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FOREWORD

The investigation described herein constitutes one phase of studies
conducted during 1964 and 1965 at the U. 8. Army Engineer Waterways Ex-
periment Station (WES) under U. S. Air Force Project No. L410-A, MIPR
No. AS-4-177, "Development of Landing Gear Design Criteria for the (X-HIS
Aircraft." (The CX-HLS is now designated C-5A.) This program was spon-
gsored and directed by the Landing Gear Group, Alr Force Flight Dynamics
Laboratory, Research and Technology Division, Mr. R. J. Parker, Project
Engineer.

These tests were conducted by personnel of the WES Flexible Pavement
Branch, Soils Division, under the general supervision of Messrs. W. J.
Turnbull, A. A. Maxwell, and R. G. Ahlvin, and the direct supervision of
Mr. D. N. Brown. Other personnel actively engaged in this study were
Messrs. C. D. Burns, D. M. Ladd, W. N. Brabston, H. H. Ulery, Jr., and
W. J. Hill, Jr. This report was prepared by Messrs. Brabston and Hill.

Directors of WES during the conduct of this investigation and prep-
aration of this report were Col. Alex G. Sutton, Jr., CE, and Col. John R.
Oswalt, Jr., CE. Technical Director was Mr. J. B. Tiffany.

Publication of this technical documentary report does not congtitute
Air Force approval of the report's findings or conclusions. It is pub-
lished only for the exchange and stimulation of ideas.

[
‘;i:: ‘74'013'QEEL’;,
KENNERLY H. DIGGES

Chief, Mechaniecal Branch
Vehicle Equipment Division
AF Flight Dynamics Laboratory

ii



ABSTRACT

This data report describes work undertaken as part of an overall
program to develop ground-flotation criteria for the {-54 aircraft. A
test section was constructed to a width adequate for two test lanes. FEach
lane was divided into three items having different subgrade CBR values and
different traffic surfaces. Item 1 was surfaced with modified T11l aluminum
landing mat, item 2 was surfaced with M8 steel landing mat, and item 3 was
unsurfaced. Traffic was applied to one lane using a 35,000-1b load on a
single-wheel assembly consisting of one 25.00-28, 30-ply aircraft tire
inflated to 50 psi. When this combination of load and wheel assembly did
not produce failure in the traffic lane, the same assembly with a 60,000-
1b load and 100-psi tire inflation pressure was applied. On the other
test lane, traffic was applied with a 120,000-1b load on a twin-wheel
assembly consisting of two 25.00-28, 30-ply aircraft tires spaced 56 in.
¢-¢ and inflated to 100 psi.

The information reported herein includes layout of the test lanes,
characteristics and print dimensions of the lcad assembly tires, and data
collected on soil strengths, surface deformations and deflections, and
drawbar pull. The traffic-coverage level is given at which each test
item was considered failed.
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SUMMARY

Tests on Section 6 are one phase of a comprehensive research program
to develop ground-flotation criteria for heavy cargo-type aircraft. BSec-
tion 6 was laid out to accommodate two test lanes, lanes 11 and 12, each
of which was divided into three items having different subgrade CBR wvalues
and different traffic surfaces (figure 18). Item 1 was surfaced with mod-
ified Tl aluminum landing mat, item 2 with M8 steel landing mat, and
item 3 remained unsurfaced.

Traffic was applied to lane 11 with a 35,000-1b load on a single-
wheel assembly congisting of one 25.00-28, 30-ply aircraft tire inflated +to
50 psi. No faillure condition was reached on lane 11 and the lane was re-
designated lane 11A for additionsl trafficking with the same single-wheel
assembly but with a €0,000-1b load and tire inflation pressure of 100 psi.
Traffic wag appiied to lane 12 with a 120,000-1b load on a twin-wheel
assembly consisting of two 25.00-28, 30-ply aircraft tires spaced 56 in.
c-¢ and Inflated to 100 psi. Flgure 20 gives pertinent tire-print dimen-
glong and tire characteristics.

Except for lane 11 on which traffic was suspended due to increasing
subgrade CBR wvalues, the lanes were trafficked to fallure in accordance
with the criteria designated in Part I of this report. Data were re-
corded throughout testing to give a behavior history of each item. Using
the test criteria mentioned azbove, it was possible to directly compare
the effects of trafficking with the different wheel assemblies. Basgic
performance data are summarized in the following paragraphs.

Tane 11

Traffic was discontinued at 600 coverages on lane 1l because the CBR
was increasing with traffic and an excessive amount of time would have
been required to develop a failure.

ITtem 1

The item showed no significant damage when traffic was suspended at
600 coverages. The rated CBR was 1.5.
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Ttem 2

The item showed nc significant damage when traffic was suspended at
600 coverages. The rated CBR was 4.1.
Ttem 3

The item showed no gignificant damage when traffic was suspended at
600 coverages. The rated CBR was 12.

Lane 114

Ttem 1

The item wag considered falled due to roughness at 130 coverages.
The rated CBR was 2.3.
Item 2

The item was considered failed due to roughness at 130 coverages.
The rated CBR was L.3.
Ttem 3

The south end of the item (designated 3A) was considered failed due
to rutting at 112 coverages. Traffic on the item was continued to 130
coverages at which time the remaining segment (designated 3B) was con-

sidered failed due to rutting. BSegment 3A had a rated CBR of 12 and seg-
ment 3B a rated CBR of 16.

Lane 12

ITtem 1

The item was considered failed due to roughness at 90 coverages.
The rated CBR was 2.9.

Ttem 2

The item was considered failed due to roughness at 44 coverages.
The rated CBR was 4.2.

