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FOREWORD

This report was prepared by the U. S. Army Epgineer Waterways Experiment
Station, Vicksbirg, Mississippi, under MIPR 68-7. The rescarch was jointly
sponsored by the U. S. Air Force under Program Element 64708F, “roject 5224,
Task 04; the U. S. Aray under Task 92, Work Ynit 002; and the .. val Aviation
Administration under Engineering Requirement FAA-ER-450-034:.

inclusive dates of research were 1 January 1968 throughk . August 1971. The
report was submitted 20 September 1671 by *he Air Force Weazpons Laboratory Pro-
ject Officer, Mr. L. M. Womac}. {(DEZ-M).

The following consultants participated in the prejrct and attended the
consultents' meeting in January 1970: Professor S. J. Buchanan (Texas A&M
University), Professor R. E. Fadum (North Carolina State University), Professor
W. H. Goetz (Purdue University), Professor M. E. Harr (Purdue University), Pro-
fessor W. R. Hudson (University of Texas), Professor C. L. Monismith {(University
of California), Professor E. G. awy (Rutgers University), Professor A. 5. Vesic
(Duke University), Professor R. K. Watkins (Utah State University), Professor
R. W. Woodhead (University of Illinois), and Mr. W. J. Turnbull (Vicksburg,
Mississippi).

The investigation reported herein was conducted under the overall supervision
of Messrs. W. J. Turnbull (retired), J. P. Sale, A. A. Maxwall (deceased), and
R. G. Ahlvin, Soils Division, WES. Other Soils Division personnel actively
engaged in this study were Messrs. D. N. Brown, C. D. Burns, A. H. Joseph, W. H.
Larson, A. L. Mathews, H. H. Ulery, Jr., D. M. Ladd, J. E. Watkins, R. W. Grau,
R. H. Ledbetter, D. L. Cooksey, J. W. Hall, Jr., H. R. Austin, M. J. Trawle,
and G. M. Hammitt II, and Dr. O. O. Thompson, and Dr. Yu-Tang Chou. Personnel
of the WES Instrumentation Services Divisiun engaged in the study were Messrs.
L. M. Duke, G. C. Downing, W. S. R. Beane IV, and J. L. Ferguson. Messrs. W. O.
Tynes and W. F. McCleese of the WES Concrete Division supervised the concrete
laboratory testing.

Personnel of CERL actively engaged in the investigation were Messrs. J. J.
Healy, R. L. Hutchinson, J. L. Rice, F. W. Kearney, and J. B. Gambill.

The flexible pavement portions of the report werec written by Mesers. Ahlvin
and Jlery, and the rigid pavement portions of the repor:t were written by Messrs.
Hutchinson znd Rice. Cceordination between WES and CERL in preparaticn of the
report was by Mr. Ulery.
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FOREWORD (cont ‘d)
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Project Officer
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Et Colonel USAF
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ABSTRACT

(Distribution Limitation Statement B8)

Flexible and rigid pavements were constructed and tested to obtain data
cn pavement and soil behavior under large aircraft loadings for use in de-
veloping criteria for evaluating and designing airfield pavements subjected
to multiple-wheel heavy gear loads (MWHGL) . '

The test sections incorporated instrumentation systems designed to de-
termine the response of the pavement strictures to static, dynamic (slowly
moving), and vibratory loads and to traffic by full prototype loadings of a
12-wheel assembly (one main gear of a C-5A aircraft), a twin-tandem assembly
(one twin-tandem component o? the Boeing 747 assembly), and a single wheel.

Analysis of static load response data from the flexible pavement instru-
mentation program resulted in the establishment of maximum elastic deflec-
tion and vertical elastic stress versus depth curves. Comparisons showed
that the same relationships were true for static and dynamic load tests, as
well as for speed tests. The findings for the rigid pavement test section
indicated that the Westergaard algorithm can be used for reasonable predic-
tion of pavement response to test loadings.

