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FOREWORD

The investigation described nerein constitutes one phase of studie=
conducted during 196 and 1965 at the U. S. Army Engineer Waterways a
Experiment Station (WES) under U. S. Air Force Project No. L10-A, MIPR
No. AS-}-177, "Deévelopment of Landing Gear Design Criteria ior the CX-HLS
AMreraft.” (The CX-HLS 1s now designated C-5A.) This program was spon-
sored and directed by the Landing Gear Group, Air Force Flight Dynamics
Laboratory, Research and Technology Division, Mr. R. J. Parker, Project
Engineer.

Thess tests were cocnducted by personmnel of the WES Flexible Pavement
Branch, Soils Divisidn, 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, A. H. Rutledge, H. H.
Ulery, Jr., A. Jo, Smith, Jr., and W, J. Hi11, Jr. This report was pre-
pared by Messrs. Brabston, Rutledge, and Hill.

Directors of the WES during the conduct of this investigation and
preparation 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 constitute
Alr Force approval of the report's findings or conclusions. It is pub-
lished only tor the exchange and stimulation of ideas.

FOR THE DIRECTCR

GFORGE A. SOLT, JR.

Actg Chief, Mechanical Branch
Vehicle Equipment Division
AF Flight Dynamics Laboratory
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ABSTRACT

This data report describes work undertaken as part of an overall
program to develop ground-flotstion criteria for .the C-5A aircraft. A
test section was constructed to a width adequate for two similar test
lanes. Each lane was divided into three items having different subgrade
CBR values and different traffic surfaces. Item 1 was surfaced with
modified T11l aluminum lending mat, item 2 with MB steel landing mat, end
item 3 remsined unsurfaced. Traffic was applied to one lane using a
35,000-1b load on & single-wheel assembly consisting of one 56x16, 2k-ply
alrcraft tire inflated to 100 psi. On the other lane a twin-wheel assem-
bly (loaded to T0,000 1b) consisting of two 56x1€, 32-ply aircraft tires
spaced 25 in. c-c and inflated to 110 psi was used.

This report presents a description of the test section and wheel

assemblies, and glves results of traffic. The traffic-coverage level at
which fallure was evidenced on cach test item is also given.

i1

pe




SECTION I: INTRODUCTION

’ ® o - L] L - - L 4 L L] ® L4 a - L4

SECTION II:+ DESCRIPTION OF TEST SECTION AND LOAD VEHICLE

Description of Test Section . . .., .. . o
Load Vehicle

on.oq.o.-."‘.o.-.l

SECTION IIIs APPLICATION OF TRAFFIC AND FATLURE CRITERTA

Application of h‘afﬁc a - * a L] L ] . L ] < ® » - - [ ]
Criteria °

. - * L e @ . [ ] L] * ® & a ® e L ] L] L -

SECTION IV: BEJAVI(R OF ITEMS UNDER TRAFFIC AND TEST RESULTS




ILLUSTRATIONS AND ‘TABLES

£

ls Summary of Traffic Data, Test Section 2 ., . . s e e o a e 11

2. of CBR, Density, and Water Content Data,
TeStSectionz..............-..... 12
Figure
1. Sequence of traffic application for umndiform coverages . -, 3
2. Teat lom vehi01° e » [ ] . L] . L I 1 > L] * . * L4 * '. .l - * [ ] . 13
3. Lane 3, item 1, prior to traffic . . . ... ..... 8 13
L. Lane 3, 1tem 1, showing severe localized mat damage at
covaragea...................... Ly
{ 5. Lape 3, item 1, showing displaced subgrade after mat
| remqvalathSBcwaragea...'............ iy
6. Lane 3, item 1, at 600 goveragee (failure) . ..,.,, ., 15
. 7. Lane 3, item 1, diagonal straightedge shown
. roughness at 600 coverages (failure) . . ... ... - 15
8. Lane 3, item 2, prior to traffic e te e e e .. . 16
9. Lane 3, item 2, at 122 coverages (2 postfailure :
coverageﬁ).................'...'.-.. 16
10. Lane 3, item 2, diagonal stralghtedge shows rough-
ness at 122 coverages (2 postfailure coverages) . . ... 17
11, Lane 3, item 2, diagonal struightedge shows rough-
ness at 280 coverages (160 postfsilure coverages) . , . 17
12.',Lane3,itam3,pu'iortotrafﬁo............ 18

13. TLane 3, item 3, transverse straightedge shows roughness
at?ocoveragas'..oon.u....oo.‘-o--- 18
1. Lane 3, item 3, transverse straightedge shows roughness
at60co’veragea(fni1ure)..............,. 19
15. Lane 3, item 3, at 122 coveragas (62 postfailure
coveragea)'....................... 15
16. Lmeh,itml,pﬂortotra.fﬁc............ 20
17. Lane L, item 1, at 20 coverages (failure) . ..., ., .. 20
18. ZLane ki, item 1, broken 1 in run 15 at
20 coverages (failureg‘n?

......‘....l'00 21




Figure (Continued)

19.
20.

21,
22‘

23.

zho
25.

26.
27,
28.
29,
30.