Ttem 3

The item was considered failed due to roughness at 4L coverages.
The rated CBR was 9.0.
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ATRCRAFT GROUND-FIOTATION INVESTIGATTION

PART VII DATA REFORT ON TEST SECTION 6

SECTION I: INTRODUCTION

The investigation reported herein is one phase of a comprehensive
research program being conducted at the U. 8. Army Engineer Waterways
Experiment Station (WES), Vicksburg, Miss., as part of U. 8. Air Force
Project No. 410-A, MIPR NO. AS-L4-177, to develop ground-flotation criteria
for the C-5A, a heavy cargo-type aireraft. Specifically, the tesis re-
ported herein were conducted to compare the effects of trafficking with
g single-wheel assembly and a twin-wheel assembly on landing mat and
unsurfaced soils.

Progecution of this investigation consisted of constructing two
similar traffic lanes and subjecting them to traffic of a single-wheel,
35,000-1b load; a single-wheel, €60,000-1b load; and a twin-wheel, 120,000~
1b load.

This report presents a description of the test section and wheel
assemblies, and gives results of traffic. Equipment used, types of data
and method of recording them, and general test criteria are explained and
illustrated in Part I of this report.



SECTION IX¥: DESCRIPTIION OF TEST SECTICN AND LOAD VEHICLE

Description of TPest Section

Test Section 6 (figure 18) was constructed within a roofed area in
order to allow control of the subgrade CBR (California Bearing Ratio) in
the test items. Section & was located on the same site as Sections 2 and
4 of this series. 'The comstruction of Section 2 is described in Part III
of this report. The underlying subgrade was undisturbed by the two prior
tests so that in construction of Section 6 only the upper 2 ft of soil was
excavated. The excavated area was backfilled in four 1lifts with a heavy
clay soil (buckshot; clagsified as CH according to the Unified Soil Clas-~
sification System, MIL-8TD-619). The fill material used was a local clay
with a plastic limit of 27, liguid limit of 58, and plasticity index of 31.
Gradation and clagsification data for the subgrade material are given in
Part I.

Two traffic lanes, each divided into three items, were constructed in
the test section. Different subgrade strengths were obtained in the items
(figure 18) by controlling the water content and compaction effort. Items
1 and 2 were surfaced with modified T11l aluminum and M8 steel landing mat,
respectively {figure 19). Item 3 remained unsurfaced. The landing mats
used are described and illustrated in Part I.

Load Vehicle

The load vehicle uged for trafficking Section 6 is shown in figure 2.
Load cart construction, details of linkage between the load compartment
and prime mover, and method of applying load are explained in Part L. For
trafficking lanes 11 and 11A, a single-wheel assembly was used with 35,000-
and 60,000-1b loads, respectively. A 25.00-28, 30-ply aircraft tire was
used on both ianes with inflation pressures of 50 and 100 psi on lanes 11
and 11A, respectively. On lane 12, a 120,000-1b loazd was used on a twin-
wheel agsembly consisting of two 25.00-28, 30-ply aircraft tires spaced
56 in, c-c and inflated to 100 psi. Tire-print data and pertinent tire
characterigtics are given in figure 20.



SECTION III: APPLICATION OF TRAFFIC, FATLURE CRITERIA, AND DATA COLLECTED

Application of Traffic

On lanes 11 and 11A, the load vehicle was operated to produce uniform
traffic coverage. The load cart was driven forward and backward along the
same track longitudinally along the test lane, then shifted laterally, and
the forward-backward operation repeated. In this manner, two coverages of
traffic were applied to the test lane as the vehicle progressed from one
gide of the lane to the other. Figure la shows the general method of
applying uniform coversges on lanes 11 and 11A.
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Figure 1. Traffic distribution

Traffic was applied to lane 12 in a nonuniform fashion with the
intensity of traffic being varied across the lane width to produce three
zones of approximately 100, 80, and 20 percent traffic coverage. The
coverage levels referred to in the tables and text in this report are the
total number of coverages applied to the 100 percent coverage zone. The
corresponding number of coverages applied to the outer traffic zones is
proportionally less in accord with the percentage factor for the respec-
tive zones, as shown in figure lb.

Pailure Criteria and Data Collected

Failure criteria used in this investigation and descripiive terms
used in presentation and discussion of data in all parts in this report
are presented in Part I. A general outline of types of data collected is
given in the following paragraphs. Details on apparatus and procedure
for obtaining specific measurements are given in Part I.

CBR, water content, and dry density

CER, water content, and dry density of the subgrade were measured
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for each test item prior to application of traffic, at intermediate cover-
age levels, and at failure or suspension of traffic if no failure condition
was reached. After traffic was concluded on an item, a measure of subgrade
strength termed "rated CBR" was determined. Rated CBR is generally the
average CBR value obtained from all the determinations made in the top 12
in. of secil during the test life of an item. In certain instances, extreme
or irregular values may be ignored if the analyst decides that they are

not properly representative.

Surface roughness, or differential deformation

Surface roughness, or differential deformation, measurements were
made using a 10-ft straightedge at various traffic-coverage levels on all
items. Rut depths were measured for unsurfaced items, and dishing effects
of individual mat panels in the mat-surfaced items were recorded.

Deformations

Deformations, defined as permanent cumulative surface changes in
cross section or profile of an item, were charted by means of level read-
ings at pertinent traffic-coverage levels. :

Deflection

Deflection of the test surface under an individual static load of
the tracking assembly was measured at various traffic-coverage levels on
both surfaced and unsurfaced items. Level readings on the item surface
on each side of the load wheels and on a pin and cap device directly
beneath a load wheel provided deflection data. Both total (for one
loading) and elastic {recoverable) deflections were measured on unsurfaced
items. All mat deflection was for practical purposes recoverable, i.e.
total deflection equaled elastic ( spring-back) deflection. The pin and
cap device for measuring deflection directly beneath load wheels was
applied to the subgrade of surfaced items through a hole (existing or
cut} in the mat.