The data fror: the instrumentation program and the traffic tests were
used in the analysis of the flexible and rigid pavement test sections. The
analysis resulted in a modification of the bhasic flexible pavement CBR design
method. The rccommended method reflects a reduction of existing Corps of
Engineers (CE) thickness requirements that is especially significant for
multiple-wheel assemblies in the higher operaztional level.. Current CE eval-
uation and design methods for rigid pavements are based on stress in the
concrete pavement as calculated from the Westergaard analysis; extrapolations
to the existing criteria were found to be valid for MWHGL assemblies insofar

as pavement thicknesses were concerned. Pigic pavement testing indicated

that current jointing recommendations alloving keyed constructicr joints may
f ¥ ) 8y

be unconservative for MWHGI. assemblies trafficking a pavement overlying a

low-strength subgrade.
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT

British units of measurement used in this report can be converted to metric

units as follows:

Multiply By » To Obtain
inches 2.54 centimeters
feet 0.3048 meters
miles (U. S. statute) 1.609344 kilometers i ﬁ
square inches 6.4516 square centimeters
square feet 0.092903 square neters
cubic yards 0.764555 cubic meters
gallons (U. &.) 3.785412 cubic decimeters
pounds 0.45359237 kilograms
kips 453.59237 kilograms
pcunds per square inch 0.070307 kilograms per square
centimeter
pounds per cubic inch 27.67984 grams per cubic centimeter
pounds per cubic fcot 16.0185 kilograms per cubic meter
feet per second 0.3048 meters per second
miles per hour 1.60934kL kilometers per hour
Fahrenheit degrees 5/9 Celsius of Kelvin degrees*

* To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,
use the following formula: C = (5/9)(F - 32). To obtain Kelvin (K) read-
ings, use: K= (5/9)(F - 32) + 273.15.

xiii/xiv !
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SECTION I

INTRCDUCTION

l. PURPOSE

This investigation was conducted mainly to validate present criteria,
to establish modifications to present criteria, or to develop new criteria
for the evaluation and design of boch flexible and rigid airfield pavements
to be subjected to multiple-wheel heavy gear loads (MWHGL). MWHGL as used
in this report denotes aircraft gross lcads in excess of 600 kips.l A pur-
poss of this study was to collect instrumentation and traffic behavior data
for future use in the evaluation of the applicability of theoretical treat-

ments of pavement design.
2.  BACKGROUND

Development of a new giant jet transport aircraft by the U. S. Air
Force (AF) has led to a significant increase in aircraft size and weight
to be accommodated by existing and future airfields. This giunt aircraft
is the C-5A Galaxy (figure 1) built by Lockheed Aircraft Company. The C-5A
has a gross weight of over 750,000 1b with growth potential. In the design
competition for the giant transport, Boeing, lockheed, and Douglas Aircraft
Companies vere prime participants. Boeing has built the 747 aircraft, and
Lockheed and Douglas are building the 1~-500 and the DC-10, respectively,
all of which are in the general gross weight range of the C-5A.

Since these airc.2ft will be twice as heavy as their predecessors ana
wiil impose loads on pavements that are radically different from those pre-
viously encountered, there is wide concern over requirements for pavements
to support them. Extensions to the existing criteria for pavement evalua-
tion and design ~re necessary to evaluate the effects of these loads. Date
are also required to determine the relative destructive effects of new and

proposed aircraft on pavement performance.

Increase in aircraft size and weighl has been experienced repeatedly

in the past. Following World War II, the need to spread aircraft loads to

lA table of factors for converting Britizh units of measurement to metric

units is presented on page xiv.
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more wheels became apparent and léd to two- ana four-wheel gear configura-
tions. With the advent of the C-%A and equivalent large civil aircraft came
the need for substantially more wheels Leneath the aircraft. The many cup-
porting wheels are needed to proviqe ground flotation compatible with exist-
ing pavement systems and, in the cése of the C-5A, with expedient military
airfields. Aircraft ground-flotation criteria, by which the individual wheel

loads, tire pressures, and wheel spacings are selected to provide desired
flotation, have been developed by the U. S. Army Corps of Engineers (CE) for
the AF (references 1, 2, and 3) and were specifically applied in design of

the C-5A and apparently also for the above-mentioned 747, 1~-500, and DC-10
aircraft.

