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. PREFACE.

This paper presents results of a piiot study on stress distribu-
tion conducted in connection with the vehicle mobiiity research program
authorized by the Office, Chief of Fngineers, for fiscal year 1956.

Personnel of the Waterways Experiment Station actively engaged
in the study were Messrs. W. J. Turnbull, C. R. Foster, A. A. Maxwell,
S. J. Knight, R. G. Ahlvin, A. B. Thompson, and M. D. Beasley. This
paper was written by Mr. Thompson.
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SUMMARY

A pilot study was conducted to determine whether static and dy-
namic stresses induced in fairly soft soils by a pneumatic tire could
be measured satisfactorily with the WES earth pressure cell. The study
showed that the measurements were of the same order of consistency and
accuracy as measurements made with the WES cell under static loads in
firmer soils. Experience in placement of pressure cells and other test
“techniques was gained which will be valuable in future tests ol this
general nature. Preliminery observations were made of the effect of
.tire prescure, speed of truck, and repetitive passes on stresses in-
duced at various depths. A limited study was performed to compare meas-
ured stresses with stresses computed according to Boussinesq's equations.
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BMSSES UNRDER MOVING VEHICLES
A PIID'I'BNDYOF WES EARTH PRESSURE CELL ACTION IN
3 COMPARATIVELY SOFT S0IL

‘

o
- 3': PART I: INTRODUCTION

-
*

-

1. This paper délcribes a pilot study made to determine whether
stl.t:lc and dynamic stresses set up in fairly soft soils by pneumat:ic
tires can be measured satisfactorily with the WES earth pressure cell and

) mcidenm to develop techniques of testing and data collection.

2. The study consisted of (a) construction of a test lane of fat

Rlay (locally termed buckshot clay) in which WES earth pressure :lls

were placed at various depths and offsets; (b) application of traffic
vith a self-propelled 2-1/2-ton truck loaded to 17,400 1b gross weight,
and having tire pressures of 15, 50, and 60 psi; and (c) measurement of
stresses under static and dynamic loads, and determinations of soil con<

ditions before and during the tests.
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PART II: TEST AREA AND EQUIPMENT

Test Area

Layout

3. The test area, constructed under a shelter on the Waterwey.
Experiment Station reservation in a north-south direction, was 10 ft
wide by 30 ft long and was divided into three 10-ft-square sections.

Two parallel lines, one 4 ft from the‘east edge of the area and the other
3 ft from the west edge, were staked out as "center lines" for the pres-
sure cell installations. Plate 1 shows the layout of the test area
(section 3 contained no pressure cells).

Method of construction

. The test area was first excavated to 3 ft below the natural
ground elevation and then backfilled with selected soil in 6-in. lifts.
Each lift was brought to the proper water content, mixed, and compacted

with a 50-ton pneumatic-tired roller to achieve a uniform CBR of about
5 per cent throughout the 3-ft depth.
Sotl

5. The s0il used was a fat clay classified as CH under the Uni-
fied Soil Classification System. Classification data for this material

are shown on plate 2.

Pressure Cells

Deacripgion

6. . The pressure cells used were the WES earth pressure, four-gc-ze
type. These cells are 6 in. in diameter and are fabricated from stain-
lees steel. They contain a mercury-filled fluid chamber with diaphragm,
and a full Wheatstone bridge circuit made up of four SR-U4 electrical
resistance strain gages hermetically sealed within the cell. Details of
the cell are shown on fig. 1 and plates 3 and 4. Pressure applied on the




face plate of the cell is transmitted through the mercury in the fluid
chamber onto an internal flexible diaphragm and produces deflection of
the diaphragm proportional to the load. The four SR-4 strain gages are
mounted on the diaphragm and are actuated as the diaphragm bends. The
use of the full wWheatstone bdridge circuit practically eliminates the
effects of temperature and of resistance varidtions in the lead-in
wires. The strain gage readings are calibrated against the load on the
face plate of the cell. A 60-micr61nch movement of the SR-4 strain
gagé corresponds to a 1-psi load on the face plate of the cell. The
strajin is measured by an electrical strain indicator connected to the
cell. For these tests, readiugs on the cells were made through the
‘strain indicator aifl recorded directly in pounds per square inch on a
Brush multichannel recorder (see fig. 2). The cells used are rated at
50-psi maximm capdcity, but have a safety factor of nearly 2.
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Fig. 2. Recording instruments used in the study

Calibration R

7. Each cell was carefully cali‘rated prior to installation by ap-
plication of a series of eccurately measured loeds in a specially designed
chamber. The chamber was arranged so that air pressure acted egainst each
of two thin rubber diaphragms between which the pressure cell was placed.
The calibration curves were used to convert readings from microinches rper
inch strain of the SR-4 strain gages on the pressure cell diaphragm to
pounds per square inch pressure on the cell.

