!_ Tl' St (% &) (W) (c) Slip l;,1 T<:st (< o) (\!) (z) s j ip ';] 

Test ~ _l_ lb ~ in. _:}__ Ti CI Test Tycs --~~- lb lb in. _:!:_ w _IT____ 

?if th P·'.l.SS (Continued} :-~lftll Pass \continur~d} 

c66 PS 25 c211- PS 35 
T 35 39 0.053 

PS 35 T 3'.3 24 0.033 
PS 35 16 0.11 FS 35 
T 35 C9.l PS 35 716 \8 0.02 -0.5 G.·025 J·S.Sl;. 
PS 35 0.00 
PS 35 0.00 .29 PS 35 
PS 35 FS 35 
PS 35 63 0. 78 PS 35 

35 h2 PS 35 4-1 0.0') -0.l 0.05-1 23. 5') 
PS T 35 PS 35 53 PS ?/.i 40 26.12 Cl3 PS 35 !:4 

T '._-'.'.) 22 

PS 35 :+71 28 o.1,6 35 20 
FS 35 20 

?S 35 43 0.043 PS 35 74 
PS ..,,~ 64 35 1-32 0.131 

:rs 35 :rs 35 17 P3 3'..i :_020 '.)ll o. 36 0.0 0.053 21-1.29 Fs 35 
PS 35 0.00 
?S 35 0.00 
PS 3'.J l+ 0.13 
PS 35 6 0.00 
P3 35 20 0.08 
PS 35 

35 13 0.14 0.027 
T 35 2 0.09 o.oc4 
PS 35 0.00 .!..O 0.013 
PS 35 22 0.00 -0.J 0.048 
PS 35 15 0.00 -0.2 
PS 35 119 1.20 -0.9 
PS 35 
PS 35 
PS 35 ino 10 0.35 3.4 0.021 il-1.88 



Deflec-
tio:i 

Hor::i. (% a) 
Test Slin ____j__ 

C27 
C27 
C30 
C30 

C210 

10 
20 
30 

0 
10 
20 

0 
10 
20 

10 
20 
30 
10 
20 
10 
20 
10 
20 

20 
20 
20 
20 
20 
20 
20 

C26 0 
C26 10 
C27 20 
C27 30 
C30 0 
C30 10 
C31 20 
C32 0 
C32 10 
c33 20 
c36 o 
c36 10 
C37 20 
C90 10 
C90 20 
C94 10 
C94 20 
c9s lo 
c98 20 

C210 20 
C212 20 
C214 20 
C255 20 
c256 20 
C258 20 
c266 20 

0 
10 

C27 20 
C27 30 
C30 0 
C30 10 
C31 20 
c32 o 
C32 10 
C33 20 
c36 o 
c36 lo 
c90 io 
c90 20 
c94 10 
c98 io 
c98 20 

35 
35 
35 
35 
35 
35 
35 
15 
15 
15 
25 
25 
25 
25 
25 
25 
35 
35 
15 
15 

35 
35 
35 
15 

35 
35 
35 
35 
35 
35 
35 
15 
15 
15 
25 
25 
25 
25 
25 
35 
35 
15 
15 

35 
35 
35 
35 
35 
35 
35 
15 
15 
15 
25 
25 
25 
25 
35 
15 
15 

Load 
(w) 
lb 

713 
722 

Pull 
(P) 
lb 

Torau.e 
(1.j 

ft-lb 

First P:tss 

1 :> 28 

-22 
111 

59 153 
.122 20 

l)O 

Second ?ass 

-3 2::. 
99 122 

115 ll+9 
137 198 

710 -35 21 
714 66 129 
709 113 213 
1;47 -73 -19 
459 33 96 
445 64 160 
678 -126 22 
670 -40 98 
661 -112 172 
660 -123 74 
673 -13 1.59 
714 2 147 
711; -65 228 
456 31 104 
1152 71 156 

898 200 370 
892 313 480 
895 401 515 
881 372 469 
878 389 468 
882 420 517 
342 123 158 

Thi:!'d Pass 

451 -5 15 
452 101 128 
443 133 174 
445 136 216 
712 -60 10 
714 60 136 
714 92 215 
449 -62 0 
473 6 75 
4h7 46 143 
676 -163 14 
673 -69 86 
665 -161 84 
677 -35 165 
715 -25 135 
1151 22 100 
1150 69 149 

Table I+ 

9,00-14, 2-PR Smooth Tire, Constant-Slin Test Conditions 

Clay 

Sinkn.ge 
(z) 
~ 

Slip Nam. 
_j__ ~ 

Def'Jcc-
tion 
('/, o) 

o.' 
__£:__ 

Loo.cl 
(w) 
lb 

Pull TO!:aue 
(P) (M) 
~~ 

Sinko.ce 
(Z) 
~ 

Third Pass (Continued) 

0.13 
0.26 
0.26 
o. 50 
0,69 
0.61 
0.09 
0.91 
l.10 

2.29 
2.20 
l.43 
L.27 
l.12 
2.07 
0.81 
0.87 

l.18 
l ,)2 
0.87 
0.6) 
0.54 
0. 54 
o. 70 

0.20 
o.46 
o.56 
o.87 
l.08 
1.13 
0.90 
l.21 
1.33 
1.55 
1.84 
1. 73 
3.40 
2.20 
1. 95 
1.98 
3.36 
1.16 
1.16 

1.40 
1.115 
.l.07 
0.82 
o. 76 
0.67 
0.99 

0 
0 .97 
1.42 
l.58 
1.57 
1.46 
1. 6o 
i.e4 
2.50 
2.36 
2.9:, 
2. 55 
2.63 
l.38 
1.43 

l.9 0.029 24.911 
8.8 0.208 24.89 

19.8 0.156 23.42 
28.3 0,341 23.42 
o.4 -0.045 37.53 
8.8 0.065 30.00 

16.9 0.134 37.37 
-0.2 -0.176 23.32 
1.0.0 0.094 23.42 
18.5 0.136 21<.17 
-0.6 -0.182 37.28 
8.3 -0.042 37 .28 

20.0 -0.125 37. 72 
26. 7 -0.05!+ 36.94 
7.4 -0.11;1 33.70 

i6.o 0.041 33.95 
0.067 38.21 

-0.019 38.00 
7.0 0.032 

19. 7 0.1119 

13.5 0.209 1~9-35 
19.7 0.321 22.40 
15.1• 0.1+43 21. 56 
15.8 0.420 25.03 
15.I! 0.4311 23.82 

O.l;B9 21.92 
0.344 15.73 

-0.007 24.33 
0.221 24.89 

19.1 0.256 23.63 
26.3 0.306 23.58 
o.4 -0.049 39.44 

11.l 0.092 39.67 
21.0 0.159 37,32 
1.0 -0.163 24.83 
9.5 0.072 25 .50 

19.3 0.144 23.42 
-1.l -0.186 37 ,67 
7.4 -0.060 37.22 

19.2 -0.169 38.88 
7.1 -0.186 33.00 

15.8 -0.019 33.65 
9.6 0.003 37.58 

20.4 -0.091 37 ,58 
10.8 0.068 20. 73 
19. 7 0.157 20.55 

12.9 0.223 20.41 
19.2 0.351 21.2h 
15.l o.448 2i.83 
16.1 o.422 25.91 
15.11 o.443 2i.95 
20.0 0.1176 19.60 
19.-6 0.360 16.29 

-0.4 -0.011 2).06 
8.5 0.223 25.11 

18.o o.3w 26.06 
27.5 0.306 26.18 
o.4 0.084 41.88 
9. 7 0.084 42.00 

21.0 0.129 42.00 
3.0 -0.138 26.41 
8.8 0.013 27,82 

18.1 0.103 21;.83 
-0. 3 -0.21;1 42 .25 
7. 7 -0.103 42.06 
9.3 -0.242 31.67 

15.4 -0.052 32.24 
10.5 -0.035 42.06 
12.l 0.049 21.48 
19.4 0.153 21.43 

C210 
C212 
C214 
C255 
c256 
c258 
C266 

C26 
C26 
C27 

C255 
c256 
c258 
c266 

C26 

20 
20 
20 
20 
20 
20 
20 

0 
10 
20 
30 

0 
10 

0 
10 
20 

0 
10 
10 
10 
20 

20 
20 
20 
20 

C26 10 
C27 20 
C30 0 
C30 10 
c32 o 
c32 io 
c36 o 
c36 lo 
C94 10 
c98 10 
c98 20 

C255 20 
C256 20 
C258 20 
C266 20 

15 
25 
35 
35 
35 
35 
15 

35 
35 
35 
35 
35 
35 
.15 
15 
15 
25 
25 
35 
15 
15 

35 
35 
35 
15 

35 
35 
35 
35 
35 
15 
15 
25 
25 
35 

' 15 
15 

35 
35 
35 
15 

900 
884 
885 
882 

460 
457 
445 
438 
710 
702 
h37 
l.:.51 
436 
671 
675 

205 
329 
402 
375 
396 
419 
112 

-21 
95 126 

135 185 
135 215 
-75 l+ 

62 

91 

Fifth Pase:, 

1+52 -23 
1;56 95 
442 122 
708 -81 0 
703 9 93 
453 -102 -28 
462 8 83 
670 -165 15 
677 -98 76 
701 -27 
!+52 0 
453 55 155 

886 376 463 
884 392 1174 
G6G l+26 5l 7 
339 121 178 

l.60 
1.65 
1.12 
o.9:J 
o. 74 
o. 59 
1.22 

0.26 
0.50 
o.86 
1.26 
l.91 
l.96 
l. 75 
1.88 

0.41 
0.81 
1.01 
2.0-1 

3.93 
3, 75 
3. 71 
1..89 
1.911 

1_.02 
0.93 
0.83 
l.39 

Slip 
-2_ 

p 
w w 

Ci 

10.2 0.228 20.93 
18,7 0.372 20.56 
14.6 o.454 2i.07 
L6.6 0.425 26. 73 
16.2 o.451 2i.111 
20.0 o.484 19.66 
19.5 0.325 17.25 