The C-5A was designed with fliotation sufficient to permit its unre-
stricted use on medium-load AF airfields. A mediwm-load pavement, as defined
for AF use, is one that is capable of supporting aircraft with a 100-kip load

on a gear with twin wheels spaced 37 in. center-to-center (c-c) and having

tire contact areas of 267 sq in. Such a pavement will also support KC-135
aircraft at 300-kip grcss weight. The KC-135 aircraft.is the military ver-
sion of the Boeing 707 and has requirem:nts about the same as those for an

unstretched DC--8 aircraft. The Boeing 747 has apparently been designed for

b
i
i
1

use on civil airfields capable of sustaining regular operations of a 350-kip
DC-8. Medium-load pavement design requiranents formed the basis for design
of the test pavements in the investigation reported herein. Landing gear
complexes of 18 tb 28 wheels are the result of providing medium-load pavement
flotation in the C-5A and flotation comparable to that of previous commercial :
Jet transports in the current very large civil aircraft. For flexible pave-
ments, this puts new emphasic on the effect of wheel interaction and the
broader deflection vasin commensurate with the multiple-wheel landing gear
complexes. For rigid pavements, the distribution of wheel loadings over
nearly an entire single pavement slab raisec doubts as to the adequacy of
assumptions of interior corner or edge loadings on slabs assumed to extend 3
to infinity and the adequacy of present means of measuring subgrade support.
Also, it raises questions in repard to conventional assumptions of degree of
load transfer across joints. The investigation reported herein was under-

taken to provide better iniormation to resolve these protlems.

The AF, Army’, and Federal Aviation Administration (FAA) jointly sponsored
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this investigation. The specific AF objective was to provide meens for de-
signing and evaluating flexible and rigid pavements for very heavy multiple-
wheeled aircraft. The effects of these loads on an overlay pavement were
also studied. The C-5A and other gimilar aircraft will be operating in sup-
port of the Army. Oince these alrcraft will be required to operate from
Army airfields, the Army must have a means of evaluating Army airfields for
multiple-wheeled heavy-lioad aircraft. The objective of this investigation,
therefore, was to provide the Army with a means of evaluating airfielas for
C-5A-type loadings. The Army is also interested in operation of heavy
transport-type aircraft on membraine-encased soil leyer (MESL) construction.
After failure, part of the flexible pa.ement test section was replaced with
MESL construction. The effects of the C-5A load on MESL test items were de-
termined and are discussed in a separate report (refererce L4). The FAA is
concerned with the operation of the Boeing 747, SST, and even leavier future
aircraft on existing airfields and the etfectc that these aircraft will have
on the pavement structures. This investigation will provide methcdology for

use in develoning airfield design and evaluation criteriz for such aircraft.

3. SCOPE

The purpose of this investigation was accomplished by the construction
and testing of a specially designed test section consisfing of both flexible
and rigid pavements as described herein. Teciing consisted of instrumenta-
tion measurements of deflection, strain, and stress reiulting from applied
static and dynamic (slowly moving) single- and multiple-wheel loads; nonde-
structive vibratory testing to determine wave velocity and stiffness; and

traffic testing with multiple- and single-wheel gear assemblies.

The MWHGL study represented such an extensive effort that the report of
the study was divided into the following volumes:

I - Basic Report (background, sumary of entire study, conclusions,
and recommendations)

II - Design, Construction, and Behavior Under Traffic

III - Presentation and Initial Anaiysis of Stress-Strain-Deflection and
Vibratory Measurements

A. Instrumentation

B. Data and Analysis
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IV - Analysis of Behavior Under Traffic

This vclume presents the background, summary of the entire study, ex-

amples of pavement thickness criteria, conclusions, and recommendations.

Volume II is limited to the design, construction, ‘instrumentation sys-
tem, physical properties, and behavicr under traffic of the MWHGL test

section.

