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ABSTRACT

The Louisiana Experimental Base Project is a research study
evaluating the design/perfbrmance characteristics of three types
of base courses as incorpo%ated into comparable flexible pavement
systems on a full-scale teﬁt road, Fourteen different test
sections were constructed ko evaluate the study variables, which
included base course type ksoil cement, stabilized sand clay
gravel, and asphaltic concfete), design life (5, 10, and 15
years), and surface thickne¢ss (3 1/2 and 5 1/2-inches). The test

road is U.S. Route 71, south of the city of Alexandria.

Fundamental engineering properties of paving materials were
determined in the 1aboratojy using a variety of tensile and
compressive tests utilizing repeatad loading techniques. Layer
moduli were also determined from field deflection tests using
Dynaflect data. Field monﬂtoring of serviceability and structural
number were compared to trends derived from AASHTO equations.
Measured values of serviceability decline, cracking, and rutting
were also compared to predikcted values using the VESYS IIIA

program,

Vehicle load equivalency factors were evaluated using
Weigh-In-Motion data collec%ed during the course of the study.
Structural layer coefficien#s for design were exawined in terms of
commonly specified material%' properties and in terms of
fundamental materials' prOpérties. Resilient modlili were measured
and compared to R-value results at typical optimum moisture

contents for sand, silts, and clay soils.

Observations are made regarding materials' properties
determination for design, dilstress mechanisms affecting

performance, and performance prediction models.
|
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METRIC CONVERSION FACTORS*

To Convert from To Multiply by

Length
foot meter (m) 0.3048
inch millimeter {mm) 25.4
yard meter (m) 0.9144
mile (statute) kilometer (km) 1.609
Area
square foot square meter (m?) 0.0929
square inch square centimeter‘(cmz) 6.451
square yard square meter (m?) 0.8361

Volume (Capacity)

cubic foot | cubic meter (m?3) 0.02832
galion (U.S. liquid)** cubic meter (m3) 0.003785
gallon (Can. Tliquid)** cubic meter (m3) 0.004546
ounce (U.S. liquid) cubic centimeter (cm?) 29.57
Mass
ounce-mass (avdp) gram (g) 28.35
pound-mass (avdp) kilogram (kg) 0.4536
ton (metric) kilogram (kg) 1000
ton (short, 2000 1bs) kilogram (kg) 907.2
Mass per Volume
pound-mass/cubic foot kilogram/cubic meter (kg/m?) 16.02
pound-mass/cubic yard kilogram/cubic meter (kg/m?) 0.5933
pound-mass/gallon (U.S.)** kilogram/cubic meter (kg/m?) 119.8
pound-mass/gallon {(Can.)** kilogram/cubic meater (kg/m?) 99.78
Temperature
deg Celsius (C) kelvin (K) t, =(tc+273.15)
deg Fahrenheit (F) kelvin (K) ty=(tp+459.67)/1.8
deg Fahrenheit (F) deqg Celsius (C) t.=(tp-32)/1.8

*The reference source for information on SI units and more exact conversion
factors is "Metric Practice Guide" ASTM E 380.

**One U.S. gallon equals 0.8327 Canadian gallon.
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INTRODUCTION

During the mid 1960's the lLouisiana Department of Transportation
adopted the design procedu%e established for flexible pavements at the
AASHTO Road Test at Ottawa, Illinois. Subseguently, this Department's
research engineers verified that in general this design procedure
could be applied to the soll types, traffic loadings, and environ-
mental conditions of Louisiana.

Limited funds, materials shortages, and the advent and appeal of new
pavement design concepts rénder "general" verifiéation of the above
mentioned design procedure inadequate. The Depaytment's design
engineers need to know more precisely the accuracy of their design
predictions as reflected bﬁ actual performance of flexible pavements.
This research project is intended to provide the‘needed information by

facilitating a comparison qf section design and performance.

The trend of developing qudamental engineering properties for highway
paving materials such as arie used in other types of construction
brings with it the need to bxplore new test methods, new expressions
of strength and to provide ccomparisons to currently specified strength
indices. Performance predictors other than those described by AASHTO
design relationships need tp be studied using appropriate materials
strength data to compare predicted versus actual performance. This
research study will provide the basis for determining the fundamental
engineering characteristics of each material using a variety of
approaches and for making performance comparisons which should

indicate the potential for wuse of such methods.



SCOPE

The scope of the research project is as follows:
i |

1. Determine the‘accuracy of vehicle 1$ad equivalency factors

<

2. Determine reptresentative fundamental materials' properties and

used to compute design loads.

compare the magnitudes of these properties as determined by a
variety of laboratory and field tests, such as field-measured
surface deflec¢tions.
|
3. Determine 1ayér equivalencies for three different base course
materials by inference from observa%ions at some common level

of performance.

4. Determine the accuracy of predictors of pavement performance

using the AASHTO design relationshiEs, as well as other

predictive models based on fundamental materials' properties.



EXPERIMENTAL BASE CONSTRUCTION AND TEST PROGRAM

The methodology involved the design and construction of 18 full-scale
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represent various combinatjions of base course type, base course and

surface course thicknesses; and design life.

The experimental sections dre located on Route U.S. 71 and Route U.S.
167 in central Louisiana. [Figure 1 is a map depicting the facility
between the communities of}Meeker and Chambers in Rapides Parish. The
location of the facility represents a compromise between the low wet-
lands of south Louisiana and the slight hills in the northern part of
the state. The terrain at the test site is flat\and affords poor
drainage. Subgrade material is a relatively unlform flne grained
soil. The mean variation in air temperature at the test site in 1977
was from 39°F to 84°F. The annual rainfall was typically 55.6

inches.

The road is a major rural rbute, accommodating a moderate volume of
mixed (automobile and truckb traffic. A vehicle count station is
located on the highway near the test sections and provides historical
and current traffic counts. Weigh-In-Motion (WIM) load frame-
transducer assemblies were installed in the outside lane immediately
north of the test area. Thé WIM analyzes the traffic stream with
rezard to vehicle type, number of axles, weight (per axle and total),
axle spacing and speed. Indepeandent vehicle classification at the

test site was accomplished manually at selected intervals.

The test facility was constructed as part of a larger project to
upgrade the route to a four+lane highway. The experimental section
was thus surveyed, planned, 'bid upon, and constructed as part of the
overall project. The contractor completed placement of embankment and
an overlying select soil in‘1975. In the summer of 1976, the
experimental base courses and the surface course were completed.

Fourteen test sections were thus built with certain experimental
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report. Four additional c?ntrol sections were built far
reference--one at each end of the experimental area and two within the

research area. The roadway was opened to traffic in August, 1976.

Construction of the test séctions vas closely monitored, materials
were sampled and roadway tésts conducted in accordance with a con-
struction sampling and testing program, Table 12, Appendix A. The
program outlined in Table ﬂz is designed to determine laboratory
properties of the componenﬂ road materials and to define the as-built
properties of the ensuing (road) structure. A discussion of construc-

tion monitoring and materi s sampling is included as Appendix B.

Changes in the as-built prdperties of the experimental sections were
determined through a measuriements program, Table 13, Appendix A. The
purpose of this was to provide an evaluation of materials, traffic,

and road performance in purisuit of design verification.

In Table 12 the Asphalt Institute is listed as an agency to perform
tests in this research project. The Asphalt Institute determined
certain fundamental properties of the materials comprising the éxperi-
mental sections and at the same time was considering using these
properties with a design procedure such as "PDMAP" or "VESYS" to
forecast the distress-related life of the test sections.

|
Louisiana Technical University also provided suppbrt to the
experimental base course prbject. The University conducted indirect
tensile and fatigue tests on base and surface course materials from
the test sections. These l&boratory test results were used with
layered theory analysis programs and actual road performance results

to verify or develop designiproceduresxl)

(l)Numbers refer to cited refoerences,



Basis of Experimental Design

The present theory pert1ne$t to the effect of materlals and layer
thickness on performance 1$ not fully adequate. To pr®v1de the needed
answers to the development of theory and obtain some type of empirical
answers to the structural Load design problems, field experiments are
needed. The experiments involve the construction of tést sections of
specified materials and thickness. The performance of these sections
must then be compared in o#der to seek the needed design concepts.

; !
The designer of these experiments faces several major problems, the
foremost being the cost of building the test secfions. This means a
minimum of replications. $y replication it is meant that more than
one test section is constrﬁcted under a given set of specified
variables.

A second major problem con¢erns the time required to obtain results.
An experimenter does not h&ve time to wait a prolonged period before
analyzing and interpreting the experimental data. The alternative is
to design thinner sections and extrapolate to thlcker sections., One

of the basic purposes of r@ad test section expermments is to develop a

}

basis for extrapolation.

