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PREFACE 

This report presents results of a pilot study of the deflection of 
moving tires conducted at the U. S. Army Engineer Haterways _Experiment 
Station as a part of the Corps of Engineers Subproject 8-70-05-400, 
"Trafficability of Soils as Related to the Mobility of Military Vehicles." 

The tests were made by personnel of the Army l.fobili ty Research 
Center, Soils Division, under the supervision of Messrs. W. J. Turnbull, 
C. R. Foster, and S. J. Knight. Mr. G. C. Downing, of the Waterways Ex-
periment Station Instrumentation Branch, assisted in the design and super-
vision of construction of the test wheel and was in charge of the measure-
ment of the deflection data. The engineer with primary responsibility for 
the tests was Mr. A. B. Thompson; he was assisted by Messrs. A. J. Green, 
Jr. , and M. D. Beasley. This report was prepared by Mr. A. J. Green, Jr. 

The tests were performed while Col. A. P. Rollins, Jr., CE, was 
director of the Waterways Experiment Station. Present director is Col. 
Edmund H. Lang, CE. Mr. J. B. Tiffany is Technical Director. 
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SUMMARY 

A pilot study was conducted to determine the inside shape of a moving 
tire as a first step in a long-range program to develop rational relations 
between forces imparted by a tire and behavior of the medium on which the 
tire operates. Linear potentiometers installed in a 12x22.5 tubeless tire 
on a 2-1/2-ton truck were used to measure the deflection of the tire. 
Tests were conducted at various tire pressures and on several different 
types of surfaces. 

Tests indicated that the tire-deflection pattern was similar on all 
hard surfaces within the range of speeds tested. Hhere rutting occurred, 
the deflection pattern of the tire varied with the depth of rut which, in 
turn, was a direct product of the consistency or strength of the medium on 
which the tire operated. 

The results of the pilot tests were worthwhile, and suggested that a 
comprehensive program of deflection studies be undertaken. 

vii 





DEFLECTION OF MOVING TIRES 

A PILOT STUDY ON A 12X22.5 TUBELESS TIRE 

PART I: PURPOSE AND SCOPE OF STUDY 

1. This report describes a pilot study made to determine the inside 
shape of a moving tire, information which is expected to lead to a better 
understanding of the forces imparted by the tire to the medium over which 
it operates. A knowledge of the magnitude and distribution of forces 
acting under present-day tires is prerequisite to the development of new 
tire configurations which will produce a more favorable distribution of 
forces in soft soils. 

2. Measurements were made of the inside dimensions of a 12x22.5 
commercial tubeless tire, mounted on a 2-1/2-ton truck, at tire pressures 
ranging from 10 to 70 psi, while traveling over surface media of various 
strengths. The load on the tire was approximately 2950 lb and the speed 
of the vehicle was 1 to 4 mph. The dimensions of the tire were measured 
with linear potentiometers. 
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PART II : TEST AREAS, EQUIPMENT, AND PROCEDURES 

Test Areas 

3. Six test sections were used in this investigation; they were 
asphalt, sand, sod, gravel, firm clay, and soft clay sections. Classifi-
cation data for the sand, firm clay, and soft clay sections are shown in 
fig. 1. 
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Fig. 1. Soil classification data 

Asphalt section 
4. This section was an unused, level area, 60 ft long and 14 ft 

wide, of a smooth-surface, high-density asphaltic concrete strip located 
on the Waterways Experiment Station grounds. The lane in which traffic 
was to be applied was clearly defined in order to insure that the truck 
would travel in the same path on repetitive tests. 
Moist sand section 

5. An area 40 ft long and 14 ft wide was excavated to a depth of 



2 ft and then filled with moist mortar sand in 12-in. lifts. After the 
moisture content of the 12-in. lifts was brought to the desired value, the 
lifts were compacted by means of a D4 engineer tractor. An average cone 
index of 137 was achieved throughout the top 18 in. 
Sod section 
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6. This section was a level, uniform area on natural ground, covered 
with Bermuda grass. The cone index was 30o+. 
Gravel section 

7. A smooth, level section of an existing gravel roadway at the 
Waterways Experiment Station was used. The roadway had been constructed 
on a firm subgrade, with 4 in. of clayey gravel as a surface material. 
Firm clay section 

8. A level section of an excavated area, free of grass and roots, 
was used as a test site. The soil in this area was a lean clay with a high 
strength (cone index of 30o+). 
Soft clay section 

9. A soft clay section was constructed under shelter on the WES 
grounds. An area 60 ft long and 20 ft wide was excavated to a depth of 
4 ft and then filled with a highly plastic clay (locally termed 11 buckshot" 
clay) that had been brought to a near-dry condition by aeration in the sun. 
Construction was accomplished by hand-spreading the clay in 3-in. lifts. 
Each lift was watered, allowed to cure approximately 12 hours, and then 
was compacted with an M29C weasel in order to obtain a uniform cone index 
of about 60 before the next lift was placed. 

Test Equi-pment 

Vehicle 
10. An Ml35, 2-1/2-ton, 6x6 cargo truck normally equipped with 

single-tandem wheels and ll.00x20, 12-ply rating tires, was used in the 
tests. The truck was loaded with 5000 lb of cargo, distributed evenly 
over the bed. After the truck was loaded each set of wheels was weighed 
and the total weight, 17,600 lb, was determined. The weights on the front, 
front tandem, and rear tandem axles were 5900 lb, 5600 lb, and 6100 lb, 
respectively. 
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Tire and rim 
11. Measurements were made of the inside surface of the tire rather 

than the outside because of the difficulties that would have been en-
colllltered in instrumenting the outside surface. However, obtaining meas-
urements inside a conventional tire and tube introduced tire-sealing and 
mollllting problems. To avoid these problems, a commercial 12X22.5 tubeless 
tire, designed to operate at 70 psi at normal load on the highway, was se-
lected for testing, and mollllted on the left front wheel. A special 12x22.5 
rim that would fit the commercial tire and military vehicle was constructed. 
Deflection [!.age 

12. A Bourns No. 108 linear potentiometer was used to measure the 
tire deflection. The gage is 7.0 in. long when fully extended; it has a 
travel of 2-1/4 in. It is accurate to 0.1 per cent throughout the full 
displacement. The gage gives an electrical output proportional to the 
potentiometer shaft position. Fig. 2a is a detailed drawing of the mechan-
ical arrangement of the potentiometer. The spring attached to the poten-
tiometer shaft holds the shaft tight against the inside wall of the tire. 
The ball bearing at the end of the shaft allows movement of the tire wall 

MOUNT ,,, 

--_jlii~~....--.----.~~--~~......,_:~~~~~~~~~~~~0-0 =.pl 
POTENTIOMETER SHAFT 

J.:' 2 4 MAX TRAVEL 
SHOWN FULLY EATENDED 

a. Mechanical parts 

AMPLIFIER 

RECORDER 

b. Circuit arrangement 

Fig. 2. Detailed drawing of potentiometer 



at an angle to the shaft without bending it. Deflection of the tire wall 
causes a corresponding movement of the potentiometer shaft. Extension or 
retraction of the potentiometer shaft moves the slides within the poten-
tiometer case, thereby changing the output voltage of the potentiometer 
when it is connected as shown in fig. 2b. The low level voltage was am-
plified and used to drive a Brush recorder. 

13. Mounts to hold the gages in a fixed position were made. The 
shape of the mount depended on the position of the gage in the tire. The 
gage mounts were inserted through holes cut in the rim at prescribed loca-
tions. Rubber gaskets, placed between the rim and the base of the mount, 
helped to insure against air leakage when the tire was inflated. Fig. 3 
shows the wheel with four of the gage mounts in place, and the openings in 
the rim for the two additional mounts used in this test program. Fig. 4a 
shows the mount used for a gage recording vertical deflection, and fig. 4b 
shows the mount used for a gage recording side-wall or horizontal deflec-
t i on. 

Fig. 3. Hheel with four of the gage mounts in place 
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a. Mount used for gage recording vertical deflection 

b. Mount used for gage record.ing horizontal deflection 

Fig. 4. Mounts to hold gages in a fixed position 



14. After the gages were installed, the wheel was mounted on the 
left-hand side of the front a xle of the truck but offset 10 in. from its 
normal position, since there was not enough clearance for the gage mount 
between the rim and the brake drum in normal installation (see fig. 5) . 
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Fig. 5. Front view of truck showing test tire mounted on outside of truck . 
Tape shows where the tire is normally mounted 

Test Procedures 

Traffic application 
15. The tire was inflated to the desired pressure, and the truck was 

driven forward in a straight line at a speed as nearly constant as possible 
(approximately 3 mph) for a distance of 50 to 60 ft, or four to five revo -
l utions of the wheel . The truck was then backed up along the same line . 
Tire measurements were taken for both forward and reverse motion . Only 
f our or five revolutions of the wheel could be made before excessive 
t angling of the lead wires occurred . 