The subject matter of Volume III was too broad to be presented in a
single report. Therefore, Volumz III-A mainly describes the flexible and
rigid pavement instrumentation system and its installation and operation to
collect the data required to determine the stresses, strains, and deflec-
tions under various static and dynamic loads and wheel configurations, tem-
perature and pore pressure effects, and soil behavior patierns. Volume
I1i-A also includes descriptions of the preliminary test prcgram conducted
to evaluate the performanne of the system and the tes procedures and ap-
plicaticn of loads for the major test program. Volume III-P describes the
major test program and the interpretation and limited analysis of instru-
mentation data collected during static and dynamic load tests, i.e., stress,
congolidation, deflection, pore pressure, temperature effects, and pavement
strain. Volume III-R also describes the results of the tests to determine
the effects of the speed of the vehicles during the dymamic load tests, as
well as a limited analysis of the scil behavior patterns. Tabulations of
selected actual data are presented in the appendixes to Volume III-B. Com-
plete data are on record at WI''. The analysis was fairly extensive but
was not intended to be completely comprehensive under the current

investigation.

Volume IV presents a summary of the investigation of various thecretical
concepts of pavement behavior with advantages and limitations of each con-
cept. Following a discuscinn of these concepts, a review of thc development
of the current CE methods of design for rigid and {lexible pavements is pre-
sented, and the analysis of Jdata from the MWHCL test section is given. Data
used in the analysis and criteria development were selected {rom Volumes I1
and III-B.

L. HISTORY AND CHRONOLOGY

Viork began on the site selection, planning, and design phasec of the
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investigaticn in February 1968. The initial funding of the investigation
was by the AF in January 1968. Original Army funding wes authorized in Narch
1969. Funding by the FAA was by FAA interagency agreement in May 1969.

Construction of the test section was initiated in July 1958. The flex-
ible pavement portion of ihc¢ test section was completed in November 2968,
and the ricid pavement portion was completed iu December 1968. All work was
accomplisied by WES personnel except for placement of the portland cement

concrate pavement, which was accomplished under comntract.

During the period April to July 1567, instrumentation tests were con-
ducted. Trafficking of the test sectiun began in August 1969, and all field
testing was completed in February 1570.

During the conduct of the investigatiocn, iive MWHGL consultants' meet-
ings were held at WES for the purpose of reviewing progress of the investi-
gation. These meetings were held on the following dates: 13-14 June 1968
(before start of construction), 6 November 1968 (during construction),

27-28 May 1969 {after construction was completed and shortly after start of
the instrumentation tests), 8-9 October 1969 (after insirumentation tests
were completed and during actual test traffic), end 26-28 January 1970 (after

traffic testing and data collection were essentially completed).

The consultants’ meeiing held on 26-28 January 1970 was particularly
significant in that the analysis of MWHGL test results had progressed to the
point that preliminary pavement design and evaluation criteria for the C-5A
and Boeing 747 aircraft hsd been developed and were made available to the

sponsors.

1
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SECTION II

DESIGN AND CONSTRUCTION

1. GENERAL

The multiple~-wheel gear configuration selected for the traffic testing
of the test sections was that used for the C-5A aircraft. The C-5A aircrart
was designed for use on medium-load AF pavements; therefore, when possiblez,
medium-load pavement reguirements were used in the design of the pavement
test items. The greatest influence of combined loadinge from a number of
wheels is effective at substantial depths. In order for this influence to
occur within the pavement structure, it was necessary to use a low-strength
subgrade, which would require large structural thickness. Accordingly, all
of' the rigid pavement items and flexible paveoment items 1, 2, 3, and 5 were
designed for a constant-strength subgrade with a modulus of soil reaction
k of 100 1b/cu in. or a California Bearing Ratio (CBR) of 4 to a depth of
12 f£t.

The AF medium-load criteria for flexible pavements, as shown in TM 5-
824-2/APM 88-6, Chapter 2 (reference 5), require a minimum pavement and base
thickness of 9 in.: 3 in. of hot-mix surfacing on a 6-in. base course.
These minimum thicknesses were used in all test items, but the total thick-
ness of the flexible pavement test items (thickness above the subgrade) was
varied from 15 to 42 in. so that failures would occur at traffic volume
levels that are expected to occur, under normal aﬁeraiing conditions, from a
few weeks to several years. In order to determine the MUWHGL effects on deep
soft layers, item 4 of the flexible pavement section was designed with an
extra weak 36-in. layer of 2-CBR material located 21 in. below the surface
of the 4-CBR subgrade or 54 in. below the surface of the pavement.