-0.3 -0.046 27.06 
7,4 0.208 26.88 

16.o 0.303 26.18 
27.l 0.308 25.76 
1.0 -0.105 41. 76 

14.6 0.117 41.29 
0.8 -0.181 24.28 

10.8 0.064 25.06 
19.2 0.087 25.65 
0.6 -0.246 39.47 

;o.6 -0.101 39.71 
9. 7 -0.039 44. 56 

11.4 0.042 20.50 
20.1 0.1114 20.45 

0.1+25 21L56 
o.1+11-7 20.93 

20.1~ o.h85 18. 72 
19.9 0.31,7 16.70 

-0.2 -0.051 26.59 
8.3 0.208 26.82 

18.0 0.276 2li.56 
0' 6 -0, ll.11 111. 65 
7 ,3 0.013 41.35 
o.6 -0.225 25.17 

w.o 0.017 25.67 
2. 7 -0. 246 111. 88 
8.5 -0.145 42.31 
9.8 -0.039 1+3.81 

11.4 0.000 21.52 
18.7 -0.121 21.57 

O. ll-21+ 211. 61 
o.4113 2i.05 
0.491 18.87 
0.357 16.95 



Test 

C22 
C92 

Cl8 
Cl07 
c266 

Cl4 
C29 
C33 
c48 
C50 
C51 
C52 
C53 
C70 
C97 
c98 

Clll 
c116 
Cll7 
c142 
Cl47 
Cl50 
Cl52 
C235 

C99 
Cl02 

c68 
ClOO 
Cl49 
Cl51 
C237 

c16 

Cl2 
C38 

c43 
c44 
c63 
C87 

Cl09 
Cl20 
Cl21 

C21 
C37 
c88 
c89 

c106 

C67 
C95 

CllO 
Cl22 
c146 
C212 

c66 

C23 
C25 
c69 
c85 
c96 

C7 
C9 

Cll 
Cl3 
Cl5 
Cl7 
Cl9 
C20 
C27 
C28 

Deflec-
tion 

Test (% o) 
~ ___j__ 

P3 
P3 

P3 
P3 
cs 

P3 
P3 
cs 
P3 
P3 
P3 
P3 
P3 
P3 
P3 
cs 
P3 
P3 
P3 
P3 
P3 
P3 
P3 
P3 

P3 
P3 

P3 
P3 
P3 
P3 
P3 

P3 

P3 
P3 

P3 
P3 
P3 
P3 
P3 
P3 
P3 

P3 
cs 
P3 
P3 
P3 

P3 
P3 
P3 
P3 
P3 
cs 

P3 

P3 
P3 
P3 
P3 
P3 

P3 
P3 
P3 
P3 
P3 
P3 
P3 
P3 
cs 
P3 

P3 
P3 
P3 
P3 
P3 
P3 
P3 
P3 
P3 
P3 

15 
15 

15 
15 
15 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

15 
15 

15 
15 
15 
15 
15 

25 

25 
25 

25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 

25 

35 
35 
35 
35 
35 

35 
35 
35 
35 ' 
35 
35 
35 
35 
35 
35 

3; 
35 
35 
35 
35 
35 
35 
35 
35 
35 

217 38 
222 159 

338 
346 
346 

435 
464 
435 
421 
457 
452 
1+48 
438 
441 
442 
438 
448 
450 
446 
1142 
440 
41,4 
438 
458 

67 
260 
119 

45 
101 

59 
204 
288 
207 
187 
109 

86 
46 
65 

310 
220 
290 

31 
l+o 
93 
57 

160 

683 214 
653 21 

880 
901 
897 
852 
898 

287 

47 
182 

46 
-142 
136 

78 

441 60 
433 194 

452 251 
437 268 
450 183 
453 164 
452 l+l 7 
454 350 
462 426 

639 -135 
679 -85 
662 208 
660 27 
677 103 

879 118 
902 386 
900 400 

880 248 
896 288 

1316 -230 

220 170 
213 181 
220 180 
224 194 
230 302 

l;.40 72 
449 117 
436 114 
440 119 
437 142 
442 148 
430 99 
l,46 101 
41+5 71 
452 187 

1;37 222 
460 299 
423 330 
1;40 510 
448 504 
451 215 
1;59 198 
457 234 
441 486 
434 383 

63 
171 

117 
282 
168 

138 
126 
143 
231. 
310 
238 
210 
119 
16o 
108 
J.l-10 
31+2 
254 
328 
152 
144 
161 
138 
224 

291 
181 

93 

166 
230 

248 
265 
303 
170 
h37 
392 
458 

186 
178 
248 
163 
122 

288 
453 
46o 

344 
"457 

370 

185 
195 
188 
216 
321 

166 
162 
157 
162 
165 
162 
160 
162 

85 
210 

223 
298 
325 
518 
524 
237 
218 
230 
516 
410 

Table 5 

9.00-14, 2-PR Smooth Tire, 20 Pc!'cent Slip Condition 

Clay 

Sinkage 
(z) 
~ 

0.1,7 
0.07 

0.81 
0.00 
0.70 

l.82 
0.29 
.l.J9 
0.13 
0.04 
0.16 
Q.00 
0.10 
0.97 
a.so 
o.87 
0.05 
o.43 
Q.10 
l.l-16 
l.50 
0.95 
1.60 
o.68 

o.48 
-·53 

2.02 
o.68 
1.82 
3.67 
l.54 

o.45 

1.28 
0.18 

0.06 
0.04 
0.52 
0.00 
0.00 
o.41 
0.06 

2.86 
2;29 
0.21+ 
1.39 
o.oo 
1. 71 
0.08 
0.08 

0.52 
1.12 

0.26 
o.41 
o.o4 
o.oo 
0.00 

0. 72 
0.95 
l.11 
0. 72 
0. 34 
0.36 
1.10 
0. 76 
0.26 
0,20 

0.06 
0.00 
0.00 
0.18 
o.oo 
0.37 
0.20 
a.co 
o.oo 
0.16 

Slip 
_j_ 

20.2 
20.2 o. 

20.2 0.198 
20.0 o. 751 
i9.6 0.3111• 

19.8 0.103 
20.0 0.218 
18.5 0.136 
19.7 o.485 
20.0 o. 630 
20.2 O.l158 
20.0 o.hl'/ 
19.8 o. 249 
20.0 0.195 
20.0 O. lOlt 
19.7 0;1118 
20.0 o. 692 
19.7 o.489 
20.2 0.650 
20.5 o. 070 
19.6 o. 091 
20.4 o. 209 
19. 6 0.130 
19.9 o. 349 

20.0 
20.3 

20. 3 o. 053 
20.0 o. 202 
20.0 o. 051 
20. 3 -O. J...67 
20.0 0.151 

16.90 
o.68 

15. 73 

24.17 
11.32 
2J;, 17 
10.27 

5-91+ 
5, 72 

10.67 
lO.lt3 
20.0lt 
18.42 
19.91 
5.97 

13.211 
8.92 

:?fi.OO 
25.88 
19. 30 
29.20 
14.31 

14.85 
29.68 

. 36.67 
19.17 
35.88 
50.12 
22.06 

c24 
c31 
c86 

c8 
ClO 
c311-
c4o 

Cl08 
Cll8 
Cll9 
f"''.?38 
C255 
C256 
C258 

C39 
C65 
C82 

C22 
c92 

Cl8 
Cl07 
C266 

19.9 0.272 J5.10 

19.8 0.136 
19.7 c.li-1t8 

20. 3 0. 555 
19. 7 0. 613 
19.7 0.1+07 
20.0 o. 362 
20.2 o. 922 
19.9 o. 771 
19.8 0.922 

20.4 -0.211 
20.0 -0.125 
19. 7 -0. 311+ 
19.9 -O.Oltl 
20.0 -0.15lt 

20.0 0.134 
20.4 0. li-28 
19 .s o.11Ji-l1 

19.7 0.282 
19.7 0.321 

20.0 -0.175 

19.4 o. i73 
i9.8 a. 850 
19.7 0.818 
19.8 o. 866 
20.0 1.313 

19.5 0.164 
20.0 o. 260 
19. 7 o. 2Gl 
19.3 0.270 
19.8 o. 325 
20. 3 o. 335 
20.0 0.230 
20 . 0 o. 226 
19.8 0.160 
20 . 0 o.1+111 

20.0 o. 508 
20.0 0.650 
20.2 o. 7iJo 
20.2 1.159 
20.2 1.125 
20.l o. !1.,77 
20 . 3 o.l;.31 
19.7 0.512 
20.2 1.102 
20 .2 o. 882 

24.50 
id.07 

5. 79 
10.lio 
18. 75 
11.32 

6.11 
12.27 

9.83 

39,94 
37. 72 
l'.). 76 
31.43 
9.15 

20.95 
22.!10 

52.64 

12.22 
11.21 
9.56 

11.20 
l.1. 79 

21+.4l+ 
29.93 
25 .65 
27 .50 
24.28 
23.26 
26.88 
23.lt7 
23.42 
11.02 

9. 71 
5.61 

10.07 
5 .50 
5 .97 

22.55 
19.12 
11.15 

7 .00 
10.33 

C50 
C51 
C52 
C53 
C70 
C97 
C98 

CHl 
Cll6 
Cll 7 
Cl42 
c1lt7 
C_1_50 
Cl52 
c235 

C99 
Cl02 

cGB 
ClOO 
c149 
Cl51 
C237 

c16 

Cl2 
c38 
c43 
cl1-lt 
c63 
C87 

c109 
Cl20 
Cl21 

C21 
C37 
c88 
c89 

c106 

c67 
C95 

CllO 
CJ22 
Cl46 
C212 

Continued 

Test 
~ 

P3 
P3 
P3 

P3 
cs 
P3 
PS 
cs 

PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
cs 
cs 
cs 

PS 
PS 
P.1 

PS 
P3 

PS 
PS 
cs 

PS 
PS 
cs 
P3 
P3 
P3 
PS 
P3 
PS 
P3 
cs 
PS 
P.3 
P3 
P.3 
P3 
PS 
P.1 
PS 

P.1 
PS 

P'3 
PS 
P3 
PS 
P3 

PS 

PS 
PS 
PS 
PS 
PS 
P3 
PS 
PS 
PS 

PS 
cs 
P3 
PS 
PS 

FS 
P3 
PS 
rs 
PS 
cs 

Deflec-
tion 
(% 5) ,, 

--·'-

35 
35 
35 

35 
35 
35 
35 
35 

35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 

35 
35 
35 

15 
15 

15 
15 
15 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

15 
15 

JS 
15 
15 
15 
15 

25 

25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 

* PS, programed-slip test; CS, constant-slip test. 