16. Usually several forward and backward trips were made in the same 
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path for a particular test condition. The surface of the sand section was 
leveled after each pass. In the soft clay section, however, the surface 
was not leveled after each pass since it was desired to determine the ef-
fect of rutting on tire deflection. 
Check tests 

17. Check tests were made at various intervals during the testing 
program to determine whether the results of previous tests could be repro-
duced. Each time the test program was interrupted for such things as in-
stallation of additional gages, or repairs and alteration of existing 
gages, check tests were conducted on the asphalt section. These tests 
verified the results of the previous tests. 
Soil tests 

18. On the soft clay and sand sections, moisture, density, and cone 
index measurements were made before traffic and at various intervals during 
traffic. 
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PART III: TEST DATA 

19. The test data consisted of continuous records of the movement of 
several points on the inside surface of the tire, or deflection of the tire 
at those points, while the tire rolled across a given surface. The refer-
ence or datum for a given point was the position of that point when no load 
was applied to the tire. The shape of the tire for a no-load condition was 
unchanged at the various inflation pressures used in this study. 

Locations of Deflection Points 

20. Six points on the inside of the tire were selected for location 
of deflection gages. Fig. 6 shows the gage locations in the cross section 

~A~£ J HOlllZONTAL PIVOT 5.50" 
FROM RIM 

~AGE 4 HORIZONTAL PIVOT 6.00" 
FROM RIM 

Fig. 6. Gage locations in cross section of tire 
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GAGE !I 
2'9 FROM VERTICAL. 

GAGE 3 
270

• ____ HO_R_IZ_Pl_VO_T_ 
GAGE e 

....;.11;.;;..•·.....;F....;.;R=OM;.;;.;__.,._-t eo• 
VERTICAL. !l.!I" FROM RIM 

GAGE I 
VERTICAL. 
CENTER 

Fig. 7. Gage locations in plane of tire 

of the tire, and fig. 7 shows gage locations in the plane of the tire 
(direction of travel). The location of each gage is described in the 
following subparagraphs. 

a. Gage 1. On the vertical center line through the cross sec-
tion of the tire. Gage 1 measured the movement of the tire 
surface normal to the rim (vertical movement when point was 
directly under hub of wheel, horizontal movement when point 
reached the level of a horizontal plane through the hub, 
etc.). 

b. Gage 2. One inch from the vertical center line. Gage 2 
measured the movement normal to the hub but at a 1-in. off-
set from true center. 
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c. Gage 3. Near the center of the side wall, 5.5 in. below the 
reference portion of the rim (see fig. 6). Gage 3 measured 
side-wall deflection of the tire. 

d. Gage 4. On the side wall, 6.o in. below the rim. Gage 4 
measured the movement of this point (see fig. 6). 

e. Gage 5. On the lower side wall. Gage 5 measured the de-
flection of a point along a line which makes a 27-deg angle 
with the vertical plane of the tire (see fig. 6). 

f. Gage 6. On the upper side wall. Gage 6 measured the move-
ment of a point along a line which makes an angle of 119 deg 
with the vertical plane of the tire (see fig. 6). 

Computation of Data 

21. The average deflection of the tire at a given spot was deter-
mined for three or four revolutions of the wheel on the same pass over the 
traffic lane. A sample calculation is shown below. These data are from 
the record made during the first pass on the firm clay section, at a tire 
pressure of 60 psi (see fig. 8). 

TRUC.K IN FORWARD MOTION 

Fig. 8. Brush chart record, firm clay test section, tire inflation pres-
sure 60 psi, and chart speed 25 mm per sec 

Deflection at 10° Before Maximum Deflection 

Peak to peak on trace = 153.5 mm = 1 revolution of the tire 
= 360° = 11.1 ft circumference of tire at 60 psi, under test 
load, and at test speed 

0 10 4 10 before = 153-5 x 360 = .3 mm 

10° before, trace displacement line = 18.2 mm 

Vertical scale 1 mm = 1/40 in. 
0 18.2 x 1/40 = o.455 in. = deflection of gage 1, 10 before 
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Truck Speed 

Chart speed = 25 mm per sec 

153. 5 6 4 ( ) 
25 = .1 sec for 1 revolution 11.1 ft 

g1.1·t = 1.80 ft per sec = 1 ·80 x 3600 = 1 23 mph 5280 • 

Presentation of Data 

22. Although deflection was measured continuously, significant de-
flections occurred only between the part of the tire revolution from 40 deg 
before the maximum deflection (directly under the load) to 40 deg after the 
maximum deflection. Plate 1 shows the magnitude of deflection at both the 
40-deg-before and maximum-deflection locations for a low-pressure tire on 
moist sand. Tables 1-6 present results of tests on the six test areas; for 
the sake of brevity, only the maximum deflection and the deflections at 
10-deg intervals before and after the maximum, up to 40 deg, are shown in 
the tables. 

23. Plates 2-7 show cross sections of the tire at 20-, 40-, and 60-
psi pressure. The plots on the left-hand side of each plate show a section 
in the plane of the tire, i.e., in the direction of motion. These plots 
represent readings from only one gage, No. 1. The plots on the right-hand 
side of each plate show the cross section of the tire directly under the 
hub. They were each made up from the maximum deflection of the individual 
gages. 



PART IV: DISCUSSION OF TEST RESULTS 

24. In the following discussion, deflection measurements refer to 
the inside surface of the tire. 

Asphalt Section 
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25. Tire deflection measurements were taken on this section at tire-
inflation pressures of 10, 15, 20, 30, 40, 50, 60, and 70 psi (table 1). 
From plate 2 it can be noted that deflection decreases with an increase in 
tire-inflation pressure, and that the length and width of the contact patch 
decrease accordingly. For the higher tire pressures tested (60 and 70 
psi), the cross section of the tire is relatively flat across the bottom; 
whereas, at the lower tire pressures (10 through 40 psi), the center of the 
cross section is convex upward and there is a bulge at the side walls. The 
side-wall bulge is indicative of high pressures near the edge of the con-
tact area and a reduction of pressures near the center of the cross 
section. 

Moist Sand Section 

26. On this section, tire-deflection measurements were taken at four 
tire-inflation pressures--15, 20, 40, and 60 psi (table 2). Plate 3 shows 
cross sections at 20, 40, and 60 psi. 

27. Ruts were formed in the sand on each test; however, the section 
was leveled after each test, thereby giving a smooth surface on which to 
begin each succeeding test. The average rut depth made by one pass of the 
instrumented wheel at each tire pressure is shown as follows: 

Inflation Pressure, psi Rut Depth, in. 

15 1.0 
20 1.5 
40 2.5 
60 2.5 

28. Since the section had to be reworked after each pass, cone index 
readings were taken between passes. The average values for several meas-
urements and the average value of the cone index in the top 6 in. are 
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shown below. Previous trafficability studies have shown that the cone 
index in the top 6 in. can be correlated with the over-all performance of 
a vehicle in sand. The strength of the top 6 in. of sand is also con-
sidered to have had the greatest influence on the deflection of the tire. 
Inflation Cone Index Readin~s at Various Depths Average 
Pressure DeEth of Soilz in. Cone Index 

ESi Surface l 6 _2_ 12 18 in To~ 6 in. 
15 3 65 160 180 160 180 76 
20 3 80 160 190 190 220 81 
40 3 80 175 300 120 180 86 
60 3 90 180 180 210 240 91 

Note: Average cone index before traffic in top 18 in. was 137. 

29. Examination of the plots in the left-hand column of plate 3 
shows that deflection decreases with an increase in tire-inflation pres-
sure. In the sand section the deflection of the vertical cross section of 
the tire (right-hand column of plate 3) appears to decrease proportionally 
with an increase in pressure. The side-wall bulge at low inflation pres-
sure was not as great as on the asphalt section. This may be attributed, 
in part, to the fact that the sand could yield, causing a rut to be formed. 
The center of the rut became convex upward to conform to the surface of the 
tire, thereby increasing the contact area. 

Sod Section 

30. Tests were conducted on this section at four tire-inflation 
pressures--15, 20, 40, and 60 psi (table 3). Plate 4 shows cross-section 
plots for the 20-, 40-, and 60-psi tests. No rutting occurred on the sod 
section. The deflection and bulging on the firm sod were about the same 
as those found on the asphalt section. 