Installation
8. After the test section wns constructed, two series of cells were

installed in the/subgrade: one in section 2 at a depth of 6 in., and the
other in section 1 at 3- and 9-in. depths. Also, one cell (No. 94) was
insalled at the ground surface in the unused portion of section 1 to
measure surface pressures produced by the wheels of the test vehicle. The
installation procedure consisted of locating the station at which the cells
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were to be installed; digging a hole approximately 7 in. in diemeter (1 in.
greater than the cell) to the required depth; placing the cell in a hori-
gontal position.at the required depth, then replacing the soil, and com-
pacting it to the strength of the surrounding soil. Fig. 3 shows the cells
in the holes prior to replacement of the soil.

,l_ A f e P i.!';g A
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Fig. 3. Cells in place prior to replacement of soil
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Location

9. The series or line of cells located at the 6-in. depth in sec-
tion 2 was installed as shown on plate 1; three cells were placed approx-
imately 3 ft apart in a line (called center line hereafter) and two cells
vere .p].aced at 6- and 12-1n. offsets, respectively, from the center line.
The offset cells were placed on l-ft centers from cell 2 to determine 1if
close installation affects cell readings. These cells were designated as
the first series.

10. The center line for the second series was 3 ft from the west or
left edge of section 1 (see plate 1). The 3-in.-dept. cells were installed
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first; cell 1 was }ocated on the center line and cells 2 and 3 were
located at 3-.and é-in. offsets, respectively, from the center line and
1 £t apart measuredialong the line. The first 9-in.-deep cell (No. 4)
was placed on the %nter line; cells 5 and 6 were installed at 9-in.
dspths at 6~ and 124in. offsets, respectively, and 1 ft apart measured
along the center..line:'

Test Vehicle

11. The test vehicle was a 2-1/2-ton, 6x6 truck {M135) equipped
with single tandem wheels eix 11.00x20, 12-ply rating tires. Normally,
the rear vwheels of the M13y are irset 2-1/2 in. from the front wheels.
Since it was desired that all the wheels on one side of the truck track
each other, 2-1/2-1n. spacer blocks were placed on all rear vwheels. 1lhe
arrangement of the wheels of the truck and the approximate load per wheel
are shown on fig. 4. The truck was loaded with a 5000-1b load distributed

T

_C J/Ioo LS ) C 2800L8 ) 2800 LB ’
3

b REAR FRONT | FRONT
‘-3 TANDEMS TANDEMS WHEELS

[y

L( s00es ) (200000 ) (200000 )

I_ I I_Il
L 4'-0" ~IL -0 :

L

Fig. 4. Arcangement of wheels of test vehicle and load per wheel -

as equally as possible over the bed of the truck. After loading, each
set of wheels was weighed and the total load (17,400 1b) determined.
The weight on the front wheels and front tandem wheels was approximately
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5600 1b per set or an average of
2800 1b per vheel, vhereas that on

:

LY

the rear tandem wheels was 6200 It %
or an average of 3100 1b per wheel.
Tests were run at 15-, S0-, and

60-psi inflaticn oressures, which )

.*correspond to average contact
. pressures on a firm surface of 30,

50, and 53 psi, renpectively, ob-

tained by dividing the total ve-
hicle weight (17,400 1b) by the
tcial gross area of the tires in

«~ontact with the surface at the

respective inflatior pressures.
Average contact pressures for 15-
and 50-psi tire pressures were
also computed using only the total
area of tread rubber in contact
wvith a fimm surface. These were
58 and 84 psi, resgectively.