Loml Pull Torque 
(w) (P2ol (M20) 
lb lb ft-lb 

SinknGe 
(z) 

-2l!.:_ 

}'ir~d.:. Po.ss (Continued) 

700 106 
710 95 
708 52 
719 346 
722 -14 

870 -374 
895 -301+ 
900 128 
868 315 
892 451 
876 530 
882 446 
876 31lt 
876 368 
905 393 
877 1+29 

1008 
1008 
1023 300 

173 
510 
374 

202 
174 
178 
400 
227 

240 
270 
201 
31;3 
1193 
610 
541 
406 
440 
465 
5J_3 

343 
216 
359 

3ccond Puss 

219 
211 

339 
341+ 
342 

110 
161 

435 49 
1+70 101 
445 64 
420 206 
460 313 
455 2117 
435 180 
440 164 
444 90 
l~l15 56 
h52 7J 
450 320 
ltl17 216 
1+56 286 
!1Jio 30 

450 102 
430 49 
1;78 188 

686 232 
651 38 

881+ 43 
900 205 
862 44 
829 -178 
868 162 

291 73 

435 63 
437 157 
1+66 278 
4112 2li.3 
lt55 180 
458 175 
1,51, !+17 
439 342 
456 1;22 

661 -112 
664 200 
654 6 
678 167 

880 114 
892 342 
881 396 
890 1+14 
872 240 
892 313 

71 
172. 

143 
119 
150 
228 
338 
270 
209 
187 
111e 
114 
146 
3J11 
259 
324 
152 

153 
138 
231 

240 
298 
228 
182 
302 

93 

157 
20!1 
292 
246 
285 
186 
hltO 
380 
450 

~~ 
168 
202 

a. 74 
o.OO 
0.51 

1-.25 

h.67. 
!1, Jlt 
0.00 
Q.00 
o.oo 
0.27 
0.28 
0. 75 
0.65 
0 .5!1 
o .511 

0 .23 

0.70 
0 .ll 

1.22 
0 .00 
0.99 

2.l10 
0.112 
l.55 
0.2.'.'.' 
0.1.lt 
0.12 
0.29 
0.19 
1.09 
l .12 
l.16 
0.02 
0.56 
0.29 
1.96 

l.28 
2.08 
0.95 

0.67 
2.06 

2.63 
o.88 
2.95 
5.18 
1.93 

0.55 

2.00 
0 .22 
0.08 
0 .06 
0 .59 
0.00 
0.00 
0 .41 
o .oG 

3.40 
o. 39 
2.10 
0.00 

Slip 
..1_ 

20.l 0.257 
20.0 l.023 
20.3 0.722 

20.7 0.151 
16.9 c.1311 
20.11 0.073 
20.0 0.1181 
20. 6 -0. 019 

?.0.0 -O, ltJO 
19.4 -0. 340 
20.0 0.142 
19.7 0.363 
20.J 0.'.)06 
19.8 o. 60'.) 
19. 7 o. 5cG 
20.5 0.358 
15.8 0.1120 
15.4 C.l13l1 
19.3 o.!189 

19. 7 0. 
20.0 
19.8 o. 293 

0.183 
o. 'r'63 

20.0 0.186 
20.0 o. 
19.6 

19. 3 
20.0 
20.0 
20.5 
20.ll 
19.8 
20.3 
20.2 
19. 7 
20.0 
19.!1 
20.0 
19.8 

1.13 

o. 227 
0.112 
o. 393 

2~.o o. 338 
20,l 0,0)8 

20.0 c. 01.9 
19. 9 o. 228 
20.4 0.051 
19. 7 -0. 215 
19.8 0.187 

19.7 0.251 

20.l '0.1115 
20.4 o. 359 
20.3 0.596 
20.3 0,550 
20. 3 o. 396 
19,8 0.382 
20.3 0.918 
20.0 o. Tf9 
19.8 0.925 

19. 2 -0.169 
20.0 o. 301 
20.2 o. 009 
20.0 o. 21-1G 

20.0 0.130 
20.0 o. 383 
19.8 o. 1,1,9 
19.5 o.1165 
19. 6 o. 275 
19.2 o. 351 

27. 75 
9.63 

15.83 

51.18 
52.65 
21.1+3 
19. 73 
12.22 
17. 52 
?2.62 
26. 511 
25 .03 
23.82 
21.92 

22.91 
112.00 
23.25 

J2.88 
5 .15 

18.83 
l+. 78 

16.28 

27 .19 
13.06 
2J,1t2 
10. 50 

5 .97 
6.15 

ll.l15 
10.23 
21.111 
19.35 
20. 51, 
6. 72 

13.54 
8.Go 

29. 33 

36.83 
19.15 
39.18 
51.81 
27.12 

17 .12 

25. 59 
11.50 

6.21 
10. 78 

. 18.96 
12.05 
6. 30 

12.54 
9.50 

38.88 
15.81 
32.70 
10.59 

40.00 
18. 58 
llL2} 
18.91, 
21.27 
21.211 

(1 of 11 Ghee'ts) 



c66 

c7 
C9 

en 

c?.4 

C91 
c94 

cs 

CJ18 
Cll9 
c238 
C255 
c256 
C258 

C22 
c92 

C18 

Cl4 

Cll7 
Cl42 
Cl47 
Cl50 
Cl.52 
C235 

C9? 
Cl02 

c6S 

'Je!'.ler~

tio~1 

Test ('fo 5) 
~ __ s_ 

P.3 
cs 
P3 
PS 
P3 
P.3 
P3 
P.3 
PE 

35 
35 
35 
35 
35 

35 
35 
3'.J 
35 
35 
35 
35 
3'..i 
3'..i 
35 
35 
35 
35 
35 
35 
?5 

rs 35 
P.3 
P.3 
P.3 
m 
PS 
PS 

P.3 
cs 
P.3 
rs 
cs 

rs 
P.3 
m 
P.3 
P.3 
P.3 
PS 
PS 
cs 
cs 
cs 

m 
PS 
PS 

PS 
PS 

FS 
PS 
cs 

m 
PS 
cs 
P.3 
m 
PS 
PS 
P.3 
P3 
m 
cs 
PS 
PS 
P3 
PS 
PS 
PS 
PS 
PS 

P3 
P3 

P3 
PS 
m 
PS 
PS 

35 
35 
35 
3'.J 
35 
35 

35 
35 
35 
35 

35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 

35 
35 
35 

15 
15 

15 
15 
l'..i 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

15 
:5 

15 
15 
15 
l5 
15 

Sinko.;e 
(z) 

_2E..:_ 

s~cor'.'.l p;_css (Continued) 

861: -509 

996 
1016 
l024 300 

226 
219 

3Ti 16 
i)CO 212 

176 

297 

186 

21 
175 

147 

310 

o.4o 
0.00 
o.oo 
o.oo 

l .81 

0.91 
0.11 

1.22 

2.69 
o.47 
1.84 
0.26 

2.30 

0.'76 
2.53 

?.32 

Slip 
cl -'-'-

20. l 0. 728 
19.7 0.695 
20.3 0.738 
20.0 1.267 

20.0 o. 062 
2l.O 0.159 
20.0 o. 039 
20.0 o. 1163 
20.11 -0. 091 

0.529 
0.333 
o.422 
o.443 
0.!17G 

0.282 
0.0211 

?.0.2 0.293 

Tci.blc 5 (Continued) 

18.oS 
29.33 
29.47 
2B.06 

c:t; 
Cl2 

C212 

c6G 

20.0 0.237 J5.:::c 
19.7 0.753 

0.205 
0.697 

19.5 0.325 

20.!1 
20.!;. 
18.l 
20.2 
20.0 
19. 7 
20.4 

20.3 
19.4 
-:..9. 7 
20.4 
20.l 
20.4 

0.108 
0.2_}:. 
0.103 
0.513 
0.806 
0.586 
O.li-311 
0.1•18 
0.219 
0.118 
0.153 
o.68o 
0.522 
0.633 
o.07G 

20.3 0.23:; 
19.7 0.108 
19. 7 o.41F 

20.0 0.346 
20.l 0.053 

19.8 0.018 
20.0 0.236 

26.211 
11.97 
24.83 
10. 76 

5.62 
5.)'.) 

10.l1l; 
ll .00 

20.67 
27 .25 
13.6!1 

c2 

C22 
C)2 

Cl8 
Cl07 
C266 

(Continued) 

Test 
~ 

P3 
PS 
PS 
P.3 
PJ 
PS 
PS 
P3 
!'S 

m 
cs 
P.3 
FS 
?S 

PS 

PJ 
rs 
m 

P.3 
P.3 
?.3 
cs 

P.3 
PS 

PJ 

PS 
cs 

r::: 
cs 

JJc•flee-
Lion 
(o~}l 

-~-"'-

25 

2) 
25 
2) 
25 
25 
25 
2'.) 
25 

25 
25 
25 
?5 
25 

35 
o5 
35 
3'.) 
3'.> 
35 
35 
3'.) 
35 
35 
3~; 

3'o 
35 
3'..i 
35 
3~ 

35 

3) 

35 
?:::) '_)! 

m 
P3 
m 
cs 
cs 
cs 

rs 

P.3 

m 
m 
cs 

35 
35 
35 
)5 
35 
35 
35 
35 
35 

~'.) 

35 
35 

15 
15 
] 5 

S ink:i,r;e 
(z) 

_2E..:_ 

Third P~~s (Continuc.::J) 

61 
175 

241 
177 
182 
411 
346 
1110 

101 
352 
390 

JOS 

264 
172 
260 

338 
477 

550 
210 

0.87 

0.10 

0.50 
2.66 
0.01 

2.97 
0.26 
0.10 

o.oo 
o.oo 

1166 320 

872 
868 
882 
878 
865 

.1SO 2.fl.S 
l.57 
2.J 5 
0.2'.) 

486 1. 01, 
288 l. 23 
375 0.90 
396 o. 71, 
419 o.59 

0.(1 

310 

:!:'ourth ?c~.ss 

./ 
5'1 l. 23 

175 Q.lC 

1.'.J(-i 
0.03 
l.112 

w 
CI 

19,y 0.287 J7,CO 

19.8 0.139 
20.0 o.405 

0.556 
0.388 
o.lio4 
0.597 

?.O.? 0. 784 
.19.8 0.903 

19.8 0.343 
19.8 -0.02!+ 
20.0 0.313 

20.2 0.115 
19.8 0.391 
19.o 0.113? 