The other major problem in experimental design is the impractlcablllty
of using balanced factorlai designs. As an example, consider Material
A which provides a useful road life of 25 years for a given

thickness. Material B, for the same thickness, may last only half as
long. Thus using the same thickness for each material would lead to
extended waiting time for bome materials before ¥inal results become
available. The alternative is to select certain levels of performance
in terms of design life (5, 10, and 15 years, for example). The
problem then would be to assign thicknesses for each material which

would provide the desired performance goal.



Experimental Design

On the basig of the above philosophy anq the definition of the major
objective of the study, an experiment was designed to provide a set of
thickness levels for each material. Specifically, the experiment was
designed to:include two factors relativel to the pavement structure and
one factor relative to average daily load in terms of design life.

The main eléments bf this experimental design are shown in Table 1.

It includes aSphalfic concrete surface thickness at two levels (3.5
inches and 5.5 inches), base course mategrial at two levels (asphaltic
concrete orzblack base and cement stabiyized soil), and design life at

three levels (5, 10, and 15 years). The| levels of thickness for each

base courselmaterial were determined usipng AASHTO design procedures
and the following Louisiana coefficients for material components:
|
Surfaice course (.44
Base course 0.34 for asphaltip concrete
0.15 for cement sftabilized soil

0.18 for cement stabilized sand clay gravel

The coefficients for asphaltic materials| were adjusted as follows in
1979 to better relate design values to f@eld Marshall properties(g):
surface course = 0.40, base course = 0.33.

TABLE 1
EXPERIMENTAL DFESIGN

Surface Thickness 3 1/2" 5 1/2"
Design Life Base Type Base Type
Black Soil- Stab. . Black Soil- Stab.
Base Cement S.C.G. Base Cement S.C.G.
5 years Sk 12" 10" 3" 6" 6"
10 years 7 1/2" 15" 4 1/2" g"
15 years 1 20" 8" 16"



The levels of the pavement‘surface thickness were chosen because these
are the predominant levels encountered in Louisiana. The levels of
design life were chosen so;as to provide adequate data points for
detection of failure of deéign life (or some transformed function of
design life) and its relatﬂnnship to the two pavement durface
thicknesses. ‘

All combinations (2 x 2 X j) of the factor levels were constructed at

a single site without replijcations. However, all sections refer to

two-lane sections. Analysils and evaluation of performance will be for

outer lane sections only.

In addition to the 12 sectilons discussed above, two additional

sections of cement stabiliz

ed sand clay gravel were constructed under
each level of surface coursb at a single level of design life (5

years). Only limited compa&ison is anticipated from these sections.

The above 14 experimental test sections were supplemented with four
control sections, one at eaEh end of the project and two within the
experimental area. These cbntrol sections were composed of 5-1/2
inches of surface course ovér 7 inches of asphaltic concrete base

course and 6 inches of soil+cement.

Figure 2 is a profile of the various test sections. Each test section
is approximately 550 feet long with a transition of 50 feet between
each test section. The 10- and 15-year design sections were placed in
random order. However, the 5-year design sections (sections 9 through
14) were grouped together tod allow an overlay of the entire segment

should early manifestation df distress become cvident in any or all of
these sections.
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Analysis Using ExgerimentallDesign
l

In the recommended experimehtal design, each of the two base course
materials has its own set o& thickness levels. In essence, the
thickness of each material pan be considered as a controlled variable
and hence should be assumed| to possess no error except that of
achieving the specified thitkness. The random error will be in the
performance response of theiexperimental sections.

It is anticipated that the fecommended design would yield experimental
data similar to those shown| in Figure 3. 1In the figure the ordinate
is plotted on the log scale‘and the thickness of the base course on
arithmetic scale. Furthermbre, the ordinate scale represents the
number of years required for the performance index to deécline to some
specified value. This perfprmance index could be psi, rutting,
cracking, deflection or somE other manifestation of distress. 1In the
example shown, the ordinate represents design life or life to some

terminal measure of performhnce.

If performance is regressed: on thickness, and if it is assumed that
the lines will be approximately parallel (and this can be done by
choosing scales which will [linearize and produce parallelism among
performance-thickness regression lines), then it is possible to
compare thickness of the twb material types for eguivalent

performance. The performance equations would be of the following

form:
log P = apg * bTBB
and log P = age * bTg.
For equivalent performance
_a a
TSCI— BB g SC  + TBB

11



YEARS

DESIGN LIFE,

20

—
(=]

—

*#X1 = SURFACE COURSE THICKNESS

l 1 1 1

9 12 115 18

BASE THICKNESS, X2, INCHES

FIGURE 3

Relationship Between Base [Thickness
And Design Life

12

21




Thus there is a linear rel#tionship between the thicknesses of the
material required for equi%alent performance.

One of the shortcomings of the recommended design is that it will not

be possible to detect the }nonlinearity between the surface thickness

levels and performance. A minimum of three levels of a factor are

required to detect sucéh nonlinearity .of the regression of performance
on thickness.

13



DETERMINATION OF TRAFFIC VOLUME AND LOAD

Sampling Scheme

In order to assimilate information on the response of the various
pavement test sections to traffic loading through time] it was
necessary to develop a schéme for the monitoring of both traffic
weight and traffic volume fhroughout the test area.

The basic plan involved the use of a semi-automated Weigh-In-Motion
(WIM) system built by Unitéch, Inc. of Austin, Texas, and a
Streeter-Amet model 401 vehicle classifier. These two pieces of
equipment were operated simultaneously for seven 24-hour days each
quarter at a site just north of the northernmost test section. Manual
classification counts were eventually substituted for the vehicle

classifier due to equipment inaccuracies,

Operations were planned so‘that 24-hour weight and volume data was
available for a seven-day "typical week" each calendar quarter. This
provided data which was summarized and/or separated to yield yearly,
quarterly, monthly, weekly, daily, and hourly traffic information as
needed for the period 1976+1983.

Traffic Sampling Equipment Description

The WIM system basically includes a series of load cells and detector
loops installed in the roadway and an instrumented trailer containing
electronic measuring and reécording equipment. Two "loop detectors" a
fixed distance apart proviﬁe a speed trap for computing speed.
Actuation of a third detector loop, the vehicle presence detector,
initiates the weighing andidimensioning program and relates succeeding
axles to the transducers. The wheel load transducers containing the
aforementioned load cells are powered by signal conditioning
equipment, and their output is amplified so that each signal is

compatible with an analog-to-digital converter. Each scale voltage

15



signal is sampled 1,200 times per secondﬁby the analog-to~-digital
converter as it is switched between sca1¢ outputs by the multiplexer.
The digital data is processed by a digit#l controller and the results

may be typed and/or recorded on magnetic tape.

A correlationm study completed by the Dep%rtment in 1975 compared WIM
data from 173 trucks, varying in weight #nd numbers of axles and
traveling at various speeds with weight #ata obtained from permanent
weight enforcement scales located nearby{ The study showed the WIM
system to be capable of a quite acceptab}e + 5 percent total weight

accuracy when properly installed, Operat¢d and maintained.

16



PAVEMENT PERFORMANCE MEASUREMENTS

Pavement performance was monitored using the Mays Ride Meter and Chloe
devices to measure service%bility indices and the Dynafléct and Benkelman
beam devices to measure sufface deflections, in conjuncﬁion with
standard crack mapping andirutting measurements to chatracterize
pavement distress. |

\

Dynaflect, Benkelman Beam ﬁeasurements

|
Dynaflect deflection measugements were made as often as necessary to
characterize seasonal chanjes in deflection levels. Tdsts were
conducted at 100-foot inteyvals, primarily in the outsiqe wheelpath of

the outside lane.

The Benkelman beam was used to provide a correlation with Dynaflect
deflections and to establiﬁh representative deflection levels under a
full-scale, standard 18~kiﬂ axle load, Figure 4 depict& correlations
of Dynaflect and Benkelman beam deflections from this étudy and from
other agencies.

Structural Evaluation by Means of Visual Condition Survey

Visual condition surveys were conducted to determine the occurence of
fatigue cracking and permanent deformation (rutting) in the project.
Rut depths werc measured wifth the standard (four-foot) AASHO Road Test
A-Frame Rut Depth Device depicted in Figure 5. Measurements were
taken at 50-foot intervals [in alternate wheelpaths of the outside lane
and measured to the nearest tenth of an inch. Cracks and patches were

measured with regard to frequency and dimensions.

