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NOTICES

ﬂn Government drawings, specifications, or other data are used for any
purpoﬂ other than in connection with a definitely related Government procure- “
ment operation, the United States Government thereby {ncurs no res oility
nor any obligation whatsoever; and the fact that the Government may I
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FOHFWORD

The investigation described herein constitutes one phase of studies
conducted during 1964 and 1965 at the U. S. Army Engineer Waterways Ex-
periment Station (WES) under U. §. Air Force Project No. 410-A, MIFR
No. AS-4-177, "Development of Ianding Gear Design Criteria for the CX-HLS
Aircraft." (The CX-HIS is 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.

These tests were conducted by personnel of the WES Flexible Pavement
Branch, Soils Divizion, under the general supervision of Messrs. W. J.
Turnbull, A. A. Mexwell, and R. G. Ahlvin, and the direct supervision of
Mr. D. N. Brown. Other personnel actively engaged in this study were
Messr»s. C. D. Burns, D. M. Ladc, W. N. Brabston, A. H. Rutledge, H. H.
Ulery, Jr., A. J. Suith, Jr., and W. J. Hill, Jr. This report was pre-
pared by Messrs. Brabston and Hill.

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

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

Chief, Mechanical Branch
Vehicie Equipment Division

AF Flight Dynamjics Laboratory
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ABSTRACT

This data report describes work undertaken as part of an overall
progrem to develop ground-flotation criteria for the C-5A alrcraft. A
test section was constructed to a width adequate for four unsurfaced test
lanes having approximately the same subgrade CBR values. Single-wheel
treffic was applied to each lane using one of the following tire size
and test load combinations: (a) a 56x16, 32-ply aircraft tire with
25,000-1b load; (b) a 25.00-28, 30-ply aircraft tire with 25,000-1b load;
(c) a 17.00-16, 12-ply aircraft tire with 25,000-1b load; and (d) a 34x9.9,
lh-ply aircraft tire with 19,000-1b load. Tire inflation pressure was
100 psi for all tires.

The information reported herein includes layout of the test lanes,
characteristics and print dimensions of the load 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 lane
was considered failed.
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SUMMARY

Tests on Section 7 are one phase of a comprehensive research pro-
gram to develop ground-flotation criteria for heavy cargo-type aircraft.
Test Section 7 consisted of four similar traffic lanes (lanes 13, 14, 15,
and 16), all of which were unsurfaced and constructed to approximately the
same CBR value (figure 11). The four test lanes were subjected to traffic
by single-wheel tracking assemblies using a different tire size and test
load combination ou each lane. The following combinations of tire size
and test load were used on lanes 13, 14, 15, and 16, respectively: (a) a
5x16, 32-ply aircraft tire with 25,000-1b lcad; (bs a 25.00-28, 30-ply
aircraft tire with 25,000-1b load; (c) a 17.00-16, 12-ply aircraft tire
with 25,000-1b load; and (d) a 34x9.9, 1lh-ply aircraft tire with 19,000-1b
load. Inflation pressure for all tires was 100 psi.

The test lanes were trafficked to failure in accordance with the
griteria designated in Part I of this report. Datsa were recorded through-
out testing to give a behavior history of each lane. Using the test
criteria mentioned abcve, it was possible to directiy compare the effects

of traffickirg with the four assemblies. Basic performance data are
summarized in the following paragrarls.

Lane 13

The lene was considered failed due to rutting at 70 coverages. The
rated CBR of the lane wes 9.2.

Lane 14

The lane was considered failed due to excessive transverse differ-
ential deformations at 200 coverages. The rated CBR of the lane was 7.8.

Lane 15

The lane was considered falled due to excessive transverse

vi




L N = el L S . S (T el R e g AR B

differential deformations at 100 coverages. The rated CBR of the lane
was T7.8.

Lene 16

The lane was considered failed due to rutting at 32 coverages. The
rated CBR of the lane was 8.h4.
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ATRCRAFT GROUND-FIQOTATION INVESTIGATION

PART VIII DATA REFORT ON TEST SECTION 7
BECTION I: INTRODUCTION

'the investigation reported herein is one phase of a comprehensive
venearch program being conducted at the U. S. Army Engineer Waterways
Experiment Station (WES), Vicksburg, Miss., as part of U. S. Air Force
Prolect No. 410-A, MIPR No. AS-4-177 to develop ground-flotation criteria
for the C-5A, a heavy cargc-type aircraft. Specifically, the tests re-
ported herein were conducted to determine the effect of wheel size of
single-wheel landing-gear assemblies on unsurfaced solls under similer

conditions of lcading.

