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PREFACE

The study described in this report was sponsored by the Federal
Aviation Administration under Inter-Agency Agreement No. DOD-FA/74WAl-
487, "Theoretical Relationship Between Moduli for Soil Layers Beneath

Concrete Pavements.'" This report is the second of two reports to be .

completed under this agreement and covers the work accomplished between

June 1975 and January 1976.
The assistance of U, S, Naval Mobile Construction Battalions Four
and Ten in providing the equipment and labor for construction of the
3 subgrades and pavement sections is appreciated. Also the dedication
l and excellent assistance of Mr., Leonard Woloszynski in supervising the

i construction and testing activities is greatfully acknowledged.
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i NOTATIONS
é
! a soil parameter
E (€] constitutive matrix
C13 components of the constitutive matrix
t e void ratio
f E Young 's modulus
r En Young's modulua for the nth pavement layer
G shear modulus
E Gmnx maximum value of shear mocdulus for a particular soil
E G‘ secant shear modulus
é k Westergaard, subgrade stiffness parameter
% K coefficient of lateral earth pressure or bulk modulus
Kt Westergaard displacement functional
P pressure
PI plasticity index
q dimensionless parameter used in expression to calculate Vg
s percent saturation
Sl' C1 gsoil parameters
) peak deflection
Y accumulated maximum shear stress é
Yu hyperbolic shear strain é
Ye reference shear strain é
. engineering shear strain é
{e} strain tensor 3
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NOTATIONS continued

sum of normal strains (appromimately equal to volumetric

strain)
stress tensor

principal stresses

sum of normal stresses (i.e., 91 + 99 + 033)
normal stress/strain in R - coordinate direction
tensor shear stress/strain in R, Z plane

normal stress/strain in 6 - coordinate direction
normal stress/strain in Z - coordinate direction
Poigson's ratio

Poisson's ratio for the nth pavement layer

Poigson's ratio at zero shear strain and at large

shear strain
secant Poilsson's ratio

accumulated maximum shear stress
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INTRODUCTION

BACKGROUND

This report is the second phase of a study initiated to provide
valid, mathematically consistant relationships between the Westergaard
method of analysis and the elastic layer method of analysis for rigid
(portland cement concrete) airfield pavements. The study was required
in order to explain the different results which sometimes occurred from
application of the two different design methods to the same field
gituation.

The first phase of this study (Reference 1) developed mathematical
expressions relating the subgrade modulus used in Westergaard design to
the parametric values defining the various layers in elastic layered
systems, Several mathematical relationships were presented which related
the Westergaard analysis for rigid pavements to the elastic layered
method used for both rigid and flexible pavement design. Twenty three
actual pavement sections representing a wide variation of rigid pavement
types were selected to illustrate the use of the developed relationships.
Within the context of linear analysis it was demonstrated that designs
based upon peak pavement stress were compatible by either analysis. How-
ever, peak displacements by the two different methods of analysis were
found to differ by a rather consistant 70 percent. For the range of
loadings and types of pavement sections considered, the Westergaard
analysis consistantly underpredicts the peak deformation calculated by
elastic layered analysis.

The relationships demonstrated that the problem of correlating the
two methods can usually be related primarily to inconsistancies in
material input, in one or both of the two methods, and to a considerably
lesser extent to the disparities in the mathematical idealizations.

This phase of the study reported herein was designed to both validate,
under controlled conditions, with well defined pavement test sections,
the conclusions reached theoretically in the first phase, and to establish
reglons of validity.

PROGRAM ELEMENTS

A test facility was constructed at the Civil Engineering Laboratory
(CEL), for the purpose of providing data. This data also provides a
measure against which the appropriateness of various pavement analysis 4
procedures can be assessed.
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The CEL Pavement Test Facility consists of two sites, A and B, con-
taining a sand subgrade and a compacted clay subgrade, respectively.
Various pavement sections were constructed over these subgrades allowing
an economical construction of test sections while concurrently providing
instrumented subgrades whose properties were well defined.