20.0 0.2Tf 
18."I 0.372 

20.R O.'/Jl 
20.0 o. 7ir3 
19.7 0.726 

20.0 0.610 
20.2 
;7'0. 3 o. 
20.0 

20.0 
. 20. 3 

lG.G 
16.2 
20.0 

19.7 
20.0 

o. 050 
u.129 
o. oGS 
o. IJ-69 

19.8 0.305 

20.1;. c.251 
19.8 o. 7'92 

20. '{ 
19.4 
19.9 

27 .l1J+ 
10.80 

10.82 
19.83 
11.87 

G.11 
JJ .Go 

9.l16 

14.98 
31.62 
10.30 

39.77 
19. 56 

ln.53 
112.00 
w.61 
18.31 

~li.15 
66. 33 
25.40 

lD.67 
l;.68 

16. 70 

(2 of 4 sheds) 



Cl4 

C50 
C51 
C52 
C53 
C70 

Cll7 
Cl42 
c1L.7 
Cl50 
Cl52 
C235 

C99 
Cl02 

Cl6 

Cl2 

Cl09 
Cl20 
Cl21 

C21 
C37 
c88 
c89 

C106 

c67 
C95 

CHO 
Cl22 
c146 
C212 

c66 

c23 
c25 
c69 
C85 
c96 

C7 
C9 

cu 
Cl3 
Cl5 
Cl7 
Cl9 
C20 
C27 
C28 
C41 
c1.;2 
C45 
cl+6 
C47 
C54 
C55 
c81 

Cll+4 
Cl45 
Cl48 
C231 
c236 

C24 
C31 
c86 
c91 
C94 

FS 
FS 
cs 
FS 
pc.; 
pc.; 
FS 
FS 
FS 
FS 
cs 
FS 
p.; 
FS 
FS 
FS 
m 
m 
FS 

FS 
FS 

FS 
SS 
FS 
FS 
m 

PS 

m 
FS 
FS 
FS 
FS 
FS 
FS 
FS 
FS 

FS 
cs 
m 
FS 
FS 

FS 
FS 
FS 
FS 
FS 
cs 

FS 
m 
FS 
FS 
FS 

FS 
FS 
FS 
FS 
FS 
FS 
FS 
FS 
cs 
FS 
FS 
FS 
FS 
FS 
FS 
FS 
FS 
FS 
FS 
FS 
FS 
FS 
FS 

FS 
cs 
FS 
FS 
cs 

15 
15 
l5 
l5 
15 
15 
15 
15 
15 
15 
15 
l'.i 
J'.) 
15 
15 
15 
15 
15 
15 

15 

15 
15 
15 
15 
15 

25 

25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 

25 

35 
35 
35 
35 
35 

35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35. 
35 

35 
35 
35 
35 
35 

Sinkase 
(z) 
~ 

Fourt:r. Pass (Continued) 

864 26 
900 225 

872 158 

275 

435 
440 

429 
458 
446 
453 
l1l~G 

450 

376 

52 
185 

2l;l 

252 

220 1G3 
210 162 
224 162 

421; 60 
435 70 
435 83 
441 93 
434 117 
461 136 
423 24 
462 18 
445 135 
461 184 
4311 296 
456 396 
416 336 
4114 526 
41i4 530 
456 188 

455 289 
445 458 
446 330 
436 86 

1180 312 

718 336 

142 
143 
252 

236 
223 

156 
132 
240 

220 
329 

109 

166 
223 

248 
301 
194 
L.51 
396 
1134 

275 
183 
292 

175 
165 
162 

171 
162 
158 
176 
166 

115 
126 
175 
193 
299 
389 
333 
528 
552 
209 

291 
495 
360 
148 

346 

386 

o.42 
2.15 
0.30 

1.56 
2.BJ. 
1.09 

0.83 

3.80 
1.25 

2.63 

o. 77 

2.37 
0.40 

0.15 
0.87 
0.04 
0;00 
0.46 
0.00 

3.119 
0.36 
0.07 

1.22 

0.38 
0.00 
0.00 

1.96 
2.21 
2.53 
1. 76 
1.13 
1.18 
3.211 
1.92 
0.86 
0.10 
0.10 
0.00 
o.oo 
0.211 
0.05 
0.50 

0.00 
o.oo 
0.0.1 
1.86 

0.28 

TLible 5 (Cor..tinued) 

20.4 o.25l+ 
19.2 0.087 
20.0 0.511 

20. 7 o. 572 
20.2 o.411-8 

19.6 0.211. 
19. 7 0.124 
20.l Q.J44 
20.0 0.693 
J9.G 0.545 
20.3 0.657 
20.3 0.073 

0.236 
0.102 
O.ltalt 

12.45 
24.22 
2-0.22 

5 .52 
10. 70 

22.00 
20.09 
2J .43 

6.03 
12.9lt 

9.96 
26.62 

20.0 0.386 15.41 

20.0 0.030 
20.6 o.25J 

19.5 0.180 26.42 

19.9 o. 309 

19. 7 0.120 
20.::: 0.1+20 

19.7 0.564 
19. 7 o.432 
20.0 o.4oG 
20.2 0.949 
20.2 0.812 
20.0 o.,s93 

o. 350 
-Q.033 
0.351 

20.0 0.096 
20.2 o.406 
19. 7 o.417 

20.0 0.288 

0.7ltJ. 
0.771 
o. 723 

20.l 0.142 
20.0 0.161 
20.2 0.191 
20.2 0.211 
19.9 o.2'(0 
19.8 0.295 
20.0 0.057 
20.l 0.039 
18.o 0.303 
20.0 0.399 
20·.2 o.682 
20.0 o.868 
20.2 o.eos 
20.0 1.185 
20.0 ] .194 
19.8 0)1-12 

19.8 0.635 
21).2 l.029 
19.9 0.740 
19.9 0.19'' 

20.2 0.651) 

i9.8 o.1+68 

l7 .19 

15.112 
?.O.OJ 
9.88 

39.23 
19.41 
15.31 

26.50 
29.00 
27 .19 
29.40 
2lt.ll 
27.12 
26.44 
25.67 
24. 72 
11.52 
10.33 

5.70 
10.67 
G.co 
6.34 

20. 73 

ll.38 
6.95 

10.88 
31.11+ 

14.~2 

18.89 

Ce 

C::'.2 
c92 

ClS 

c~G 

Cl2 

C~21 

C21 
C37 
c88 
ce9 

c106 

c67 
C95 

CllO 
Cl22 
ClltG 
C212 

c66 

C23 
C25 
c69 
c85 
c96 

(Continued) 

Test 
~ 

rn 
m 
FS 
m 
FS 
FS 
FS 
m 
cs 
cs 
cs 

FS 
FS 
m 

FS 
FS 

FS 
FS 
FS 
cs 
PS 
PS 
P.'3 
m 
FS 
m 

FS 
m 

rs 
FS 
cs 
FS 

m 
FS 
m 
FS 
FS 
cs 

FS 
PS 
P3 
m 
p.; 

Deflec-
tion 
(% o) 

__ of,_ 

35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 

35 
35 
35 

15 
] 5 

15 
l) 
15 

15 
15 
15 
.1) 
15 
15 
J 5 
15 
15 
15 
15 
15 
J5 
15 
15 
15 
15 
·i._5 
15 

15 

15 
l) 
l) 
15 
15 

2) 
25 
2) 
25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 

25 

35 
35 
35 
35 
35 

Sinkacc 
(c) 
~ 

Fourth Puss (Continued) 

928 
872 

1000 

1012 

157 
370 

464 
283 
376 
393 
418 

293 

Jll 

221 65 
220 J 72 

li-GG 

lt36 
443 
1153 
450 
444 
1+62 
416 

630 

130 

213 

98 
54 
55 

310 
241 
306 
25 

98 
41 

210 

261 

0 
236 

872 168 

283 

662 

848 
900 
895 

872 

224 
209 
218 

95 

178 

252 
209 
175 
442 
360 
395 

230 

246 

256 

157 
160 
162 

230 
l+oo 

545 
378 
450 
468 
502 

390 

377 

99 
183 

150 

150 
118 
ll.i.5 
336 
281 
338 
136 

152 
132 
256 

336 

308 

o.45 
0.33 

0.18 

0,47 

l.23 
0.09 

0.00 
l.39 

0.)4 

o.4o 

l.00 

lt.12 
1.31 

118 o. 93 

234 0.28 

252 0.17 
300 1.00 
196 0.10 
458 o.oo 
362 o.47 
425 0.00 

276 0.58 

300 0.07 

258 3.95 
458 0.52 
446 0.00 

351 ', 1. 33 

--/ 

170 0.38 
165 0.02 
168 0.18 

19. 7 0.169 
20.0 0.1+24 

20.0 o. 525 
19.8 o. 322 
16.6 o.425 
15 .4 o.4117 
20.4 o.485 

20.0 0.293 

20.0 0.307 

23.20 
20.28 

23.86 
25.14 
24. 56 
20.93 
18. 72 

24.39 

24.58 

19.7 0.294 13.81 
20.0 0.782 5.79 

19.4 0.682 4.57 
20.0 o. 357 16.95 

20.11 0.279 

20.0 0.513 

19. 7 
20.0 
18. 7 0.121 
20.0 0.689 
20.l .0.51;3 
20.2 0.662 
20. 2 o. 060 

0.223 
o.09G 

19.7 o.434 

20.0 0.354 

19.6 o.ooo 
20.4 0.262 

12.26 

l0.38 

21.80 
20.36 
21.'j7 
6.08 

13.06 
10.0lt 
26.00 

19.95 
26.75 
14.G7 

35.G2 
19.19 

20.3 0.193 26.42 

20. l 0. 336 

19~6 o.406 

19. 7 o. 589 
20.3 o.464 
20.3 0.385 
19-9 0.971; 
20.2 0.814 
19.8 0.862 

20.0 6. 351, 

20.3 0.372 

20.0 0.101 
20.0 o.422 
20.0 O.l+1t8 

20.0 0.294 

19.8 0.701 
20.2 o. 766 
20.0 o. 743 

10.68 

10. 70 
18. 75 
ll .64 

6.14 
11. 63 

9.54 

15.09 

9.46 

38. 54 
19.56 
15.li3 

21.80 

12.411 
9.50 

10.90 

(3 of l, sheets) 



Tub:e 5 (Concl".lded) 

Dr;flec:-
?.ill Torque !Jcf'lec- P..i!l 'l'orqu~ tio::: LuW. 
(P20) (I·';>o) Sinko.i:;e 

p20 
tion Load 

(P20) (t.!20) 
Sinkn.;!e p 

Teet (j, s) (w) (z) Slin .. , Te::ot ('/, 5) (:1) () ::ilip '.?O 1,; 

~ 'i'y:-;e _L ~ lb ~ --1!!.:_ L ~ Cr: T..!Gt fil.£.._ ,. _.12_ _2!>_ ft-lb --1!!.:_ d \'/ er ----"--- _._ .. _ 
Fifth Poss (Continued2 i'ifth Pooo {continued) 

C7 FS 35 424 35 170 2.19 19.E 0.032 26.50 C2lt P:3 35 
C) !·S 35 1;22 5~ 171 2.53 20.2 0.137 23.13 C~l cc 3o 