1.

Lane L, item 2, prior to traffic . . . . . . . 5o O
Lane L, item 2, after two passes of icad vehicle,
ﬂhowingextrudedsoil...... 000000 gC
Lane li, item 2, at 20 coverages (failure) 30 30 qo o
Lane L. item 2 diagonal straightedge shows
roughness at *20 coverages (failure) . . e o +: « o +
Lane L, item 2, at 20 coverages (fallure) after
remcvalofextrudedsoil,.......... e s s a
Lane L4, item 3, prior to traffic . o « ¢ v ¢ o ¢« + « .«
Lane L, item 3, transverse straightedge shows
rutting at 20 coverages (failure) . . « « « ¢ o « « «
Layout of Test Section 2 and Surmary of Test Results .
Layout of Surfaced Items, Test Section 2, Lamnes 3 and h
Tire-Print Dimensions and Tire Oharacteriatics s Test
Section 2, Lanos 3 and 4 « o« o « 2 2 ¢ 6 s o s o o o o
Permanent Profile Deformatione, Test Section 2,
LanoaBandh................. .
Average Cross-Sectional Deformations, Test Section 2
uﬂlﬂﬂB&ﬂdh--o.-o.v‘coo e o s 0 o o o
Deflections, Test Section 2, Lanes 3 and o 2o

vi

NR B

3

88 ¥ N RER pY




SUMMARY

Tests on test section 2 are one phase of a comprehensive research
progren to develop ground-flotation criteria for heavy cargo-type air-
craft. Section 2 consisted of two similar traffic lanes, lanes 3 and k4,
each of which was divided in:o three items (Fig 26 ). Each item was
constructed to a different subgrade CBR value and had a different traffic
surface. Item 1 was surfaced with modified T1l aluminum landing mat, item
2 with M8 steel landing mat, and item 3 remained unsurfaced.

Traffic was applied to lane 3 using a 35,000-1b load on a single-
vheel assembly consisting of one 56x16, 2U4-ply aircraft tire w'‘h infla-
tica pressure of 100 psi. On lane 4, s twin-wheel assembly ( saded to
70,000 1b) consisting of two 56x16, 32-ply aircraft tires spaced 25 in.

c-c and inflated to 110 psi was used. The lanes were trafficked to failure
in accordance with the criteria designated in Part I of this report. Data
vere recorded throughout testing to give a behavior history of each item.

Data on test section 2 provide a direct comparison of trafficking ef-
fects of a single-wheel assembly and a twin-wheel assembly having double the

test load of the single-wheel assembly. Basic performance data are sum-
marized in the following paragraphs.

Lane 3

Item 1

The item was Judged failed at 600 coverages due to excessive roughness.

The rated CER for the item was 2.6.

Item 2

The item was Judged failed at 120 coverages due to roughness. Traf-
fic was continued and data were recorded to 200 coverages. The rated
CBER for the item was 5.1.

Item 3

The item was judged faliied at 60 coverages due to excessive rutting.
To observe postfailure behavior, traffic was continued to 122 coverages.

vis




The rated CBR of the item was 9.5.
Lane k4

Item 1

At 20 coverages the item was judged falled due to roughness and
subgrade failure. The rated CBR of the item was 2.3.
Ttem 2

At 20 coverages the item was judged failed due to excessive roughess.
The rated CBER of the item was 3.6.
ITtem

The item was Judged falled et 20 coverages due to excessive roughness.
The rated CBER of item 3 was 10.
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ATRCRAFT GROUND-FICTATION INVESTIGATION

PART III DATA REPORT ON TEST SECTION 2

SECTION I: INTRODUCTIQN

The investigation reported herein is one phase of a comprehensive
research program being conducted at the U. S. Army Engineer Waterways
Experiment Station (WE3S), Vicksburg, Miss., as part of U. S. Air Force
Project 410-A, MIPR No. AS-4-177, to develop ground-flotation criteria
for the C-5A, a heavy cargo-type aircraft. Specifically, the tests re-
ported herein are part of a series of tests to determine the degree of
interaction of the wheels of multiple-wheel landing-gear assemblies on
landing mat and unsurfaced soils under various conditions of loading.

Prosecution of thils investigation consisted of constructing two
similar traffic lanes and subjecting them to two different load and
wheel assembly combinations. Test results provide & direct comparison of
trafficking effects of a single-wheel assembly andl e twin-wheel assembly
huving double the test load of the single-whcel assembly.

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.




Description of Test Section

The test section (1‘1. 26 ) was constructed within a roofed area in
order to allow control of the subgrade CBR (Celifornia Bearing Ratio) in
the test items. Construction of the test section was accomplished by
first excavating a 54- by 110-ft area to a depth of 6 ft. The excavated
areu was backfilled to the original grade level in compacted lifts with a
heavy clay soil (buckshot; classified as CH according to the Unified Soil
Classification System, MIL-STD-619) having a plastic limit of 27, liquid
limit of 58, and plasticity index of 31. Gradation and classification
data for the subgrade material are given in Part I. Fig 26 presents a
longitudinal section of the test section subgrade showing the average
soil strengths as constructed.