12, Sketches of the tire
prints at 15-, 50-, and 60-psi
inflation j)reuures , gross load
17,400 1b, on a bhard surface, are

shown on fig. 5. '
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MVIRAGE CONTACT PRESSURE= 530 PSi
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Fig. 5. Dimensions of tire prints and
contact pressures of tires at infla-
tion pressures of 15, 50, and 60 psi




PART III: TEST PROCEDURES

Traffic Application

13. Traffic was applied over the cells with the truck in forward
motion arnd all vheels driving in low gear, low range. Only one line of
vheels was used to apply the load; the other line of wheels was run in a
guide channel (see fig. 6), constructed to the same width as the tire,

! . e Lk i‘ ._;“ Y _MPL "
> RFED U H[‘Lhm@?ﬁ" Jﬁ“%
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Fig. 6. Guide channel with truck in position to begin a pass

so that alignment of the wheels over the cells could be maintained. The
caannel was so constructed that it could be noved to any required offset
from the center line of cells. The first pass or application of load was
usually made over the center line of cells; then the channel was offset
and the next pass was made. With this method, load was applied directly
over some cells and at offsets of 3, C. 9, and 12 in. from other cells,
depending uvon the cell location.

1k, Microswitches were mounted on a rail along the guide channel
and a marking device to actuate these switches was mounted on the front

s
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tumper of the test vehicle in order that the truck speed and position
could de determined at any time during a pass. As the truck moved for-
werd the device was moved along the rail and vhen it came in contact

with the swvitch & mark was automatically made on the recording chart.
Microswitches were so placed that a mark was made at the instant the
center of the front wheel (and later, the rear tandem) was cver the
center of a cell. See plate 5. Fig. 7 is a close-up of the channel,
microsvitch, ‘and marker device. With the position of the microswitches "
the location of the marker with respect to the truck wheels, the location
of the cells ; and the speed of the parer on the recording chart known,

-the 'tmck speed and location at any time could be determined.
A _

i { L ‘,-
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Fig. 7. Close~-up of guide channel, microsvitch, and marker

Dynamic and Static load Tests

Pirst cell series
15, Dynamic loads under a 15-psi tire pressure were first deter-

i}.n.d a—~t{com at the 6-in. depth. At vehicle speeds ranging from

* e —
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1 to 4 mpL (maintenance of a constant rate at low speeds was difficult),
a pass was applied along the center line and at offsets of 18, 6, 24, and
12 in. in the order mentioned. The next eight rasses were along the
center line and were followed by a repetition of the rattern of the first
five passes. Thus, ten rasses were made directly over the cells on the
center line, two over each of the 6- and 12-in. offset cells, and four
rasses wers not directly over any of the cells.

16. Dynamic loads under a 60-psi tire pressure were then deter-
mined for the first series of cells. One pass was applied along the
center line and at offsets of 12 and 6 in. in the order mentioned; then

| eight passes were applied along the center line, followed by three rasses
b at 12- and 6-in. offsets, respectively. i
d; 17. Upon completion of the dynamic testing, the static load under
'!!l, the front wheel only at 15-psi tire pressure was measured directly over
1! cell 5 (6-in. depth), because this cell (and cell 4) had received the
| least amount of traffic. Three measurements of the load were made,
| 18. One static load and three dynamic loads at 15 psi were applied
' to the cell at the O-in. depth (cell 94) in section 1 (see paragiaph 3),
L followed by one static ..cad and six dynamic loads at 50 psi. A 50 -psi
|
|
|

Sara TN 2

ol tire pressure instead of 60 psi was used for this test so as not tv ex-
ceed the ratec caracity of the cell. . =
Second cell series : y
i 19. Static loads under the front, front tandem, and rear tandem
wheels of the truck were meeasured with the wheels directly over cells 1
| lad and- 3 (3-in. depth) and cells 4 and 5 (9-in. depth) of the second series,
) first at 15-pei then at 60-psi tire pressure.
|r: 20. Sixteen dynamic stress tests were then run on the 3- and 9-in.-
deep cells with a 15-psi tire pressure. A rass was made along the center
! line and at offsets of 3, 6, 9, 12, and 18 in., at vehicle speeds ranging
"” | between 1 and 4 mph. . ~ :
R 21, Static load tests for 60-psi tire pressure only were repeated |
[ to determine if the traffic described in raragraph 20 had had any effect é
h'" on the stresses. Only small differences in results were indicated &s

shown in the tablie in paragraph 29.
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22. The final tests consisted of 15 dynamic loadings of both the
3= and 9-in.-deep cells along the center line and at offsets of 3, 6, 9,
12, and 18 ia. with a tire pressure of 60 psi.