Cll ?8 35 41,5 75 l68 2.8lt 19.S 0.168 27.131 c86 PS 35 
C13 PS 35 447 87 166 2.}9 19.6 0.195 29.l~'J c91 FS 3'.J 716 349 39h o.2G 20. 3 o.t187 l8.fJl1 
Cl5 P.3 35 CJ4 C3 35 
Cl7 FS 35 ldi.5 135 188 1.10 i9.e 0.303 26.!8 
Cl.9 FS 35 4:!.3 19 115 3.GG 19.8 0.046 25.81 Cd PS 35 
C20 FS 35 466 5 128 3.49 20.1 0.011 25.89 ClO FS 35 
C27 cs 35 442 122 176 l.01 18.c 0.276 24.56 C3.4 PS 35 
C28 FS 35 468 190 201 o.o!t 19.8 o.406 .11. 70 c4o PS 35 861;. 373 110':3 G. ·32 19. 7 o.432 20.01 

C108 P.3 35 
c41 ill 35 Cll8 PS 35 
c42 PS 35 li.64 Ito::.: i~12 o.oo 20.0 o.379 5 .~.:;C c:19 PS 35 912 L.6'5 )'(! 1.22 20.3 0.513 24.65 
c45 P.3 35 L33 336 333 O.C7 20.0 0.77:"; ~l.10 C2JS FS 35 ~j65 296 .:').) i.5e 20.4 Q. 341 24.So 
c46 P3 35 448 531 53S 0.32 20.0 1 • .1~5 G.05 C25'.J cs 35 eeG 37:.J !1'.)) l..02 16.2 o.42!1 211.61 
c47 ?.l 35 436 5213 532 ·a.co l.211 iS.23 C256 cs 35 es4 392 1·6!~ 0.93 14.9 o.h43 21.05 
C54 PS 35 l;.52 :_92 2J3 0.87 o.425 20.51;. C258 cs 35 868 lt-2G 507 0.83 19.) O.l.i.'.)l 18.87 
C55 P.3 35 
c81 P3 35 453 286 292 1).0') 20.3 0.631 E.32 C39 FS 35 988 296 1}09 0.91 20.2 0.300 2lt.10 

c144 P3 35 l:.52 l+62 492 Q.00 20.2 l.C22 7.06 cG5 P:3 35 
Cl45 PS 35 443 336 354 0.06 20.2 ri. 758 io.ec 

v 
·, P3 35 1012 300 ?1' 'J.(,') 2(' .IJ o.29G 21~.68 

Cl48 PS 35 !~30 83 153 l.99 20.0 0.193 3'.J. 71 
C23l P3 35 

326 c236 P:3 35 478 351 0~61 2J.5 0.GS?. 14:G6 



Deflec-
tion 
(% o) 

Test --~-

C22 
c92 

Cl8 
Cl07 

Cl4 
C29 
c1+8 
C50 
C51 
C52 
C53 
C70 

Cll7 
c:._42 
Cl47 
Cl50 
Cl52 
C235 

C99 
Cl02 

c68 
ClOO 
c149 
C237 

Cl6 

Cl2 
C38 
c43 
c4l+ 
c63 

c87 
c109 
Cl2Q 
Cl21 

c88 
c89 

Cl06 

c67 
C95 

CllO 
Cl22 
c146 
C232 
C234 

c23 
C25 
c69 
C85 
c96 

C7 
C9 

Cll 
Cl3 
Cl5 
Cl7 
Cl9 
C20 
C28 
C41 
C42 
C45 
cu6 
c47 
c54 
C55 
C81 

c144 
Cl45 
Cl48 
C231 
C233 
c236 

C24 
c86 
c91 

15 
15 

:_5 
15 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

15 
15 

15 
15 
15 
15 

25 

25 
25 
25 
25 
25 

25 
25 
25 
25 

25 
25 
25 

25 
25 
25 
25 
25 
25 
25 

35 
35 
35 
35 
35 

35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 

35 
35 
35 
35 
35 
35 

35 
35 
35 

Lo:i.d 
(w) 
lb 

884 
912 
884 
908 

30] 

662 
661 
678 

892 
923 
888 
893 
900 
892 
848 

235 
221 
222 
232 
248 

1;65 
478 
!+61 
470 
454 
458 
463 
465 
462 
h;J2 
464 
422 
456 
459 
483 
484 
456 

Toraue 
(M~p) 
ft-lb 

18 
6 

28 
14 

84 
14 
11 

9 
11 
12 
10 
39 
53 
16 
12 
96 
83 
411 
80 
20 

4o 
137 

179 
85 

188 
132 

62 
11' 

2 
0 

19 

6 
8 

18 
Jl 

17 
130 

20 

128 
33 
17 
31; 
52 
52 
34 

7 
13 

32 
28 
26 
26 
24 
14 
25 
23 
18 

0 

6 
12 
12 
12 

14 
20 
41 
s 
9 

10 

72 
.llO 
27 

-!!· ru 1 undeflected rn.diu:;. 

Sinkar:;c 
(z) 
in. 

0.35 
0.00 

o.46 
0.00 

1. 73 
0.27 
0.00 
0.00 
a.cl+ 
o.oo 
0.03 
0.65 
o.68 
0.23 
o.oo 
l.34 
1.22 
o.68 
1.49 
o.46 

0.37 
1.41 

1.81 
0.56 
1.68 
1.31 

0.30 

0.61 
0.10 
a.co 
o.oo 
0.22 

0.00 
o.oo 
0.13 
0.00 

0.15 
l.35 
0.00 

l.46 
0.00 
o.oo 
0.10 
0.20 
0.24 
0.18 

o.oo 
0.16 
o.oo 
0.00 
o.oo 
0.11 
o.42 
o.54 
0.56 
0,20 
0.13 
o.49 
0.27 
0.03 
o.oo 
0.03 
a.co 
0.05 
a.co 
0.02 
0.03 
o.oo 
o.oo 
0.00 
o.48 
0.00 
0.02 
0.06 

o. 70 
o.84 
o.oo 

Slip 
..L_ 

1.2 
1.0 

12.0 
1.1 
0.5 
0.3 
1.1 
o.6 
o.6 
2.0 
6.9 
0.5 
o.6 

10.8 
10.2 
1.8 

10.0 
0.3 

o.o 
12.9 

11.9 
0.5 

13. 7 
3.1 

1.0 

2.8 
0.5 
0.0 
o.o 
0.7 

1.0 
o.6 
0.1-1 
0.9 

0.5 
14.9 
1.0 

6.0 
1.5 
0.5 
0.9 
0.0 
0.1 
0.7 

2.1 

o.o 

2.4 
o.4 
o.4 
1.1 
2.1 
l.4 
0.0 
0.5 
1. 5 
2.0 
2.0 
1.0 

o .. 3 
0.'] 
2.1 
l.4 
0.0 
1.0 

3.8 
8.3 
0.5 

Table 6 

9 .00-14, 2-PR Smooth Tire, Self-Propelled Condition 

Clay 

0.071 
0.023 

0.076 
0.038 

0.168 
0.028 
0.0211 
0.019 
0.022 
0.025 
0.02l 
0.082 
0.:!_12 
0.033 
0.0211 
0.191+ 
0.171 
0.090 
0.138 
0.039 

0.053 
0.187 

0.181 
0.084 
0.187 
0.129 

0.027 

0.129 
0.031 
0.001+ 
0.000 
o.o4o 

0.013 
0.018 

0.026 
0.185 
0.029 

0.136 
0.036 
0.019 
0.036 
0.056 
0.056 
0.039 

0.030 
0.059 
0.023 
0.017 
0.024 

0.073 
0.061 
0.056 
0.055 
0.055 
0.031 
0.05!~ 
0.052 
0.041 
0.000 
0.013 
0.012 
0.009 
0.013 
0.025 
0.025 
0.026 

0.032 
0.0116 
0.091 
0.017 
0.021 
0.021 

O.JC4 
0.156 
0.039 

12.53 
5,29 

17 .05 
4.65 

25.44 
E.34 
10.00 

G.oo 
5.82 

10.55 
l0.38 
20.011 
18.29 
13.35 
9.20 

26.06 
25.82 
19. so 
2fJ.93 
11•.53 

15.09 
29.86 

36.83 
19.40 
35. 36 
28. 38 

15.84 

11.25 
6.1!1 

12.1+3 
9.91 

15.26 
Jl.l+8 
9.16 

38. 78 
lS.46 
J_6.l5 
19.00 
21.43 
17 .49 
ll;.37 

13.06 
11.63 

9.65 
11.60 

5,17 

25.83 
31.87 
27 .12 
29.38 
25 .22 
24.11 
28.94 
24.47 
11.27 

9.60 
5.66 

10.05 
5. 70 
6.12 

2l+.15 
20.17 
11.12 

7,l1Q 
l0.98 
28.12 
9.61 
8. 76 

15.87 

37 .811 
33.62 
17.44 

(Continued) 

C34 
c108 
0118 
Cll9 

C22 
C92 

Cl8 
Cl07 

Cl4 
C29 
c48 
C50 
C51 
C52 
C53 
C70 
097 

c116 
0117 
Cl42 
c11+7 
0150 
C.152 
c235 

C99 
Cl02 

c68 
ClOO 
c149 
C237 

016 

Cl2 
C33 m 
c63 

C87 
c109 
Cl20 
Cl21 

cee 
cs9 

Cl06 

c67 
C95 

CllO 
Cl22 
c146 
c232 
C234 

C23 
C25 
069 
C85 
c96 

C7 
09 

Cll 
Cl3 
Cl5 
Cl7 
c10 

C20 
C28 
ci.1 
c1i-2 
C45 
c46 
c47 
C54 

g~i 

Deflec-
tion 
(% o) 

_%_' 

35 
35 
35 
35 

35 
35 
35 

15 
15 ' 

15 
15 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
J 5 
15 
15 
15 
15 
15 

15 
15 

15 
15 
15 
15 

25 

25 
25 
25 
25 
25 

25 
25 
25 
25 

25 
25 
25 

25 
25 
25 
25 
25 
25 
25 

35 
35 
35 
35 
35 

35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
"J,') 

906 
889 
905 
882 

lOlO 
1008 
1020 

234 
209 

888 
916 
881 
861+ 

304 

8130 
900 
880 
890 
896 

228 
212 
237 
2115 

Torqu~ 

(M ) sp 
ft-lb 

S.ink'Li';<:! 
(z) 
~ 

Slin 

~ 

First F::isio; (Continued) 

0.00 
0.00 
0.05 
0.29 

0.1.s 
1.24 

0.0 
o.8 

O,.ll+ 0,0 

Stccond P~tss 

23 0.63 1.5 
6 o.oo o.o 

24 o. 72 J.6 
18 o.oo 1.5 

93 2.45 13.0 
20 0.39 0.9 

0.03 0.5 
0.02 o.o 
0.15 o.4 

Jl 0.10 O.!t 
0.13 0.2 

36 0.90 1.0 
56 o.9e 7.i. 
12 0.37 0.7 
12 0.10 o. 