Additional distress signs stich as stabilized base course pumping and

wearing of the surface course were also noted.
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BENKELMAN BEAM, 107 inches
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Functional Evaluation by Means of the Chloe Profilometer

The Chloe Profilometer provides a measune of road roughness as it sums
the variation in road profile over a giﬂen distance. The resulting
parameter is termed slope variance and qas been used with measurements
of cracking, patching, and rutting in tne AASHO Road Test equations to
express the Present Serviceability Index (P.S.1.) for each test
section, P.S.I. is a numerical index wqich can range between 0O and 5
and denotes the relative manner in which a pavement functions under
traffic.

The Chloe Profilometer, as described in the Federal Highway

Administration's "Chloe Profilometer Op?rating and Servicing

Instructions," is essentially two units{ the trailer unit, which

carries the transducing mechanism and t¢e electronic computer indi-

cator. The electronic computer indicattr accepts information from the

transducer, performs a computation on i
1
results., The slope transducer, carried at the rear of the 20-foot

and then indicates the

trailer, is comprised of two 8-inch whee}s mounted 9 inches on centers,
a roller contact on an upright arm fast#ned at the pivot point between
the wheels, and a printed circuit switch with 29 active segments. The
transducer provides a continual measure' of the angle between the bar
connecting the slope wheels and the arbﬁtrary reference of the trailer
unit. A slotted disc-photocell combinaﬁion, attached to one of the
carriage wheels, produces a command to Fample pulses at 6-inch

intervals of highway travels.

At each G6-inch interval, sample pulses are produced through the 29
active segments. The computer squares tbese segments and also
accumulatively sums the numbered segments, the squares and the number
of 6-inch intervals traveled (number ofésamples). Standard forms are
used to record the data accumulation as;well as the subsequent

calculations.
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Functional Fvaluation by Medns of the Mays Ride Meter (M.R.M,)
I +

The M.R.M. records road roughness as reflected by movemdnt of the
vehicle's axle with respect [to its chassis. A transmitter attached to

the differential collects tﬂis movement information and feeds it

+

alhil
LA L

Y‘f\nt’\v‘/‘*n% MNan
LTLULYTL lulal il

o

a To a por
roughness measurements are presented on a strip ch

recorder.

|
M.R. M, measurements are rep&rted in term

(e D

( of Presen
Index (P.S.I. has heen defined as a "numerical index ranging from 0.0
to 5.0 of the ability of aipavement in its present condition to serve
traffic.") A perfectly smooﬁh pavement would have a P.S.J. of 5.0, A

pavement so rough as to be impassahle would have a P,S,T. of 0.0,

More specifically, a numeric¢al-adjective description of P.S.I. is as

follows:

4,1 -:5.0 Very Good
3.1 -:4.0 Good
2.1 - 3.0 Fair
1.1 - 2.0 Poor
0.0 - 1.0 Very Poor

Serviceability index (S.I.) values reported herecin were determined
using a correlation between the Mays Ride Meter and the University of

Texas (General Motors) Surface Dynamics Profilometer, which in turn

relates to actual panel ratings.

Serviceahility index data d¢termined from Chloe Profilometer
measurements are designatedQS.I.(Chloe), and S.T. data which was
determined from YMays Meter output and then converted to Chloe S.T1. is

designated as Chloe from Mays Meter,

21



LAB TESTING OF LABORATORY-PREPARED SAMPLES AND FIELD CORES

Fundamental engineering prbperties of the construction\materials used
to construct the eighteen test sections were determined through a
cooperative testing prograh involving the Materials Resgcarch
Laboratory of Louisiana Te¢h University, the Asphalt Institute, and

the Research and Developmeﬁt Section of the Louisiana DOTD.

Static and resilient indirect tensile tests were conducted by the
Materials Research Laboratdry on laboratory-prepared specimens to
obtain estimates of modulué, Poisson's ratio, tensile stress, tensile
strain and cycles to failure for the wearing, binder, gnd black base
materials as well as for s&il cement and cement stabilized sand-clay
gravel layers. A repetitide (fatigue) testing program was also
conducted to investigate the fundamental resilient progerties of field

cores representative of in-service conditions.

The LADOTD test program inviolved static, indirect tensile test
evaluations of a variety of mixture variables, including) material type,
asphalt content, gradation, compactive effort, compactijpn temperature,
and age. All specimens for Loulsiana Tech and DOTD were prepared at

the DOTD research lab according to a randomized preparation plan.

The Asphalt Institute test program consisted of dynamic modulus
determinations for both asphaltic laboratory specimens and field
cores, flexural fatigue evalluations of laboratory prepared asphaltic
specimens, and repeated loafl triaxial compression testing of sclect
and embankment soils. Calikornia bearing ratio values were also

determined for the selcct abd embankment soils.

Table 2 contains a listing of typical materials' properties determined

during the materials characterization phases of the study.
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TABLE 2 |

T e o

CAL. MATERIALS PROPERTIES
)

TYPI
ASPHALTIC CONCRETE (AC-40

1
|
Plant Mix Properties|- LA.DOTD

4
Course Marshall Stability (1lbs.) % A.C. % Air Voids
tourse | o A.C.
Wearing 1810 .
Binder 1517 .
Base 1355 !

Fundamental Properties (25°C) , - Asphalt Institute

Initial Stiffness,
5

Dynamic E* (1Hz) x 10" psi Flexural Fatigue
Course Lab Molded Field Cores E x 10° psi
Wearing 4.2 . 3.6
Binder 4.8 . 4.0
Base 4.5 . 3.9
|
|
|
Fundamental Properties (25°C) - Materials Research Lab
| |
Indirect Tensile, Resilient|FE x 10° psi Poisson's
Course Lab Molded Fi@ld Cores Ratio
Wearing 4,38 5.7 0.25
Binder 4.6 5.4 0.27
Base 4.0 5.1 0.26
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TABLE 2 (CONT'D)

TYPICAL MATERIALS PROPERTIES

Cement Stabilized Base - Field Cores

Soil Cement (8-10% Cement)

28 Day Compressive (psi)

Elastic Modulus (tensile) psi x 10

Poisson's Ratio

Elastic Modulus (compressidn) psi x 10

Stabilized Sand/Clay - Graﬂgl

28 Day Compressive (psi)
Elastic Modulus (tensile) ﬂsi X

Poisson's Ratio

Elastic Modulus (compression) psi x 10 °

Select Scils

10

5

5

5

Mean

638
4.5
0.25
3.7%

356
3.5
0.25
2.6

Range
275 - 1224
1.9 - 8.8
0.11 - 0.40
1.1 - 6.3
184 - 528
1.0 - 4.4
0.15 - 0.50
1.7 - 3.2

* Combination of
8% Cement, E = 3.1 x 10° psi and
10% Cement, E'= 4.2 x 10° psi

PI  R-Value CBR Mr x 10° Poisson's Ratio
A-2-4(0) Sand 6 60 31 20 0.35
A-2-6(0) Sa/Cl/Lo 10 20 25 10 0.35
Embankment Soils '

PI R-Value CBR Mr x 105 Poigson's Ratio
A-6(9) Si/Cl 14 22 17 11 .35
A-7-6(20) Hv/Cl 40 9 7 5 .35
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The reader is referred to a series of flive reports by Hadley which
discuss the materials' test study desigp, the comprehensive
laboratory-based material characterizations with analysis of
variance, and applications of determineF materials' properties to
special finite element modeling and to several deterministic
design and analysis programs. A portion of Hadley's summary

report has been included as Appendix E.

The special finite element evaluations Pf the indirect tensile,
the beam, the unconfined compression, and the confined triaxial
test configurations led to the developqent of mathematical

algorithms for computing resilient layer moduli.