Rolling resgistance

Rolling resistance, or drawbar pull, measurements were performed
with the load vehicle over each test item at designated coverage levels.
Three types of drawbar measurements were tsken: (a) maximum force re-
quired to overcome static inertia and commence forward movement of the
load cart, termed "initial DBP"; (b) average force required to maintain
a constant speed once the load vehicle is in motion, termed "rolling DBP";
and (c) maximum force obtained during the constant speed run, termed
“"peak DRP."



Mat breaks

Mat breaks on the surfaced items were inspected, classified by type,
and recorded on the data sheet at various coverage levels.



SECTTON IV: BEHAVIOR OF ITEMS UNDER TRAFFIC AND TEST RESULTS

Lazne 11

Behavior of items under traffic

All items in lane 11 were relatively undamsged at 600 coverages when
traffic was suspended due to increasing subgrade CBR.

Ttem 1. Figure 3 ghows item 1 prior to traffic. The item sustained
600 traffic coverages without developing appreciable deformaticns or
roughnegs. No signs of failure were in evidence when traffic was suspended
at 600 coverages (figure 4). The rated CBR of the item was 1.5.

Item 2. Figure 5 ghows Item 2 prior to traffic., Traffic was sue-
pended at 600 coverages with ne discernible damage evident (figure 6). The
rated CBR was 4.1.

Item 3. Figure 7 shows item 3 prior te traffic. Very shallow sur-

face deformations were evident when traffic was suspended at 600 coverages
(figure 8). The item remained in good condition. The rated CBR was 12.

Test results

Results of trafficking lane 11 are summarized in table 1. Soil test
data are ghown in table 2. Table 1 contains drawbar pull valueg for the
load vehicle operated over an asphalt strip for comparison with drawbar
pull values recorded on the test items.

Ttem 1. Ttem 1 ghowed no signg cof failure when traffic was sus-
pended at 600 coverages. The following information was obtained from
traffic tests on item 1.

a. Roughness. Table 1 shows the very slow development of differen-
tial deformations. Practically no increase occurred between 300
and 600 coverages. Average longitudinal, transverse, and diag-
onal differential deformations measured 0.43, 0.28, and 0.38 in.,
respectively, at 600 coverages. Dishing averaged 0.21 in.

[f=d

Deformation. Figure 21 chows average cross-gection deformations
for two typical mat runs at 20 and 600 coverages. Center-line
profiles along the item at 20 and €00 coverages are presented in
figure 22. The uniform subsidence of the item is illustrated in
the profile plots.

¢. Deflection. Average elastic mat deflections measured at O and
£0C coverages are shown in figure 23 for three positions of wheel
agsembly relative to mat end Jjoints.



.

e.

Rolling resistance. Drawbar pull values for numerous coverage
levels are presented in table 1. Rolling drawbar pull values
registered a very slight increase with trafficking. Initial
and peak values were less consistent with some erratic
measurements.

Mat breaks. No breaks occurred in the T11 landing mat surface
before traffic was suspended at 600 coverages.

Item 2. Item 2 showed no signs of falilure when traffic was sus-
pended at GO0 coverages. The following information was obtained from
traffic tests on item 2.

.
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Roughness. Table 1 shows the small magnitude of differential
deformetions at 600 coverages. Average longitudinal, trans-

verse, and diagonal differential deformations measured 0.43,

0.25, and 0.30 in., respectively, at 600 coverages. Dishing

effects were negligible.

Deformation. Average cross-section deformaticns at 20 and 600
coverages are shown in figure 21 for two typical mat runs.
Center-line profiles along the item are shown in figure 22 for
the 20- and 600-coverage levels. The profile plots illustrate
the uniform subgidence of the item under traffic.

Deflection. Average elastic mat deflections meagured at O and
600 coverages are shown in figure 23 for three positions of wheel
assembly relative to mat end joints. Elastic soil deflections
are shown in table 1 for several coverage levels.

Rolling resistance. Drawbar pull values for several coverage
levels are listed in table 1. Peak and rolling drawbar pull
values were nearly constant throughout testing while initial
drawbar pull measurements varied some and showed a marked de-
erease at the 600-coverage level.

Mat breaks. No bresks developed in the M8 landing mat surface
before traffic was suspended at 600 coverages.

Ttem 3. Item 3 did not show signg of falilure when traffic was
suspended at 600 coverages.

a.

|

Roughness. Table 1 shows the development of small differential
deformations with traffic. There was some decrease in transverse
and diagonal differential deformations between 300 and 600
coverages. Rut depths also showed a decrease at 600 coverages.

Deformation. Figure 21 presents the average cross-section defor-
mations at the 20- and 600-coverage levels. Profile plots along
the item center line are shown in figure 22, Cross-section and
profile plots illustrate the generally uniform subsidence of the
item under traffic,




c. Deflection. Average total soil deflections measured at O and 600
coverages are presented in figure 23. Elastic soil deflections
are given in table 1.

(F=1

Rolling resistance. Drawbar pull values measured at several
coverage levels are shown in table 1. Peak and rolling drawbar -
pull values were practically unchanged with trafficking. Initial
drawbar pull values registered a large decrease between 300 and
600 coverages.

Lene 114

After 600 traffic coverages, items in lane 11 were essentially un-
damaged so the lane was redesignated 11A for renewed trafficking under
increaged leoad and tire inflation pressure. All items were tracked to
failure.

Behavior of items under traffic

Ttem 1. Item 1 prior to renewed trafficking is shown in figure 4.
At 130 coverages, the item was considered failed due to roughness (fig-
ure 9). The rated CBR of the item was 2.3.