100 l. 88 

3!1 1.01 1.9 
86 2.0l+ Ll.11 
20 0.60 o.G 

40 0.117 1.0 
121 J .96 L4.8 

]70 
70 

186 
108 

50 
20 

11 
15 

25 
162 

20 

150 
30 
12 
30 
51 

13 
6 

1+2 
37 
110 
31 
24 
211 
1+2 
04 
l6 

7 
7 
4 
4 
5 
8 

10 
8 

;>,60 
o.72 
2.43 
1.60 

1.31 
0 .07 
o.oo 
o.oo 
0.29 

o.oo 
o.oo 
0.08 
0.00 

o.;::_1. 
2.09 
0.00 

2.28 
0.00 
o.oo 
0.13 
o.41 

0.06 
0.00 
0.00 
0.00 

0.39 
0.69 
0.86 
o.41 
0.27 
0.27 
0 .59 
0 .113 
0.20 
0.00 
0 .00 
o.oo 
0 .04 
0.00 
0.011 
0.08 
0.00 

].2 

2.G 
O.l 
0.0 
o.o 
0.0 

2.0 
0.0 
0.1 
1.5 

0.1 
19.4 
LO 

10.'( 
1.0 
2.0 
2.1 
0.5 

0.1 
1.0 
1.0 
0.0 

2.l 
2.1 
1.3 
0.5 
0.5 
2.0 
1.9 
O)+ 
o.6 
0. 5 
1.0 
o.o 
0. 3 
0.5 
0.9 
o. 3 
0. 

0.0511 
. 0.022 

0.035 
0.0'.)6 

0.091 
0.027 

0.063 
0.050 

0.188 
0.0110 
0.018 
0.016 
0.020 
0.02lt 
0.017 
0.075 
0.116 
o.02li 
0.024 
0.204 

0.070 
0.1 T.~ 
0.038 

O..D53 
0.166 

0.169 
0.069 
o.18lt 
a.no 
0.019 

0.101 
0.0!15 
0.013 
0.025 
0.031 

0.017 
0.026 
0.0!10 
O.OJ7 

0.037 
0.231 
0.029 

0.158 
0.033 
0.014 
0.033 
0.054 

0.061 
0.030 
0.041 
0.031 

0.093 
0.079 
0.086 
0.067 
0.05!1 
0.053 
0.092 
0.011+ 
0.035 
0.017 
0.016 
0.010 
0.009 
0.011 
0.017 
0.022 
0.018 

w 
Cf 

13. 7() 
5. 10 

28.oG 
13.19 
lO.li2 
6.06 
G.2li 

l_J .!+5 
10.07 
20.95 
19.26 
13.Glt 
8.90 

29.07 

20.00 
28.80 
15.1+2 

15.0!+ 
28.26 

37 .00 
19.119 
4o.o4 
27.00 

l? .88 

27 .J9 
Jl.!15 
6.02 

10.63 
19.67 

15. 76 
32. 70 
10.G2 

40.00 
18. 75 
14.19 
18.91+ 
21.85 

13.1'1 
8.83 

12.47 
5.10 

25.61 
31.'.)3 
31.00 
29.!1lt 
28.69 
2li. 32 
25.1111 
29.41+ 
12. 37 
10. 31 

5.G7 
10.211 
6.oo 
6.63 

21.30 

i-~:4~ 
( 1 of 3 oheeto) 



Dc:'lec-
tio'.1 
(% 5) 

Test ~ 

C91 

Cll9 

C22 
c92 

CJ8 
CL07 

Cl4 
C29 
c4G 
C50 
C51 
C52 
C53 
C70 

Cll 7 
C1-42 
Cl47 
Cl50 
Cl52 
C235 

C99 
Cl02 

c68 

Cl6 

Cl2 

c87 
C/09 
Cl20 
Cl21 

C67 
C95 

CllO 

C232 
c231t 

C23 
C25 
c69 
c85 
C96 

C7 

35 
35 
35 
35 
35 

35 
35 
35 

35 
35 
35 
35 

35 
35 
35 

15 
l5 

15 
15 

15 
15 
15 
15 
J 5 
15 
15 
15 
15 
15 
15 
15 
15 
lj 
15 
15 

15 
15 

15 
15 
15 
15 

25 

25 
25 
25 
25 
25 

25 
25 
25 
25 

25 
25 
25 

25 
25 
25 
25 
25 
2j 
25 

35 
35 
35 
35 
35 

35 
35 
35 
35 
35 
3'.i 

35 
35 

715 
716 
723 

956 

2-C03 
101? 
102:.: 

873 

306 

462 
440 

441 
451 
442 
lt62 

850 

221 
. 221 
232 

I'orque 
(Msp) 
ft-lb 

Sinku::;c 
(,) 

-2E.:_ 
Slip 
~ 

Second r~~:os (Continued) 

llt 
JG 
110 

6 
12 
12 

106 
lJl+ 

30 

l;o 

49 
?19 

l;o 

.!.8. 
G 

33 
15 

90 
18 

9 
12 
12 

4o 
115 

184 
75 

lJ8 

14 

83 
28 

20 

10 
14 
16 
10 

18 

50 

1c 

38 
110 
28 
20 
71 
42 
15 

o.co 
0.00 
o. 78 
o.co 
0.04 
0.11 

1. 71 
l.1+8 
0.00 

0.00 

0.52 

o.31 
o.oo 

0.02 
0.10 
0.20 

2.27 

l.13 

3.20 
o.86 

1.9~ 

0.42 

1.90 
0.12 

o.oo 
0.54 

o.oo 
o.oo 
0.14 
o.oo 

0,26 

2.84 
O.JO 
o.o:::::, 

o.l;l; 

0.02 
o.oo 
o.oo 

o.~~ 
O.c'..:.. 
0.93 
o.66 
o. 33 
0.21 
0.81 
0.32 
0.16 

J.5 
o.4 
1. 3 
0.5 
1.4 
1.8 

7. 7 
10.4 
0.5 

0.2 

1. 3 

0.2 
""--7.0 
0.0 

2.2 
0.7 

3.8 
J..O 

13.3 
0.5 
0.0 
o.o 
o.4 
0.2 
0 ? 

3.0 
8,3 
0.7 
0.11 

15.0 

lt.O 
!L1.8 
2.0 

0.0 
14.5 

17.6 
1.0 

6.9 

1.5 

8.5 
o.o 

0.0 
0.0 

0.3 
1.0 
1.1 
0.2 

0.2 
21.3 
1.5 

12. 7 
1.0 

0.0 

1.4 
2.6 
0.7 

1.5 
2. 3 
0.3 
2.0 
0.9 
o. 7 
5.4 
o.6 
0.1 

0.032 
0.041 
0.091 
0.011+ 
0.029 
0.027 

0.1113 
0.157 
0.011-3 

0.076 

0.088 
O.Olt2 

0.181 
0.036 
0.020 
0.024 
0.025 
O.Old 
0.028 
0.079 
0.122 
0.045 
0.019 
0.23-:> 

0.0?9 

0.1:& 

0.022 
0.031 
0.035 
0.021 

o.02i, 
0.262 
0.025 

0.172 
0.043 
0.020 

0.053 

O.Oltlt 
0.029 
0.018 

0.099 
0.075 
0.082 
0.087 
o.0G2 
O.Oltli 

Table 6 (Continued) 

7 ,31 
lO.lt5 
29.20 
8.25 
2.)8 

13.119 

44.69 
34.10 
18,54 

23,90 

25.8'.3 
1;4.oo 
24.33 

26.59 
12.20 
10. 79 

5,87 
5 .55 

10.34 
10.90 
20.86 

20. 76 

36.29 
19.00 

ld.00 

25,f)J 
l:!. .oo 

14.95 
31.52 
2-0.1+2 

2.:::.Go 

13.00 
9.21 

E,95 

C91 

Cll9 

c<c: 
C92 

Cl4 

C50 

C53 
C70 en 

cnG 

cG8 

Cl2 

c"il 
Cl09 
Cl20 
C L21 

067 
095 

c:..10 

27. 53 C232 
31.40 C234 
30.J17 

. 30. 73 
26.94 
25. 78 
28.00 
25,94 
12.13 

(contirn.:.0-1) 

f',_,fl"e-
tion 
(1, 0) 

-~"'-

35 
35 
35 
35 
35 
35 

35 
35 
35 
35 
35 
35 

35 
35 
35 

35 
35 
3J 
?.) 

35 
35 
35 

]) 
l'.i 

15 
l 5 

J 5 
1) 
l'.) 
15 
15 
15 
l'.5 
15 
15 
_l5 
L5 
'.5 

15 
15 
.15 

25 
25 
25 
25 
25 

25 
25 
25 
25 

25 
25 
25 

25 
25 
25 
25 
25 
25 
25 

35 
35 
35 
35 
35 

448 
453 
1+38 
452 

466 

711 

SGS 
920 

863 
910 
888 

Torque 
(J,'. ) 

sp 
ft-JD 

s i(~)ce 
-2E.:_ 

Slb 

~ 

Thir:l P1:c:::.s (Continued) 

10 
12 

20 
17 
1~6 

8 

17 

137 
106 

22 

47 

0.0'"J 
0.0!) 

o.oo 
0.01 

0.00 

o.oo 

O.J 5 

2,45 
1.91 
0.00 

0.10 

0.60 

22 o. 71 
0.00 

0.0 

2,0 
0.5 
0.2 

1.1 
0.9 
2.8 
l.O 

1. 3 

12.4 
9.5 
0.5 

]. 7 

2,2 

o.4 
17 .'{ 

0. 5 

3G 0.21 4.7 
ll 0.00 }.5 

12 o.41 o.:.; 
a.JO 0.0 

15 1.4 
12 0.2 

38 l; 26 
60 l. 52 
20 o. 55 
12 0.12 

;10 2.73 

li.4 lt.7 
85 1-.5. 7 
iG l. 7 

32 

120 

80 
22 

Q 

24 

10 
18 
10 

22 

166 
24 
18 

0.60 

2.28 

0 .36 

2.48 
0.05 

O.Ql;. 
0 .oo 
O.ll 
0 .00 

0.31 
3,15 
o.oo 

3.33 
0.09 
o.oo 

0.16 
o.oo 
G.CO 

1.5 

18.2 
2. 7 

8.o 

10.0 
o.o 

0.5 
O.'.) 

0.7 
1.G 
0.9 
0.1 

0.2 
22.0 
1.0 

l.O 

1.0 

0.0 

M 

W (ru ~'\·!S) 