The four test sections, were as follows:

ik

Test Site Pavement Section Placed on Subgrade
i Al A 9 inches of portland cement concrete (PCC)
A2 A 6 inches of concrete over
6 inches of asphalt base
Bl B 9 inches of concrete (PCC)
B2 B 6 inches of concrete over
8 inches of lime stabilized clay

These sections were constructed and loaded in a manner to minimize
boundary effects and to simulate as nearly as possible the idealizations
assoclated with the various analysis procedures. The loads were applied
using a 30 inch plate, with a maximum level of 90 kips. This load limit- )
ation was of major consideration in establishing the pavement thickness.
A description of the field tests is presented in Chapter 3, and Appendices
A and B.
3 One very important aspect of this study was characterization of the
pavement material responses for input into the analytic treatments. A
5 . comprehensive set of experimental data was available on a uniform sand
which was modelled in the sand subgrade, The fat highly plastic cohesive
clay used for the compacted clay subgrade had not been subjected to
i extenslve previous testing, therefore it was necessary to carry out a
3 comprehensive laboratory study to define its response characteristics.
Material characterizations for both of these materials are developed in
3 Chapter IV. (Summaries of the actual laboratory test data are included
g in Appendix C).
In addition to the imported subgrade materials it was necessary to
evaluate the response parameters of the other materials incorporated in
the pavement test sections, namely the portland cement concrete, the
asphaltic base course material and the lime stabilized clay. The scope
of the project prohibited as extensive a testing program for these latter
more conventional pavement materials, as was couiducted for the untreated
subgrades. Material characterizations for these latter materials are
also developed in Chapter 1V,
Chapter V provides discussion of the validity of the theoretically
derived conclusions presented in Reference 1, This chapter also discusses
; limits of applicability of the relationships, and any shortcomings or .
b limitations in the current study. The complexity of parameter interactions
k are also discussed together with the validity of various parameter evalu-
ation techniques.
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Conclusions based upon the overall study are presented in Chapter VI
together with recommendations regarding steps to be taken to both optimize
and advance the accomplishments of this study.

THEORETICAL RELATIONSHIPS

The original Westergaard idealization of a pavement considers a plate
of infinite extent supported by a fluid with a modulus of subgrade
reaction, or resistance to deflection denoted by k, in units of force per
unit area (length 2) per unit deflection (length). Obviously it would
be impossible to relate the response of such a system to an elastic
layered system at least on a one-to-one basis unless certain restrictions
are defined, such as size of the loaded area, strain or deformation levels,
material parameters etc. For this reason a completely general treatment
is rigorously impossible. The loaded area throughout this study is
assumed to be that of a 30 inch diameter plate (the size specified in
Westergaard design). The load ranges and materials are limited to those
that would be encountered in Federal Aviation Administration approved
airfield pavement practice.

The responses used for controlling design by the Westergaard approach
are the maximum tensile stress in the plate (the concrete pavement) and
the maximum deflection under the center of applied load. The elastic
layer method of analysis is based upon the theory of elasticity, and
congiders a series of N layers of infinite horizontal extent. The top
N-1 layers are of finite thickness while the bottom layer is considered
a semi-infinite half-gpace. Expressions for calculating the appropriate
stresses and deflections for both of these two ildealizations have been
presented in Reference 1. A computer code ELAST, for calculating these
quantities and also the values of the derived functionals relating them,
has been presented in Reference 1.

Three different definitions for calculating an equivalent subgrade
modulus, k, for elastic layered systems were utilized:

1. Computation of subgrade moduli, k%, based upon simulation of a
plate bearing test on a layered elastic system.

2. Computation of subgrade moduli, k%, for an elastic layered
system such that it would give the same pavement deflection as that
predicted by a Westergaard analysis.