Gravel Section 

31. Tests were run on this section at tire-inflation pressures of 
15, 20, 40, and 60 psi (table 4). The 20-, 40-, and 60-psi values were 
selected for plotting (plate 5). The vertical cross sections and vertical 
center-line sections in the plane of the tire are very similar to those 
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measured on the asphaltic concrete. This should be true for all firm sur-
faces, i.e., surfaces on which rutting normally does not occur. 

32. The tests were conducted when the road was dry. Large stones 
were responsible for some differences in maximum deflection for each revo-
lution; however, careful screening of the data reduced the amount of error 
from this source. 

Firm Clay Section 

33. Tests were conducted on this section at four tire-inflation 
pressures--15, 20, 40, and 60 psi (table 5). No rutting occurred. Plots 
of the 20-, 40-, and 60-psi tire data are shown in plate 6. The plots 
closely resemble those for other firm surfaces--asphaltic concrete, sod, 
and gravel. 

Soft Clay Section 

34. Tests were conducted on this section at tire pressures of 15 
and 60 psi, and the data are shown in table 6. Plots of these data are 
shown in plate 7. 

35. For the 15-psi test, four passes were made, two forward and two 
backward. After the second pass the average depth of the rut made by the 
offset instrumented wheel was 3.7 in., and after four passes the depth of 
this rut was 5.5 in. The average cone index of the soft clay section for 
the tests conducted at 15-psi tire-inflation pressure is shown below. The 
average values for the 6- to 12-in. layer and the top 12-in. layer also 
are shown. Previous trafficability studies have shown that the strength 
of the 6- to 12-in. layer can be correlated with the repetitive traffic 
(50 passes) of a vehicle on a soft fine-grained soil. The average of the 

Cone Index Readings at Various Depths 
Depth of Soil, in. 

Surface ]_ 6 .2. 12 15 
Average Cone Index 

6-12 in. 0-12 in. 

Before Traffic 

15 29 73 106 61 45 

After Four Passes 

20 34 64 74 79 105 72 54 
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top 12-in. layer is quoted in this particular study because for a few 
passes it is felt that this depth had the major influence on the rutting 
induced and the shape of the tire. 

36. The vehicle made only one pass in the 60-psi test. Although the 
truck was not immobilized, the excessive slippage of the wheel forced a 
halt in testing to prevent tangling of the lead wires. The average depth 
of the rut after the one pass was 7.9 in. For this test, the before-
traffic cone index was about the same as for the 15-psi test. Since all 
other conditions were the same, the poorer vehicle performance can probably 
be attributed to the higher tire pressure. No after-traffic strength 
measurements were made for the 60-psi test. 

37. Plate 7 shows that tire deflection on soft clay for both the 15-
and 60-psi inflation pressures was considerably less than it had been on 
firmer surfaces. The deflection of the tire inflated to 15 psi, traveling 
in a rut 3.7 to 5.5 in. deep, was approximately the same as a tire inflated 
to 60 psi traveling on an asphalt surface. The deflection of the tire in-
flated to 60 psi, and traveling in a rut 7.9 in. deep, was practically 
negligible. 

Comparison of Tire Deflection 

38. On firm surfaces (asphaltic concrete, sod, gravel, firm clay), 
where no rutting occurred, the deflection pattern of the tire was very 
similar at the same tire pressure regardless of type of surface. At the 
very low pressures (10 to 20 psi), the center of the cross section of the 
tire was markedly convex upward and side-wall bulging was very pronounced. 
As the pressure was increased, the shape of the tire approached the un-
loaded shape, i.e., the buckling at the center and the side-wall bulging 
became less. At pressures of 30 and 40 psi, the center of the section 
still exhibited a definite convex-upward shape and significant bulging of 
the side walls occurred. At 60 and 70 psi, although deflection at the 
center was still significant, only a slight indication of convexity upward 
remained at the center of the cross section and the side-wall bulging was 
much less. 

39. On the moist sand surface, where rutting of about 2 to 2.5 in. 



occurred, buckling and bulging were not as pronounced as they had been 
found to be on the firm surfaces. For example, the deflection pattern of 
the tire at 40 psi on moist sand was very similar to the one at 60 psi on 
asphaltic concrete, and on moist sand at 60 psi the deflection at the 
center was very small, only a faint trace of convexity upward occurred, 
and side-wall bulging was not great. 
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40. On the soft clay surface, the deflection of the tire was even 
more subdued. At 15 psi, where a rut of 3.7 in. was measured, although 
the deflection at the center was significant, all traces of convexity at 
the center had disappeared, leaving a flat contact surface. Side-wall 
bulging was about the same as it was for moist sand at the same tire pres-
sure. At 60 psi, in 7-9-in. ruts, the cross section of the tire showed 
practically no deflection at the center and no side-wall bulging. 

41. Graphic comparisons of tire shapes may be seen in plate 8. At-
tention is particularly directed to the figure in the lower left corner, 
in which the shape of the tire at 15 psi is shown for three surfaces. 

Comparison of "Forward" and "Backing" Data 

42. The data tended to show greater maximum deflections when the 
vehicle was backing up than when it was going forward. The following ex-
planation is presented as a possible interpretation of this phenomenon. 
It has been assumed that the vehicle was moving with a constant velocity; 
however, since the distance traveled was limited to approximately 50-60 ft 
by the excessive tangling of the lead wires, a more logical assumption 
would be that the vehicle was moving with some degree of acceleration. An 

accelerated body is acted upon by an effective force equal to the product 
of its mass and acceleration. This force acts at the center of gravity of 
the body but in the direction opposite to that of acceleration and is 
called the reverse effective force. The effect of this force on the test 
wheel (front wheel) can readily be determined by taking moments about the 
rear wheel ground interface, if the magnitude and direction of the acceler-
ation are known. When the test vehicle is moving forward with slight ac-
celeration, there is a small reverse effective force decreasing the test 
wheel load. With the vehicle moving in reverse and slightly accelerating 
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in that direction, the reverse effective force would increase the test 
wheel load and therefore the deflection of the tire. Momentary changes 
from acceleration to deceleration, and vice versa, would cause exceptions· 
in the general trend of the data. 

Distribution of Contact Pressure Under the Test Tire 

Firm surf aces 
43. High tire pressure. On a pavement or firm surface (cone index 

300+), the cross section of the tire under normal load and tire-inflation 
pressure (in this case 2950 lb and 70 psi, respectively) was nearly flat 
where it was in contact with the pavement or soil. (See plate 8, upper 
left plot.) This indicated that the tire, when inflated to its design 
pressure and carrying a normal load, probably distributes its load fairly 
uniformly. 

44. Low tire pressure. On the same surface, the cross section of 
the tire inflated to a significantly lower pressure buckled in the center, 
and the side walls had a pronounced bulge. This indicates that the pres-
sure is probably not evenly distributed over the contact area, and is 
higher near the edges than at the center. 
Soft surfaces 

45. High tire pressure. At a high tire pressure and in a very soft 
soil, very little change in shape of the tire from its unloaded shape was 
noted. Under such conditions the tire sank to a depth at which the load of 
the tire and the resistance of the soil were in balance, and the contact 
pressure of the tire imparted to the soil by the tire was probably fairly 
uniform. Since the area of the tire in a plane normal to the load was 
relatively small, the contact pressures were probably relatively high. 

46. Low tire pressure. At a low tire pressure, the tire widened 
and flattened out across the bottom. The flat shape probably indicated a 
uniform distribution of contact pressure, and the wider section normal to 
the load indicated a smaller magnitude of contact pressure. This was veri-
fied by the fact that, whereas a rut of 7.9 in. was created under the 60-
psi tire pressure, the rut was only 3.7 in. deep under the 15-psi press\lre. 
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PART V: CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

47. The data collected as a result of this pilot study are con-
sidered an adequate basis for the following conclusions. 

the 

a. The tire-deflection pattern at a given inflation pressure 
was similar on all firm surfaces (asphaltic concrete, sod, 
gravel, and firm clay) within the range of speeds tested 
(1 to 4 mph) and tire pressures used (10 to 70 psi) in these 
tests. The lower the tire pressure, the greater were the 
buckling of the tire at the center and the bulging of the 
side walls. 

b. On softer surfaces (moist sand and soft clay) the buckling 
and side-wall effects were of a lesser magnitude than on 
firm surfaces. At the same tire pressure the tire shape in 
moist sand, where rutting of about 1 in. occurred, more 
nearly resembled the shape found on firm surfaces than in 
soft clay, where rutting in the order of 4 to 8 in. 
occurred. 

c. The superior performance of the tire at 15 psi over that of 
the tire at 60 psi, and the flatter, wider contact surface 
of the tire at 15 psi, indicate a trend of better perform-
ance at lower tire pressures in soft, fine-grained soils 
for a single pass. 