Comparisons between theoretical and fiqite element solutions
indicate that the values of modulus of elasticity, tensile
stresses and strains can be over or unﬂerestimated using
theoretical equations. Hadley modeled a variety of boundary
conditions (flexible, rigid, with friction, frictionless) for the
indirect tensile test and found that Hondros' equations
underestimated tensile stresses by 14 tio 60 percent. After
modeling the beam test to include shear stresses in addition to
bending stresses, conventionally computied values were found to
represent an underestimate of from 17 to 20 percent. Similarly,
by modeling the frictional resistance Hetween the loading platten
and test sqecimen, the unconfined compqession test was found to
underestimate moduli values by approximately 38 percent. Tests of
significance were used to illustrate tqe fact that modulus values
computed from compression and tension fests using the algorithms
were not significantly different. Typical values of
conventionally computed moduli and modyli computed using the

algorithms are listed in Table 3.
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Unconfined Compressfion Test

TABLE 3

CORRECTED LhYER MODULI BASED ON IMPROVED
MATERIALS! CHARACTERIZATION EQUATIONS

Beam Test

Indirect Tensile

(Field Cores)
Unconfined Compression
Modulus E psi x 10 °

E E¢ E Ec
Soil Cement 4.5 5.4 3.7 5.1
Cement Stabi-
lized SC/G 3.5 4,0 2.6 3.5
Ec = Corrected Modulus

27

Dynamic Modulus - psi x 10° Resilient Modulus - Lab
L psi x 1
Lab, E*| Ec*| Field Cores E* Ec* " E | Ec
Wearing 4,2 5.1 5.0 5.5 3.6 5.6
Binder 4.8 5.7 5.8 6.3 4.0 6.2
Base 4.5 5.4 4.3 5.1 3.9 6.1
Indirect Tensile
Resilient Modulus
(psi x 109 )
LAB FIELD
E E Ec E EcC |
I 1
| |
Wearing 4.8 5.8 5.7 6.;
Binder 4.6 5.5 5.4 6.
Base 4,0 4,8 5.1 6.1




ANALYSIS OF FIELD DATA

Traffic Data

Traffic data in terms of vdlume and equivalent 18,000-pound single
axle loadings (EAL) were détermined by two independentisources and
methods as a part of the study. The Department's Traffic Section
provided traffic volume (ADL) from tube counters and sﬁbsequently
calculated EAL using historical relationships between fraffic volume
and load. For research putposes, the cumulative axle weighings from
Weigh-In-Motion (WIM) datalwere combined with visual ADT and visual
classification counts to produce daily, yearly, and a &otal
accumulated traffic load history. A comparison o6f the |ADT data may be
found in Table 4.

TABLE 4 l

ANNUAL AVERAGE DAILY TRAFFIC COUNTS

Year Traffic & Planning Research & Development
1976 7,98D 7,122
1977 8,430 8,448
1978 10,061 9,048
1979 9,458 9,030
1980 8,854 8,194
1981 9,453 8,424
1982 9,438 8,620
1983 Not Available 8,512

Vehicle weight equivalency factors were derived from WIM data by
calculating the total of single, tandem, and tridun axle loadings for

a given truck class and expressing this total load as a!ratio of the
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number of trucks weighed. The result ig a factor which typifies the
EAL contribution of a single truck of a given class across the actual
population of loaded and unloaded vehicles. The load factors
developed in this study generally agree with 1982 loadometer factors
developed f?r Louisiana, as indicated in Table 5. The factor for the
3-5-3 vehicle was found to be much lower than existing loadometer
data; thereﬁore,consideration should be; ;given to revising this
category foq design purposes. |

A comparison of accumulated load since ¢onstruction, Table G,
indicates aifavorable comparison betweem projected data from the
Traffic Section and research data which represents many thousands of
axle weighings over a seven-year period; Two reasons for the close
similarity of the total load data are (1) the similarity of
equivalency factors between the two data sources for the 3-S-2
vehicle, and (2) the heavy contribution to total 1load of that truck
class, approximately 80 percent.

TABLE 5:

VEHICLE LOAD EQUIVALENCY FACTORS

Vehicle Type Traffic & Planning Fagtor* Computed Factor
| (W-4 Tables) | (WIM DATA)

Passenger C‘r .0004

Pickup .0036

2 axle, 4 tire .0227 .36

2 axle, 6 tire L2216 .36

3 axle | L4227 .75
2-5-1 L6274 .76
2-5-2 .9101 .92
3-S-1 9101 LO2
3-5-2 1.1186 1.36
3-S-3 3.7533 1.51

*As used in 1982
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TABLE 6

SUMMATION OF EQUIVALENT 18-KIP LOADINGS SINCE CONSTRUCTION

‘ z EAL
Year 8P ¥
1976 64,481 80,000
1977 259,940 290,000
1978 513,140 510,000
1979 743,455 760,000
1980 985,487 1,010,000
1981 1,270,807 1,220,000
1982 1,356,472 1,440,000
1985.5 1,660 ,000*%*

**L.oad can be estimated from the following
equation; L = 0.2189 (Date - 2.07) - 432.509
Where 3L = Total 18-kip equivalent loads since opening
to traffic
Date = Year + fraction, i.e.

1945.5 = Through June, 1985
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PAVEMENT PERFORMANCE

Distress -- Cracking, Rutting

Surface distress in the form of cracking and rutting we
six-month intervals from 1976 to 1985.
AASHTO class I, 1I,

Cracking was cl
or III fatigue cracks occurring in
for the full-depth asphaltic concrete sections and shrj]
which reflected through the wearing and binder course

sections with cement stabilized bases. Tabulations of

rutting for each section by date may be found in Table

All of the full-depth asphaltic concrete sections (1,3
developed Class 1 fatigue ¢racks for 100 percent of the
within seven years of construction. Table 7 is a crac
which indicates the cummulative 18-kip axle loads betw
traffic and the occurence 0f 50 and 100 percent cracki
type.
is indicated.

Similarly, the total:load to 0.3 inches and grea
Patching was required on several sectio

expressed in square feet.

After the Class I cracks had become well defined in th
each full-depth asphalt test section was cored in the

wheelpath and at the center of the lane to determine t
wheelpath cracking. Assumptions used to define crack

elastic-layered theory models usually indicate that fa
begins at the bottom of the asphalt layer and then pro
the c
indicated by the cores was confined to the wearing/bin
The 1o

found in the cores is indicated

to the pavement surface. S$urprisingly, however,
layers, where asphalt stripping was also found.

extent of the stripping
6-~10. In some instances the cores taken outside of the
the center of the lane alsd contained stripping in the
indicating that the stripping probably preceded crackin

wheelpath.
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TABLE 7

CRACKING, PATCHING, RUTTING
TOTAL EQUIVALENT AXLE LOAD X 106

|
FATIGUE CRACKING PATCHING
Section Class 1 Class 11 Rutting (SQ.FT.)
No. 50% 100% 10% 20% OJS" >0.3" 50-100 >100
C-1 1.4 1.9 1.4 (1.7
C-2 1.4 1.6 1.4
C-3 1.4 1.7 1.2
C-4 1.4 1.9 1.4
T-1 1.3 1.7 1.4 1.9 1.4
T-3 1.3 1.7 1.5 1.2 1.9 1.6
T-7 1.3 1.7 1.3 (1.6 1.2 1.4 1.6
T-5 1.2 | 1.2 1.4 |1.7 0.7 1.3 '
T-11 ‘
T-14 1.4 1.7 1.4
!
BLOCK CRACKING PATCHING
Section (Linear Feet) ‘ (SQ.FT.)
No. 100 500 1000 50-100 >100
!
T-6 1.1 .3
T-4 | . . 1.2
T-2 ol 1.6
T-8 \ N; 0.8 .
T-9 \ . 1.
T-10 0. . 1.0
T-12 1.1 1.
T-13 0. . 1.2
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The extent to which stripp
ho
by comparing the generally

not specifically known; ever,
better performance of test
14 to the performance of o
The
project (T-11,14) did not

6-10.

asphaltic concrete mixes u

indicated in Table 7.
A review of construc¢tion records indicated that
ed on the project contained
additives. The test secti
no stripping was found wer
produced at a different pl

although under the same mix specifications,

5

ng contributed to cracking dnd ruttiang is

a relative determination can be made

sections 11 and

her full-depth asphalt sections as
test sections on the north end, of the

xperience stripping, as indigated in Figures

none of the

antistrip

ns on the north end of the experiment where
paved with wearing course materials

nt than the remainder of the project,

As a result, test sections|11l and 14 which were five-year designs,

experienced no Class 11 cracking and less rutting than

1,3,5,and 7, which were 15-and 10-year designs. On two

depth asphalt sections (T- a 15-year design,

b4

and T-7,

test sections
of the full-

a 10~year

design) rutting and cracki¢g progressed to a severity which required

some patching in the outsiﬁe wheelpaths after approxims

years. This means that thé occurence of stripping had

1tely eight

a greater

influence on performance t$an additional asphaltic cong¢rete thickness

or higher structural numbefs. The close association of

distress was an unfortunate development in light of the

objective of relating desiin to performance.
The four control sections

pavements constructed over ' a 6.5-inch cement stabilize

l

Test sections which contaiAed cement stabilized bases ¢

performed similarly to the|other full-depth sectiouns,

and cracking were not as severe or extensive.

longitudinal and transvers# cracking (block pattern) wt
through the asphaltic concrete surface,
Table 7 for test sections 2,4,6,8,10,12,

Three cracking
and 13 are exy
linear feet (100, 500 and 3000 ft.), with the total load

prior to reaching each respective level of cracking.
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FIGURE 6

Location of Asphalt Jtripping
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FIGURE 8

Location of Asphalt Stripp'zing
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Sections have been paired by design life, with the section containing

thicker asphaltic concrete surfacing listed first in each pair.