3. Computation of subgrade moduli, kg, for an elastic layered
system such that it would give the same maximum tensile pavement stress
as that predicted by a Westergaard analysis,

Thus for any elastic system a k value could be calculated which
would be compatible with either a measured k value or either of the two
prescribed pavement response criteria, Unfortunately these various k
values were not equal due to the basically different natures of the two
theoretical idealizations, and are a function of both the system material
parameters and the applied loading. Reference 1 discusses the implications
of the differences between the various k values.
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Except for the k value calculated prior to placement of a specific
pavement, all the relationships (for any particular test section) between
Westergaard and Elastic layered analysis are load related. Thus it would
be informative to note how these relationships are affected by different
ranges of applied loading during the field tests.

The k value calculated for the pavement subgrade system prior to
application of the surfacing should first be compared with measured values,
to evaluate the validity of the material characterizations. By making
comparisions between the "ideal" granular subgrade section and the
compacted fat clay sections, some indication as to the validity of the
relatioaships with different types of material can be achieved.

Such comparisons can also be made with regard to the relationships
for the surfaced pavement sections, for different load levels. Also the
contributions of the different pavement component matexials used in the
test sections should be evaluated individually and compared to estimates
of their behavior based upon theoretical considerations. This includes
comparison between measured deflections and tensile stresses and theo~
retical values predicted by the two analytical approaches.

Considerable further analytic detail concerning shear strain dis-
tributions, stress levels in varilous component layers etc., could be
carried out, which would be very pertinent to advancing pavement design
technology. In addition, such stresses could be supported by the extensive
experimental data presented in this report. Unfertunately such complex
considerations are outside the scope of the present objectives.
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FIELD TESTS
CONSTRUCTION OF PAVEMENT TEST FACILITY

The subgrades and pavement sections were constructed and tested at
a gite located within the Construction Battalion Center, Port Hueneme.

A 300-foot section of existing embankment was selected as a site for the
two subgrades (Figure 1). Placement of the 8 to 9 foot deep subgrades
within the embankment insured that the subgrades would be above the
natural water table.

The fiftegn—foot high embankment consisted of a well graded fill
sand (SW, E-1)" constructed over in-situ clayey sand (SC, E-6). Debris
was removed from the north side of the embankment and the embankment was
excavated for placement of the clay subgrade. The clay subgrade was
constructed concurrently with widening of the embankment with SC fill
material (Figure 2a). After completion of the clay subgrade, the em-
bankment was cut for construction of the sand subgrade which proceeded
in the same manner (Figure 2b). Construction specifications for earth-
work are presented in Appendix A,

Clay Subgrade Construction

After excavation into the embankment, the bottom of the cut was
compacted with a self-propelled vibratory roller with & smooth drum, and
a plate test was conducted on the fill sand of the embankment (elev +
12.23) (see Appendix B). Polyethylene was then spread over the bottom of
the cut and the first clay 1ift was placed and compacted. Temporary
forms were used to control clay placement and polyethylene was placed
along the sides of the clay lifts to retard moisture migration into the
clay subgrade after comstruction. Sand, previously excavated from the
embankment, was backfilled between the forms and the sides of the excav-
ation and compacted with an electrical tamper (Figure 3).

Clay was pulverized and mixed with water by a rototiller at an
offsite location and transported to the subgrade for spreading and com-
paction. The clay was compacted in 1lifts with a self-propelled vibratory
roller with a sheepsfoot drum. Five moisture/density tests of the com=-
pacted clay were accomplished with a nuclear meter (ASTM D2922, Reference
4) for each lift and readings were averaged to determine the representative
1ift density and moisture content. Fifteen moisture/density tests were
conducted using a sand comne apparatus (ASTM D1556, Reference 5) to
calibrate the nuclear meter with the clay soil. Moisture/density tests

aThroughout this report, the first soil classification designation in
parentheses indicates the classification according to the Unified Soil
Classification System (Reference 2). The second designation indicates
the Federal Aviation Administration (FAA) soil classification (Reference
3.
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Figure 3. Compaction of Clay Subgrade Boundaries
(NOTE: Polyethylene moisture barrier)

were also performed at various elevations along the clay subgrade bound-
aries in the compacted fill sand. Moisture/derlsity data are summarized
in Appendix B.