ror the rigid pavement, the AF medium-load criterie require thickneusses
in excess of that which would be failed under reasonable volumes of traffic.
Therefore, the thicknesses were selected using current CE design procedures
extrapolated to acccunt for the heavier load and greater number of wheels.
They were varied from 8 to 1% in. sc that failures would occur at iraffic
volume levels representirg that which is expected to occur, under normal op-

erating conditions, from a few weeks to several years. Information available

6
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regarding the concrete strength attainable using loeally available gravel ag-
gregates indicated a 28-day flexural strength of 650 psi as reasonable.
Therefore, the design thickness of the rigid v.vement was based upon a con-
crete strength of 650 psi and a modulus of snil reaction % value of 100 1b/
cu in. Thicknesses were selected using the Westergaard solution for stress
due to edge loading and assuming that 25 percent of the edge loading would be
transferred to the adjoining slab through the jointing arrangement. Results
of a small-scale static load model study {reference 6) were also utilized in

the selection of thicknesses for the test items.

Items 1 and L of the rigid pavement test rection, which were 10 and & in.
thick, respectively, were designed to fail under a low volume of t;affic.
These items were neeused to validate current criteria for the evaluation of al-
lowable loadings of pavements for various traffic lives. After each of these
items had deteriorated to the point at which an operational paveuent would
require an extensive sirengthening procecs, a nonrigid overlay was con-
structed. Traffic was tiien continued to validate current criteria for
strengthening of existing rigid pavements. Nonrigid overlays of L and 6 in.
were used on the 10- and 8-in. items, respectively, tc extend their lives to
a volure of traffic that would be anticipated during the life of a pavement
uander normal operation conditions. Item 2, a 12-in.-thick pavement, was de-
cigned to sustain a volume of traffic that would normally be expected to oc-
cur during the design life of a pavement. The Vi-ir..-thick pavement, item 3,
was expected to have a2 traffic life greater than thec normal design volune
and was not expected to fail. Therefore, the four thicknasc<es bracketed the
thickness beljceved adequate for the loading to be applied based upon current
criteria ap-. should provide information regarding thicknesses needcd for low-

volume trafric and for strengthening existing pavements.

“ieakened-nlane iraunsvers? contraction joints were used on 25-ft spaciuss.
The 25-ft spacing evceeds that recommended for 8- and 10-in. paverents in
reference T; i.e., ARV 88-6, Chapter 3 (DA Technical Manual TM 5-82L-3).
Recommended spacings foo 8- and 10-in.-thick pavements are 15 and 20 fi, re-
spectively. The 25-ft spacing was used to reduce the number of variables
since a 25-f¢ spacing ir recommended for ihicker pavements. Tt greater slab
gize was also desirable because dimensicne of the multiﬁle-wheLL gear ar&.

sucn ihat both sgix-wheel assembiies will Harely fit on a 25-1t slab. Special
P
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cuwing procedures were used to minimize the possibility of cracking in the
large slsbs durii, tue early curing period. All joints were sealed with a
hot-poured joint-sealer material.

2. DESCRIPTION OF TEST SITE AND LAYOUT

The soil in the area in which thertest section was located is a lean
clay (loess) deposit. The average water table was at a'depth cf aporoxi-
mately 17 ft. In order tc obtain a uniferm controlled-strength subg-ade to
a depth of 12 ft below the sﬁrface of the pavement, it was necessary to exca-
vate the existing material from the test zite tc a depth of 12 ft below fin-
ished design grades and backfill with controlleé-strength materials. This
resulted in an zverage excavation of about 6 ft of material from under all

{28t items of the flexible and rigid pavements.