Two traffic lanes divided into three items each were constructed in
the section. Different subgrade strengths were obtained in the items
(Fig 26 ) vy controlling the water content and compaction effort. Items
1 and 2 were surfaced with mocified T1l aluminum and MB steel landing
mats, respectively (see Fig 27 ). Item 3 remained unsurfaced. The
landing mats used are described and illustrated in Part I.

Ioad Vehicle

The lcad vehicle used in trafficking test section 2 is shown in
Figure 2. Ioad cart construction, details of linkage between the load
compartment and prime mover, and method of applying load are presented in
Part I. For trafficking lane 3, the load compartment was weighted to pro-
duce a load of 35,000 1b on the single wheel. For trafficking lane 4, a
70,000-1b load was used on a twin-wheel assembly. A 56x16, 24-ply air-
craft tire (Fig 28 ) with inflation pressure of 100 psi was used on lane 3.
Two 56x16, 32-ply aircraft tires (Fig 28 ) inflated to 110 psi and
spaced 25 in. c-c were used on lane ﬁ Tires with different ply ratings
were used because three tires with the same rating were unavsilable. To
obtain approximately the same tire contact areas, a higher inflation
pressure was used for the 32-ply tires. It was considered that these
differences would have a negligible effect on the test results.
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SECTION III: APPLICATION OF TRAFFIC AND FAILURE CRITERIA

Application of Traffic

The load vehicle was operated to produce uniform traffic coverage on
the test lanes. The load cart was driven forward and backward along the
same track loagitudinglly along the test lane, then shifted laterally
and the forward-backward operation repeated. In this manner, two cover-
ages of traffic were applied to the test lane as the vehicle progressed

from one side of the lane to the other.

Figure 1 shows the general

method of applying uniform coveragee on the test lanes. Typicelly, the
lane widths used were not exact multiples of the tracking tire widtks and
spacings so that it was necessary to determine a coverage factor for each
lane to compensate for small overlaps or gaps in the traffic coverage
pattern. In all cases, the coverage levels indicated in the text and on
the data sheets represent the corrected coverage levels.

VEHICLE SHIFTED
LATERALLY AFTER
EACH FORWARD-
BACKWARD PASS
e

¥ L) Ll L] L] T

A 8| Lg)e = s BhLg - 10 10

VEHICLE SHIFTED
LATERALLY AFTER
EACH FORWARD-
BACKWARD FASS

TEST LOAD
70,000 L.B
T T T T T T T T T ™

12-FT-WIDE TRAT . L.ANE 13-FT-WIDE TRAFFIC LANE

{ o
' TIRE TRACKING POSITION NO. ‘ TIRE TRACKING POSITION NO.
1 Ve

R

LANE 3 LANE 4

Figure 1. Sequence of traffic application for uniform coverages

E:a.ilure Criteria

Pailure criteria used in this investigation and descriptive terms
used in presentation end discussion of data in all reports in this series
are presented in Paxt I. A general outline of types of data collected is
given in the following peragraphs. Details of apparatus and procedure for
obtaining specific measurements are given in Part I.

CBR, water content, and dry density

CER, water cuntent, and dry density of the subgrade were mea-
sured for each test item prior to application of traffic, at intermediate
coverage levels, and at failure or suspension of tratfic if no failure
condition was reached. After traffic. was concluded on en item, a measure
of subgrade strength termed "rated CBR" was determined. Rated CER is
penerally the average CER value obtalned from all the determinations made




in the top 12 in. of soil 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 en item, were charted by meuns of level readings
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 & 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 sub-
grade ® surfaced items through a hole (existing or cut) in the mat.

Rolling resistance

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

Mat breaks

Mat breaks on tﬁe surfaced items were inspected, classified by type,
and recorded on the date sheet st various coverage levels.

y——




SECTION IV: BEHAVIOR OF ITEMS UNDER TRAFFIC AND TEST RESULTS

Lane 3

Behavior of items under traffic

Item 1. A general view of item 1 prior to traffic is shown in
Figure 3. Prior to 200 coverages, displacement of subgrade at the transition
between item 1 and the previously failed item 2 (see profile in Figurv 29
beceme evident. At 458 coverages, it became necessary to remove mat runs
15 through 19 ( Fig 27 ) and level the subgrade prior to mat replacement.
Figures § and 6 show the hump which had developed at the transition.
After replecement, the five affected mat runs were no longer considered
in performance evaluation, as transition zones are not considered rep-
resentative of item condition. Item 1 was Judged failed at ©H0O cover-
eges d161e to excessive roughness ( Figures 7 and 8 ). The rated CER
was 2.6.

Item 2. Item 2 is shown prior to traffic ir Figure 8. By 20
coverages, bending of the mat panels along thelr long axis cresulted in
a "standoff" of the mat from the subgrade at the end joints of the mat
panels. Embedment of the mat at midpoint of the panels remained good.
The ductility of the M8 met allowed a wide variation in the degree of
embedment of the ends of the mat pesnels. Immediately following & pass
by the load wheel directly over the mat end Joints, reasonable embed-
ment was attained. However, the ends of the panels became unembedded
dfter a pass off the line of joints. At 120 coverages, the item was
considered feoiled due to roughness ( Figures 9 and 10 ). Traffic was
continued beyond 200 coverages to observe postfailure behavior of the
mat ( Figure 11 ). The rated CBR for item 2 was 5.1.