Bison soil strain gages were placed within the clay subgrade at
spacings of approximately 8 inches during subgrade construction. The
4=-inch diameter Bison gages were stacked from bottom to top at 8~inch
nominal spacings along the vertical centerline of the subgrade, and ome
pair of gages was placed on the subgrade surface 15 inches radially from
the subgrade center (Figure 4). Soil strain gage installation is discussed
in detail below,

After subgrade instrumentation was completed, forms were set and
the PCC pavement was placed for Test Section Bl.

Sand Subgrade Construction

The embankment was excavated from the north for placement of unwashed
fill sand (SW, E~1) for the sand subgrade. After excavation to the
desired elevation, the bottom of the cut was compacted with a self-
propelled vibratory roller with a smooth drum and moisture/density tests
were performed. A plate test using a 30-inch diameter plate was conducted
(Appendix B), and the first 1ift of sand was spread ana compacted. Water
was added to the fill sand during placement and the sand was compacted in
1ifts. An electrical tamper was used for compaction adjacent to the sides
of the excavation.
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Five moisture/density tests with a nuclear meter (ASTM D2922,
Reference 4) were recorded for each 1lift. Ten moisture/density tests
were conducted with a sand cone apparatus (ASTM D1556, Reference 5) for
calibration of the nuclear meter. Molsture/density data are summarized
in Appendix B.

Soil straln gages were placed within the sand subgrade during con-
struction. Gage locations are illustrated in Figure 5. After the sub-
grade reached the specified elevation, instrumentation was installed,
forms were set, and the PCC pavement was placed for Test Al.

INSTRUMENTATION

Instrumentation was included in each subgrade and the various test
sections to record quasi-static loading response data. Vertical soil
strain, horizontal concrete strain, and pavement surface deflection were
measured. Locations of instrumentation have been shown for each pavement
section test, Figures 4 and 5. The following paragraphs present a brief
description of the various types of instrumentation,

Soil Strain Sensors

The soil strain sensors were manufactured by Bison Instruments, Inc.,
Minneapolis, Minn. The sensors are individual disk-shaped coils which
operate through electromagnetic mutual inductance coupling of any two
sensors (Reference 6). The 4~inch diameter sensors were placed in near
parallel and coaxial alignment, and were separated with a nominal gage
length of 8 inches over which the soill strain was averaged. The sensors
were not connected and were 'free floating' in the soil; thus, they con-
tributed minimal interference with soil movement. The sensors were
connected by coaxial cable to a switch box and a Bison Instruments Model
4101A Soil Strain Instrument which contained the driving, amplification,
balancing, calibration and recording controls, and a self-contained
power supply.

Movement of one sensor with respect to an adjacent sensor was detected
by the change in electromagnetic coupling between them. The electro~
magnetic coupling between sensors is generally a nonlinear function of
spacing change; however, for the small strains measured, a linear function
was assumed, The sensors were accurately calibrated and changes in
sensor spacing were determined by reference to voltage output displayed
on a digital voltmeter.

One sensor palr was used as a calibration reference for each subgrade.
These two sensors were securely fastened at either end of a block of
wood and buried within the subgrade (Figure 6a). The spacing between
sensors of the calibration pair was constant and, for a given amplitude,
output voltage after nulling was constant., A calibration amplitude was
chosen and, prior to reading data from other sensors, the sensitivity
(gain) of the Soil Strain Instrument was adjusted to the selected setting
by referencing the output voltage of the calibration sensor pair.,

10
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The soll strain sensors were calibrated on a calibration fixture with
a micrometer, see Figure 6b. Although spacing resolution was ,0001 inch,
field tests indicated a spacing measurement repeatability of .0013 +.0009
inch. The sensors that were to be in close proximity to the loading plate
were calibrated at their respective distances from the plate to correct
for influence of the steel plate on the sensor inductance (Figure 6b).