S8oil Tests

.« 23. Water content, density, CBR, cone index, and unconfined com-
' pression tests were conducted during construction and at various inter-
vals during the traffic testing. Results of these tests are shown in
table 1. '

2k, The depth of rutting throughout the entire test program was
L agliéibh, as can be ceen on fig. 8.

Fig. 8. Section after traffic

= e




PART IV: ANALYSIS

25. The primary objective of the tests and of this analysis was
to determine whether the WES earth pressure cell can be used to measure
satisfactorily the vertical Joads produced by a rolling pneumatic tire
at various depths and offsets in a comparatively sofi, wet, cohesive
soil. The majority of the extensive WES experience in pressure distribu-
tion measurements has been with static loads and in firm soils. This ex-
perience showed the WES earth pressure cell to be a satisfactory instru-
ment and one which yields results as good as those of any other pressure
cells used to date. If this cell will also yield results under moving
loads in soft soills that are comparable to results obtained in previous
studies of static loads in firm soils, then use of the WES earth pres-
gsure cell for future work under the former conditions would be reasonable.

Consistency of Readings

26. One means of judging whether the pressure cells appear ade-

‘quate to measure pressures induced in soft soils by moving loads is to

examine the consistency of their readings under test conditions as nearly
identical as it is possible to make them. It must first be realized that
the measurement of soil pressures has .been found very difficult, and that
accuracies within about +10 per cent for static loadings are usually con-
sidered quite good. The following table shows pressure cell readings
that were made during the first rass of the test vehicle at slow speed
(1-4 mph) directly over three cells at 6-in. depth, two cells at 3-in.
depth, and two cells at 9-in. depth in the test section.

27. Examination of the table shows that the measurements are rea-
sorable in magnitude and indicate a gcnerally good pattern. Deviations
greater .than 10 rer cent occur in only a few cases, and the largest de-l
viation is only 14.3 per cent (for the front tandem at 60 pei). The
pressure cells were reca.libra;ted after the tests, and residual stresses
examined in an effort to further improve the consistency, but without
notable gain. It was further noted that the same cell {the first one)
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read consistently lower than the other cell(s) under the same test condi-
tions. It was concluded that the consistency of readings made with WES
earth pressure cells under moving loads was of about the same order as
that of the same cells under static loads as determined in previous WES
studies and described in T No. 3-323, Investigations of Pressures and De-
flections for Flexible Pavements; Report No. 4, Homogeneous Sand Test

Section, December 1954.

Effect of Close Proximity of Cells

28. The effect of close proximity of cellé on cell readings was
checked in the first series of tests. Cells 2, 4, and 5 were placed on
1-ft centers whereas cells 1 and 3 were spaced about 3 ft in front of
and behind cell 2, respectively, on the center line. When loads were
applied directly over the center line cells, no difference was noted in
the readings of cells 1, 2, and 3 attributable to the propinquity of
cells 4 and 5 to cell 2. It was concluded that spacings as small as 1
ft center to center have no adverse effect on registration. Pased on

these results, the cells for the second series of tests were spaced

-relatively close together to reduce the area required for the tests.

Comparison of Stresses under Static and Dynamic Loads

29. A comparison of stresses for the cases in which the static
and dynamic loads were appiied directly over the same cells is shown in
the tabulation on the following page. This comparison shows stresses in-
duced by the dynamic loads to be generally higher than those under static
loads. Airfield studies show tnat moving loads produce lower stresses
in pavements and subgrades than do stationary loads.* This appears to
conflidt with the data tabulated below; however, these roving aircraft

* Accelerated Traffic Test at Stockton Airfield, Stockton, California
(Stockton Test No. 2), Appendix D, Analysis of Pressure Readings.
Prerared by O. J. Porter and Co., Consulting Engineers, Sacramento,
California, May 1948.