Item 3. Item 3 is shown in Figure 12 prior to trafficking. Ruts
| hed begun to develop by 20 coverages ( Figure 13 ), and at 60 coverages
the ruts were severe enough to constitute fallure of the item ( Figure 14).
To observe postfailure behavior of the item, traffic was continued to
122 coverages. - Figurs 15 shows the poor condition of the item after
62 postfailure coverages. The rated CER of the item was 9.5.

| Test results

Table .1l summerizes traffic data recorded on each item of lane 3 dur- |
ing testing. BSoll test data are given in table 2.

Item 1. Item 1 was considered failed due to roughness at 600 cover-
ages. The following information was obtained from traffic tests on item 1.

a. Ro*géng._ At :f_'l.iAlm'a, :ﬂ;é maximum tranaverse and diagonal
. differential deformations were 1.75 and 2.25 in., respectively.
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Table 1 gives differential deformations and meximum dishing at
intermediate levels of coverage. Maximum dishing of individual
panels was 0.50 1in.

Deformation. Average profile and cross-section deformation plots
are shown in plates 4 and 5, respectively, for several coverage
levels. General subsidence of the traffic lane is evident in each
of the plots. A maximum average cross-section deformation of 2.3
in. was measured at failure (Fig 30 ).

1=

c. Deflection. Fig 31 1illustrates the mat deflection under static
loed of the wheel assembly at various coverage levels with center
line of the assembly located at different points relative to panel
Jjoints. The largest deflection (2.3 in.) was recorded with the
load wheel resting on a panel end joint at 600 coverages. At the
seme coversge level, the pin and cap device showed the elastic
subgrade deflection to be 1.5 in. directly benesth the load wheel
at the midpoint of a penel.

d. Rolling resistance. Initisl, peak, and rolling drawbar pull
values showed lerge increases with continued trafficking. Table
1 shows drawbar pull values for several coverage levels.

e. Mat bresks. The number and type of mat breaks ere given in table
i Brea.kage did not impair performence of the T1ll mat.

Ttem 2. Item 2 was considered falled due to roughness at 120 cover-
ages. Traffic was continued to 200 coversges to obtain postfailure data.
The following information was obtained from traffic tests on item 2.

&. Roughness. At failure, the meximum transverse and diegonal

differential deformations were 1.50 end 2.00 in., respectively
(table 1), Table 1 also given differential deformation at in-
termediate and postfeilure crverege levels. The maximum dishing
for item 2 (table 1) was 0.56 in.

b. Deformation. Average profile and cross-section deformation plots
are shown in Figs 29 and 30, respectively, for three different
coverage levels. The inconsistency observed in the profile plots
for item 2, lane 3, where the 120-coverage points are higher
tbhan the O-coverage points is thought to be due to the standoff
effect (mentioned on page 5) caused by the last pass of the loed
wheel being made off the joint line. Cross-section plots in

Fig 30 show the prcgressive increase in deformetions with traf-
fic coverages and illustrate the upheaval that was prevalent at
panel joints.

c. Deflection. Fig 31 illustrates mat deflections under static

Joud of the load wheel at various coverage levels with the center
line of the assembly located at different points relative to panel
Joints. PBlastic subjrade deflections (table 1) remsined between
0.5 and 0.6 in. throughout trafficking. Subgrede deflection
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measurements were made with pin end cap device when the load
wheel was centered at the quarter point of mat panel.

d. Rolling reslstance. Initial, peak, and rolling drawbar pull
velues (table 1) increased with traffic coverages.

e. Mat breaks. Few mat breaks were observed during trafficking.
Table 1 shows the number of each type of mat break that occurred.

Ttem 3. Ttem 3 was considered failed due to excessive rutting at 60
coverages. Traffic was continued to 122 coverages at which time drawbar
pull values were recorded and photographs were taken of the postfailure
condition. The following information was obtained from traffic tests on
item 3.

&. Roughness. Table 1 shows the progressive development of differ-
ential deformation. The meaximm differential deformation of 2.5
in. was recorded with the 10-ft straightedge in a diagonal posi-
tion. The maximum rut depth measured was 2.5 in.

Deformation. Average cross-section deformations for 20 anc 60
coverages are ylotted in Fig 30¢ A center-line profile repre-
senting the same coverages is shown in Fig 29. The plots in both
plates show progressive subsidence of the traffic lane.

o’

c. DNeflection. Total soil deflection under static load of the load
wheel is represente2 in Fig 31. At O coverages the elastic
deflection (table 1) was 0.3 in. and at 60 coverages elastic de-
flection was 0.9 in.