Prosecution of this investigation consisted of constructing four
similar test lanes and subjecting them to traffic of four single-wheel
tracking assemblies, each consisting of a different size aircraft tire.
Three of the lanes were trafficked with 25,000-1b loads and one was
trafficked with a 19,000-1b load. Tire inflation pressure was 100 psi
for all assemblies,

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 und
illustrated in Part I of this report.



SECTION II: DESCRIPTION OF IEST SECTION AND IOAD VEHICLE

Description of Test Section

Test Section 7 was constructed within a roofed area in order to allcw
control of the subgrade CBR (Californis Bearing Ratio) in the test lanes.
Section 7 was located on the same site as Test Sections 3 and 5. The
construction of Test Section 3 is described in Part IV of this report. The
underlying rcubgrade was undisturbed by the two prior tests on the site so
that in construction of Section 7 only the upper 18 in. of soil was ex-
cavated. The excavated aree was backfilled to the original grade level
in four compacted 1ifts with a heavy clay soil (buckshot; classified as
CH according to the Unified Soil Classification System, MIL-STD-619).

The fill material used was a local clay with 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.

Four traffic lanes were constructed in the test section, having
approximately the same subgrade CBR values. All lanes were unsurfaced.

Load Vehicle

The load vehicle used for trafficking lanes 13 and 14 is shown in
figure 1. Load cart construction, details of linkage between the load
corpartment and prime mover, end method of applying load are explained in
Part I. For both lanes, a single-wheel assembly was used with a load of
25,000 1b and tire inflation pressure of 100 psi. The agsemblies con-
sisted of a 56x16, 32-ply aircraft tire and a 25.00-28, 30-ply aircraft
tire for lanes 13 and 14, respectively.

For trafficking lames 15 and 16, the load vehicle shown in figure 2
was used with loesds of 25,000 1b end 19,000 1lb, respectively. For both
lanes, a single-wheel assembly was used with tire inflation pressure of
100 psi. The assemblies consisted of a 17.00-16, 12-ply alrcraft tire
and a 3hx9.9, l4-ply aircraft tire for lanes 15 and 16, respectively.

Tire-print data and pertinent tire characteristics for the wheel
assemblies used on Secticn 7 are given in figure 12.




SECTTON III: APPLICATION OF TRAFFIC, FATLURE CRITERTA, AND DATA COLLECTED

Application of Traffic

Traffic was applied to the test lanes in & nonuniform pattern with
intensity of traffic being varied within each lane to produce three zones
of approximately 100, 80, and 20 percent traffic coverage. Treffic so
distributed within a traffic lane simulates as nearly as possible the
bell-shaped traffic distribution curve which results from the wander of
aircraft from the lane center line. The coverage levels referred to in
the tables and text herein 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 proportional to the percentage
factur for the respective zones, as shown in figure 13.

Failure Criteria and Data Collected

Failure criteria used in this investigation end descriptive terms
used in presentation and discassiocn of data are presented in Part I. A
general outline of types of dnta collected is given in the following
paragraphs. Details on apperatus and procedure for obtaining specific
meagsurements are given in Part I.

CBR, water content, and dry density

CBR, wuter content, and dry density of the subgrade were measured
for each test lane prior to applicalimm of traffic, «c iatermediate cover-
age levels, and at failure, After tratfic was conciuded on a lane, a
measure of subgrade strength termed "rated CBR" was determined. Rated
CBR is graerally the average CBR value obtained from all the determinations
made in the top 12 ir. of soil during the test life of a lane. In certain
instance:. extreme or irregular velues may be ignored if the analyst
decilcs that they are not properly representetive.

Surface rouwghness, or differential deformation

Surface roughness, or differerntial deformetion, mcasurements were
made using a 10-ft straightedge at various traffic-coverage levels on all
lanes. Rut depths were also measured on test lanes.

Deformations

Deformations, defined as perm - 'nt cumulative surface changes in
crogs section or profile or a lanme, were charted by means of level readings
at pertinent traffic-coverage levels.
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Deflectlion of the test surface under an individual static load of
the tracking assembly was measured at various traffic-coverage levels on
each lane. Level readings on the lane surface on each side of the load
wheel and on & pin end cap device directly beneath the load wheel pro-
vidad deflectior data. Both totel {for a single loading) and elastic
(recoverable) defleotion- were measured.
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m resistance, or Mu‘ pul.l, measurements were perf.rmsﬁ
with the lcad vehicle over each test lane at designeted coverage levels. .
Three types of drawbar measurements were taken: (a) maximm force re-
quired to overcome static inertia and commence forward movement of the
load cart, termed "initial DBP"; (b) average force required to msintain
a caaittu# ed once the load vehicle is in ‘moticn, termed "rolling
DBP"; and {¢) maximum force obtained during the constant speed run,
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SECTION IV: BEHAVIOR OF LANES UNDER TRAFFIC AND TEST RESULTS

Lane 13

Behavior of lane under traffic

Figure 3 snows lane 13 prior to traffic. The surface was moderately
rutted at 20 coverages with rut depths averaging 1.5 in. Traffic was
continued until the lane was considered failed due to rutting at 7O cover-
ages (figure 4). The rated CBR of the lane was 9.2.