Recommendations 

48. It is recommended that future tire-deflection studies include 
following: 

a. Testing at higher and reore uniform speeds. 
b. Testing of various sizes of tires. 
c. Testing of low-, medium-, and high-pressure tires. 
d. Testing of various vehicles and wheel loads. 
e. Testing on soils of various strengths. 

It is also recorunended that instrumentation be improved to permit the test 
vehicle to travel longer distances without the lead wires becoming en-
tangled, and that further study be made to demonstrate the advantage of 
lower tire pressures in soft, fine-grained soils. 



Table 1 
Deflection of Tire ()perati~ on Asl!!!lt Section 

Position Deflectionz in. i Wheel Movi~ Fol"WB.I'd Deflectionz in. i Wheel Backi~ 
of Gage Ge.ge Gage Gage Gage Ga~e Gage Gage Ge.ge G8f e Gage ~e Deflection 1 2 __ 3_ 4 __ 5_ 1 2 _L __ 5 _ 

10-Esi Tire Pressure 

Before ~: 
0.194 -0.188 o.o48 -O.oo4 0.214 -0.143 -0.160 -o.o48 40 0.190 -0.190 0.201 -0.000 

30° 0.328 0.329 -0.268 -0.288 o.004 -0.015 0.370 0.342 -0.233 -0.161 0.070 -o.o62 
20° 0.901 0.899 -0.376 -o.459 -0.028 -0.032 1.021 0;838 -0.358 -o.4o4 0.035 -O.o68 
100 l.7o4 1.641 -0.533 -o.7o4 -0.482 -O.o42 i.768 1.610 -0.592 -0.631 -0.302 -0.070 

Center line 1.979 l.8o8 -0.638 -0.782 -0.6o6 -0.050 2.009 1.886 -o.646 -0.718 -0. 560 -O.o80 
After max: 

100 l.590 1.425 -0.514 -0.660 -0.371 -0.057 1.495 1.529 -0.513 -0.592 -0.302 -0.072 
20° 0.731 o.668 -0.374 -0.482 -O.o88 -0.052 0.699 0.617 -o.423 -0.420 -0.022 -o.o48 
30° 0.376 0.354 -0.270 -0.342 -o.o49 -0.030 0.364 0.342 -0.333 -0.326 -0.000 -o.o42 
4o0 0.245 0.223 -0.180 -0.242 -0.039 -0.019 0.220 0.239 -0.203 -0.246 -0.000 -o.o4o 

15-Esi Tire Pressure 

Before max: 
4o0 0.126 0.160 -0.151 -0.158 -0.018 -0.012 0.122 0.135 -0.131 -0.237 -0.000 -0.030 
30° 0.228 0.245 -0.172 -0.236 0.010 -0.020 0.192 0.202 -0.193 -0.219 0.025 -0.038 
20° 0.584 0.710 -0.261 -0.340 -0.038 -0.035 o.459 o.415 -0.268 -0.298 -0.025 -o.o45 
10° 1.300 l.315 -0.344 -0.480 -0.565 -0.035 1.242 1.142 -0.378 -0.426 -0.582 -o.o45 

Center line 1.546 1.415 -0.412 -0.559 -0.682 -0.050 1.579 1.428 -o.451 -0.516 -0.722 -o.o45 
After max: 

100 1.026 1.110 -0.345 -0.480 -o.415 -0.050 1.154 1.122 -0.400 -o.423 -o.432 -0.053 
20° o.401 o.465 -0.245 -0.364 -0.092 -0.035 o.46o o.435 -0.311 -0.318 -o.o88 -0.055 
30° 0.238 0.250 -0.197 -0.276 -0.005 -0.030 0.265 0.247 -0.234 -0.262 -0.002 -o.o45 
4o0 0.172 0.165 -0.152 -0.200 -0.005 -0.022 0.165 0.180 -0.183 -0.198 -0.002 -0.038 

20-psi Tire Pressure 

Before max: 
4o0 0.094 0.103 -0.116 -0.148 -0.032 -0.032 0.100 0.107 -0.135 -0.125 -0.038 -0.~ 
30° 0.139 0.137 -0.188 -0.219 -0.002 -0.036 0.138 0.155 -0.187 -0.255 -0.007 -0. 
20° 0.346 o.402 -0.225 -0.303 -O.oo4 -O.o42 0.387 0.310 -0.247 -0.258 -O.Oo8 -o.o49 
100 0.971 l.o65 -0.269 -0.393 -0.411 -O.o46 1.079 0.951 -0.302 -0.346 -0.296 -o.o49 

Center line 1.240 1.192 -0.279 -o.405 -0.581 -0.050 1.307 1.238 -0.314 -0.382 -0.622 -o.o44 
After max: 

100 0.879 0.722 -0.256 -0.339 -0.316 -o.o47 0.756 0.767 -0.307 -0.344 -0.341 -0.058 
20° 0.337 0.273 -0.223 -0.271 -0.032 -o.o44 0.300 0.300 -0.231 -0.262 -O.o64 -0.059 
30° 0.212 0.170 -0.176 -0.265 -0.000 -o.o4o 0.1~ 0.193 -0.179 -0.220 -o.o42 -0.054 
4o0 0.153 0.138 -0.120 -0.132 -0.000 -O.o26 0.1 0.158 -0.124 -0.162 -O.o41 -0.039 

~0-Esi Tire Pressure 

Before max: 
4o0 o.o69 0.076 -0.119 -0.138 -0.035 -0.031 o.o43 0.090 -0.110 -0.149 -0.036 -0.035 
30° 0.091 o.o87 -0.173 -0.198 -0.005 -0.037 o.1o4 0.109 -0.161 -0.184 -0.003 -0.053 
20° 0.195 0.172 -o.186 -0.251 0.013 -0.039 0.221 0.193 -0.179 -0.232 0.013 -0.055 
100 0.760 0.685 -0.185 -0.263 -0.171 -0.030 0.773 0.722 -0.181 -0.242 -o.2o4 -O.o42 

Center line 0.998 0.881 -0.196 -0.255 -0.349 -0.021 0.983 0.905 -0.178 -0.233 -o.415 -0.039 
After max{, 

0.520 0.547 -0.186 -0.252 -0.137 -0.033 0.675 o.456 -0.209 -0.249 -0.205 -o.o46 10 
200 0.201 0.159 -0.1~ -0.239 0.002 -0.054 0.242 0.167 -0.199 -0.2o8 -0.013 -O.o61 
30° 0.147 0.127 -0.l -0.176 0.003 -0.054 0.165 0.145 -0.167 -0.159 -0.003 -o.o63 
4o0 0.133 0.122 -0.093 -0.125 0.001 -o.o48 0.141 0.124 -0.102 -0.111 -0.002 -0.053 

Note: Minus sign denotes outward movement with respect to original position. 



Table 1 (Concluded) 

Deflection1 in. 1 Wheel ii>ving Forward in. 1 Wheel Backi~ Position DeflectionJ 
Of Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage 

Deflection 1 2 __ 3_ 4 __ 5_ 6 1 2 __ 3_ 4 __ 5 _ 6 -- --
40-~si Tire Pressure 

Before max: 
4o0 0.057 o.o47 -0.076 -0.085 -0.032 -0.030 0.070 0.156 -0.083 -0.075 0.010 -o.o48 
30° o.o63 0.057 -o.l.26 -0.150 -0.012 -o.o4o 0.076 0.080 -0.136 -0.144 0.030 -0.050 
20° 0.134 0.102 -0.156 -0.202 0.025 -O.o42 o.l.26 0.152 -0.162 -0.188 -0.085 -0.038 
10° 0.576 0.505 -0.156 -0.214 -0.055 -0.010 0.570 0.563 -0.160 -0.194 -0.262 -0.010 

Center line 0.831 0.760 -0.137 -0.194 -0.250 -0.018 o.451 0.771 -0.134 -0.179 -0.075 -0.018 
After max: 