Rolling resistance. Small Iincreases in initial, peak, and rolling
drewbar pull values (table 1) were measured as coverage levels
increased.

g

Tane L
Behavior of items under traffic
Item 1. Item 1 prior tc traffic is shown in Figure 1 At 12

coverages, mat breaks were observed, especially along the center lines of
the panels where sheared rivets were common. Types and number of mat
breaks are given in table 1. Deterioration of the mat was rapid with addi-
tional traffic coverages and the item was considered failed due to rough-
ness end subgrade failure at 20 coverages ( Figures 17 and 18 ). The
rated CBR was 2.3.

Item 2, Item 2 prior to traffic is shown in Figure 19. Pre-
“iminary pesses of the load cart over the item to record drawbar pull data
caused considerable extrusion of subgrade soil through the tubular holes of
the M8 mat, as shown in Figure 20. At' 20 coverages the item was
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considered failed due to the large amount of subgrade extrusion which
caused surface roughness and mat deformations ( Figures 21 snd 22 ). No
mat breakage was found at failure. Figure 23 shows the deformed mat
surface after removal of the extruded soil. The rated CBR of the item was

3.6.

Item 3. Figure 2% shows item 3 prior to traffic. At 20 covereges
the item was considered failed due to severe rutting (l'iguro 25 ). The
rated CBR for the item was 10.

Test results

Table 1 summarizes traffic data recorded for each item of lane L.
Soil test data are given in table 2. Table 1 also shows drawbar pull
values for the load vebhicle operated over an asphalt strip for comparison
with drawbar values recorded on the test lane.

Item 1. Ttem 1 was considered failed due to roughness at 20 cover-
ages. The following information was obtalied from traffic tests on item 1.

a. Roughness. At fallure, the maximm differential deformations

exceeded 3 in. for each position of the 10-ft siraightedge. A
meximun diagenal differential deformetion of 4 in. was recorded.
Dishig‘g of individuel panels was pronounced, reaching a maximum
of 1.6 in.

b. Deformation. Average profile and cross-section deformations are
shown in Figs 29 and 30, respectively. The meximum deformations
occurred along the joint line 1 ft west of the center line. ¥ig 30
shows a maximum cross-sectior deformation of 1.9 in. for the
item. The profile plots in Fig 29 illustrate the severe defor-
metion and roughness that occurred along the direction of traffic.

c. Deflection. Elastic mat deflections under the static load of the
test cart are represented in Fig 31l. Mat and subgrade deflec-
tions are tabulated in table 1. Plots in Fig 31 show mat con-
figuration with load wheels ju various positions relative to
penel end joints. In each instance, the mat deflections were
significantly greater at the 20-coverage level than those mea-
sured prior to trarficking. The clastic subgrade deflection
measured at fallure was 1.9 in.

d. Rolling resistance. Initial, peak, and rolling drawbar pull
values (table 1) showed small increases up to the 20-coverage
level.

€. Mat breaks. A large number of breaks occwrred as the mat dete-
riorated with traffic to the 20-coverage level. Number and types
of breaks are tabulated in table 2; description and examples of
each type are given in Part I of this report.
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ages.

Jtem 2. Item 2 was considered failed due to roughness at 20 cover-
A large amount of soil was extruded through the M8 mat holes, thus

contributing to roughness through uneven subsidence of the mat and buildup
of soil on the mat surface. The following informetion was obtained from
traffic tests on item 2.

&. Roughness. At failure, the meximum trensverse and diagonal dif-
ferential deformations were 3.1 in. (table 1). Dishing of individual
panels was slight, reaching a maximum of O.5 in. at 20 coverages.

b. Deformation. Average profile and cross-section deformations are
shown in Figures 29 & 30.respectively. Maximum deformation occurred
along & line near the end joints on the west side of the lane.

c¢. Deflection. Elastic mat deflections under static load of the
test cart are represented in Fig 31, Mat deflectinns are plotted
for three positions of the wheel assembly relative to panel end
Joints. Maximum mat deflection occurred at the center line of the
wheel assembly. Tabulated values of mat deflection and subgrade de-
flection are given in teble 1. The elestic subgrede deflection was
0.8 in. prior to traffic and st failure.

é. Rolling resistance. Table 1 glves initial, peak, and rolling
drawvbar pull values at O and 20 coverages. For each case, drawbar
pull values showed an increase at 20 coverages.

€. Mat breaks. No mat breaks were found at failure of the item, as
the M8 mat hed sufficient f£laxibility to conform to the deformed sub-
grade surface without breaking.

Item 3. Item 3 was considered falled due to severe rutting at 20

coversges. The following information wes obtained from treffic tests on
item 3.

a. R ess. Maximum transverse and dlagonal differential defor-
mations Etable 1) reached 5.8 and 5.1 in., respectively, at 20
coverages. Rut depth was 5.€ in. at failure.

b. Deformation. Aversge cross-section deformations are plotted in
g 53 for the 20-coversge level. Eignificant changes in the cross
section occurred with eech pass of the load vehicle due to severe
rutting beneath the load wheels. The profile plot in Fig 29 indi-
cates a general subsidence along the longitudinal direction of the
traffic lane.

c. Deflection. 8Soil deflections under static load of the load vwheels
are represented in Fig 31. Elastic deflections (table 1) were
greater at O coverages then at the 20-coverage level.