The rigid pavement test items were cvach 50 ft square and composed of
four 25-ft-square slabs separated by a longitadinal construction joint and a
trangverse weakened-plane joint. The rigid pavement test items were sepa-
ratved by 25-ft-long by 50-ft-wide transition slabs, which were hegvily rein-
forced to prevent the migration of cracks from one test item to another. Thé
flexible pavement test items were each 60 ft square. A plan aud profile of

both the flexible and rigid pavement test sections are shown in figure 2.
3. PAVEMENT ELEMENTS

a. Lean Clay Subgrade

The aatural soil et and near the test site was utilized for the bat-
tem portion of the controlled-strength subgrade. The soil had a liquid limit
{LL) of 24 and plasticity index {PI) of 12 and was classified as a lean clay

{CL) according to the Unified Soil Classification System (reference 8).

b. Heavy Clay Subgrade

The top 3 ft of subgrade under all rigid pavement test items and
flexible pavement test items 1, 2, 3, and 5 consisted of a heavy clay (CH)
material. This material had an LL of 73 aad a PI of Ud. The clay, locally
known as Lickshot, was obtained from a backswamp deposit along the Migsissippi
River nesr Vicksburg, Miss. Experience has shown that heavy clay will retain
a constant water content and strength over a longer period of time than will

lezn clay. Therefore, this soil was selected for use in the upper 3 £t of
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the controlled-strength subgrade for both the flexible and rigid pavement
test items exceptAin item 4 of the flexible pavement.. Iiem L was constructed
with an extra wesk 36-in. layer of 2-CER heavy clay located 21 in. below the
L-CBR heavy clay subgrade.

c. Subbase Course

The subbase material consisted of a nonplastic gravelly sand (SP).
The gravelly sard material met all requirements of Guide Specification CE-
807.02 (reference 9) and M 5-824-2/ARM 88-6, Chapter 2 (reference 5). In
the design of the flexible pavement test section, the major variable in the
various items was total thickness of construciion over the subgrade. This
variation was accomplished by varying the thickness of the subbase course as

indicated in section A-A of figure 2.
d. Base Course

A G-in.-thick crushed-stone base course was specified for all test
items of the flexible pavement section. The material used (crushed limestone)
net all reéuirements of Guide Specification CE-807.07 (reference 10). No
base course or filter ccurse was used in the rigid pavement test items because
an increase in foundaticn strength (svograde modulus) was not a part of the
test and, considering the relatively short time of the test, puuping was not

expected to be a problem.

e. Asphaltic Concrete

A mix design for the asphaltic concrete surfacing layer was prepared
utilizing 3/h-ir. maximum-size crushed limestore, sand filler, and 85-100
penetration-grade asphalt. The gracdation met the requirements of Table II,
Gradation 11, of Guide Specification CE-807.22 (reference 11). A design
asphalt content of 5 percent was selected 1or the asphaltic concrete mixture.
The same mixture was used for the full 3-in.-thick asthaltic concrgte

surfacing.

f. Portland Cement Concrete

A natural sand and l-in.-maximum nominal-size gravel aggregate
{chert) were selected by the contractor. A concrete mix study was conducted
by the WES Concrete Division, and, based upon the study, a mixture having a

cement factor of 5.0 bags/cu yd, water ccntent of 5.0 gal/bag of' cement,
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slump of 2 in., and 5.0 percent entrained air was selected to yield a 28-day
design flexural strength of 650 psi. Type I portland cement from the Dundee
Cement Company was used. The concrete was dry batched at the plant of the

Vicksburg Concrete Co., Inc. It was transit mixed and delivered ic the con-

struction site, a distance of about 2-1/2 miles.

g. Nonrigid Overlay

The mix design for the asphaltic concrete used for the nonrigid over-
lay was the same as that used for the asphaltic concrete surface layer on the
flexible pavement test items except that a leaner mix was used to resist ex-
cessive plastic flow under traffic. All of the overlay was placed using an

asphait content of 2.6 to 2.8 percent.

L.  CONSTRUCTION

The test section was constructed during the period July-December 1968.
All work was accomplished by WES personnel except for the portland cement
concrete section, which was placed under contract. Details of the construc-

tion operations are given in Volume II.
5. TESTING AND SAMPLING DURING CONSTRUCTION

a. Water Content, Density, and CBR

Water content, density, and CBR determinations were made at the bot-
tom of the excavation and at the surface of each 1lift of material as placed
in the test section. These tests were performed for control purposes; when
the values were not in the desired range, corrective action was taken prior
to proceeding with construction. At completion of construction of the base
course in the flexitle pavement portion of the test section, test pits were
excavated in each test item, and water content, density, and CER determina-
tions were made at the surface of the base, subbase, subgrade, and at approxi-
mately 1-ft intervals to some depth into the cubgrade. The density determi-
nations were made in the granular base and subbase materialc by the sand-
displacement method, i.e., MII~-STD-621A, Method 106 (reference 12), and in
the fine-grained subgrade materials by the drive~cylinder method, i.e., MIL~
STD-621A, Method 103 (reference 12). 1In addition, measurements were made of

the thickness of various elements of the structure above the subgrade.
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b. Plate Bearing Tests