10° o.454 o.441 -0.153 -1.215 -0.010 -0.028 o.4o6 0.393 -0.172 -0.202 -o.o4o 
20° 0.144 0.134 -0.157 -0.214 0.012 -0.050 0.145 0.149 -0.182 -0.211 -0.052 
30° O.lo6 0.083 -0.134 -0.159 0.015 -0.052 0.114 0.120 -0.154 -0.145 -0.052 
4o0 0.095 0.075 -0.087 -0.098 -0.000 -O.o45 0.108 0.105 -0.103 -0.088 -0.032 

50-~si Tire Pressure 

Before max: 
4o0 0.038 0.025 -0.071 -0.078 -0.035 -0.028 o.o42 0.050 -o.o63 -o.o68 o.o48 -o.o42 
30° o.o44 o.o45 -0.112 -0.138 -0.020 -O.o40 0.054 0.054 -0.107 -0.120 -0.020 -o.o45 
20° 0.095 o.o66 -0.129 -0.178 0.010 -O.o42 0.090 0.108 -0.123 -0.155 0.000 -o.o42 
10° o.490 o.435 -0.113 -0.162 -0.055 -0.025 o.489 o.495 -o.1o6 -0.160 -0.082 -0.022 

Center line 0.727 0.654 -0.101 -0.150 -0.202 -0.020 0.756 0.675 -0.097 -0.138 -0.232 -0.015 
After max6 

0.338 0.257 -0.120 -0.172 -0.095 -0.025 0.375 0.267 -0.129 -0.162 -0.070 -0.030 10 
20° 0.105 0.081 -0.128 -0.178 o.ooa -0.050 0.119 0.095 -0.139 -0.175 o.ooo -0.052 
30° o.084 o.o63 -0.097 -0.128 0.005 -0.058 0.093 0.082 -0.117 -0.155 o.ooo -0.052 
4o0 0.080 o.o63 -0.058 -0.078 -0.000 -0.055 0.087 0.076 -0.077 -0.095 0.000 -o.o42 

60-Esi Tire Pressure 

Before max: 
4o0 0.037 0.036 -0.058 -0.076 -0.020 -0.020 o.o43 0.055 -0.059 -o.o45 -0.039 -0.036 
30° o.o43 o.o47 -0.105 -0.127 -0.008 -o.o26 o.o45 0.056 -0.100 -0.108 -0.022 -O.o46 
20° 0.082 0.070 -0.119 -0.164 0.016 -0.031 0.072 o.088 -0.118 -0.147 -0.003 -O.o44 
100 o.447 o.410 -0.101 -0.156 -o.o65 -0.012 o.426 o.438 -0.103 -0.149 -0.055 -0.020 

Center line 0.684 0.614 -0.086 -0.132 -0.176 -0.002 0.698 0.630 -0.072 -0.118 -0.228 -0.014 
After max6 

0.344 0.256 -0.111 -0.195 -O.o62 -0.014 0.356 0.241 -0.120 -0.144 -0.076 -0.025 10 
20° 0.101 0.087 -0.120 -0.157 o.oo6 -O.o42 0.107 0.087 -0.132 -0.162 -0.000 -o.o45 
30° 0.074 0.072 -0.1~ -0.139 0.005 -o.o46 0.079 0.078 -0.109 -0.140 -0.000 -o.o48 
4o0 0.072 o.o65 -o.o66 -0.088 -0.002 -0.036 0.076 0.077 -0.079 -0.092 -0.000 -0.039 

70-~si Tire Pressure 

Before max: 
4o0 o.ooo 0.050 -0.080 -0.070 0.005 o.o4o -0.075 -0.082 
30° 0.010 0.050 -0.120 -0.125 0.025 o.o4o -0.100 -0.082 
20° 0.050 0.075 -0.130 -0.155 o.o62 0.080 -0.123 -0.113 
100 0.375 0.365 -0.095 -0.138 0.375 o.425 -o.088 -0.120 

Center line 0.682 0.556 -0.080 -0.116 o.664 0.576 -0.077 -0.105 
After max: 

100 0.150 0.180 -0.120 -0.128 0.255 0.240 -0.125 -0.125 
20° o.o6o 0.080 -0.112 -0.133 0.102 o.o6o -0.138 -0.155 
30° 0.050 0.050 -0.100 -0.123 0.055 0.050 -o.088 -0.145 
4o0 0.025 0.050 -o.o68 -0.080 o.o47 0.050 -o.o65 -0.105 



Table 2 

Deflection of Tire ()perat!E§ on lobist Saild 

Position Deflection2 in. z Wheel Mov~ Forward Deflection2 in. z Wheel Backi!?j 
of Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage 

Deflection 1 2 _L 4 __ 5 _ 6 1 2 _L 4 _5_ 6 

15-Esi Tire Pressure 

Before max: 
4o0 0.122 0.105 -0.150 -0.160 -O.o45 0.140 0.103 -0.137 -0.139 -0.038 
30° 0.200 0.194 -0.212 -0.220 -O.o48 0.320 0.228 -0.210 -0.222 -o.o41 
20° 0.613 0.659 -0.275 -0.282 -O.o48 1.150 0.760 -0.341 -0.332 -o.o43 
10° 1.218 1.321 -0.288 -0.368 -0.058 1.568 1.320 -0.525 -0.498 -0.050 

Center line 1.395 1.466 -o.415 -0.392 -0.083 -O.o62 1.691 1.517 -0.596 -0.563 -0.053 
After max: 

100 1.103 1.058 -0.350 -0.350 -0.058 1.353 1.098 -0.466 -0.450 -o.o47 
20° o.444 0.375 -0.250 -0.282 -O.o48 0.547 0.369 -0.332 -0.318 -0.037 
30° 0.272 0.203 -0.188 -0.232 -0.038 0.312 0.195 -0.236 -0.250 -0.025 
4o0 0.188 0.148 -0.130 -0.195 -0.035 0.203 0.118 -0.165 -0.141 -0.023 

Avg speed 3.62 

20-Esi Tire Pressure 

Before max: 
4o0 0.082 0.097 -0.188 -0.212 -0.058 0.113 0.117 -0.152 -0.203 -0.051 
30° 0.140 0.123 -0.225 -0.263 -o.o6o 0.193 0.333 -0.213 -0.272 -0.054 
20° o.423 0.375 -0.268 -0.337 -o.o62 0.605 o.467 -0.289 -0.355 -0.056 
100 1.005 0.900 -0.308 -o.405 -0.070 1.167 1.133 -0.374 -0.462 -0.058 

Center line 1.162 Lo48 -0.313 -0.414 -0.250 -0.074 1.302 1.122 -0.4o6 -o.497 -0.059 
After max: 

100 0.805 0.623 -0.291 -0.370 -O.o66 1.055 0.856 -0.378 -o.426 -o.o62 
20° 0.332 0.225 -0.238 -0.308 -0.058 o.433 0.358 -0.287 -0.321 -0.057 
30° 0.192 0.155 -0.193 -0.252 -o.o43 0.247 0.192 -0.232 -0.255 -0.051 
4o0 0.138 0.123 -0.146 -0.182 -0.029 0.178 0.135 -0.163 -0.199 -o.o43 

40-Esi Tire Pressure 

Before max: 
4o0 0.054 0.055 -0.093 -0.145 -o.o47 o.o62 0.077 -0.178 -0.159 -0.053 
30° o.o61 0.058 -0.142 -0.200 -0.055 o.086 0.080 -0.218 -0.225 -o.o6o 
20° 0.114 0.095 -0.157 -0.222 -0.053 0.143 0.155 -0.229 -0.257 -0.056 
10° o.483 o.424 -0.156 -0.221 -0.026 0.538 o.402 -0.224 -0.259 -0.037 

Center line 0.679 0.582 -0.130 -0.214 -0.115 -0.016 0.662 0.522 -0.212 -0.256 -0.035 
After max: 

10° o.478 0.317 -0.156 -0.220 -0.037 0.568 0.341 -0.213 -0.256 -o.o43 
20° 0.169 0.099 -0.156 -0.213 -0.058 0.193 0.118 -0.211 -0.248 -0.054 
30° 0.112 0.075 -0.138 -0.168 -O.o62 0.117 0.078 -0.180 -0.203 -0.056 
4o0 0.099 0.072 -0.089 -0.102 -0.054 o.1o4 0.072 -0.131 -0.137 -O.o44 

60-Esi Tire Pressure 

Before max: 
4o0 0.033 0.036 -0.092 -o.o69 -0.019 -O.o42 o.o42 0.050 -0.100 -0.080 -0.030 -0.052 
30° o.o42 o.o43 -0.113 -0.108 -0.016 -o.o47 o.o61 o.o48 -0.132 -0.122 -0.034 -0.054 
200 0.083 0.080 -0.193 -0.126 -0.035 -0.038 0.192 0.087 -0.144 -0.148 -O.o64 -0.051 
10° 0.296 0.202 -0.092 -0.121 -0.124 -0.027 0.396 0.260 -0.142 -0.154 -0.142 -0.037 

Center line 0.351 0.272 -0.086 -0.111 -0.150 -0.023 o.465 0.352 -0.134 -0.148 -0.182 -0.032 
After max: 

100 0.220 0.169 -0.093 -0.118 -o.084 -0.034 0.314 0.314 -0.138 -0.142 -0.127 -0.038 
20° 0.089 0.080 -0.084 -0.092 -0.035 -o.o43 0.120 0.120 -0.131 -0.138 -O.o62 -o.o47 
30° 0.058 o.o48 -o.o69 -o.o6o -0.050 -0.038 0.081 0.081 -0.112 -0.115 -0.034 -o.o49 
4o0 0.052 o.o42 -0.051 -O.o48 -0.024 -0.031 0.071 0.071 -0.083 -0.079 -0.029 -O.o42 

Avg speed 3.31 

Note: Minus sign denotes outward movement with respect to original position. 