4. Rolling resismtance. The drawbar pull values in table 1 illustrate
the increases in initial, peak, and rolling resistance that occurred
with trafficking.
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SECTION V: PRINCIPAL FINDINGS

From the foregoing discussion, the principal findings relating test
load, wheel assembly, tire inflatlion pressure, surface type, subgrade CBR,
and traffic coverages are as follows:

Rated Coverages
Load, Wheel Assembly, Type of Subgreade at
and Tire Pressure Surface CBR Failure
35,000-1b load; single-wheel Modified T1l 2.6 600
assembly; 56x16, 24-ply aluminum mat
tires at 100-psi inflation
pressure M8 steel mat 5.1 120
Unsurfaced 9.5 6C
T70,000-1b load; twin-wheel Modified T11l 2.3 20
assembly; 25-in. c-c, 56x16, aluminum mat
32-ply tires at 110-psi in-
flation pressure M8 steel mat 3.6 20
Unsurfaced 10.0 20
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TABLE 2

SUMMARY OF CBR, DENSITY, ARD WATER CONTENT DATA
TEST SECTION 2

Water Dry
Test Type of th Content Density
Item* Surface Coverages {in. ) CBR (%) (1b/en ft) Remarks
' Lane
l 1 Modified T11 (o} 0 2.4 33.1 84.7 Item failed at 600
. aluminum 6 2.8 32.6 85.7 coverages due to
i landing mat 12 2.4 33.3 85.4 roughness
200 0] 2.1 3.4 86.7
i 6 2.2 32.3 86.1
f 12 2.6 32.6 85.6
‘ 600 0 2.4 32,0 87.1
6 2.2 33.3 85.7
12 b1 32.4 86.5
2 M8 steel 0 0 3.4 29.7 83.0 Item failed at 120
landing mat 6 3.6 29.9 88.8 coverages due to
12 5.9 26_. I ol 4 roughness
122 (o] 6.3 26.1 93.6
6 3.5 30.1 91.2
12 7.6 26.9 93.3
3 Unsurfaced 0 (o] 12.0 24,5 94.8 Item failed at 60
6 7.0 26.8 89.1 coverages due to
12 12,0 25.5 92.9 rutting
66 0 9.C 26.6 G5.2
6 8.0 25.0 97.1
12 9.0 26.8 95.8
Lane 4
1 Modified T1) 0 0 2.4 33.0 84.1 Item failed at 20
aluminum . 6 3.2 32.7 84.3 coverages due tc¢
landing mat - 12 18 33.7 84.3 roughness
18 2.6 36.0 84.5
20 0 2.6 214 9.9
: 6 2.0 33.5 85.2
.12 2.5 3206 8600
18 2.4 30.3 86.7
2 M8 steel 0 - (o] 3.5 29.1 88,8 Item fajiled at 20
ol landing mat 6 1.9 29.5 87.3 coverages due to
= 12 7.0 26.6 93.6 roughness
- 18 6.0 28.7 90.8
20 0 3.6 30.0 89.8
. ] 6 3.5 28.4 91,5
iy 12 b3 30.0 89.1
i 37 Ungurfaced 0 0 12,0 2.5 94,8 Item failed at 20
o : ; 6 7.0 1 26,5 89.1 coverages due to
5 12 12,0 25, 92.9 rutting
ey 18 - 1.0 332 94,9 d
b ¢ ‘ - ST L U - U A ) 96,0 .. ot
o 1% 6 11.0 2.2 97.3
.!'}-*" 1 3 A 8.0 £ 25-; 95-h 6‘ 3
Al.i; | J 11&0 ‘ a.l : - 9,;8 %
|
. _-J\ 1 M
p u ' et . KL 1
; Ty - Aa || o | allh .-ul .,I 2
' * Subgrade material ml;_ifl'vy clay (bu?shot; classified as CH) in .1l ftﬁ. 0
5 ¥ : . Hi
12
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Figure 2, Test load vehicle

Figure 3, Lane 3, item 1, prior to traffic
13




Figure 4, Lene 3, item 1, showing severe
locs  zed mat damage at 458 coverages

Figure 5. lane 3, item 1, showing displaced
subgrade after mat removal at 458 coverages
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Figure 6, Lane 3, item 1, at 600 coverages (failure)

Figure 7. Lane 3, item 1; disgonal straightedge
shows roughness at 600 coverages (failure)
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Mgure 9. Lane 3, item 2, at 122 coverages
(2 postfailure coverages)
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Figure 10, Lane 3, item 2; disgonal straightedge shows roughness
at 122 coverages (2 postfailure coverages )

Fligare 13, Lane 3, item 2; disgonal straightedge shows roughness
at 280 coverages (160 postfailure coverages)
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Flgure 12, Lane 3, item 3, prior to traffic

Figure 13. Lane 3, item 3; transverse straightedge
! shows roughness at 20 coverages
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Figure 1L, Lane 3, item 3; transverse straightedge
shows roughness e+ 60 coverages (failure)