Plate bearing tests werc made on the finished subgrade of the rigig
pavement pcrtion of the -test section. These tests were made in each test

item immediately prior to the paving operations.

¢, Vibratory and Seismic Tests

Vibratory and seismic tests were perforned at the bottom of the ex-

cavation and on the surface of each element c¢f the pavement structure.

d. Concrete Samples

Samples of concrete wcre taken from the coucrete mixtures as “hey
were discharged from the ready-mix trucks. Beamz 6 oy 6 by 36 in. and cyl-
inders 6 in. in diameter by 12-in. high were tsker that vere representative
of the concrete placed in each tecst item of eacli paving lane. In each case,
one beam and one cylinder were field cured, a:d onz beam and <ne cylinder

were standard cured.

e. Sampling
Disturbed sawples of the subgrade, subbzse, and base courcse materials
vere obtained and scored for future testing as needed. Also, undisturbed
samples (10 by 10 by 10 in.) of the compucted subgrade material were obtuined
from both the rigid and flexible pavement portions orf the test section for

future testing.
6. PROPERTIES CF AS-CONSTRUCTED PAVEMENTS

A summary of the as-constructed thickness, CBR, water content, and den-
sity of the various elements of the flexible pavement structure is shown in
table 1. The field data measurements were obtained from test pits excavated
from the surface of the base course prior to placement of the asphaltic con-

crete pavement.

A sumary of stability, flow, voids, and density data for laboratory-
and field-compacted asphaltic concrete specimens is shown in table 2. Data
from the field-compacted mixture are shown for cores cut immediately after

compaction and after various coverages of traffic with the 12-wheel assembly.

A summary of the nas-constructed properties of the foundation and concrete

matcrials is shown in tabie 3. Density and water content data arc averages

11
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of results of tests conducted on each 1ift of the subgrade material after it
was placed and compacted during construction. The plate bearing tests were
conducted on the surfece of the subgrade after it had been brought to proper
grade and just before paving operations. Concrete flexural aund compressive

strength data are shown in tables ): and 5, respectively.

As-constructed density data for field-ccmpacted asphaltic concrete speci-
mens -re shown in table 6. It shouid be noted in table € that the same in-
place density was obtained in the aonrigid overlay regardless of the thickmess
of the layers.

The relalively low CBR values indicated for the crushed-stone base course
in the west maneuver area and test item 1 of the flexible pavement test sec-
tion were due to the thin cover of the subbase and base over the low-strength
subgrade, which resulted in high deflection and yielding of the subgrade
under the compactiocii roller and thus in the inability to obtain adeguate

compaction.

The measured CBR values of the gravelly sand subbase material were low
in all “tems of the flexible paverent test section. This was due to the co-
hesionless nature of the material and the lack of confinement in the field
test pits. The effective strength of the subbase material confined in the
pavement structure is probably much greater than indicated bty the field in-
place CBR test. The as-constructed subgrade strengths were generally slightly
less than the design value of U CBR. However, this was de,ired as it was an-
ticipated that the subgrade strength would increase slipghtly prior to traffic
and during the traffic testing period. The test pit in test item 3 was ex-
tended through the full thickness of the controllcd-strength subgrade, and,
as can be noted, the measured CER values in the lean clay naterial from ele-
vation 184.8 to 181.8 averaged about 2 CBR. This was considered to be repre-
sentative of the strength under all test it=ms at comparable depths.

12




AFWL~-TR-T70-113

SECTION III

INSTKUMENTATION

Instrumentation data were collected for use in this investigation as de-
scribed in Section I.1 as well as for future use in evaluatio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>