Table 3 
Deflection of Tire ()perati!!§ on Sod Surface 

Position Deflection2 in. z Wheel MovingJorward Deflection2 in. z Wheel Backi!!§ 
of Gage Gage Gage Gage e Gage Gage Ge:ge Gage Gage Gage Gage 

Deflection 1 2 __ 3_ 4 __ 5_ 6 l 2 _]___ 4 __ 5_ 6 

15-Esi Tire Pressure 

Before max: 
4o0 0.113 0.138 -0.149 -0.183 -0.070 -0.054 o.1o8 0.135 -0.142 -0.156 -0.150 -o.o68 
30° 0.225 o.264 -o.2o8 -0.265 -0.122 -O.o65 0.227 0.214 -0.212 -0.228 -0.253 -0.01'3 
20° 0.720 0.743 -0.279 -0.374 -0.334 -0.071 0.774 0.600 -0.312 -0.313 -0.700 -0.075 
10° 1.419 1.293 -0.391 -o.491 -0.664 -0.076 i.459 l.395 -o.435 -o.438 -1.400 -0.078 

Center line 1.607 1.487 -o.435 -0.523 -0.773 -o.o83 L5o6 1.522 -0.502 -0.528 -1.671 -o.o84 
After max: 

100 l.392 1.114 -0.389 -o.443 -0.631 -0.073 1.400 1.210 -0.423 -0.456 -1.321 -0.074 
20° o.684 o.485 -0.305 -0.344 -0.253 -0.059 0.630 0.527 -0.326 -0.353 -0.576 -0.058 
30° 0.310 0.240 -0.231 -0.281 -0.134 -0.050 0.310 0.248 -0.250 -0.293 -0.280 -o.o47 
4o0 o.2o8 0.165 -0.173 -0.215 -0.096 -0.038 0.197 0.185 -0.213 -0.232 -0.198 -0.029 

Avg speed 3.o8 

20-Esi Tire Pressure 

Before max: 
4o0 o.o8o 0.103 -0.177 -0.211 -o.o83 -o.o69 o.o6o 0.102 -0.138 -0.157 -o.o6o -o.o68 
30° 0.133 0.118 -0.215 -0.271 -0.105 -0.072 0.107 0.133 -0.187 -0.223 -o.o83 -0.071 
20° o.490 o.465 -0.255 -0.318 -0.271 -0.075 0.270 0.354 -0.254 -0.282 -0.190 -0.073 
10° Lo88 0.978 -0.296 -0.376 -0.520 -0.077 0.975 0.937 -0.321 -0.354 -0.505 -0.075 

Center line 1.173 l.o68 -o.3o6 -0.416 -0.622 -O.o81 1.290 1.134 -0.338 -0.386 -0.622 -0.079 
After max6 

0.963 0.730 -0.292 -0.370 -0.465 -0.078 l.035 0.796 -0.314 -0.354 -0.426 -0.077 10 
20° o.427 0.257 -0.236 -0.301 -0.203 -0.072 o.407 0.297 -0.263 -0.280 -O.l.68 -0.073 
30° 0.212 0.157 -0.201 -0.256 -0.129 -0.057 0.205 0.170 -0.215 -0.222 -O.lo8 -0.054 
4o0 0.165 0.127 -0.152 -0.195 -0.102 -O.o48 0.160 0.147 -0.162 -0.201 -O.o84 -0.037 

40-Esi Tire Pressure 

Before max: 
4o0 o.o44 0.057 -0.105 -0.124 -0.036 -o.o48 0.035 0.059 -o.o89 -0.109 -0.038 -0.052 
30° o.o6o 0.058 -0.143 -0.177 -0.039 -0.057 o.o43 o.o64 -0.138 -0.170 -O.o41 -o.o65 
20° 0.078 0.105 -0.159 -0.205 -O.o82 -0.054 0.073 o.o82 -0.167 -0.202 -0.076 -O.o64 
10° 0.523 o.472 -0.155 -0.202 -0.297 -O.o26 o.449 0.388 -0.166 -0.203 -0.261 -0.033 

Center line 0.738 0.605 -0.151 -0.201 -0.374 -0.021 0.720 0.595 -O.l.62 -0.201 -0.362 -0.028 
After max: 

10° 0.565 0.367 -0.169 -0.214 -0.257 -0.050 o.471 0.349 -0.176 -0.202 -0.222 -o.o44 
20° 0.218 O.lo4 -0.174 -0.202 -o.o88 -o.o65 0.156 0.118 -O.J.81 -0.202 -0.076 -o.o67 
30° 0.121 o.o67 -0.149 -0.149 -0.057 -o.o63 0.103 0.079 -0.157 -0.162 -0.055 -O.o68 
4o0 o.1o6 o.o64 -0.110 -0.092 -0.052 -0.052 0.101 0.077 -0.111 -0.112 -0.051 -0.053 

Avg speed 4.07 

60-Esi Tire Pressure 

Before max: 
4o0 0.028 o.o42 -0.058 -O.o64 -0.025 0.021 o.o47 -O.o86 -0.107 -0.029 -o.o47 
30° 0.029 o.o43 -0.097 -0.118 -0.025 0.022 o.o47 -o.1.26 -0.144 -0.030 -0.053 
20° o.o4o 0.055 -0.116 -0.146 -0.028 0.075 o.o88 -0.129 -0.152 -0.054 -o.o49 
10° o.473 0.354 -o.1o8 -0.142 -o.l.64 o.493 o.446 -0.123 -0.136 -0.193 -0.029 

Center line 0.618 o.5o6 -0.098 -0.138 -o.268 0.636 o.499 -0.117 -0.127 -0.277 -0.023 
After max: 

10° 0.328 0.232 -0.122 -0.157 -0.143 0.344 0.245 -0.139 -0.149 -0.154 -o.o43 
20° 0.092 0.058 -0.127 -0.155 -o.o4o 0.116 o.o84 -0.149 -0.149 -0.052 -0.058 
30° 0.075 o.o47 -0.117 -0.123 -0.031 0.074 o.o6o -0.137 -0.123 -o.o4o -0.057 
4o0 0.074 o.o46 -0.079 -0.078 -0.030 0.074 0.057 -0.092 -O.o84 -0.038 -0.034 

Avg speed 4.91 

Note: Minus sign denotes outward movement with respect to original position. 