These

sections (6,2,9,12) contaiping thicker surfacing experienced less

total reflective cracking across all design levels, as
Table 8, and,

reduction in serviceability for equivalent loading.

as will be shown later,

provides a pictorial comparison of reflective cracking

sections 2 and 8.

Performance problems associated with reflective crackirn
of loss of load transfer adross the cracks under repeat
which eventually caused differential settlement of the
excess of 0.5 inches in some instances. Pumping of fin
cracks and severe ravelling of the asphaltic concrete g
the cracks accelerated the deterioration process. Cori
indicated a low recovery rate of good field cores in th
cement-treated base sections, where bases ranging from 1
were constructed in layers by in-place stabilization.

contained a variety of cradks, laminations, compaction
layer separations, indicating a nonuniform base course.
where in-place stabilization was accomplished in one 1if
and where the asphaltic concrete surfacing thickness wa
to that of the cement stabilized soil generally exhibi

performance.

Test sections 12 and 13 contained a cement stabilized m
clay, and gravel and were constructed to approximately
tural numbers;

one section with a thicker surfacing, on

thicker base. Again, the pavement section with the thi
(base 30 percent thicker than surface) performed notice
than the section where the base was twice as thick as t
terms of cracking (severity and extent) and resulting s

loss.

ndicated in

the sections experienced less

Figure 11

or test

g were a result
ed heavy loads,
blocks, in

es through the
urfacing along
ng operations

e thicker

2 to 20 1inches
The field cores
planes and

Test séctions
t (6-9 inches)
s almost equal
ted the best

iXxture of sand,
equal struc-

=Y

with a

cker surfacing
ably better

1e surface in

erviceability
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| TABLE 8 |

SURFACING TO BASE THICKNESS RATIO VS EXTENT OF BLOCK CRACKING

Sec# HMAC / CTB Ratiad Total (feet)
6 5.2 / 16.7 1:3.2 812
3.6 / 19.2 1:5.3 1595
6.4 / 9.0 1:1.4 933
4,0 / 15.3 1:3.9 2621
9 5.5 / 6.2 1:1.1 803
10 5.3 / 12.2 2.3 2390
12 6.1 / 7.7 1:1.3 769
13 4.6 |/ 9.8 1:2.1 1604
9 12.4 / 7. 1:0.40 50
c2 14.5 / 6. 1:0.45 0
c3 13.6 / 6. 1:0.48 0
C4 12.8 / 6.8 1:0.53 0
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A compariso
distress pr
taken on th
research st
located at

developed

cracking, r

pavement se

Results of
complicated
wearing/bin
development
program pre
test sectio
Wheelpath c
course 1inte

stripping w

n of deterministically develpped performance and
edictions with performance ahd distress measurements

is project was accomplished as a part of a contract

udy conducted by the Materials Research Laboratory
Louisiana Tech University in!Ruston, La. (1) The FHWA -
Vesys IIIA predictive progra@ was used to predict
mntting and serviceability lo#s for each of the eighteen

ctions in this study.

the comparison of predicted versus actual cracking were
by the initiative of fatigue cracking in the

der course layer, as opposed[to the expected crack

at the bottom of the black%base layer. The VESYS IIIA
dicted almost instantaneousicracking in some black base
ns and no fatigue cracking for 20 years in others.
racking was actually initiaﬂed near the wearing-binder
rface where asphalt stripping began. Since the

as not accounted for in the original materials

properties

cracking wi

Another res
capabilitie
a good pred
were suscep
contained {1
the experim

two categor

Rutting dat
measured te
Figures 12+
rutting val
surface dis

settlement,|

test values, agreement betwden actual and predicted

s not expected.

earcher, Khosla (§), investigating the predictive

s of VESYS IIIA, recently reported that the program was
ictor of cracking indices, e¥cept for sections which
tible to shrinkage (reflection) cracking or which

hick bituminous layers. All of the test sections in
ental base study fall into one or the other of these

ies.

a provided a more favorable comparison of predicted and
st values using the VESYS IIIA model, as presented in
15. On two soil cement sections (T-8, T-10) measured,
ues were higher than predicted due to the extreme

tortion which developed as a result of block cracking
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The program correctly pred}cted less rutting for the fo
sections (which contain a cement stabilized soil layer
asphaltic concrete pavement and the embankment) than fo

depth pavements of similar thickness (T-1, T-3). The r

ur control
between the
r normal full,

igid subbase

layer apparently served to.minimize rutting, even though located 13 to

15 inches below the asphaltic concrete surface.

Overall, the VESYS IIIA rutting model appears to be a usable predictor

based on the mix properties used in this study; however
contribution of stripping in the upper pavement layers
rutting is unknown. Another factor to be considered is

truck tire pressures could,;have been greater than the 7

, the

to total
that actual

0 to 90 psi

values input to the program, which would increase the magnitude of

predicted values.
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-—-Pavement Ride, Serviceabilﬁty

Serviceabil
Ride Meter
seal (frict
16.
upon additi
S.I. betwee
The additio

improvement

Test s

A compariso
Figure 16 £
The S.I. (M
Motors Surf
ride than t
to track ea

eighteen pa

the two S.I.

Within six
wearing cou
The effect

measurement

Serviceabil
Meter and t
S.I. values
AASHTO equa
program pre
stabilized

not acceler

ity Index (S.I.) values were aetermined using the Mays
for the binder course, wearing course, and plant mix
ion course) on each test section, as indicated in Figure
Fction smoothness improved b& approximately 0.5 S.I.

on of the wearing course. Even so, the variation in
n the roughest and smoothest! sections was 3.3 to 4.5.
n of a 3/4-inch thick plant hix seal provided no

in rideability. ’

n of S.I. (MRM) and S.I. (CHLOE) is

or roughness tests conducted on the

also presented in
wearing course.
RM),which is based on a correlation with a General
nce Dynamics Profilometer, infdicates a slightly smoother
he Chloe Profilometer, although the two devices appear
ch other across the range of ride levels built in the
vement sections. A regression equation which relates

data sets follows:

CHLOE = 1.142 + 0.653 Mays

vears of placement, the plant mix seal lost bond to the
rse and began to peel off, primarily in the wheelpaths.
on pavement ride was so negative that by 1983 all field

o

el

of serviceability decline were discontinued.

ity index values, which were measured with the Mays Ride
hen converted to Chloe S.I., are compared to predicted
in Figures 17-20 using the VESYS IIIA program and the
(4) The VESYS IIIA

decline most accurately on cement

tion for flexible pavement design.
dicted S.I.

base sections where block cracking deterioration did

ate surface roughness.
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It should be noted that the S.I. decline curves account for only

six years

f performance data spanning hpproximately 1.7 x 106

equivalent |axle loads. During the measurement period only two

sections T
therefore,

S.1. decay

The AASHTO
and was ge
asphaltic

pavements,
initial ye
AASHTO mod
properly d

exXperience

ached the terminal serviceability level of 2.5;
he comparisons do not indicate the shape of a completed

curve.

flexible design equation was found to be conservative
erally a better predictor of S.I. decline on full-depth
oncrete sections than the VHESYS IIIA program. In most
measured serviceability decline is very flat during the
rs of loading, producing a generally convex curve. The
1 is generally concave in shape and therefore may not
pict the accelerated S.I. décline which pavements

in their final years of service.
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$TRUCTURAL ANALYSIS

AASHTO Structural Number - 'Dynaflect Deflections

Deflection tests were condﬁcted with the Dynaflect devi
pavement layer, beginning wﬁth the completed clay emban
primary objective of these 'tests was to characterize t
constructed strength of ea&h layer. A comparison of a
strengths and design strengths was facilitated by tran
Dynaflect deflections into Istructural numbers, SN, as

AASHTO Flexible Pavement Ddsign system. \

ment.

ce on each

The

e as-
-built
lating measured

efined in the

This method of deflection analysis was developed through a combination

of two-layer linear elastic theory and AASHO-Louisiana |flexible

pavement design theory.
individually characterize the strengths of the embankme
and the pavement layer (E7). A Louisiana Department of
and Development research study (4) provided an E1-SN re
pavement evaluation chart, which was used to evaluate th

contribution of each layer upon construction.