W-MOY loads versus Btatic loesds
!&'W?‘W_jg Ry over Cells

. Btress under Slow-
moving, Dymamic Difference
. Pire Stress under Btatic Ioad, pei (Truck 5?’"—” Minus Static)
o oty Kottt Bt R wew by
Fressure Cell Depth n nt n Wheel Tdm Tdm
Vheel Tm Tm  heel TNm M™m pei § psi & pei §

& 15 ok 0 26.0 26,0 270 30.0 28.0 28,0 2.0 7 2.0 8 1.0 &
1 3 25,0 19,0 22.5 26.7 22.8 24.5 1.7 7 3.8 20 2.0 j
' 3 3 29.0 25.0 27.2 28.5 23.6 26,2 0.5 -2 0.6 2 -1.0
Avg3 27.0 22,0 24,8 27.6 2h.2 25.2 O, 2 2.2 10 o 2
‘- .
6 23.3 —ee-  c-e- 2B 20,7 234 08 3 e-e - .- e-
9 12,0 1.5 13.5 156 13.3 1.2 3.4 26 1.8 16 0.7 5
,h [ 9 150 13.5 1h.,8 16.1 15.3 158 1.1 T 1.8 13 1.0 7
/ A"9 13.5 12.5 k.1 15.7 1~o3 15.0 2.2 16 1.8 1h 309 6
-y ok 0 56.0 5h.0 , 5%6.0 63.5 558 57.5 T.5 13 1.8 3 1.5 3
6 3 e 3.0 32.0
X 3 38.0' ”oo. 39.0%

38.0 3%.0 355 399 331 k.5 19 5 -2.9 -8 50 1

1

1

1

3 3 87,0 43,0 K30
3 3 h2.0¢ 38.0% L41,0%
3

Avg Beo5 k0,5 k2.0 b7.0 380 k5.5 2.5 6 -2.5 6 3.5 8
Avg3 M.2 38.2 38.8 b3k 355 U43.0 2.2 5 2,7 -T b2 N
6 <ces  ecee  anea 266 25,7 28,5 cce we  wea a- U
~ 9 1805 1500 1600
' ~ 9 18.5' 15.0’ 1800"
. Avg b 18,5 15.0 17,0 21,1 16.7 18.7 2.6 1+ 1.7 11 1.7 10
5 9 18.5 18.5 19.0
Avg S 18.2. 17.5 18.0 22.5 20.2 21.8 k.3 2& 2.7 3.8 21
20

. 2 15
A'.9 180" 16.2 1705 2108 18-“ 2 3.& 18 2.2 1k 2.7 15

Note: All stresses under static loads are single readincs except 3 readings were made for
front wheel at 15 psi over 6-in. cell; all stresses under moving loads are averages of
several readings.

Static data vwithout ssterisk were measured before traffic. Btatic data with asterisk
(*) were msasured after several passes.

loads were somevhet faster than the slowly moving loads in this study.
Also, the moving vheels in this study were driving wheels which may have
aoue .effect. - Relation between cell rosition and surface roughness also
might affect measured stresses. A re-examination of some unpublished air-
‘£4e1d data thst inciude a few measurements under moving loads at speeds
comparable to those used in this study indicates that the higher dynamic
results found in this study are probebly valid,




Comparison of the Effects of Tire Pressure on Stresses

30. The following table shows that the stress induced by the tire
at the higher inflation pressure (50 psi for surface measurements, 60 psi
for measurements at other depths) was consistently higher at the same
depth than that induced by the tire at the lower pressure (15 vsi). This
is to be exrected and indicates that the pressure cells were at least
giving qualitatively correct readings. The average stress for the three
tires at the higher inflation pressure was 30.2 psi greater than that for
the lower pressure at the surface and 4-5 psi greater at 6- and 9-in.
depths.

31. The stress under the 15-psi tire was approximately twice the
inflation pressure at the surface, and about equal to the inflation pres-
sure at the 9-in. depth. The higher tire pressure produced stresses
only about 15 per cent higher than the inflation pressure af the surface
(58.9-psi stress vs 50-psi inflation), and at the 9-in. depth the meas-
ured stress wﬁs only one-third of thr: inflation pressure.

Effect of Tire Pressure, Wheels Directly over Cells
(Truck speed approximately 1 to 4 mph)

Diff in Avg
Depth Stress in psi under Stress in psi under 50- Stress under
of 15-psi Tire Pressures and 60-psi Tire Pressures High and Low
Cell Front Front Rear Front Front Rear Tire Pres-

in. Wheel Tdm Tdm Avg Wheel Tdm Tdm Avg sures, pei
0 30.0 28.0 28.0 28.7 63.5% 55.8% S57.5% 58.9%  30.2%
3 27.6 2k.2 252 25.7 43.4 35.5 43.0 L40.6 4.9
6 241 20.7 23.4 22.7 26.6 25.7 28.5 26.9 k.2
9 15.7 1.3 15.0 15.0 21.8 18.% 20.2 20.1 5.1

Note: Comrare stresses at O-in. depth with values of average contact
pressure quoted in paragraph 11.
* 50 psi.