Table 4 
Deflection of Tire QEerati!!§ on Gravel Surface 

Position Deflectionz in. z Wheel Movi~ Forward Deflection2 in. z Wheel Backi~ 
of Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage 

Deflection 1 2 __ 3_ 4 __5_ 6 1 2 __ 3_ 4 __ 5 _ 6 

15-Esi Tire Pressure 

Before max: 
4o0 0.075 0.116 -0.132 -0.139 -0.001 -0.053 0.105 0.115 -0.124 -0.152 -0.034 
30° 0.148 0.167 -0.188 -0.209 -0.002 -o.o66 0.185 0.178 -0.175 -0.229 -o.o48 
20° 0.363 o.4oo -o.268 -0.285 -O.o68 -0.071 0.542 o.4oo -0.262 -0.360 -0.054 
10° 1.169 1.218 -0.365 -o.4oo -0.576 -0.073 1.359 1.202 -0.392 -o.473 -0.058 

Center line 1.410 1.470 -0.418 -o.468 -0. 781 -0.078 1.543 1.505 -o.470 -0.552 -O.o62 
After max: 

10° 1.021 1.117 -0.345 -0.398 -0.512 -0.072 1.168 i.269 -0.396 -0.461 -o.o62 
20° o.445 o.410 -0.268 -o.3o6 -O.o88 -o.o6o 0.557 0.592 -0.307 -0.346 -O.o61 
30° 0.260 0.235 -0.210 -0.209 -0.017 -0.052 o.288 0.254 -0.228 -0.275 -o.o47 
4o0 0.172 0.155 -0.163 -0.170 -o.oo6 -o.o43 0.198 0.172 -0.165 -0.207 -0.038 

Avg speed 3.18 
20-Esi Tire Pressure 

Before max: 
4o0 0.095 o.o85 -0.144 -0.142 -0.026 -o.o63 o.o82 0.113 -0.151 -0.161 -0.015 -O.o63 
30° 0.143 0.110 -0.196 -0.205 0.016 -O.o68 0.130 0.162 -0.202 -0.225 0.031 -0.070 
20° o.427 0.260 -0.239 -0.259 -0.075 -0.071 0.343 0.347 -0.253 -0.271 -0.129 -0.074 
100 1.095 0.951 -0.284 -0.328 -0.548 -0.073 1.074 1.134 -0.2]4 -0.324 -0.592 -0.075 

Center line 1.220 1.189 -0.311 -0.357 -0.677 -O.o81 1.301 1.339 -0.292 -0.350 -o.7o6 -LOSO 
After max: 

100 0.900 0.832 -0.290 -0.322 -o.433 -0.075 1.140 0.942 -0.280 -0.324 -o.449 -0.076 
20° 0.330 0.287 -0.241 -0.261 -0.070 -O.o64 0.510 0.358 -0.230 -0.273 -o.o69 -0.072 
30° 0.222 0.153 -0.193 -0.212 -0.009 -0.053 0.253 o.188 -0.192 -0.2o6 -0.017 -O.o66 
4o0 0.163 0.120 -0.142 -0.147 -0.002 -o.o43 0.182 0.145 -0.145 -0.156 -0.015 -0.053 

Avg speed 3.o6 
40-Esi Tire Pressure 

Before max: 
40° 0.054 0.050 -0.103 -0.118 -o.o47 -0.051 o.o68 o.o61 -O.lo8 -0.092 -0.055 -0.050 
30° o.o67 0.055 -0.148 -0.174 -0.031 -o.o65 0.072 0.070 -0.151 -0.143 -0.027 -o.o63 
20° 0.113 o.o87 -0.168 -0.202 -0.010 -o.o64 0.110 0.100 -0.174 -0.186 -0.000 -o.o65 
100 0.519 0.528 -0.152 -0.198 -0.176 -0.031 0.529 o.493 -0.159 -0.186 -0.112 -0.028 

Center line 0.765 0.719 -0.136 -0.193 -0.276 -0.026 0.771 0.724 -0.144 -0.172 -0.256 -0.024 
After max: 

10° o.434 o.4o4 -0.171 -0.212 -0.105 -o.o48 0.544 o.463 -0.162 -0.191 -0.102 -o.o43 
20° 0.153 0.113 -0.173 #-0.2o4 -0.013 -0.071 0.188 0.133 -0.181 -0.195 -0.005 -o.o65 
30° 0.117 0.075 -0.140 -0.150 -0.009 -0.072 0.132 o.o87 -0.156 -0.177 -0.000 -O.o66 
4o0 0.111 0.074 -o.o83 -o.o89 -O.Oo8 -o.o63 0.115 o.o84 -0.112 -0.129 0.005 -0.050 

Avg speed 2.38 
60-Esi Tire Pressure 

Before max: 
4o0 0.031 0.039 -o.o67 -0.078 -0.023 -0.033 0.026 o.o49 -O.o68 -0.075 -0.020 -0.036 
30° 0.032 0.039 -O.lo6 -0.113 -0.002 -O.o48 0.029 o.o49 -0.111 -0.125 0.003 -o.o49 
20° o.o64 0.053 -0.125 -0.132 0.022 -O.o48 o.o48 o.o6o -0.133 -0.148 0.027 -0.050 
10° 0.358 0.305 -0.103 -0.122 -0.013 -0.027 o.4oo 0.357 -0.122 -0.143 -0.024 -0.032 

Center line 0.6o8 0.570 -O.o87 -0.116 -0.113 -0.023 0.627 0.589 -0.098 -0.124 -0.140 -0.024 
After max: 

10° 0.356 0.321 -0.110 -0.124 -o.o45 -0.042 0.316 0.312 -0.115 -0.146 -0.023 -0.028 
20° 0.120 0.093 -0.121 -0.138 -0.017 -0.058 0.102 0.100 -0.128 -0.155 o.o42 -0.053 
30° o.o82 o.o66 -0.110 -0.127 -0.024 -0.055 0.073 o.o64 -0.128 -0.122 0.025 -0.059 
4o0 0.079 0.053 -0.078 -o.o89 -0.016 -O.o42 0.072 0.059 -0.092 -O.o81 0.013 -o.o47 

Avg speed 3.46 

Note: Minus sign denotes outward movement with respect to original position. 



Table 5 
Deflection of Tire QEerati!!§ on Firm Cl~ 

POsition Deflection1 in. 1 Wheel Movi!!§ Forward Deflection1 in. Wheel Back!!!§ 
of Ge.ge Gage Gage Gage Gage Gage Gage Gage Gage Gage Gage Ge.ge 

Deflection 1 2 __ 3_ 4 ___L. 6 1 2 __]___ 4 __ 5_ 6 

15-Esi Tire Pressure 

Before max: 
4o0 o.o87 0.113 -0.149 -0.163 -0.057 0.140 0.153 -0.140 -0.178 -0.058 
30° 0.187 0.178 -0.211 -0.230 -o.o63 0.240 0.282 -0.200 -0.234 -0.072 
20° o.470 0.530 -0.273 -0.317 -o.o65 0.738 0.903 -0.281 -0.328 -O.o82 
100 1.288 1.243 -0.373 -0.452 -o.o69 1.258 i.438 -0.398 -o.454 -O.o85 

Center line 1.443 1.417 -0.444 -o.469 -0.735 -o.o69 1.487 1.573 -o.452 -0.537 -0.735 -O.o87 
After max: 

10° 1.150 1.107 -0.357 -o.434 -0.072 1.272 1.272 -0.382 -o.450 -O.o86 
200 0.505 o.465 -0.284 -0.332 -0.058 0.637 o.6o8 -0.312 -0.364 -0.071 
30° 0.277 0.245 -o.2o6 -0.283 -0.051 0.305 0.282 -0.240 -0.270 -0.054 
4o0 0.193 0.178 -0.155 -0.194 -0.036 0.228 0.185 -0.187 -o.2o8 -0.050 

Avg speed 3.15 2.79 

20-Esi Tire Pressure 
Before max: 

4o0 o.o65 0.095 -0.152 -0.155 -0.075 0.090 o.1o8 -0.139 -0.168 -o.o68 
30° 0.110 0.125 -0.195 -0.212 -0.078 0.130 1.150 -0.197 -0.230 -0.070 
20° 0.255 0.335 -0.230 -0.258 -O.o80 0.370 0.322 -0.254 -0.282 -o.o69 
10° 0.925 0.900 -0.252 -0.305 -O.o85 1.012 0.975 -0.316 -0.334 -0.070 

Center line 1.165 l.o8o -0.270 -0.310 -0.625 -0.095 1.155 1.165 -0.332 -0.350 -0.077 
After max: 

100 0.780 0.790 -0.260 -0.295 -o.o85 0.880 o.845 -0.305 -0.327 -o.o67 
20° 0.280 0.315 -0.202 -0.232 -0.070 0.291 0.328 -0.248 -0.276 -0.058 
30° 0.185 0.160 -0.175 -0.180 -0.058 0.222 0.180 -0.199 -0.198 -o.o4o 
4o0 0.135 0.125 -0.122 -0.11.8 -O.o42 0.165 0.145 -0.154 -0.149 -0.022 

Avg speed 3.59 2.51 

40-Esi Tire Pressure 
Before max: 

4o0 o.o65 0.058 -0.098 -0.133 -0.052 o.o62 0.073 -O.o86 -O.lo4 -O.o62 
30° 0.070 o.o62 -0.152 -0.185 -O.o66 0.074 0.072 -0.136 -0.155 -o.o69 
20° 0.077 0.079 -0.178 -0.198 -O.o66 0.103 0.132 -0.157 -0.183 -0.073 
100 o.485 o.428 -0.178 -0.185 -o.o45 0.552 0.538 -0.161 -0.183 -o.o4o 