Item 2. JTtem 2 prior to remewed trafficking is shown in figure 6.
The item was considered failed due to roughness at 130 coverages {fig-
ure 10). The rated CBR was 4.3.

Item 3. Item 3 prior to renewed trafficking is shown in figure 8.
At 112 coverages the south end of the item {sta 0+80 to 0+95) was con-
sidered failed due to rutting; the north end of the item was in good
condition. The north and south ends were then designated segments 3B
and 3A, respectively, and traffic was continued to 130 coverages at which
time segment 3B was considered failed due to rutting (figure 11). As the
figure shows, the principal area of deterioration was along one side of
the lane where a severe rut developed reaching a maximum depth of 3.32
in. 6'I‘he rated CBR of segment 3A was 12. Segment 3B had a rated CBR
of 16.

Test results

Results of trafficking lane 114 are summarized in table 1. Soil
test data are given in table 2. Table 1 contalns drewbar pull values for
the load vehicle operated over an asphalt strip for comparison with draw-
bar pull values recorded on the test lane.

Item 1. TItem 1 was congidered failed due to roughness at 130 cover-
ages. The following information was obtained from traffic tests on item 1.



ages.

Roughness. Differential deformations that developed with traf-
ficking are recorded in table 1. At failure the average longi-
tudinal, transverse, and diagonal differential deformations mea-
sured 1.16, 2.19, and 1.88 in., respectively. Average dishing
reached 0.47 in. at failure.

Deformation. Figure 21 shows average cross-section deformations
at 20 and 130 coverages for two typical mat runs. Center-line
profiles at the same coverage levels are shown in figure 22,

Deflection. Average elastic mat deflections under static load
of the load-wheel assembly are shown in figure 23 for three
positionsg of the agsembly relative to mat end joints. ZElastic
soil deflection at failure wag 2.1 in.

Rolling resgistance., Drawbar pull wvalueg recorded at intervals
during the test period are shown in table 1. Rolling drawbar
pull registered a slight decrease at 130 coverages from prior
megsurements. Peak drawbar pull values were relatively congtant
throughout testing while the initial drawbar pull registered a
substential decrease at 130 coverages.

Mat breaks. The number and type of mat breaks are shown in
table 1 for several traffic-coverage levels. No breaks were
evident at 20 coverages, but breaks increaged rapidly thereafter
to failure.

Ttem 2. Ttem 2 was considered failed due to roughness at 130 cover-
The following information was obtained from traffic tests on item 2.

8.
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Roughnesg. Differential deformations that developed with traf-
ficking are shown in table 1. A consistent increase in differ-
ential deformations occurred up to the time of failure. At
failure the average longitudinal, transverse, and diagonal dif-
ferential deformations were 1.47, 2.00, and 1.91 in., respec-
tively. Average dishing reached 0.41 in.

Deformation. Figure 21 shows average cross-section deformations
at 20 and 130 coverages for two typical mat runs. Center-line
profiles for the same coverage levels are presented in figure 22.

Deflection. Average elastic mat deflections under static load
of the load-wheel assembly are presented in figure 23 for three
positions of the assembly relative to mat end joints. Elastic
goil deflections are shown in table 1 and reached 0.9 in. at
failure,

Rolling resigtance. Drawbar pull values recorded at intervals
during the test period are shown in table 1. All drawbar pull
values showed small increases at 130 coverages over the values
recorded at O coverages.




e. Mat breaks. As shown in table 1, very few breaks occurred in
the M8 mat surface during the test period.

Ttem 3. Item 3 failed in two segments at different coverage levels.
Segment 34 (sta 0+80 to 0+95) was considered failed due to rutting at 112
coverages. Traffic was continued on the item until segment 3B (sta 0+95
to 1+10) was considered failed due to rutting at 130 coverages. The
following information was obtained from traffic tests on item 3.

a. Roughness. Development of differential deformations and rut

~  depths with trafficking is shown in table 1. In segment 3A,
rut depths averaged 2.88 in. at 112 coverages (failure). Rutting
of segment 3B was limited to one side of the lane and measured
3.32 in. at 130 coverages.

b. Deformation. Figure 21 shows average cross-section deformations
T measured at 20 and 130 coverages. The severe rut that developed
along one side of the lane is illustrated in the plet at 130
coverages. Center-line profiles along the item are shown in

Tigure 22 for 20 and 130 coverages.

¢. Deflection. Average total goil deflections are shown in fig-
ure 23 for 0, 20, and 130 coverages. The elastic subgrade de-
flections (see table 1) reached 0.9 in. at 130 coverages.

o

Rolling registance. Drawbar pull values measured on the item
are shown in table 1 for each of the two segments. All drawbar
pull values on segment 3A registered increases at 130 coverages
over the values measured prior to trafficking. On segment 3B,
the initial drawbar pull increased substantially with traffick-
ing but rolling and peak drawbar values changed ingignificantly.

Tane 12

Behavicr of items under traffic

Item 1. Figure 12 shows item 1 prior to traffic. The item was still
in good condition when measurements were recorded at Uh traffic coverages.
Additional trafficking produced progressive deterioration of the item
until it was considered failed due to roughness at 90 coverages (figure 13).
The rated CBR was 2.9.

Item 2. Figure 1k shows item 2 prior to traffic. The item was con-
sidered Tailed due to roughness at L4 coverages (figure 15). At failure
the plank ends along the mat joint line near the lane center were bent
downward into the subgrade in contrast to the upward protrusion of plank
ends encountered in previous test lanes. The rated CBR was L.2.