Figure 15, Lane 3, item 3, at 122 coverages
(62 postrailure coverages)
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Figure 16, 1Lane U, item 1, prior to traffic

Figure 17,

Lane 4, item 1, at 20 coverages (failure)
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Figure 18, Lane 4, item 1, broken panel in run
15 at 20 coverages (failure)

Figure 19, Lane L, item 2, prior to traffic
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Figare 20. Lane L, item 2, after two passes
of load vehicle, showing extruded soil

Figure 21, Lane U4, item 2 » &t 20 coverages (failure)
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Figure 22, Lene L, item 2; diagonal straightedge shows
roughness at 20 coverages (failure)

TTE3-100
Figure 23. Lane L, item 2, at 20 coverages (failure)
after removal of extruded soil
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Figure 24, Lane 4, item 3, prior tc traffic

Flgure 25. lane 4, item 3; trensverse straightedge
shows rutting at 20 coverages (tailure)
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TIRE SIZE senie
NO. OF PLYS 24
- CONTACT AREA, SQIN. 38
- CONTACT PRESSURE, PS) 1o
~ INFLATION RRESSURE, PS! 100
DEFLECTION, % 40

GROSS ASSEMBLY LOAD = 35,000 LB

N | 4
. b — ]
LANE 3
;
2"’
’I’ hﬁ\ ' "ﬁ\
[ \ e \
TIRE SI1Z€ S8xi6 86xi6
NC. OF PLYS 2 32

CONTACT AREA, SQMN. 330 229
CONTACT PRESSURE, PSI 106 108
INFLAYION PRESSURE, PS1 110 110
DEFLECTION, % a8 42
GROSS ASSEMBLY LOAD = 70,000 L8

25.8"
28.7"

| PRy LSS 120" '

LANE 4

TIRE-PRINT DIMENSIONS AND
TIRE CHARACTERISTICS

TEST SECTION 2
LANES 3 AND 4

T DI - o Mo PR ——




¥ GNVY € S3INVT
€ NOILO3S 1S3l T e
SNOILVYAHN0O23Q er reass g ST ATLLYEONY INV Diddveil 3O 3INI'| HILNID SNO TV € Wall
373408d LNINVINY3d WAPEERE8 SR Tasta SR i _ _ \/ﬁ
..er -







— e ———

A

DISTANCE FROM CENTER LINE OF WHEEL, IN, DISTANCE FROM CENTER LINE OF° TWIN-WHEEL ASSEMILY, N ‘
o 30 3 0 g 1o 20 30 a0 _.‘03020{!0 g 10 20 30 40
e SN H o JONT
o 3 \\ I ! I////
- rd
-1 S # e \?\"--L-’// /]
3 v /, ‘
-4 \‘f 2 4
N~ | 1
% ON_JOWT
- 1 by
} ! ! g
4 = |
3 N g |
3 ‘.,l‘_af,
' | % i I
_ | | -
NNBEY
-3 i 2/
Jroseie -
r e

é’ -1 \\0‘\ J | £l

~

] 2 \
“ vadettf T S~

DEFLECTION, IN
(-]
.
V/
)
b
74
X

-3
3

Fa iy
250 ¥ ! ON_JOINT ]
-y .
R4 ON_JOINT ol I I
NOTE' 200 COVERAGE LINE (S A PARTIAL PLOT =
’ ; K Py A
po
0 N ;
. SIS Zll g RN
—T, 2 ~.
Mf "Zlv‘o | N2 A7
R CENTER OF PANEL B CENTER OF PANEL
l 1 :
'S
0 Bt - \\ l >
o -:fﬂ ‘\\ 4’/
A - 2 A0 bl I P04
. v “ e
NCT DEFLECTIONS UNDER TIRE MEASURED WITH 20
- PN AND CAP DEVICE. E
QUARTER POINT OF PANEL AR T OF PAN

! [IEM 2
; AVERAGE ELASTIC MAT LEFLECTIONS

4= Fﬂlk e
L% AT

| i ;
; -2 NOTE: DEFLECTIONS TRE MEA ( \ J
! PN AND CAP DEVICE. :

19 wgld, AVERASE TOTAL SOIL DEFLECYIONS
St} 18w .
O T AN '.““h’ h‘? s
e TRPERN DEFLECTIONS
L MR LS ourn TEST SECTION 2
LANES 2 AND 4

e

e T e

s

T Tl e R s Aot saaos o e B p— - o




UNCLASSIFIED
Security Classification
DOCUMENT CONTROL DATA - R&D
(Security claseiticatien of title, body of adaisrect and indexing tation must be entered whon the overa!l report is clessified)
1. ORIGINATIN G ACTIVITY (Comporats suthor) 26. REPORYT SECURITY C LASSIFICATION
U, S. Army Engineer Watorvays UNCLASSIFIED
Experiment Station 2b. smouP

3. REPORT TITLE ]

Mreraft Ground-Flotation Investigation 1
Part IIT Data Report on Test Section ¢

4. DESCRIPTIVE NOTRS (Type of repert and inchieive datee)

Final Technical Report

8. AUTHOR(S) (Las? nams, Hirat name, initial)
Brabston, W. K.
Rutledge, A. H.
mn, w’ J. , Jrl

6. REPORT DATE, 7e. FOTAL NO. OF PAGES 75 NO. OF REFS
April 1966 30
04. CONTRACT OR GRANT NO. 98. ORIGINATON'S REPORT NUMBER(S)
MIPR AS-L-177
& PROJECT NO. AWFDL-TR-66-43, Pt. III.
104 e
e. 95. QTHER REPORT NO(3) (Anp other numbere that may be assigned '
Sle'or " None
d.