Sensors were installed as the subgrades were constructed in such a
manner that the uppermost sensor was from 9 to 12 inches below the sub-
grade surface to minimize its movement by compaction equipment., They
were implanted by augering a hole to the desired depth, leveling and
tamping the bottom surface of the hole, and placing the sensor. Initial
sensor elevation (spacing) was determined electrically by the readout
from the 4101A Instrument and a small spirit level was used to insure the
sensors were horizontal (Figure 7). Sensor alignment was accomplished
electrically and, through optical surveying. After the sensor was posi-
tioned, the hole was backfilled in stages and hand tamped to the approxi-
mate density of the surrounding soil.

Concrete Strain Gages

Embedment strain gages (Figure 8) manufactured by AILTECH (formerly
MICRODOT Instrumentation Division) were placed near the bottom surface
of the test sectlon concrete slabs. Gage placement depths and orientation
for the various tests are given in Appendix B, Each gage consisted of a
self temperature-~compensated nickel chrome strain sensing filament encased
within a twisted stainless steel tube. The embedment gages had a 6.00
+.03 inch gage length and a rated strain leyel of +20,000 microinches
per inch with an apparent strain with temperature of +50 microinches per
inch (Reference 7).

Perforated metal discs at the ends of the strain tube provided a
means of securing the gages during concrete placement. Gages were secured
by driving nails into the subgrade and fastening the discs to the nails
with string. The gages were initially within a wood form which allowed
hand placement of concrete around the gages. When concrete screeding
advanced to the form, the form was removed and the concrete surface was
screeded. Workers were not permitted to step within the area of the gages
during concrete placement,

Deflection Gages

Pavement surface deflection was measured by mechanical dial gages
capable of measuring deflection with a resolution of ,0001 inch. The dial
gages were supported by a 3.5 inch diameter steel pipe which spanned 24
feet clearing the circular test pavement and the encompassing concrete
retaining ring (Figure %9a). The pipe was supported on a steel cradle
founded in concrete, and was clamped at one support. Dial gages were
positioned on the loading plate and, radially from the nlate to t.e pavement
edge. Except as noted, the dials and support beam were covered with

12
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; shades to minimize temperature errors (Figure 9b). Field measurements
E indicated temperature induced error to be on the order of .0037 +.0025
3 inch.

' TEST PROCEDURES AND DATA RECORDED

s Static plate load tests of the pavement sections were conducted
using a trailer designed by CEL. Water tanks mounted on the trailer
provided a maximum plate load of 90 kips. The trailer, supported by
sixteen wheels with a clearance between inside wheels of 22 feet was
positioned so that no wheels werae in contact with the circular tast
pavement, _
Load was applied to a 30-inch diameter steal plate in increments and !
data from all instrumentation (soil strain gages, deflection gages and )
concrete strain gages) were recorded when surface deflections (from ;
gages located on the loading plate) fell to less than .0001 inch movement
in one minute. Generally, several load cycles were completed in one
day of testing. Load test descriptions and dates are listed in Table 1.

k- Section Al

5 Test section Al consisted of a 9-inch thick concrete pavement placed

! on the sand subgrade, see Figure 35, Three concrete strain gages were

3 located approximately 0.5 inch from the bottom of the slab and were

1 diametrically orilented with two gages positioned at 15 inches from the
load center and one gage at the load center (Figure 10).

As shown in Table 1, load testing was accomplished in two days with
load cycles 1 and 2 completed on the first day and cycles 3 and 4, on the
second. Load was applied in 30 kip increments to a maximum of 90 kips
for the first cycle; thereafter, the full 90 kip load was applied and
released, No data were recorded for load cycle 2 since the load trailler
became unbalanced necessitating quick load release without recording of

b ' data. All instrumentation data were recorded at the beginning of load
p cycle 3. Ultimate concrete compressive strength for the PCC slab during
k- load testing was determined from site-cured test cylinders and is
presented in Appendix B. .

Following completion of testing of section Al, an opening was cut
in the pavement, and a plate test was conducted on the subgrade surface
(Figure 11), Five load cycles were completed to determine the subgrade
load/strain response characteristics. The modulus of subgrade reaction
(corrected plate for bending and seating) was found to be 606 psi per inch.
Data from load testing are presented in Appendix B.