Tegt results

Results of trafficking lare 13 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 comparison with
drawbar values recorded on the test lane. The following inlormation was
obtained from traffic tests on lane 13.

a. Ro%gess. Table 1 shows the progressive development of differ-
ential deformations and rut depthe with traffic. - At failure,
both tramsverse and diagonal differential deformations averaged
3.69 in. Longitudinal deformaiions were relatively swmall,
averseging 0.60 in. Rut depths averaged 3.31 in. at failure.

b. Deformation. Figure 14 shows the average cross-section deforma-
tions at 20 and 70 coverages. Cénter-line profiles at 20 and
70 coverages are plotted in figure 15.

c. Deflection. Average total soil deflections measured at 0, 20,
and 70 coverages are plotted in figure 16. Total soil deflection
at 70 coverages was about twice as great as in prior measure-
ments. Elastic scil deflections increesed similarly, as in-
dicated in table 1.

d. Rolling resistance., Drawbar pull values measured at several

coverage levels are shown in table 1. Drawbar values were
small at all levels and increased only slightly with traffic.
Minisum initial and peak drawbar values Oceurred at 20 coverages.

Lane 1 - 3

Behavior of lane under traffic

wp well uuder testing and traffic was contimued to 200 ¢
tize the lans was considered feiled due to excedisive &

Figure 5 shows lane 1b prior to traffic. The test surface held
ve at wkich
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deformations ( figure 6). The rated CBR of the lane was 7.8.

Test results

Results of trafficking lane 14 are summarized in table 1. Soil
test data are given in table 2. The following informetion was obtained
from traffic tests on lane 1b.

a. Roughness. Table 1 shows the differential deformations and rut
depths measured at intervals during testing. Transverse and
diagonal differential deformations exceeded in magnitude other
deformation measurements and averaged 3.50 and 3.56 in., re-
spectively, at failure. Due to the uniform subsidence in the
lane cross section, rut depths were not great and averaged only
1.16 in. at failure.

b. Deformation. Average cross-section deformetions at 20 and 200
coverages are plotted in figure 14. Center-line profiles are
plotted In figure 15. Both figures illustrate the extensive
subsidence that developed along the lane center line.

c. Deflection. Average total soil deflections measured at O, 20,
and 200 coverages sve plotted in figure 16. Greatest total
deflections occurred at 200 coverages. Elastic soil deflec-
tions, shown in table 1, registered no significant change with
traffic.

. W Dravwbar pull values measured at O, 20, and
coverages are shown in table 1. All drawbar values decreesed

slightly between 20 and 200 coverages.

Pru,

E‘ e 15

Behavior of lane under traffic

Figure 7 shows ltne b4 prior t0 traffic. The lane was considered
failed at 100 coverages prﬁuil,y due to excessive transverse differential
chomt* ons (figure 8). rated CBR of the lane was T7.3.

Test results

el Results of trafficking lane 15 are summarized in table 1. Soil test
data are given in table 2. The following information was obtained from
'f*aﬁ’ic tests on lane 15, -

ket il B

“a. Rowghu C'?able 1 shows differential deformations and rub

-

i " | ial deformations were largest and averaged 3.62 and

ld at 9(5 and 100 coverages. Transverse and diagom.l :




2.83 imsg respectively, at failure. Ruttinz was less severe,
averaging 2.15 in. at fallure.

Deformation. Average cross-section deformations are plotted in
figure 14 for 20 and 100 coverages. The same coverage levels
are represented in the center-line plot in figure 15.

Deflection. Average total soil deflections measured at 0, 20,
and 100 covereges are plotted in figure 16. Only small increases
in total deflection resulted from traffic. Elastic soil deflec-
tions, shown in table 1, increased slightly.

Rolling resistance. Drawbar pull values, shown in teble 1, in-
creased progressively during testing with meximum values occur-
ring at 100 coverages.

Lane 16

Behavior of lane under traffic

Pigure 9 shows lane 16 prior to traffic. Severe ruts developed
early in testing with high ridges forming between the ruts. It became
impossible beyond 1l coverages to track the ridged strips, as the load
wheel continually slipped sideways into an adjacent rut. The relative
heights of the ridges increased with continued trafficking due to soil
upheaval from the rutted areas. To obtain more represertative roughness
data, the influence of the ridge areas was de-emphasized by cutting access
notches across the ridges so that for differential deformation measurements
the ends of the 10-ft straightedge rested on the undisturbed surfaces
outside the tracking lane. Figure 10 shows the lane after it was
judged failed at 32 coverages. The rated CBR of the lane was 8.4.