Item 3. Figure 16 shows item 3 prior to traffic. After 20 coverages
the surface remained in good condition. At the Lli-coverage level the

10



item was considered failed due to roughness (figure 17). The rated CBR

was 9.0,

Test results

Results of trafficking lane 12 are summarized in table 1. Soil
test data are given in table 2. Table 1 contains drawbar pull values
for the load vehicle operated over an asphalt paved strip for com-
parison with drawbar pull wvalues recorded on the ftest lane.

Ttem 1. Ttem 1 was considered failed due to roughness at 90 cover-
ages. The fellowing information was obtained from traffic tests on item 1.

s
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Roughness., Table 1 ghows the consistent increase in differential
deformations with trafficking. At failure the average longi-
tudinal, transverse, and diagonal differentiasl deformations were
1.47, 3.34, and 2.53 in., respectively. The average dishing

was 0.38 in.

Deformation. Figure 24 shows average cross-section deformations
at several coverage levels for two typical mat runs. Center-line
profiles are shown in figure 25. Deformations are seen to follow
a consistent pattern of increasing severity with trafficking,
reaching maximum values at failure of the item.

Deflection. Average elastic mat deflections under static load
of the load-wheel assembly are shown in figure 26 for three posi-
tions of the assembly relative to mat end Joints. Deflection
measurements were not always consistently greater with higher
coverage levels, but decreased in some cases from earlier
measurements. FElastic soil deflection at failure measured

2.5 in.

Rolling resigtance. Drawbar pull values are shown in table 1
for several coverage levels during testing. Changes in drawbar
pull with trafficking were small and all wvalues were less at
failure than at U4 coverages.

Mat breaks. The Tll mat surface did not have an excessive number
of breaks at failure. The most common type of break was shear-
ing of rivets along the center line of panel splice Joints.

Ttem 2. Ttem 2 was considered failed due to roughness at Lh traffic

coverages.

item 2.

i.

The following information was obtained from traffic tests omn

Roughness. Differential deformations as measured at intervals
during trafficking are shown in table 1. Average longitudinal
differential deformation decreased to 0.4l in. at failure from
the value of 0.85 in. at 20 coverages. Average transverse

11



ages.

|=

i

and diagonal differential deformations were 2.22 and 1.88 in.,
respectively, at failure. Dishing was slight, averaging 0.25
in. at failure.

Deformation. Figure 24 shows average cross-section deformationsg
at 20 and 44 coverages for two typical mat runs. Center-line
profiles are shown in figure 25 for the same coverage levels.

The downward hend of the panel ends along the mat joint line
near the lane center is illustrated in a cross-section plot (fig-
ure 24). In previous tests, the panel ends along a mat joint
line most commonly protruded upward at failure, as was the case
at 20 coverages in this item.

Deflection. Average elastic mat deflections under static lecad

of the load-wheel assembly are shown in figure 26 for three posi-
tiong of the assembly relative to mat end joints. In some in-
stances, it is seen that the greatest deflections did not always
correspond with higher coverage levels. Elastic soil deflections,
shown in table 1, measured 1.2 in. at failure.

Rolling registance. Drawbar pull valuss measured at intervals
during trafficking are shown in table 1. All drawbar pull
values increased with number of coverages.

Mat breaks. No breaks in the M8 mat surface were observed
during the course of testing.

Item 3. Item 3 was congidered failed due to roughness at 44 cover-
The following information was obtained from traffic tests on item 3.

8.

Ie

Roughness. Differential deformations and rut depths measured at
20 and UL coverages are shown in table 1. Rut depths at failure
averaged 2.75 in. Transverse and diagonal differential deforma-
tions averaged 3.75 and 3.44 in., respectively, at failure.

Deformation. Average crogs-section deformations are shown in
figure 2t for 20 and 44 coverages; severe rutting of the surface
ig reflected. Center-line prcofile deformations are shown in
figure 25.

Deflection. Average total soil deflections are shown in fig-

ure 26 for 0, 20, and U4 coverages. A large increase in total de-
flection is noted at L4 coverages. Elastic soil deflections

are shown in table 1. The meaximum elastic deflection value
recorded was C.7 in. at failure of the item.

Rolling resistance. Drawbar pull values are shown in table 1
for O, 20, and 44 coverages. Rolling drawbar pull increased
consistently with increasing coverages. Little change was noted
in initial drawbar pull. Peak drawbar pull values showed an
increase only at the Yl-coverage level.
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SECTION V: PRINCTPAL FINDINGS

From the foregoing discussion, the principal findings relating test
load, wheel assembly, tire inflation pressure, surface type, subgrade CER,
and traffie coverages are as follows:

Type Rated Coverages
Ioad, Wheel Assembly, of Subgrade ab
and Tire Pressure Surface CBR Failure
35,000-1b load; single- Modified T11l 1.5 No failure;
wheel assembly; 25.00- aluminum mat traf'fic
28, 30-ply tire at 50- guspended
psi inflation pressure M8 steel mat L1 at 600
coversges
Unsurfaced 12.0
60,000-1b load; single- Modified T11l 2.3 130
wheel assembly; 25.00- aluminum mat
28, 30-ply tire at 100-
psi inflation pressure M8 steel mat 4.3 130
Unsurfaced 12.0 112
16.0 130
120,000-1b lcad; twin- Modified T11 2.9 90
wheel assembly (56 in. aluminum mat
c~c); 25.00-28, 30-ply
tires at 100-psi M8 steel mat 4.2 4l
inflation pressure
Unsurfaced 9.0 LL