An example of the use of the pavement evaluation chart
the strength contributions of individual pavement layer
21.

system deflection decreases and the spreadabi

in Figure
the total

In this example, as each new pavement lay

resulting in an increase in load carring ability, expres
The strength contribution of the embankment (Eg) in Fig
increased as additional pavement layers were constructe
increase is thought to be pﬁincipally due to a moisture
subgrade soil as deflection evaluations progressed from
dry season. The confining effect of each added pavemen
subgrade may also have contributed to the gain in subgr:
indicated by the deflections.
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Layered theory provided the ability to

t layer (Eg)
Transportation
ationship in a

strength

o calculate

is presented
r is added,
ity 1increases,
ed as SN.

also
. This
loss in the

the wet to the

re 21

layer on the

de strength
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AS CONSTRUCTED DEFLECTION TEST DATA-- TEST SECTION # 10 (STA. 230+75)
PAVEMENT LAYER LAYER THICKHESS DATE OF TEST AGE AT TEST
1 Embankrent 9-22-75 1 day
2 Sclected Soil - 8.8" 10-7-75 5 days
Cement Stabilized Soil 12.3" 4-15-76 9 days
4 Cement Stabilized Soil 12.3" 4-26-76 20 days
HIWAC Binder Course 2.9" 6-15-7¢ 5 days
5 HMAC Wearing Course 1.9" 7-15-76 16 days
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It is interesting to note the sensitivity of the pavement evaluation
chart of Figure 21 in indicating the SN-related strength gain with

time of the 12.3-inch soil+cement base course.

Figures 22 - 25 depict the variation in field measured| structural
numbers and their decrease with time and accumulated traffic load.

The theoretical decline in structural number with load, which was
calculated by iteration using the AASHTO equation, is also indicated for

comparison., It should be noted in the general form of| the AASHTO

formula:
4,2 - Pt = | 0.40 + 1094 log Wt - [9.36 log (SN+1) -0.20
4.2 - 1.5 SN+1
where Pt = serviceability at end of time t
SN = structural number

Wt = axle load applications at end of time t

that SN is an expression of initial load carrying capability which

remains fixed as Wt increases and Pt decreases to some| terminal value.

The point of origin of the theoretical SN decline curve in Figures
25 is the SN value calculated using actual layer thicknesses and the
following AASHTO strength coefficients: asphaltic concrete surface =
0.44, asphaltic concrete base = 0.34, cement stabilized soil = 0.1

cement stabilized sand-clay-gravel = 0.18.

To facilitate a model for project-specific SN decline Wwith
corresponding Pt decline, the first term in the equation, which represents

the rate of change in serviceability has been rearranged as follows:

Po - Pt
Po - 1.5
where Po = initial serviceability at time zero.
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Using an iterative procedure,successive#y smaller SNs are then calcu-

lated as serviceability decreases and ldad increases.

The procedure

provides a mechanism for modeling pavement systems which weaken under

accumulated

Field measur

lized bases

deflection-reducing effect of these very stiff layers.
large SN val

test sections,

rapid servig
measured at

numbers;

to character

The SN decay
two theoreti
strength cose
values curre
0.40,
0.33.
better refle
with deflect

asphal

Figure 26 p7
lated SN val
of the asphsg

sections. 3

an asphalt mat temperature of 77°F.

based values

SN values cd

A similar re

developed by

truck loading and as a result become rougher.

ed SN values for test sections containing cement stabi-
are typically larger than predicted values due to the

The apparently
ues were not indicative of the performance of these
however, since cracking and surface distortion caused
eability declines under repeated heavy loads. Deflections

cracks are usually higher, producing lower structural

therefore, sampling location bgcomes critical when attempting

ize the strength of this ter of pavement.

curves for the full-depth asphalt test sections contain
cal curves, one representina the previously listed AASHTO

fficients and the other repﬂesenting the coefficient

ntly used by Louisiana: asphaltic concrete wearing =

0.38,

tic concrete binder asphaltic concrete base

The design values, which were adjusted downward in 1980(2) to

ct field Marshall properties, apparently also better agree

ion-based strength measurements.

ovides a comparison of Dynaflect-measured versus calcu-
ues plotted against maximum tensile strain at the bottom
1t base course for each of the full-depth asphalt test
train values were calculated using the Bisar program(§)at
The field-measured, deflection-
provide a better fit with Load response indicators than

mputed from coefficient constants.

lationship for test sections with cement treated bases was

plotting SN versus maximum compressive strains at the
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surface of the embankment, gs indicated in Figure 27. The relationship
between section strength indicators and calculated pavement response
is apparently less predictdble for cement treated bases than for

asphaltic concrete bhases.

Results of the resilient indirect tensile test indicate that flawed
soil cement samples failed jafter 1 to 500 cycles, wherqas unflawed
samples obtained only several feet away withstood 300,000 to 1,000,000
cycles of loading. Extreme strength variations of this nature
undoubtedly affect strength characterizations made from surface

deflection testings as well as from laboratory testing.
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Layer Moduli - Non Destructive Field Tests

Determination of in situ moduli was accomplished by inpy
deflections into a computer program entitled FPEDD1 (a
pavement structural evalua&ion system based on dynamic
which was developed by Uddin and others.(ﬁ) The program
analyze deflection basins to predict layer moduli of up
layers. Thein situ moduli 'are then corrected by equiva
analysis to account for nonlinearity of granular layersg
subgrades, in addition to a‘temperature correction for ft
asphaltic concrete. |
Three points in time were éelected to examine magnitude
1978--0.5 x 16° EAL, 1980--0.8

Figure 28 depicts the average tre

layer moduli with load:
1984--1.5 x 10° EAL.

change with time for the wearing-binder course,

D

asphalt

base, cement stabilized soll base, select soil, and emk

layers. Moduli of asphaltic concrete layers have been
77°F (25°C). Table 18 of Appendix D provides a listing

moduli for the three dates by section number.

As depicted in Figure 28, the Dynaflect deflection FPED]

successful in indicating the pavement layers which rapi

under load.

~

The wearing-binder course layer (where cozy
that fatigue cracking begah) experienced the most dramg
layer modulus.

1

.

The base course materials did not exper

decrease in stiffness and the select and embankment soij

remained virtually unchanged over 1.5 x 106 equivalent

ting Dynaflect
flexible
deflections)

is designed to
to four
lent linear

and cohesive

he modulus of

and change in
x 10° BAL,

nds in moduli

and

ic concrete
ankment
corrected to

of layer

1 analysis was
dly weakened
es indicated
tic decline in
ience a rapid
1 layers

axle loads.
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Comparison of Laboratory and Field Measured Moduli Values

A comparison of elastic modulus values measured in the

laboratory to

modulus values measured in ‘the field using the Dynaflect is presented

in Table 9. The two source@ of moduli determination ar

agreement, indicating that with the appropriate analysis

e in general

technigques the

Dynaflect device can be used to estimate in situ moduli of up to four

pavement layers. A recent bomparison (7) of Dynaflect

Weight Deflectometer data u$ed to predict layer moduli

that both devices are capable of producing moduli suita

design purposes.

i

Another method of estimating in situ embankment modulus

and Falling

has indicated

ble for

from Dynaflect

deflections is illustrated lin Figure 29. The previously described

pavement evaluation chart dpes not require the use of a
may be used to estimate embankment strength (as well as

pavement structural number) in the field. The embankme

computer and
in-place

nt modulus

values for five field evaluations from 1978 through 1985 are listed in

Table 10.
TABLE 9
FIELD MEASURED VS LABORATORY MEASURED
Modulus of Elasticity, E X 10° PSI
Dynaflect Indirect Tensile |Test*
Layer (FPEDD1) E E corrected**
Wearing 615 5.7 6.8
Binder 6.5 5.4 6.5
Base 517 5.1 6.1
Soil Cement 6.4 4.5 5.4
Stab SC/G 5.8 3.5 4.0
Select 0437 0.20 -
Embankment 0.13 0.11 -
* Field Cores

**x Algornithms
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Prior to construction of the embankment, the northern end of the
2-mile experimental base project (Sections T-9 through |C-4) was
higher in elevation than the southern end, where various quantities of
fill material were required. Soil borings taken on the northern end

of the project indicated A+47-6 clays, which were the natlive soils,

while the middle to southenn end contained some silty clays and silty
clay loams, which covered thHe deeper layers of clay soill. Results from
the pavement evaluation chart, Table 10, reflect generdglly higher and
less uniform Mr values in the filled sections, indicating slightly
better support than affordgd by the A-7-6 soils.