10. AVAILABILITY/LIMITATION NOTICES
This document is subject to special export comtrols and each transmittal to
foreign goverrments or foreign nationals may be made only with prior approval of
the Air Force Flight Dynamics Laboratory (FDMM), Wright-Patterson AFB, Ohio 145L33.
1. SUPPL EMENTARY NOTES 12. SPONSBONING MILITARY ACTIVITY
Alr Force Flight Dynamics Laboratory
Research and Technology Division
AF Systems Command, WPAFB, Ohio

13. ABSTRACYT

This data report describes the results of work undartaken as part of an
overall program to develop ground-flotation criteria for the C-5A alrcraft.

— e —

DD ."™™. 1473 = | UNCLASSIFIED |
oy Security Classification ‘




B R

UNCLASST FTED

Security Classification

8.
KEY WORDS

LINK A LINK 8 LINK C

ROL & wT noL & wT noLE wT

| i

INSTRUCTIONS

L. ORIGINATING ACTIVITY: Eater the name nnd sddress
of the contractor, subcontractor, grantee, Department of De-
fense activity or other organization (comorate author) issuing
the report.

2a. REPORT SECUNITY CLASSIFICATION: Enter the over
all security classificetion of the report. Indicate whether
“Restricted Data” is included. Marking is to be in sccord-
ance with apprepriate security regulations.

2b. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200. 10 and Armied Forces Industrial Manual. Enter
the group numpber. Also, wien applicable, show that optional
markings have beea used for Group 3 and Group 4 as author-
ized.

3. REPORT TITLE: Enterthe complete report title in all

capital letters. Titigs i{n all cas¢s should be unclassified.

H o meaningfu! titlé cannot be selected Writhout classifice-

tion, show title classification in all capitals in parenthesir
immedistely following the title. '

4. DESCRIPTIVE NOTES If sppropriate, enter the type of
report, e.g., interim, progress, summary, annuat, v final.
Give the inclusive detes when a specific reporting period is
covered.

S. AUTHOR(SyY Enter the name(s) of author(s) as shown en
or in the i port. Enter last name, first name, middie  nitisl.
If xilitary, show rank #nd branch of service. The name of
the principal author is an absolute minimium requirement,

6. REPORT DATE: Enter the date of the report as day,
month, year; or month, year. If more than one date sppears
on the repo:?, use date cf publication.

7s. TOTAL NUMBER OF PAGES: The total page count
should {ollov/ normal paginstion procedures, Le., enter the
sumber of ps ges containing information.

7b6. NUMBE\ OF REFERENCES: Enter the total number of
references citnd in the report.

8a. CONTRACT OR GRANT NUMBER: If sppeopriste, .nter |
the applicable number of the contract or grant under which
the report was writtea

85, &, & 8d. PROJECT NUMBER: Eater the appropriate
military depertment identification, such as project number,
subproject numbers, system numbers, task number, etc.

9a. ORIGINATOR’S REPORT NUMBER(S): Eater the offi-
cial report number by which the document wili be identified
ond controlled by the originating ectirity. This number must
te unique to this report.

95. OTHER REPORT NUMBER(S): If the report has bean
assigned any other report numbers (either by the originator
oz by the sponsor), also enter this number(s).

16. AVAILABILITY/LIMITATION NOTICES Eater say lim-
itations on further dhln__-lnu.q o! the report, othgr than those|

imposed by security classification, using standard statements
such as:

(1) ‘“Qualified requesters may obtein copies of this
report from DDC.”’

(2) ‘“Foreign announcement and dissemination of this
report by DDC is not authorized.”’

(3) *“U. 8. Government agencies may obtain copies of
this report directly from DDC, Other quelified DDC
users shall request through

(4) *‘U. 8. military agencies may obtain copies of this
report directly from DDC, Other qualified users
shall request through

(5) ‘“All distribution of this report is controlled Qual-
ified DDC users shall request through

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fect and enter the price, if known

1L SUPPLEMENTARY NOTES: Use for additionel explane-
tory notes.

12 SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or laboratory sponsoring (pay-
ing for) the research and development. Include address.

13. ABSTRACT: Enter an sbstract giving » brief and factual
<mmary of the document indicative of the report, even though
it n'ay also appear elzewhere in the body of the techaical re-
por.. I additionsl space is required, a continuation sheet shall
be attached.

It is highly desirable that the abstract of classified reports
L unclassified. Each peragraph of the abstract shall ead with
an indication of the military security classification of the in-
formation in the paragraph, represented as (TS), (S). (C). or (U).

There is no limitation on the length of the abstract. How-
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