Section A2

Test section A2 consisted of a 6-inch concrete pavement over a 6-
inch bituminous concrete base course on the sand subgrade (Figure 12).
The bituminous base course was constructed (Figure 13) to the specifications
of Appendix A and then load tested. For load testing of the base course,
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Table 1, Plate Load Teat Description and Sequence

. Figuves ;
Load Test Description/Location Load Cycle | Date Containing N
Results B
Bottom of Clay
Subgrade at Elevation 1 6/26/15 B=3
12,23 ()@
Surfaca of Clay Subgrade
st Elevation 20.55 (A) 1=4 8/7/15 B=4
Bottom of Sand Subgrade
at Elevation 13.94 (4) 1-5 8/13/75 B-1
sectton BL (e ,” ¢, 0) 1 8/20/75
2 and 3 8/22/7% Appendix b
4 and § 9/15/1% Part B=4
6 and 7 9/16/75
Section Al (cc. €y 4) 1 and 2 9/25/75 Appendix B
3 and 4 9/26/75 Part B-2 '
Surface of Sand Subgrade
at Elevation 21.58 (4) 1-5 11/3/75 B-2
Bituminous Concrete, Base
Course of Section A2 1 and 2 11/18/75|| Appendix B
(e 8) 3 11/20/751| Part B-3
Section B2 (ec, €gs 4) 1 12/4/75
2 and 3 12/8/15 Appendix B
4 and 5 12/8/75 Part B-5
6 and 7 12/11/78
Section A2 (sc. €y 4) 1 12/16/75)! Appendix B
2 and 3 12/17/15 Part B-3
4 and 5 1/6/76
Lime Stabilized Clay,
Subbase of Section B2 (A) 1-4 1/8/76 | Appendix B

%) denotes plate deflection and pavement deflection (when applicable)
reasurements,
b

ecdcnotes concrete strain measurement.

§
8

oesdenotes soil strain ‘ieasurement.
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three deflection gages were situated on the edge of the loading plate and
three others, diametrically at spacings of 21, 27, and 45 inches from the
plate center. The test was conducted over the soll strain sensors within
the subgrade. The base course strain and deflection data are presented
in Appendix B.

Two load cycles, to a maximum load of 39 kips, were completed on the
inicial day of base course testing. A one kip preload was used as a zero
load and load was applied and released in two increments for load cycle 1
and one Increment for load cycle 2. At the start of testing the weather
was overcast and shades were not placed over the deflection gage support
beam. The weather cleared during load cycle 2, affecting the surface
deflection gage readings and possibly influercing the soil strain readings
for that cycle. A second day of testing was considered necessary and omne
additional load cycle was completed. Load was applied, without preload,
in 15 kip increments to a maximum load of 45 kips. Data from cycle 3
correlated with that from cycle 1 and base course testing was terminated.

After base course load testing, forms were set and a 6-inch PCC
pavement was placed to the specifications of Appendix A, During concrete
placement, four concrete strain gages were positioned within 0.5 inch of
the bottom surface of the concrete slab with two gages at the intended
load center and two at 15 inches from the center.

Five load cycles to a maximum plate load of 70 kips were applied
over three days of testing of the completed pavement section A2. Results
are shown in Appendix B. A 10 kip preload served as zero load for each
cycle. The first day, cycle 1 was completed in two loading and unloading
increments. For cycles 2 and 3, on the second day, load was applied in a
single 70 kip increment. On the final day of testing, load was applied
and released in two increments for cycle 4 and one increment for cycle 5.
The ultimate compressive strength and unit weight of the PCC slab, during
load testing, was determined from field cured cylinders and 1s presented
in Appendix B,

Section Bl

After construction of the clay subgrade, a plate test was conducted
to determine the subgrade load response. Four load cycles to 21,2 kips
were completed; the data are shown in Appendix B. The modulus of subgrade
reaction (corrected for plate bending and seating) was found to be 278
psi per inch.