0.01'/ 
O.OJG 
O.OJO 
0.011 
0.023 
0·.02G 

0.014 

0.0~7 
0.039 
O.J03 
0.018 

0.033 

O.J85 
0.146 
0.031 

0.051 

0.095 
0.030 

0.031 
0.026 

0.192 
o'.078 

O.ll9 

0.026 

0.021 
0.01.s, 

0.018 
0.022 
0.039 
0.022 

0.032 
o. 300 
0.020 

0.177 
0.027 
0.021 

o.oGG 

10.19 
j.82 

Jl.Jl 
G.50 
G,57 

22.23 

l0,98 

7 .Jl 
10. 79 
31.29 
8. 33 

14.56 

1n.82 
30,96 
18.31 

24.JS 

24.46 
117,38 
25. 50 

13.39 
9.90 

19. 72 
20.09 
l 3.18 
10. 30 
26.JO 

19.82 
25. 75 
}3.88 
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Table 7 
~- 00-14. 2-PR Snooth Tire, rron::ta.'1dard Sneed Ccnditiom; 

Clay 

Deflectior. Load Pull Torque s::..nkace 1.:-l!+ Deflection Load PuJ_l Torque Sink:L;e 
Test (% 5) (W) (P) (M) (z) Slip Speed p 

Wrd 
w Teet (''. o) (W) (P) (!!) (z) Sliu Speed " 

l•!-l'-Y· w 
~ •r;,-re* ___lL__ ~ J_b ft-lb -2E.:_ " ~ -;;I CI Test ~ d ..l!?.... ..l!?.... ~ -2E.:_ ~ ~ _f_ '.·lrd CI """"'---

First Pass Fir ct ?ass ~C:.mtlnued) 

To;:ed Point 

en PS 15 -26 0.27 0.055 18. 70 cs 15 l .02 
C72 PS 25 -92 0.96 0.101 33.80 cs 15 
C73 PS 35 -7 0.00 0.015 18.47 cs 15 
~74 PS 15 -170 1.48 -l.5 3.03 0.187 36.30 cs 15 

PS 35 -19 'lo o.oo o.o 4.10 0.040 23. 75 cs 15 
PS 35 -112 -2. 7 4.25 0.124 39.3J cs 15 
PS 15 -16 -0.8 4.45 0.035 9.65 cs 15 12. 32 
PS 15 -29 0.39 -0.2 4.23 0.065 12.42 cs 15 12.19 
T 15 -73 o.43 -0.9 0.57 0.082 llf,40 cs 15 11.55 

15 -61 0.43 -0.6 6.20 0.068 l5 .ho cs 15 17. 7 11. 70 
35 -22 0.14 -0.1 0.048 19. 70 PS 15 19.? ::.J .5? 
35 0.02 -o.c. 0.041 19.10 PS 15 

T 15 0.24 -0.2 0.058 14.90 cs 15 2-8.l lJ 
15 0.66 -0.5 0.106 20. 75 

T 15 1.33 -0.5 0.170 21.30 
T 15 0.89 -o.6 0.129 20.15 Secom:. Pt:.sc 
T 15 0.45 -0.6 0.100 
T 35 0.00 -l.2 0.054 Towe'i ?oint 
PS 15 0.66 -l.2 0.105 
PS 15 o. 79 -1.0 0.147 PS 15 -25 c .116 l.O 
PS 35 0.08 -2.0 0.052 ?.3 25 -102 0.0 
?.3 15 910 -61 0.29 o.o 0.067 PS 35 -12 -1. 5 
?.3 15 438 -12 0.17 0.027 ?.3 15 
?.3 15 450 0 0.11 0.000 ?.3 35 
PS 15 439 -14 0.30 -1.2 0.032 10. 70 ?.3 35 

?.3 15 
Sc-lf-Proncllcd Poir:t ?.3 15 

15 15.50 
C71 ?.3 15 464 26 0.28 1.0 0.053 2-5 16.60 
C72 ?.3 25 908 llh 1.10 6.1 0.124 T 35 21.85 
C73 PS 35 462 7 0.016 35 19. 50 
C74 PS 15 904 268 0.276 J 5 }3.95 

Cl23 PS 35 472 22 0.0 0.049 15 0.1G2 22.10 
Cl24 ?.3 35 897 2. 7 0.137 T 15 22.0) 
c125 ?.3 15 454 0.17 -0.2 0.033 T •.• -52 o. 19.82 
Cl26 ?.3 15 1+52 o.4o o.e 0.058 15 0.12C 20.1) 
c138 PS 15 1+62 o.68 8.5 0.097 19.23 ::5 18,55 
Cl39 PS 15 452 73 0.95 9.4 'J.151 25.10 ?.3 15 20.85 
Cl40 PS 35 462 26 0.13 0.1 0--.06,J 19.52 ?2 -5 2l+.80 
Cl41 ?.3 15 906 62 0.25 0.063 15 .90 ?.3 35 28.35 
C264 ?.3 15 438 13 0.18 0.027 11.52' FS 15 JG.12 
c265 ?.3 15 450 0 0.11 0.000 11.82 ?.3 15 -17 
C267 ?.3 15 439 14 0.31 o.o 0.030 10.70 FS 15 -10 

2cG Slin Point Sclf-Pro-oellcd ?obt 

C71 ?.3 15 454 122 178 0.50 19. 7 2.59 0.269 18.15 C71 ?.3 15 29 16.52 
C72 ?.3 25 892 122 270 1.36 20.3 2.33 0.137 33.05 C72 ?.3 25 110 34 .15 
C73 ?.3 35 444 169 282 o.oo 19. 7 2.36 o. 381 17. 75 C73 PS 35 0.00 -0.7 1B.G2 
C74 ?.3 15 898 -13 227 1.84 19.7 2.44 o. 01L. 34.50 C74 ?.3 15 2,46 19. 7 37.45 

Cl23 ?.3 35 454 206 239 0.29 20.2 3.25 o. 454 22. 72 Cl23 ?.3 35 O.OJ l.6 25.BO 
Cl24 ?.3 35 892 148 308 1. 77 19.8 3.29 0.166 38. 75 Cl24 ?.3 35 7. 7 44.80 
Cl26 ?.3 15 462 218 280 0.50 19. 7 3.49 o.472 12.Sl CJ.25 ?.3 15 -0.3 8.99 
Cl38 R3 15 457 29 86 0. 7l 20.0 2. 75 0, C63 19.05 c.:.26 ?.3 15 23 11. 60 
Cl39 ?.3 15 456 37 132 1.08 19.6 2. 72 o. 081 25.30 Cl38 ?.3 15 38 20.90 
Cl41 ?.3 15 880 240 342 0.38 19.8 2. 75 o. 273 15.1+3 Cl39 ?.3 15 62 2li.l+5 

Cl40 R3 35 29 28. 35 
(Continued.) 

* ?.3, progrD.I:led-slip test; T, towed test; cs' constant-slip test. (l of 3 sheets) 
rd deflected radius. 



Table 7 (Continued) 

Deflection Load PJ.11 Toraue Sinkagc M 
Deflection Load Poll Torque Sink.age 

Test (% o) (w) (P) (MJ (z) Slip Speed ? 
Wrd 

w Test (i 5) (w) (P) (M) (z) Slip Speed p M w 
Test Type __ % __ lb lb ft-lb ____i!l.:__ ..:L ~ w Cf Test ~ 

__ % __ 
~ ~ ~ ____i!l.:__ d 

~ _Ji_ ~ Cf -"-
Seconcl Pas::: ~Continued} Third Pas::: {continued} 

Self-honelled Point { Continucd.L Self-Proncllcd Point 

PS 15 908 63 0.34 2,1 0.064 15.91 C71 PS 15 468 30 Q.60 2.9 3,00 o. 061 19.52 
PS 15 438 17 0.39 1. 7 0.036 11.25 C72 PS 25 896 138 2.34 10.3 2.63 0.152 37 .30 
PS 15 434 9 0.36 o.4 0.019 11.41 C73 PS 35 471 17 o.oo o.o 2. 70 0.038 18.10 

C74 PS 15 903 206 3.10 19.0 2.56 o. 212 37 .65 
c123 PS 35 462 14 0.00 -0.2 4.o8 0.032 24.30 
Cl24 PS 35 896 154 2.68 6.8 3, 77 0.178 40. 70 

C7l PS 15 o.66 19.6 18.25 Cl25 PS 15 448 15 0.31 -0.1 4. 39 0.031 9,34 
C72 PS 25 2.05 20.6 JL>.15 Cl26 PS 15 447 20 0.63 -0.2 4.41 0.042 12.09 

PS 35 0.04 20.0 o. 391 17.30 c138 PS 15 460 42 1.24 4.9 3.23 o. 085 20.90 
PS 15 2.47 20.3 0. cos 37,60 c139 PS 15 428 78 1.81 13.4 2.93 0.170 25. 75 
PS 35 0.27 20.2 o. 393 24,60 c14o FS 35 457 25 o.43 o.4 3.10 0.058 26.90 
FS 35 19.8 0.138 45.10 Cl41 PS 15 892 58 0.51 1.3 3.32 0.060 15. 39 
PS 15 19.5 o. 485 19.30 Cl64 PS 15 443 12 0.37 o.8 2.68 0. 025 11.67 
PS 15 19.6 o. 212 20.85 CC67 PS 15 449 12 o.48 0.1 8. 61 0.029 11.5~ 
PS 15 20.l.:. 24.45 
PS 15 19. 7 2.72 15.43 2Clf? Slip Point 
cs 15 10. 7 :.02 13.41 
cs 15 20.6 13. 59 C7l FS 15 452 192 o.8h 19.6 2.58 o. 283 18.80 
cs 15 11.53 C72 PS 25 892 260 2,59 20.6 . 2. 30 0.100 37 .15 
cs 2-5 11.89 PS 35 452 210 G.01 20.0 2.29 o. 398 17 ,37 
cs 15 13.00 FS 15 903 212 3.10 19.9 2.52 o. 005 37 .65 
cs 15 13.09 PS 35 446 204 o.43 20.4 3.20 o. 399 23. 70 
cs 15 12.43 PS 35 876 272 3.50 19. 7 3,23 0.082 39, 70 
cs 15 12.43 PS 15 453 272 o.67 19. 7 3.52 o.486 12.22 
cs 15 ll.68 PS 15 452 112 176 1.45 19. 7 2. 72 0. 248 20.52 
cs 15 PS 15 434 35 126 1.59 19. 7 2. 71 o. 081 25,50 
PS 15 ?.3 15 876 284 366 o.61. 19. 7 2.67 o. 324 15.10 
PS 15 cs 15 460 145 190 o. 76 11. 3 2.09 o. 315 13.94 
cs 15 cs 15 443 225 274 o. 73 23. 3 3,19 0. 508 11.66 

cs 15 450 233 296 0.97 22.6 4.45 0. 518 11.84 
Tnird ?ass cs 15 442 201 265 o. 78 18.3 4,79 0. 455 13.00 

cs 15 448 214 276 0.82 17.5 3.06 o.478 13.18 
Tov;ed Point cs 15 388 160 211 o. 71 17.8 1.60 o. 365 11.53 

cs 15 448 181 23l; 0.73 16. 5 0.82 o. 404 11. 79 
PS 15 470 PS 15 438 190 234 0.71 20.4 2.12 0. 423 11.81 
PS 25 900 PS 15 449 222 258 0,60 6.58 o. 492 11.52 
?S 35 470 cs 15 451 181 233 0.59 16.8 6.91 o.401 12.19 
?.3 15 
Ps 35 
PS 35 Fourth Pass 
PS 15 -:15 9.32 
PS 15 -19 ll .93 To·.;ed Point 