Effect of Passes at 15- and 60-psi Tire Pressures

32. Changes in the maximum stress for ¢ given cell occurred from
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" pass to pass as shown on plate 6, but no definite trend was apparent. f
It should be noted that the cells at the 3- and 9-in. depth, vhich vere i
in the same test ucﬁon, shov somevhat similar patterns. No explanation
bas deen found for the general increase in stress following the second
‘pass and decresse followving the seventh pass.

Stress Distribution Patterns

'~ 33. Plate 7 shows the rattern of average stresses (for 3 vheels) .
in ttg’direction of tire travel and rerpendicular to tire travel. Values

tion of tire travel, and the dashed lines represent those perpendicular to '
' tire travel. The plotted points on the dashed lines are averages of all
stresses measured at given offsets and include stresses measured both
#ight and left of the 1ine of tire travel; thus the dashed lines are sym-
mstrical. The plotted noints on the solid lines are the average stresses
" at given distances from the center of the cells used. The asymmetry of
the 80114 lines of the plots of O- and 3-in. depths suggests that the
saximum stress may not have occurred at the center of the cell. However,
urcml examination of the records showed that the maximum stress oc-
curred directly over the center of the cell, in the majority of cases on
record, and further that stresses measured by the cell when the wheel had
passed it were nearly always higher than stresses measured when the wheel
had hot yet reached the cell (for the same distances). The few records !
vhich indicate occurrence of maximum stress off center are believed to -
Davé beer the result of malfunctioning cquipment or movement of cells.
This phenomenon vill be stulied more - refully in future tests of this

24 tion gressure on cells at 3- and 9-in. depths to determine the position of
"miximum stress relative to the center of the cells are shown in the fol-
16wing table. ' '
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Fo. Reedings No. Readings Range and No. Readings Mange and
Total No. Maximm Maximm Stress Averuge Distance Maximm Btress Average Distance
Wheel of Readings Btress at Cell Ahead of Cell Abead, in. Behind Cell Behind, 17,
3-in. Depth
Front 1n 2 1 (1.0) 1.0 3 0.4-2,6) 1.5
Front tandem 8 3 0 - Y L.o-a.z 1.2
Rear tandem 1k 12 1 (0.7) 0.7 1 (0.5) 0.6
Total 33 18 2 {0.7-1.0) 0.8 13 (0.h-2.6) 1.3
9-in. Depth
Froat 9 2 2 0.9-1.1) 1.0 5 (0.7-1.5) 1.1
Front tandem 13 10 3 0.8-1.1) 0.9 0 -
Rear tandes 13 8 5 0.6-1.9) 1.1 o} -
Total 35 20 10 0.6-1.9) 1.0 5 (0.7-1.5) 1.1
Effect of Sreed
S 34. The truck speed was measured on each pess, but because of dif-

ficulty in exactly controlling speeds at low ranges, the speedé varied
during the course of the testing from about 1 to 4 mph. An attempt was
made to show a relationship between speed at which the rass was made and
the stressen shown plotted on plate 5 by superimposing the proper speed
Plots. How:ver, no relationships were found, and therefore the speed

data are not shown.

Comcarison of Measured and Computed Stressesg

35. Computaticns were made of the tkheoretical stresses at O0-, 3-,
6-, and 9-in. depths directly under the center of each of the three truck
wheels for 15- and 60-psi tire pressures. The loads were 2800 1lb each
for the front and front tandem wheels and 3100 1lb for the rear tandem
wheel. These loads are approximate since suitable scales for accurate
weighing of individual wheels were not available. The contact area was
measured by inking the treads of the tire and gently lowering it to a
sheet of paper placed on & thin steel plate lying on umooth level ground.
The area was that enclosed by a line drawn around the extremities of the
roughly elliptical pattern of inked impressions. The loads, areas, and
average contact pressures (loads divided by areas) are shown in the fol-
lowing table.,
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e ‘ 15-psi Tire Pressure 60~psi Tire Pressure

load Area Avg Contact Area Avg Contact

_Weel 1b. 8q in. Pressure, pei sq in, Pressure, psi
Tront 2800 93.08 30.08 53.28 - £2.55
Front taadea 2800 96.10 29.14 54.94 50.9€
. Boar tandn 3100 101.97 30.40 55.58 55.78