<7 3Iw.] OT P&RILENTTT DUE DOUTISE afae addn wrazg  »
-g1 awel uo
pasn =pa Tsd 007 9% PRARTFUT (-0 CUT 35) Feat Ard-pf ..mmnoo Gz oma Io BUTIITIUCY ATYwossn Tesys-1uTm; & U0 peel diy-0ZT ¥ IS0 007 Sea amgzaad uoTIRTJUT aIT1 ayl pto sdry (9 O3 DEWFRILUL REA PROT
agi ndsoxs f¢TT owel PUINOTIIRIL 207 Pesn Swm Aluuwsss sums Ayl cTT sueT MUTASTIIRS, I past 5Es tod 00 o4 Peym(JUT wagp1 ATd-0f fgE-ocrcE suo Jo Bullstsuwoc ATQUDSSE TRSUm-212LTS W uc peaT JTH-of v fedoy

{p2nuTIuG) )]

60 51 - 8T -- 7 -- -- - TE 0% £9 ™o 080 TH'T £12 9T ST 0 0 & 0 ozl OfT
- == b -= - e - - - - -- - ge'c gEro R5°T gg't §€+T £9°1T © 9 o o @ FAd
swauLRANnd - -- - -- -- -- - == -- -- -- - e 0 gero I o0&l EETT BT G 0 0 oooEr oy 3] 18w
¢l snp saie . . - . - - o e . ey . . - [~ . P - FUTRURT
Cxeas OFT 20 €T L £ ok T Ll 0 nete ZEl ge'T ke T gET 0 5oC oz 5333 gu
I8 PaTIBI WRLT P T - &'C - £ . b R a1 o 9te == - e - - - i o 3 2
e (e - £l - e -- -- - oz 6t o 050 9G°T 00'2 ET'Z §F'E gltt &2TT T 5 Y EGO%1 0ET
- - -- -- -= -~ - == == - -- -- 260 fE'0 gLtT 98T TéTL EUE 6T'T f@'T T o o7 §LOET 201 pew
sssuBaox -- -- -- -~ -- - - -- - -- - -- 20 gl SEtT 06T Ag'T E%'T fotL ET'T O 0 0 gy % FrE 26 Butper
o3 aup 3ade . . . . - . - - — . . . c- . - - g . . . " WLTWGTS
Cxsaca 0f1 41 LT Lo 18 Qr gl geen 950 00T AETOSE0 ETCT 260 00T 0 0 0 o 0 * GE LTL POTITRNH
4B pa|Ixd Wal - LT - -- 70 - - - ok £ 69 = -- -- -- -- -- -- L S C I a T
YIL @ues
drags
- - -- - -- -- - -- - 50 £z - - - - - - -- E - 1883 1TRYdsY
0 -- - - == - - £0 - TI 2e wro 0gt Lyo 8900 ofte ofc g0 050 -- mm mm e - jelo}
10 -- -- -- - - -- 2t p - &0 2E 6970 SL0 £0'0 SLT0 090 Sl gEto gErg -- = mm em - el
. . . . - — - - — . . . o - [P ‘g mm e em e am -
J— 70 £9'0  9yo E50 gito Egto @no EQO 5 oz <
ou ‘sade - -- -- -~ - - - -- - - == == G2Te g0 Zhtg 000 9%t 0§80 10 GBG e - - mm - 001 —
-a3n08 009 . - - . - - _ . . - . . - - - o . - . v er e e mm e -
15 pepusd D @ g0 Tz S0 HE'D S2T0 aFT0 SETO 9RO h 0Z panggmsny
~3N8 QTIIHIL 0 - -- - - BN -~ o1 02 99 - - -- - - - - -- o £
€0 ) -- L0 -- 90 -- -- - 21 Tz ®¢% * Y of-o gEo 520 STo EmQ oS D0 QO gle}
(R} - -- —= -- - - -- =~ 0T &1 99 27q13 .:M:m 220 420 S0 e ogto gfto 0 2 0 0 0 o0E
s Tel - - - - - -- - - -- - == -- B STIEeN gz g0 LT'0 f2e o060 €90 0 0 o 0 0 . o0e
ou {gade -- -— -- - - -- -- -- - - -- -= « ,_ G2'0 L2'0 LT0 2o £20 BED OO 0 0 D 0 K o0l 180
-IsAa DY . - . . - . . . . . . . . . . . . . . BuTpus
1o pepusd €0 ae] Lo o] o1 Lt gy o 0 0 0 0 oz 1S g
~Ens 2T17IEIL [46] 10 -- 3] - 50 - - - a2 0% - -- - - -- - -- R LRI o z
-- 60 - &0 - H0 -- - - et 6z gt 1270 $2°0 980 9Eto gEro pEo EyG OS'no0 0 o0 9 ooy
= -~ - -- -- -- - T R A ] 910 ga'0 §2'0 gEto gzf0 SETO OBEn 0S80 o 0 0 ooon ook
a0 1By - - it - - - - - - - b - ET'c ETTO0 TED o%to £2'0 Seto REo o gfto 0 0 D @ D | 002 .
oo fseve -- -- -- -- -= -- - == -- -= -- - 0 £1M0 -- -~ 20 &2 520 G200 0 o ¢ o0 5T faleng Purpual
~32400 (0Y - . o ' . . o . . R . 3 . . . — - QT Te
1o popuad M) Lo 90 ot 2z 6 o o oo o 0 OF TTE PETITEON
-snE JTAIBAL - G0 - Lo - L0 -- -- -- 0 BE 69 ~- - -- -~ -- -- - L o T
T SueT
SRICTN (oY) TROESEsy ¥oW Afauessy wmA  AaWesoy Yo ATamesey W4 Pup fead Leid __BAw Wil Day WeW BAy Xoy PAy  ¥ed X Q@ o & ¢ ma EELE WY 335
WCT308 | gu Jo aury REE g Fo SUT 40 3UTT =17ed =-jur ﬂ.r:..v TeUoaTq ECEEYY TEUTONG  »IHSSIF 18N 40 0N PIgen ~Jaaag
IpeIBqNG ECFGCh] JATUID 231U FELTET ED§] Huignyg -guBI] - 13uay JTIFRI]
T9eed Taurg 10 Tateg 30 @URT 30 | Tl IRGABIT s} {07 SUOTARWIONS) TRTIUSISTSH
o JUTCL J[RH  TUTOg IFLTENE pavermsuy] FlaveRi