TABLE 10

(Mr X 103 PSI)

11/2/78 3/24/80, 2/17/83 2/2/84 21/85
13 9 i 10 9
9 7 7 7

DYNAFLECT—DETERM?NED EMBANKMENT RESILIENT MO#ULUS

C-1 8

T-1 6

T-2 12 8 8 7 8
C-2 14 10 11 8 12
T-3 9 7 8 6 7
T4 15 11 11 8 10
T-5 9 7 7 5 6
T-6 13 9 11 7 9
T-7 9 3 8 G 7
C-3 11 9 10 7 9
T-8 20 9 10 8 8
T-9 9 7 7 6 7
T-10 9 9 10 8 3
T~-11 9 8 8 7 8
T-12 9 8 8 7 8
T-13 9 3 9 8 9
T-14 9 8 8 7 7
C-4 10 9 10 9 9
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AASH#O DESIGN APPLICATIONS

Soil Resilient Moduli and E—Value

The material property used(to characterize roadbed soil for pavement
design in the new AASHTO dgsign guide is the resilient modulus (Mr) .
Where equipment for perforﬂing the resilient modulus test is not

available, conversions for ﬂ—value and other soils tests are provided.

The resilient moduli of select and embankment soils were measured
across a range of moisture bontents,as indicated in Figure 30. Moduli
are shown to increase quickly as soil moisture decreases for all soil
types, from sand to heavy clays. The silts, silty clays, and heavy
clays appear to provide simﬁlar potential maximum (15,000 psi) and
minimum (5,000) resilient mbduli values, depending on in situ moisture.
Sands developed a greater poptential for support, with sandy loams and
sandy clay loam soils indicating the highest potential (30,000 to
40,000 psi) at lower moisture levels.

Soil R-value test results for each soil type are paired|with the
resilient moduli selected from Figure 30 at the optimum|moisture

content of each of the following soil types:

q 0.M.C. Mr R-Value
Sand A-2-4(0) 11.4 19 60
Sa/Lo A-2-6(0) 11.7 16 21
Sa/Cl/Lo A-2-6(2) 13.6 14 21
Silt A-4(8) | 16.4 10 25
Si/Cl A-6(12) 18.3 8 18
Hv/C1l A-T7-6(20) 28.5 5 <5

The resulting Mr - R-value relationship is indicted in Jigure 31 along

with correlations from other studies(é’ﬁ’g)
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using nucle
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results as

Design inpu

were succes

a from the Louisiana Experimental Base Study is in general

th the theoretical relationship, as follows:

between 0 and 20
ter than 20

1000 + 555R
1600 + 380R

Mr

Mr =

ociated with the select soil layer were approximately 20
g the relationship between H—value and structural layer
in the 1986 AASHTO Design gﬁide,a value of approximately
cated, This is the value currently used by Louisiana in

ement design.

u moisture contents of embankment soils were measured
r moisture-density sensors lowered in one-foot increments
t feet below the embankment'surface.
re 32,

pically ranged from 26 to 32 percent.

Soil mositure
generally increased with depth beyond the four- foot
Applying the 26
ture value (representing the top four feet of embankment)
soil Mr curve in Figure 30,;a modulus value of 11,0QO psi

reviously indicated in Tablée 9.

values for embankment resilient moduli (from lab tests)

fully estimated in this study using two independent

methods: (1)) laboratory R-values with appropriate correlations and (2)

Dynaflect deflection data,

in conjunction with either a computer

program which estimates layer moduli using basin fitting technigues or

a nomograph used to estimate embankment moduli in the field.

Layer Strength Coefficients for Asphaltic Concrete and Cement

Stabilized

Methods

Design strd
materials'
properties
11,

indicated.

ngth coefficients computed using

Corresgponding design values currently in use by LADOTD

typical fundamental

properties from this study and currently specified

representing materials in this study are listed in Table

are also
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AASHTO FLEXIBLE PAV

TABLE 11

DESIGN LAYER COEFFICIENTS

EMENT DESIGN

|
Er (Indirect Tensile) _ * l Marshall _*
(psi x 10°) C Stability C
- !
Wearing mix . 0.4 1800 0.42
Binder mix . o.4j 1500 0.37
Base mix . 0.34 1400 0.28

Wearing mix
Binder mix

Base mix

Soil cement

Stabilized
clay gray

Soil cement

Stabilized
clay gray

5.4
sand 4.0
el

sand
el

ood |

Currently in Use

1700 0.40

1400 0.36

800 0.33
Compressive

Strength (psi) C

633 0.19
356 0.14

Currently in Use
300+ 0.15
500+ 0.18

o

*Based on relationships in the
AASHTO Pavement Design Guide
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Asphaltic concrete materials were somewhat stiffer and| developed
correspondingly higher Marthall Stabilities than are currently
specified for flexible pavements. No need for adjusting design
coefficients for asphaltic concrete materials was indicated in this
study.

The soil cement materials fenerally exceeded a 300+ psi design
compressive strength:howevén resilient moduli determined from indirect
tensile testing indicate aistructural coefficient of 0,14, very near
the 0.15 currently used,. ?he cement stabilized sand clay gravel, on
the other hand, developed far less compressive strength than designed
for and would receive a deéign coefficient of only 0.08 based on
fundamental properties.,. Fﬂeld cores were difficult to |obtain for both
base types due to cracking ‘and laminations between compacted layers.
Generally, performance of ﬂhe cement stabilized base was associated
with these failure planes nather than with the magnitude of
compressive strengths or 14yer moduli. For this reason, the use of
higher design coefficients is not advised for this type| of base, even

where modulus values are hﬂgher due to layer stiffness.
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RESEARCH OBJECTIVES ACCOMPLISHED

measured and compared using a variety of (tensile and compressive)

laboratory tests all utilizing repeated loading applied to both
laboratory-molded samples and field cores. The engineering
properties of each material were also determined from field
deflection tests to provide a comparison to laboratory measured

values.

The Mays Ride Meter and Chloe profilometer were correlated to
facilitate measurement of serviceability indices. |[The Dynaflect
and Benkelman beam devices were correlated to enhance deflection-

based field data.

Fundamental engineering properties of each paving &aterlal were

Field-measured serviceability and pavement strength indices were
compared to the theoretical relationships from AASHTO Design
theory. An iterative procedure was utilized to compute
theoretical change in dtructural number (SN) with load to provide

a comparison to SN decline measured with the Dynaflect device.

were compared to predicted values using the VESYS ILIA program.

The magnitudes of vehicle load equivalency factors used in

Louisiana for flexible pavement design were compared to factors

ated total

Measured values of serviceability decline, cracking| and rutting
derived from Weigh-In-Motion data. Actual and esti

18-kip equivalent axle load data were also compared.

the standard specified materials' properties achieved and by using

measured fundamental engineering properties. A common level of
performance (such as terminal serviceability) was ndt attained due
to the rapidly deteriorating surface friction course; therefore,

layer equivalency factors could not be verified on

Structural layer coefficients for design were examljed in light of
he basis of
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|

this t}pe of information.

i
7. Changes in layer moduli with time were measured using surface
deflections to provide insight into which layers experience the

greategt degree of weakening under |load and environment.

8. Observations were made concerning:

1) The effects of stripping of asphaltic concrete on performance
and expected life, 2) the benefits of providing a stiff
cement stabilized layer between an embankment and full-depth
asphaltic concrete pavement to minimize rutting, 3) optimum
thickness ratios of asphaltic e¢oncrete surfacing to cement
stabilized base to minimize reflective shrinkage cracking, and
4)| strength variations attributed to in-place cement

stabilization.

9, Resilient moduli and R-values for & wide range of soil types were
correlated and compared to theoretical relationships found in the
1986 "AASHTO GUIDE FOR DESIGN OF PAVEMENT STRUCTURES.'" Tubes
placed| ten feet into the embankment provided a means of measuring
embankment moisture variation with| depth and by season. In situ
moisture values were used to indicate appropriate resilient

modulil for design applications from lab test results.

10. Reported separately is a series of isix reports by Hadley(l)
describing a study conducted by the Materials Research Laboratory,
Louisiana Tech University, which 1is |the phase of the TL.ouisiana
Experimental Base Study dealing with materials testing and data
applicdations. The reports describe a very comprehensive,
laboratory-based materials characterization study, with analysis of
variande, applications of test data to special finite eclement
modeling (of the lab tests) and to several deterministic design

and analysis programs (summarized in Appendix E).
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SUMMARY pF FINDINGS AND CONCLUSIONS

The vehicle load equivalency factors currently use
Louisiana-AASHTO flexible pavement design (W-4 Tab
closely with factors determined from Weigh-In-Moti
this study. The currently used factor for 3-S-3's
found to be high by approximately 200 percent and

3-5-2's was found to be low by approximately 20 pe

\

It was concluded from an evaluation of field cores
cracking occurring in ‘the wheelpaths of full-depth
concrete test sectionslwas confined to the wearing
layers. Moisture susceptibility, also referred to
originating at the interface of these two layers w
The ab

antistrip additives and the use of a high void con

to the load-related cracking and rutting.
contributed to the stripping problem.