Subgrade load testing was followed by placement of a 9 inch thick
PCC slab on the subgrade as test section Bl using the specifications of
Appendix A. A 6 mil polyethylene moisture barrier at the subgrade/slab
interface prevented the clay from absorbing moisture from the fresh
concrete. Two embedment concrete dtrain gages were located diametrically
opposite each other at a distance of 15 inches from the pavement center
and within 0.5 inch of the slab bottom surface, see Figure 14,
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As shown in Table 1, seven load cycles were applied to Section Bl
in 4 days of testing over a period of 28 days. Results are given in
Appendix B. A detailed description of the loading procedures is presented
as follows:

Test day 1. Load was added in 10 kip increments to a maximum plate
load of 90 kips and released in two increments. Distortion of soil strain
data was noted, and after completion of the load cycle, a calibration
sensor pair was installed in the subgrade for fine adjustment of amplifier
sensitivity (gain).

Test day 2. Load was applied in four increments to 90 kips and
released in two increments to complete load cycle 2; then the full 90
kip load was applied and released in one increment for load cycle 3.

The calibration sensor pair improved the quality of the soil strain data.
Soil and concrete strain calculations were referenced to the zero load
data for cycle 2.

Note: During cycles 1, 2, and 3, the loading plate was seated in a thin
bed of sand. The sand proved to be too compressible and the test setup
was modified for cycles 4 through 7 by seating the plate in Hydrostome
compound. The locations of the dial gages were also changed as shown in
Figure 1l4b. These additional cycles were performed for data comparison
with the previous cycles and to gain further information concerning the
cyclic load response of the test section.

Test day 3. Loading was accomplished in four increments to 90 kips
and load was released in three increments to conclude load cycle 4. Load
was applied to 90 kips and released for cycle 5. Soil and concrete strain
calculations were referenced to the zero load data for cycle 4.

Test day 4. Load was applied to 90 kips and released to complete
load cycles 6 and 7. Soil and concrete strain calculations were referenced
to the zero load data for cycle 4.

Note: Soil strain data from cycles 4 through 7 generally correlated with
that from cycles 2 and 3. Plate deflection data from cycles 4 through 7
for the upper raange of plate loads indicated approximately 0.02 inch less
deflection than was evidenced in cycles 2 and 3 which was attributed to
the firmer plate seating and an Increase in concrete flexural strength.
All pavement section tests subsejuent to section test Bl were conducted
with the loading plate seated in Hydrostone.

Ultimate compressive strength for the PCC slab during the different
cycles of testing was determined from site-cured concrete cylinders and
is presented in Appendix B.

Section B2

it

A 6-inch PCC slab overlying 8 inches of lime stabilized clay on the
clay subgrade constituted pavement test section B2 (Figure 15). The 6
percent by weight lime stabilized clay mixture was prepared to the speci- 3
fications of Appendix A. Clay was initially pulverized by a rototiller; :
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and the lime, water, and clay were batched in a mixer. The freshly mixed
material was deposited on the clay subgrade, cured for 48 hours, and
remixed with the rototiller to the extent that 64 percent, by weight, of
the clods passed a No. 4 sieve, see Figure 16. Tests of the stabilized
clay after final compaction and trimming indicated an average soil dry
density of 94.5 pef (95 percent of maximum as per AASHO Test T180,
Reference 8) with a moisture content of 21.9 percent. Following con~
struction of the stabilized layer, the 6-inch PCC slab was formed and
placed to the specifications of Appendix A. The compacted lime mixture
was cured for 54 days before load testing.

Section B2 was load tested over a period of 8 days. Results are
shown in Appendix B.

Test day 1. Load was applied and released in three increments to
complete load cycle 1. A 10 kip preload was utilized as a zero load and
a maximum plate load of 80 kips was obtained. Data from the soil strain
sensors were found to be erroneous and were disregarded.