Test results

Results of trafficking lane 16 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 strip for comparison with drawbar
values recorded on the test lane. The following information was obtained
from traffic tests on lane 16.

a. ' Table 1 shows differentisl deformations and rut

= %’E’c_!o and 32 coverages. Transverse and diagopal differ-
ential deformations exceeded rut depth meuu,renenis, ‘averaging
3.22 and 3.16 in., respectively, at failure. 'Rut depths aver-
aged 2.07 1n. i e

b. Deformation. Average cross-section ieeﬁemtiom udlhred at

refbainfutvmmon bt e
50 end 32 coverages are plotted in figure 14, The extremely
rough cross section at 32 coverages reflects the cdlbim:bica

7



f‘uﬂriw.m rubs developed in the lane. Profile :gl.ots in 25
figure 15 show the irregular grade that developed from uneven :
{mﬁudim} ?ettlmﬂt

n.” Average total loil aefg‘tétionk meun{rea at 0,

at 0 an 2Q coverages were identical v.nd exceeded those at 32
ges. Elastic soil deflections, :hﬁm in m&.e 1, aid
nge with ﬁ‘z,!!‘?ic_- R P o
R'o.lm rusabstliu Drawbar pull hluaes- sh.bwn in 'i-.tiole 1, im-
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SECTION V: PRINCIPAL FINDINGS

From the foregoing discussion, the principal findings reluting
test load, wheel assembly, tire pressure, and traffic coverages are
a8 follows:

Rated Coverages
Joad, Wheel Assembly, Subgrade at
and Tire Pressure CBR* Failure

25,000-1b load; single-
wheel assembly; 56x16,
32-ply tire at 100-psi
inflation pressure 9.2 70

25,000-1b load; single-
wheel assembly; 25.00-
28, 30-ply tire at 100-
psi inflation pressure 7.8 200

25,000-1b load; sgingle-
vwheel assembly; 17.00-
16, 12-ply tire at 100-
ps? inflation pressure 7.8 100

19,000-1b load; single-
wheel assembly; 34x9.9,
lh-ply tire at 100-psi
intlation prescure 8.4 32

* A1l test lanes were unsurfaced.
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TABLE 2
SUMMARY OF CBR, DENSITY, AND WATER CON’H‘HT DATA, TEST SECTION 7
Test } Water “Dry
Lane Cover-~ Depth : Content Density
No.*  ages (in.) CBR I (1b/cu £t) __Remarks
13 0 0 6 26.3 gh.1 Lane failed due
6 9 25.6 91.6 tc rutting at
12 9 25.1 96.7 70 coverages
18 6 27.5 oh. 4
70 0 T 26.4 95.8
6 9 23.9 95.5
12 15 23.8 97.2
i8 11 25.5 gh.6
14 0 0 6 26.3 9.1 Lane failed duve
6 9 25.6 91.6 to excessive
12 g9 25.1 96.7 differential
i 18 6 27.5 gh.4 deformations
7 at 200 cover-
ages
200 0 6 26.9 96.5
6 8 25.8 96.1
12 9 26.4 95.0
18 10 26.0 95.6 1 .
15 0 & 25.8 93.k Lane Palled due
6 9 23.5 90.0 to excessive
13 g 25.7 9l .8 differential
1 25.9 92.1 . deformations
3 Si _ et ;:Qo' cover-
- v aﬁé&? -
T o - 0 7 258 - 96.9 MER Y
\ 6 9 25.0 99.4 tmg
‘ 12 ;&g 27.3 Olt.1
18 '8 26.7 92.8
16 0 o) o 25.8 93.4 g Im,né fail"d due
b : 6 9 23.5 90.0 to I'utting at
T gl 12 8 25.7 94.8 32 coverages
' s 18 8 25.9 92.1 N - :
S R 25.3 96.4 %
3 i 6 10 £5.5 6.4 s
5 ozl W ko §h.7; Al v¢
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Figure 2.

Ioad vehi:

le used on lanes




Lane 13; general view showing transverse straightedge
measurement at 7C coverazes (failure)

14



Figure 6.

Figure 5. ZLane 1k prior to traffic

Lane 1lL4; general view showing transverse straightedge
measurement at 200 coverages (failure)




Figure 8.

Figure 7. Lane 15 prior to traffic

Lane 15; general view showing transverse straightedge
measurement at 100 coverages (failure)
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Figure 10.

Figure 9. Lane 16 prior to tral’fic

yT6 336

General view of lane 16 after 32 coverages (failure)
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