UQ paumoir] AQEASSY 1oy JO Sut]
q35W20 UITE [ "u1 ) NoTIN9TI00 TeIol AFeIsay

0 HOIIDES JEET FVIVD OT2J4vHlL 40 KSVINCS
T YL




sERUUINCL
BATSEHL Lo - -- -- - - - Eor G2
-%2 ©3 omp R - . - . . . ; .
s¥TEIAM0D th 70 Tor T
3% PA[LB] WL Eas -- -- -- - -- -- 10 )
53 AN os
AATHEED 1 o0 L) 91 a0 &1 . -
-¥3 23 2np . - . - . . . - -
SaFeIaAcD ni £l o LT U § Eee  EE
38 PRTIRE WL 0T 0+ 2'7 £a ot el 4T ~ -
oE LT (a4 T 61 1 z°z -- -
geauy¥nog - -- -- - - -- -- -~ -
@3 snp - . . . - . . - —a
coFRIINCD OF L1 £z 61 £z A A
1R pATIRE @I3T -- 27 o2 ER 2z E'T o'z - --
Butiang
D3 FNp TP
~Isa00 QLT . .
4R pALTRS 60 - == - -- ~= -- 61 -
e jusudag -- - - - - -- - - -
Juryzna
Q1 anp sa¥s
~22400 ZTT . - . . . . . , .
38 POTTHS o &1
¥i usmdasg - - -- - - - - - -
50 -- -- - -- -- - 30 -
] -- - - -- -- -- 9'0 --
SN IREEY {"ur) Tquesoy Yo AqUosty oW A{qessy xEy ATQuessy  XEH
uniilatiay  Jo suvg Jo auTg J0 UL Jo Iur]
opeIFqng I3 a=quay I25Us) T30
213V TeURd JO TouBg Jo TouRg Ja T
uTor ETOd JI8H  AUIOS Ja1IENE  paceimsun

T3 peEs07 f1qmessy oAy 4o Ul
223090 Hatn { 'UT) WOTWITIAQ [0l A¥edaay

iz 1% got - -- - -- -- - - e
9L (RN R TR 4 R o¢rE e gEts dLef gitd 0%'0 ggto wm e mm mm e
o'g mLoogtEl agC 20T 22T RETL ETT OSETT OTR'D B9 -- o mm e oew
Zt wl 9ol - -- -- -- -- - -- R T
g9 LT £z 920 $2'0 @R'T 4etE #¥E €92 Th'0 oS 0D ¢ %O
079 g eer sk gtro €91 €9°T LT GLT G0 @@t0 0 oo o o 0
g 0'g w7 .- -- - -- - -- -- = mm === =
€L 76 431 gEeo gEro E&tz Gl wEE ol T SLT 0 6 89 HE O
5L 11 §'€1 T 520 ot £9°T g2t o0s2 sl'o o' 0 0 ST 10
) 0T 2'8T 80 gf'0 Lé'c co'T gE'T gt 8o BT QOO0 D 0 0
9 wg =2 - -- -- R -- - st mmmm s e
21 aus]
£-a 2 29 - -- - - -- - -- L R
1T e L's - -- -- - -- -- -~ e
22 hak 1 A ZErE forT s@TR TRTT OLf 220 GEto -- oem mm = =-
-- == -, 090 gg'o 160 ET'T 6Lto 52'T TH'O 0§70 - - mm ot -o
S B 46 -- -- - -- -- -- - L
-- - --ggE ETS Az fotn oUE ET0C £000 Gl -- -m o oew om o
- - -- 160 ST ETTOGLTT Tt 00tE sE0 06te -m om o om o em -
[ 25 6L ot'n pé o 050 £9°0 §ECO GLO S2'n gEtn - o= -- om -
2z £ oG .- -- - - - - -~ E L R LR
FIT  Wedd Tera _ AAY XeW  FAy  xeN WAy WeW PAY *ow A 4 0 4 %
-T1od -TuI {uty TRECTE L ELEETY TFUTPNY  %S¥02ad 38 JO “oN
(5] Furqgnyg -8TeIy - 13U
11ng TeqmeX] Io ﬁ.n: SUOTIBWIONST TETIU3IRF] G
SuTusIa

drIns
4357 37eydsy

08 ae padsIameyn

+ o €

.— Rk 5W
o s #aTpue|
Al o Temas W

{ o 2

d Om e

FuTpral
62 ..3 TMUITITY

TTL PREITPO
T

drais
2e23 ateydsy

4 OT+T
oot GET o3 ghan was
[ 217 4f jusudsg
- 64
BET oy ogea mE
1 Ve Jusmdag
- 25
- oz FaoBjIns O
- a £
i) EE ] WayT 3890
pagRY - I3A0)
QIFIRIL