Center line 0.695 o.6o6 -0.167 -0.173 -0.360 -O.o40 0.711 o.7o8 -0.155 -0.171 -0.033 
After maxl, 

o.434 0.338 -0.172 -0.190 -O.o64 0.515 o.461 -0.173 -0.197 -o.o43 10 
20° 0.148 0.052 -0.180 -0.184 -0.078 0.179 0.154 -0.174 -0.192 -O.o68 
30° 0.099 0.078 -0.161 -0.148 -O.o65 0.116 0.096 -0.155 -0.168 -0.072 
4o0 0.075 0.075 -0.124 -0.104 -0.055 0.113 0.091 -0.111 -0.115 -o.o61 

Avg speed 4.63 2.92 

60-Esi Tire Pressure 
Before max: 

4o0 0.035 o.o64 -0.098 -0.094 -O.o42 0.050 0.052 -0.072 -O.o88 -0.051 
30° 0.036 o.o68 -0.131 -0.128 -0.055 0.050 0.054 -0.112 -0.129 -o.o68 
20° 0.075 o.o84 -0.133 -0.136 -0.052 0.050 o.o86 -0.125 -0.150 -o.o63 
100 o.448 o.4o6 -o.1o4 -0.120 -0.033 o.432 o.450 -0.105 -0.135 -0.028 

Center line 0.612 0.656 -0.094 -0.111 -0.028 0.634 0.615 -0.090 -0.109 -0.020 
After maxl, 

0.355 0.314 -0.130 -0.138 -0.055 0.360 0.320 -0.110 -0.146 -O.o46 10 
20° 0.115 0.114 -0.155 -0.145 -0.070 0.114 0.092 -0.130 -0.159 -o.o68 
30° 0.075 0.075 -0.121 -0.120 -o.o6o 0.072 o.o68 -0.115 -0.143 -o.o65 
4o0 o.o67 0.072 -0.098 -0.075 -O.o42 0.072 o.C'62 -O.o82 -0.095 -0.050 

Avg speed 3.26 

Note: Minus sign denotes outward movement with respect to original position. 



' ~ ... 

Position 
of 

Deflection 

Before max: 
4o0 

30° 
20° 
10° 

Center line 

After max: 
10° 
20° 
30° 
4o0 

Table 6 
Deflection of Tire Operating on So~ Clay 

Deflection, in. Deflection, in. 
Wheel ~viE;S Forward Wheel Backing 

Gage Gage Gage Gage Gage Gage Gage Gage 
1 3 5 6 1 3 5 6 

15-psi Tire Pressure 15-psi Tire Pressure 

0.118 -0.127 0.002 -0.031 0.119 -0.090 o.o81 ------
0.180 -0.168 0.003 -0.034 0.236 -0.119 0.090 ------
0.384 -0.212 -O.o49 -0.036 0.574 -0.174 0.057 ------
o.649 -0.276 -0.217 -o.o44 0.735 -0.289 -0.160 ------
0.721 -0.315 -0.264 -o.o44 1.039 -0.392 -0.275 -0.038 

0.601 -0.262 -0.144 -O.o42 0.907 -0.309 -0.190 ------
0.335 -0.209 -0.033 -0.038 o.491 -0.221 -0.070 ------
0.125 -0.158 -0.001 -0.034 0.253 -0.158 -O.o80 ------
0.124 -0.121 o.oo4 -0.028 0.158 -0.122 -0.057 ------

1 I Note: Minus sign denotes outward movement with respect to original position. 

Deflection, in. 
Wheel Movi~ Forward 

Gage Gage Gage Gage 
1 3 5 6 

60-psi Tire Pressure 

0.009 -0.018 -O.oo4 ------
0.018 -0.023 -0.014 ------
o.o44 -0.032 -0.014 ------
o.o67 -0.032 -0.035 ------
0.070 -0.031 -o.o4o -0.015 

0.052 -0.030 -0.024 -----~ 

0.023 -0.028 -O.oo6 ------
0.010 -0.025 -o.oo4 ------
o.oo8 -0.019 -O.oo4 ------



NOTE: LOADED TO 29!>0 LB. 
SPEED 2 MPH. 

1201~8-K 

INSIDE SURFACE 
UNLOADED 

DEFORMATION OF A MOVING 
12X22.5 TUBELESS TIRE 

AT 20-PSI TIRE PRESSURE 
ON MOIST SAND 

AT POINT OF MAXIMUM DEFLECTION 
AND 40° PRIOR TO MAXIMUM DEFLECTION 

SCALE IN INCHES 

PLATE I 
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VERTICAL CENTER LINE SECTION VERTICAL CROSS SECTION 

OF TIRE IN PLANE OF TIRE 
$CALE IN INCHf:S 

DEFLECTION CHARACTERISTICS 
12X22.5 TUBELESS TIRE IN MOTION 

ON ASPHALTIC CONCRETE 
2950-LB LOAD 3 TIRE PRESSURES 

SPEED RANGE 1-4 MPH 
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1201!)8-M 

$CALE'. IN INCHES 

DEFLECTION CHARACTERISTICS 
12X22.5 TUBELESS TIRE IN MOTION 

ON MOIST SAND (PREPARED SECTION) 
2950-LB LOAD 3 TIRE PRESSURES 

SPEED RANGE 1-4 MPH 

PLATE 3 
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1201!>8-N 

PLATE 4 

VERTICAL CENTER LINE SECTION 
IN PLANE OF TIRE 

VERTICAL CROSS SECT ION 
OF TIRE 

$CALE IN INCHES 

DEFLECTION CHARACTERISTICS 
12X22.5 TUBELESS TIRE 

IN MOT ION ON SOD 
2950-LB LOAD 3 TIRE PRESSURES 

SPEED RANGE 1-4 MPH 
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1201~8-0 

VERTICAL CENTER LINE SECTION 
IN PLANE OF TIRE 

VERTICAL CROSS SECTION 
OF TIRE 

$CALI'. IN INCH£$ 

DEFLECTION CHARACTERISTICS 
12X22.5 TUBELESS TIRE IN MOTION 

ON GRAVEL-SURFACED ROADWAY 
2950-LB LOAD 3 TIRE PRESSURES 

SPEED RANGE 1-4 MPH 

PLATE 5 
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120158-P 

PLATE 6 

VERTICAL CROSS SECT ION 
OF TIRE 

§CALE IN !NCH£$ 

DEFLECTION CHARACTERISTICS 
12X22.5 TUBELESS TIRE IN MOTION 
ON FIRM CLAY (NATURAL DEPOSIT) 
2950-LB LOAD 3 TIRE PRESSURES 

SPEE;D RANGE 1-4 MPH 



!» 
c.,"4 cf' 3 

~2 
I 

0 
40• 

BEFORE 

-----q;----
~1 

VERTICAL CENTER LINE SECTION 
IN PLANE OF TIRE 

VERTICAL CROSS SECTION 
OF TIRE 
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* TEST RESTRICTED TO I!»- AND SO-PSI TIRE PRESSURES 

120168-Q 

DEFLECTION CHARACTERISTICS 
12X22.5 TUBELESS TIRE IN MOTION 

ON SOFT CLAY (PREPARED SECTION) 
2950-LB LOAD 2* TIRE PRESSURES 

SPEED RANGE 1-4 MPH 

PLATE 7· 
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120158-R 

PLATE 8 

15- AND 60-PSI 
ASPHAL TIC CONCRETE 

SOFT CLAY: AVG RUT DEPTH 3. 7 IN. 
CONE INDEX 45 

SANO: AVG RUT DEPTH 1.0 IN. 
CONE INDEX 7 6 

15-PSI 
THREE SURFACES 

. Ii 
~. I 
i \ I j 
I I . ~ 
I I \ ~ 
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I' I\ /. 
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// I J ' 60 PSI 

/ ' '""' ~ ".// / ' 

f / 
~ / 1/" , 

_ __..,. 
15 PSI: AVG RUT DEPTH 3.7 IN. 

CONE INDEX 45 
60 PSI: AVG RUT DEPTH 7.9 IN. 

CONE INDEX 45 

15- AND 60-PSI 
SOFT CLAY 

NOTE: INSIDE CROSS SECTIONS 
SPEED: I TO 4 MPH 
WHEEL LOAD :2950 LB 

-~ 

DEFLECTION OF A MOVING 
12X22.5 TUBELESS TIRE 

I 0 ... SCALE IN INCHES 
I 2 3 4 - - 5 6 -
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