Test day 2. Load was applied to a maximum plate load of 70 kips
and released to complete cycles 2 and 3. Soil strain data for cycle 3
were distorted and were discounted; whereas, soil strain and surface
deflection data for cycle 2 appeared valid and were recorded.

Test day 3. The switch box for the soil strain channels was insu-
lated to minimize temperature and humidity influences which were estimated
to have caused the poor soil strain data cycles 1 and 3. Load cyecle 4
was completed in three loading and unloading increments with a maximum
plate load of 70 kips and load cycle 5 was completed by applying and
releasing the maximum plate load of 70 kips. All data appeared valid
and correlated with that obtained from load cycle 2,

Test day 4. Load was applied and released in three iIncrements for
load cycle 6 and one increment for load cycle 7 with a maximum plate
load of 70 kips. Data correlated with that from cycles 2, 4, and 5.
Ultimate concrete compressive strength and the unit weight for the PCC
slab during testing was determined and is presented in Appendix B. A
10 kip preload was used as the zero load for all load cycles applied to
test Section B2.

After completion of load testing for Section B2, an opening was cut
in the PCC pavement to allow plate testing of the lime stabilized clay
layer (Figure 17) which was tested in 4 load cycles., Load cycle 1 wase
accomplished by loading in four increments to a maximum load of 40 kips
and unloading in two increments, Three additional cycles of alternately
loading to 40 kips and unloading were completed. A 5 kip preload was
used as zero load for each cycle. The modulus of subgrade reaction
(corrected for plate bending and seating) was found to be 467 psi per
inch. See Appendix B.
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Figure 17, Plate Test on Lime Stabilized Clay Layer
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MATERIAL RESPONSE PARAMETERS
MATERIALS TRSTING

The primavy purpose of this report is to use refined experimantal
data to validate tha results of theoretical developments. For this rerson
it was requirad that extensive afforts be made to define the mechanical
properties of the CEl test sections, That is, it was necessary to estab-
liah values ov functions of such pavamoters as "equlvalent" Young's
modulus, shear modulua, and Poisson's ratio for the pavement constituents
with special attention paid to the unique materials, i.e., the clay and sand
subgrades,

Thua the first atep in characterizing the materials making up the
pavament sections was to acquive sufficient experimental test data to
permit defining the various material reaponscs, at least within certain
ranges. Obvioualy, since airfield pavements are subjected primarily to
dynamic loadings, then dynamic soil teats would appear most applicable. )
Howaver thias direction waa not pursued for the following reasons:

1. The available field loading capability was limited to quasi-static
opevations, at loast within the ranges of loading raquired for the proposed
prototype pavement sactiona;

2. It i@ well known that long term static loading presents a more
eritical situation for airfields than short term dynamic loadings;

3. Dynamic teating presents a whole new order of complexity in
material vesponse evaluations by the introduction of time effects.

Thus quasi-static material response relationships weres pursued here.
Thase vesponse relationships wevre restricted to very limited ranges of
denaity and moigture content, and, for the clay subgrade, degree of
saturation. FEven with these limitations, attempting to correlate the
broad apactrum of theoretical analyses; highly refined large scale field
teatsi and material parameter definitions within the scope of a project
of this aiszea is an extremely ambitious endeavor, The material for the
sand subgrade was salected to model a uniform sand upon which a compvehen-
sive set of experimental data (Reference 9) was avaliable for the purposes
of the soil study. This material, known as Cook's bayou sand, was in a
dense dry condition. The characteristics of this material have been
reported in the literature (Reference 10), That data pertaining to the
final concluaions are included in this section; more complete data i1is
reported in Appendix C. The available test data consisted of nine tests
conducted using conventional triaxial apparatus. All test specimens were
2.8 inches in diameter by 6 inches high (7.1 cm x 16.8 cm) and were
initially compacted to 112 +0.5 1b per cubic foot (1814 + 8 kg/m3) dry
density, resulting in void ratios of 0.51 + 0.01. A summary of the data
for all 9 tests is shown in Tables 2, 3 and 4. All calculations concerning
spacimen response assume a homogeneous state of 