(CIAUYTONDD) T TIEVT

15



SUMMARY OF CBR, LENSITY, AND WATER CONTENT DATA, TEST SECTION &

TABIE 2

Number of Water Dry
Test Traffic Depth Content Density
Ttem* Type of Surface Coverages (in.} CBR [ (1b/cu ) Remarks
Lane 11
1 Modified T11 o] o] 1.2 21.0 €6 Traffic suspended at 500
aluminum 6 1. 29,8 8a.z coverages; ro fallure
landing mat 12 1.8 31.3 a7.6
18 1.4 3.2 85.0
2 M8 steel land- o] o] 3.8 28.1 90.2 TIraffic susperded at 000
ing mat 6 3.1 26.2 £9.1 coverages; no failure
12 5.0 27.4 g2.7
18 k.o 27.5 n1.8
3 Unsurfaced 4] Q 9.0 23.9 g3.0 Traffic suspended at 600
6 11.0 25,2 96.8 coverages; no failure
12 1.0 28.0 93.1
18 8.0 26.0 2.3
00 o] 15.0 2h.9 gl.z2
[ 170 242 96.6
12 11,0 2h,2 56.8
Lape 11A
1 Modified TLL 130 Q 2.7 31.5% a8.7 Ttem failed st 130 coverages
aluminum 6 3.3 30.7 80,7 due to roughness
landing mat 12 3.5 2G.8 80.2
18 L.z 30.6 89.6
2 M8 steel land- 130 o} h.3 29.5 91.0 Ttem failed at 130 coverages
ing mat & 4.1 26.7 gh.5 due to roughness
1= 5.1 25.6 95.8
18 6.5 27.8 9¢.9
3 Unsurfaced 0 Q 15.0 2h.9 58.2 Tteth failed due to rutting
[ 17.0 2.2 GE.6 in two segments [3A and
12 11.0 2k .2 36.5 3B}
{ Segment 3A)
130 0 12.0 2,2 8.4 Segment 34 failed due to
6 10.0 24,5 od.7 rutting at 112 coverages.
12 8.0 26,8 gh.8 Traffic continued to 130
18 9.0 26.7 g95.2 coverages
( Segment 3B)
130 o} 24.0 22.4 100.8 Segment 3B Talled due to
6 16.0 23.6 58.8 rutting at 130 coverages
12 11.0 25.9 93.1
18 11.0 23.4 96,7
Lane 12
1 Modified T11 o) o] 2.0 31.0 85.7 Item failed due to roughnese
aluminm 6 2. 28.4 8a.4 at 90 coverages
landing mat 12 2.6 28.8 90,58
18 2.3 28.4 51.0
S0 o} 3.3 30.5 88.6
6 3.2 29.9 89.6
12 3.6 29.6 580.2
18 3.k 29.8 89.9
2 MB eteel land- o] 0 4.0 28.2 50.7 Item failed due to roughness
ing mat 6 3.2 27.6 gz.2 at bl coverages
12 5.6 281 3.6
18 5.6 28.5 ge2.1
bl 0 3.6 30.5 83.5
é 3.6 29.1 81.7
12 5.0 28.¢6 g0.5
18 4.6 29.3 8.0
3 Unsurfaced [+ Q g.0 21.8 G2.9 Ttem feiled due to roughness
6 11.¢ 23.3 cl.1 at Ll coverages
12 8.0 25.1 93.7
18 11.0 26.0 G3.1
L4 0 6.0 25.7 96.3
& 11.0 22.9 100.1
12 8.0 2.2 8.0
18 10.0 a5.1 96.4

¥ Bubgrade material was heavy clay (ouckshot; eclassified as CH) in all items.

16



Figure 2. Test load vehicle

Figure 3. Lane 11, item 1, prior to traffic
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Figure 4, Tane 11, item 1. Diagonal straightedge shows slight
deformations at 600 coverages

Figure 5. Lane 11, item 2, prior to traffic
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Figure 6. ILane 11, item 2. Transverse straightedge shows
slight deformations at 600 coverages

Figure 7.

Lane 11, item 3, prior to traffic
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Figure 8. Lane 11, item 3. Transverse straightedge shows
slight deformations at 600 coverages

Figure 9. Lane 11A, item 1. Transverse straightedge shows
deformations at 130 coverages (failure)
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Figure 10. Lane 11A, item 2. Transverse straightedge shows
deformations at 130 coverages (failure)

Figure 11. Lane 11A, item 3; general view of item at
130 coverages (failure)
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Figure 12. Lane 12, item 1, prior to traffic

IT63-2G6

Figure 13. Lane 12, item 1. Transverse straightedge shows
deformations at 90 coverages (failure)
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Figure 14. TLane 12, item 2, prior to traffic
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Figure 15. Lane 12, item 2. Transverse straightedge shows
deformations at L4h coverages (failure)
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Figure 16. TLane 12, item 3, prior to traffic

Figure 17. Lane 12, item 3; general view of item at
b coverages (failure)
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333"

LANE It LANE IiA

<z TIRE SIZE 2500-28 2500-28
:f‘ NO. OF PLYS 30 30
z[¥ CONTACT AREA, SQ IN. 640 806
X 3 CONTACT PRESSURE, PSI 55 99
v |3 INFLATION PRESSURE, P5I 50 100
p: o DEFLECTION, % 33a 39
=[s GROSS ASSEMBLY LOAD,LB 35000 80,000

\LL 1/

208" LANE 1}
206" LANE 1A

LANES Il AND }IA

6% C-C
_—
N AT
LEFT RIGHT / \
TIRE  TIRE
TIRE SIZE 2500-28 25.00-28
NO. OF PLYS 30 ao
CONTACT AREA, SQ IN 599 599 s
CONTACT PRESSURE, PSI 100 100 H
INFLATION PRESSURE, PSI 100 100
DEFLECTION, % 347 36.9
GROSS ASSEMBLY LOAD = 120,000 LB
% N J /
L L
20.8” 20.4"
LEFT TIRE RIGHT TIRE
LANE 12

TIRE-PRINT DIMENSIONS
AND TIRE CHARACTERISTICS

TEST SECTION &
LANES §), 1A, AND 12

Figure 20
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