15 -69 15 .15 
'[· 15 -56 16.32 C71 PS 15 481 -27 0, 75 1.0 3,09 o. 056 18,50 

35 -26 17 .65 C74 PS 15 900 -186 3,62 1.5 3.03 0.207 39.15 
35 -19 lEL55 c123 PS 35 470 -19 0.00 -0.9 4.10 0.040 24. 72 

TS 15 -55 14.ln Cl24 PS 35 896 -152 2.61 -4.5 4.30 0.170 40.70 
TS 15 -123 24.05 Cl25 PS 15 441 -23 0.37 -0.3 4.50 o. 052 8.91 
TS 15 -72 23.15 Cl27 T 15 916 -69 l.00 -l.l 0.58 o. 075 15.63 
TS 2-5 -56 19.25 Cl28 15 892 -57 0,80 -0.4 6.10 o. 064 15.90 
TS 15 -47 19.65 CJ..29 35 461 -27 0, 57 -2.2 0.52 o. 059 20.50 
TS 35 -24 is.oo Cl30 35 462 -20 0.27 -0. 3 6.14 o. 043 18.12 
PS 15 -40 20.90 Cl.21 T 15 872 -58 0.51 -0.8 18.oo o. 067 14.07 
FS 15 -69 24.80 Cl32 15 1304 -127 l.31 -0.1 17.1+5 0.097 23.80 
PS 35 -25 26.95 Cl33 15 460 -71+ 2.46 1.0 0.58 0.161 21.40 
?.3 15 -58 0.0 15.39 c134 15 463 -55 i.66 2. 3 6.18 0.119 19,30 
PS 15 -12 -0,2 11.67 c136 35 442 -25 0.12 -1.l 17 .So o. 057 18.05 
PS lj -14 -0.l 11.52 c138 PS 15 454 -46 1.31 -0.4 3, 33 0.101 20.20 

Cl39 IS 15 430 -72 1.90 -2.B 3,18 0.167 25. 30 
Cl40 PS 35 452 -28 o.43 -1.3 3,17 o. 062 26.60 
Cl41 PS 15 900 -60 o.66 -0.2 3.38 o. 067 15.80 
C264 PS 15 446 -15 o.43 -0.6 2. 78 o. 034 11.30 
C267 PS 15 444 -11 0.1+5 o.o 8,63 0,025 11.38 

(Co:i.tinued) (2 Of 3 sheets) 



Table 7 (Concluded) 

Deflec-:ion Load Pull Torque Sink.age Deflection Load Pull Torque Sinkage 
(% o) (W) (P) (M) (z) Sliu Speed E I-1 w Test (~ o) (W) (P) (M) (z) H 

Wrd 
Slip Speed E w 

Test '.fype ___j__ lb ~ ft-lb ~ ~ ~ _w_ CI Test ~ ___j__ ~ ~ ft-lb ~ •' ~ w Wrd CI __E__ 

Fourth Pass [Continued~ Fifth Po.ss ~Continued~ 

Self-Propelled Point 

PS 15 480 27 Q, 77 2,0 3.0l+ 0.055 18.43 PS 15 2.0 3.05 0.059 20.15 
PS 15 896 201 3, 78 19.7 2.54 0.209 38.95 PS 15 19.7 2.56 o.224 38,80 
PS 35 !;70 18 o.01 0.1 4.05 0.040 24. 72 Cl23 PS 35 -o.4 4.02 0.01+0 24.60 
PS 35 888 180 3.66 11.6 3,67 0.211 l+o.4o C:!.24 PS 35 9.8 3.62 0.216 38.85 

Cl25 PS 15 439 23 0.39 1.5 4.02 0.049 8.87 Cl25 PS 15 l.l 4.37 0.039 9.09 
c138 PS 15 456 48 1.38 3.9 3.15 0.098 20.25 Cl33 PS 15 1•59 6.9 3.12 a.us 20.40 
Cl39 rs 15 440 82 2.03 15.1 2.82 0.174 25.85 Cl39 R3 2-5 447 17 .0 2.82 0.200 26.30 
Cl40 R3 35 452 28 o.44 1.8 3.05 0.065 26.60 c1L.o PS 35 460 o.o 0.082 27 .05 
c~..la PS 15 900 '63 o.67 2.2 3.28 0.064 15.30 Cl41 R3 15 893 2.2 15.67 
0264 PS 15 446 14 o.44 1.0 2. 76 0.029 11.30 C264 PS 15 l46 0.9 11.30 
c267 PS 15 444 14 o.45 0. 5 8.63 0.030 11.38 c267 PS 15 446 -0. 7 11.l+O 

2Cf{o Slip Point 2Cf/-; Slin Point 

PS 15 460 146 202 20.h 2.66 0.324 17.70 PS 15 14C 199 o. 310 19.60 
PS 15 896 201 19. 7 2.54 0.000 38.95 PS 15 -2 215 0.002 38.80 
PS 35 454 208 20.4 3.22 o.401 23.92 R3 35 182 209 o.406 23.60 
PS 35 872 276 19.8 3.23 0.071 39.62 PS 35 270 0.067 38.45 
PS 35 452 121 192 20.0 2. 72 0.268 20.05 PS 35 200 0.269 20.20 
PS 35 440 25 118 2. 70 0.057 25 .55 R3 35 13 118 2. 70 O.Ol+O 26.~o 

PS 35 888 280 358 2.63 0.315 15.57 R3 35 2.69 0.336 15 .23 
C250 cs 35 458 206 2.09 0.347 14.31 cs 35 2.09 0.323 i4. 31 
c251 cs 35 439 295 - 3.22 0.551 11.55 cs 35 4.84 o.470 13.00 
C252 cs 35 447 323 4.50 0.573 11. 76 cs 35 o.494 13.09 
C253 cs 35 437 267 4.85 o.474 12.25 cs 35 0.3911- 11.50 
C254 cs 35 447 261 3.10 o.492 13.15 cs 35 o.411 11.58 
C262 cs 35 449 1.63 0.363 1.1.82 R3 35 o. 77 o.470 11.24 
q263 cs 35 446 o. 75 .85 0.377 11. 74 PS 0" 270 0.10 o. 515 11. 52 
C264 PS 35 440 0.78 2.05 o.474 11.12 cs 35 245 o. 74 1-7 .5 o.446 11.68 
c261 R3 35 439 220 o. 74 6.51 o.484 11.25 
c268 cs 35 1+55 198 0.61 18.1 6.92 o.435 11.97 

Fifth P:iss 

To\.:ed Point 

C71 R3 15 463 -29 o. 77 2.4 0.063 
C74 PS 15 893 -191 4.19 2.C C.214 

Cl23 R3 35 466 -19 0.00 -O.l 0.041 
Cl24 PS 35 875 -156 0.178 
Cl25 PS 15 450 -19 o.oL.2 
Cl27 T 15 915 -68 -0.2 0.074 
Cl28 T 15 888 -56 -0.4 0.063 
c129 35 462 -25 -2.0 0.53 0.054 
Cl30 35 467 -19 0.32 -0.1 6.15 0.041 
Cl31 15 890 -58 0.62 -0.2 18.oo 0.065 
Cl32 15 1292 -127 1.50 2.2 17. 55 0.098 
c133 T 15 1+63 -70 2. 78 0.60 0.15J 
Cl34 15 1+61 -54 1.86 6.18 0.117 
c136 35· 455 -21 0.18 17.60 0.046 
c138 R3 15 462 -4L 0.095 
c139 R3 15 440 -84 0.191 25 .90 
Cl40 ?S 35 461 -35 0.076 27.10 
Cl41 PS 15 893 -49 0.10 -0.l 0.055 15 .67 
C264 R3 15 41,5 -18 o.48 -C. 7 0.040 J.l.30 
c267 R3 15 446 -15 o.46 -1.3 0.034 i1.i,o 

( 3 of 3 sheets) 



SATURATION 
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OPEN SYMBOLS- INITIAL TESTS 
CLOSED SYMBOLS - LATER TESTS 

40 45 50 
MOISTURE CONTENT IN PERCENT OF DRY WEIGHT 

NOTE: PNEUMATIC-TIRED ROLLER 
USED FOR COMPACTION. 
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SATURATION CONDITION 
OF TEST CLAY 
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FIG. b. 6- TO 12-IN. DRY DENSITY 
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FIG. d. 2- TO 4-IN. 
VANE SHEAR STRENGTH 
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NOTE: AVERAGE CONE INDEX 
IS 79 FOR THE SOIL CAR. 
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LOW STRENGTH CONDITION 

c = 1.60 PSI, cp = o0 

1S 

MEDIUM STRENGTH CONDITION 

C = 2.1 TO 2.6 PSI, cp = 0 TO 3° 
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HIGH STRENGTH CONDITION 

C = 5.2 PSI, cp = 3° 
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NORMAL PRESSURE IN PSI 

NOTE: CIRCLED NUMBER DENOTES CONE 
INDEX OF TEST SPECIMEN. 

c,- COHESION, PSI. 

cp - ANGLE OF INTERNAL FRICTION, 
DEG. 

TRIAXIAL TEST RESULTS 

TYPICAL STRENGTH CONDITIONS 
CLAY 
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