It vas assumed that the various ellipticsal areas were circular and the
redid of these respective circles were computed. Theoretical stresses
directly under the cente: of the loads vere computed from the formila for
vertical stress on horizontal plane: for uniform circular loads,®

' ' oy 3

oA ]l s z

LA

=~ g_ 18 the theoretical stress in pei
' P is the average contact pressure in psi (see preceding table)
s is depth in in.
r is radius of equivalunt circle.
36. A compnrison of the measured stresses and the computed theo~
retical stressez !s shown in {he follrwing table. _
o 15-psi Tire Pressure 60;131 Tire Pressure

£

' ] izas'd Comp'd Meas'd Comp'd
- Dapth Btress BStress Meas'd ., . Stress Stress Meas'd ..
_i_._n‘;_ Wheel ysi pai_ Conp'd pei psi Comp'd =
0 Front 30.0 30.1 100 eee- 52.6
: Front tdim 28.0 29.1 9% === 51.0
.- - Rewr tdm 28.0  30.4 92 ---=  55.8
.3 PFront 27.6 + 26.7 103 k3.4  41.8 104
Front tdm 24.2  26.0 93 - 35.5 L40.9 &7
6 TFront 2.1 17.9 135 %.6 23.2 115
Front tam 20.7 17.%6 118 25,7 23.0 - 12
, Pear tam 23.4  18.8 124 28.5 25.3 13
‘9 Promt. 15,7 1.3 . 139 21.8 13.3 164
Front tdm 1%.3 1.2 128 18.4 13.2 139
Rear tdm  15.0 12.1 124 20.2 1h4.5 139

# WES T™ No. 3-323, Investigations of Pressures and Deflections For
1

Ylexible Prvements, Report No. 1, Homogeneous Clayey Silt Test Section,
March 1951. .
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It will be noted 4bat measured stresses vary from 87 to 164 per cent of
computed stresses and that the agreement is considerably better at 0- and
‘3-1in. depths‘ than“:a.t 6- and 9-in. depths. Further, there is a tendency
for measured readiinga near the surface to be somewhat less than compirted
readings while at:6- and 9-in. depths the measured values vary from 12

: to 64 per cent higher than computed values,
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PART V: CONCLUSIONS AND RECOMMENDATIONS
Conclusions

) 37. The principral conclusion resuiting from this pilot test study
* .18 that stress measurements under drirun truck tires made with the WES
ou-th pressure cell in a fairly soft soil aprear to be of the same order
ot accuracy as stress measurements that have been made under static loads
tn firmer soils. The WES earth pressure cell will be used, therefore, to
r.cord stresses under pneumatic tires in future vehicle mobility research,
hi_leut until such time as a more accurate device becomes available.

7"‘ 38. Examination of the data obteined from the study leads to the

$mm observatious:

a. The consistency of readings made with the WES earth pres-
sure cells under the moving loads was comparable to the
consistency of readings under static loads in previous
WES studies.

be The sracing of cells as close as 1 ft to each other ap-
peared to have no adverse effects on their registration.

Ce A comparison of stresses produced under slow-moving loads
and static loads in this study showed the former to be

usually greater.

d. The stress induced by a tire at a higher inflation pres-
sure (50 and 60 psi) was consistently greater than that
of a tire at a lower inflation pressure (15 psi). At the
surface the 50-psi tire produced a stress 30.2 psi higher
than the one produced by the 15-psi tire. At 6- to 9-in.
depths the difference was 4 to 5 psi.

¢. Change in stress occurred from rass to rass, even though
rutting was not significant, but the trend was not definite.

f. The various stress distribution patterns drawn were typical.

g+ No effect of speed on induced stresses was noted for the
smll range of speeds used (1 to 4 mph).

Recommendations

39. Based on the results of this study, it is recommended that the
folloving tests he performed using the WES earth pressure cell.

L s R Py il e L Sty i oy ol il b P Pl




8. Additional and similar tests on a larger test section
with a CER of less than 5 per cent.

b. Measurements of stresses with a larger number of pres-
sure cells placed at different depths, offsets, and angles.

© ¢» Measurement of stresses with the same vehicle at various
| lcads and speeds.

d. Measurement of stresses under other types of vehicles,
including tracked vehicles.

4o, It is also recommended that other pressure cell types be
tested when they are available.
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