Two of the full-depth asphaltic concrete sections
year designs and which:did not experience strippin
thicker test sections Which did contain stripping
severity of fatigue cracking, patching, and ruttin
occurrence of stripping had a greater influence on

than additional section thickness or higher struct

The cement stabilized base sections with the large
asphaltic concrete surfacing to base thickness dev
severe and less extensﬁve reflective cracking acro
levels. Test sections‘where in-place stabilizatio
accomplished in one 1i&t (6 to 9 inches) and where
of surfacing was nearly equal to the base thicknes

performed best.

Performance of the cement stabilized base sections

d in

les) compared
on data during
however, was
the factor for

rcent.

that fatigue
asphaltic

, binder course
as stripping,
as a contributor
sence of

tent mix

which were five-
r  out- performed
in terms of

r. The

G

performance

ural numbers.

st ratios of
cloped less

ss all design
N was

the thickness

5 generally

was associated

with shrinkage cracking, failure planes, and laminations between
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compacte

paramete

The VESY|
fair pre
of crack
full-dep

cement s

unstabil

predicto
design e
those wh

program

reflecti

The AASH
better p
T

ITIA.

because

properly

pavement

Louisian
concrete
strength
better r

design f

Using th
Dynaflec

numbers
The fiel

sections

(stress

d layers rather than with the magnitude of strength
rs measured away from cracks.

|
S IIIA program was a good prledictor of rutting and a
dictor of serviceability decline, but a poor predictor
ing. The program correctly lpredicted less rutting for
th asphaltic concrete sections which also contained a
tabilized working table than for those with an
VESYS IIIA was generally a better

r of serviceability decline 'than the AASHTO flexible

ized subbase.
quation on cement stabilized base sections, except for
ich developed the most reflective cracking (the

does not consider added roughness resulting from

ve cracking).

TO model for serviceability decline was found to be a
redictor for full-depth asphaltic concrete than VESYS
he AASHTO equation is initially conservative but

of its generally concave shape, the model may not

predict the accelerated serviceability decline which

s experience in their final years of service.

|
a's new design layer coefficlient values for asphaltic
adjusted in 1980,

parameters.

s agree better with deflection-based
The adjustment represented an attempt to
elate Marshall properties achieved in the field to

bctors.

e data analysis techniques described in the report,

t data can be used to estimate AASHTO structural

(SN) which reflect in situ pavement and conditions.

d measured SN values for full-depth asphaltic concrete
related better to pavement response indicators

and strain) than SN values chlculated from
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10.

11.

12.

13.

strength coefficient constants. Cement stabilized base sections
were more difficult to characterize due to the ranges of

stiffness measured when testing between cracks or at cracks.

Dynaflect data can be used to determine layer moduli
reflecting in situ pavement conditions with the appropriate
data analysis techniques. The technique used in this study
correctly identified the layers experiencing stripping
(wearing, binder layers) as having the most rapid rate of

decline in layer modulus with time.

A comparison of laboratory determined moduli and Dynaflect
deflection-based, field-measured layer moduli has indicated a
close similarity in magnitude of determined values.| TField-
measured values using the Dynaflect are therefore suitable for

input in pavement design.

Comparisons of theoretical and finite element analysis
solutions indicate that laboratory-determined values of
modulus of elasticity and tensile stresses and strains can be
over or underestimated,tusing the theoretical mathematical

formulas commonly used to calculate these values.

Soils test data for the R-value and resilient modulus testing
in this study closely track the suggested conversio
relationships proposed in the 1986 AASHTO Design Guide and
other cited references., The test data did not compare as well

with a similar relationéhip found in NCHRP publication #126.
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RECOMMENDATIONS

Weigh-In-Motion equipment should be utilized to verify loadometer
results and to increasé¢ sample sizes for design input factors.
Factors for 3-5-3's and 3-S-2's from sites other than the
Experimental Base Study should be evaluated in light of the

findings of this study.

All asphaltic concrete‘mixes should be examined for moisture
susceptibility and appropriate action taken prior to paving when

stripping potential is indicated.

should provide asphaltic concrete surfacing equal to or of a

loads are

Designs of flexible pavements placed over cement stabilized bases
greater thickness than the base where repeated heav

anticipated.

capabilities of VESYS IIIA by enhancing the cracking prediction

portion of the program.
Research is needed to utilize the Dynaflect device in evaluating
typical layer moduli ragges of in-scrvice pavements|and

embankments to develop appropriate input to the new

Consideration should be given to improving the predictive
AASHTO Design

Guides.

utilized to estimate soill resilient moduli for design input.

It is recommended that RH-value tests and field defljction tests be
Layer design strength caoefficients currently in use by the
department should not be adjusted at this time. The as-built
strength and performance of cement stabilized sand cllay gravel

bases should be studied further.
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APPENDIX A

TESTING AND MEASUREMENT PROGRAMS

Construction Sampling and Testing Progran

Post - Construction Sampling and Testing Program

91



£6

Material and Test

SUBGRADE SOTL
Moisture Density
R-value

Resilient Modulus, M

R
In-place Density & Moist.

Mechanical & Physical Anal.

SOIL CEMENT BASE

Mix Design

Modulus of Elasticity
Poissons Ratio
Fatigue Properties
Tensile Strength
In~place Density

Thickness

ASPHALT BASE & SURFACE

Mix Design

Test Method

LDH TR 415-66
Calif. 301-F
Al

LDH TR 401-67
LDH TR 407-69

LDH TR 432-71
Indirect Tensile Test

Indirect Tensile Test

Repeated Indirect Tensile Test

fndircect Tensile Test
LDH TR 401-67
LOH TR 602-67

LDH 303-64

£ i
Moduius—of Flasticity

Irdirect Tensile Test

TABLE 12

Time

Before
During
During
Not Applicable

Before

Before
During
During
During
During
Not Applicable
Not Applicable

Before

During

CONSTRUCTION SAMPLING AND TESTING PROGRAM

Sampling

Size

15 1b.

15 1b.

300 1b.

Not Appli;;ble
30 1b.

80 1b.

Not Applicable

Not Applicable

75 1b. agg. 2 qt. A.C.
1 gal. can mineral filler

Frequency

Three Minimum/Section
Three Minimum/Section
One/Project

Three Minimum/Section

Two Minimum/Section

As Required for Design

3 Random Tests/Section

3 Random Tests/Section

As Required for Design

300 Ib. each aggregate
3 gal. asphalt

One/Project
One/Project

Testing

Time Agency
Before Department
After Department
After Asphalt Institute
During Department
Before Department
Before Department
After Department
After Department
After Department
After Department
During Department
During Department
Before Department
After Department



TABLE 12 (CONTINUED)

CONSTRUCTION SAMPLING AND TESTING PROGRAM

¥6

Material and Test
Fatigue Properties

Tensile Strength

In-place Density

Thickness

CEMENT STABILIZED
SAND-CLAY-GRAVEL

Mix Design

Modulus of Elasticity
Poissons Ratio

Tensile Strength

Fatigue Properties

In-place Density & Moisture
Thickness

ASPHALT CEMENT

Specific Gravity, 77°F
Specific Gravity, 60°F

Test Method

Repeated Indirect Tensile

Indirect Tensile

Time

During

During

Troxler Nuclear Method (Back-

scatter Air Gap)

LDH TR 602-67

LDH TR 432-71

Indirect Tensile Test
Indirect Tensile Test
Indirect Tensile Test

Repeated Indirect Tensile Test

LDH TR 401-67
LDH TR 602-67

AASHO T228-68
AASHO T228-68

Not Applicable

Not Applicable

Before

During
During
During
During
Not Applicable
Not Applicable

Before

Before

Sampling

Size

500 1b. each aggregate

5 gal. asphalt

150 1b. aggregate
4 1b. filler
8 1b. asphalt

Not Applicable

Not Applicable

36 1b. cement
300 1b. aggregate

Not Applicable
Not Applicable

1 qt. for all tests

Frequency

One/Project
One/Project

One/project
One/Project
One/Project

Three Minimum/Section
Five Cores/Section

Three Minimum/Section
Five Cores/Section

As Required for Design

Three Minimum/Section

Three Minimum/Section

Routine Number

Routine Number

Testing
Time Agency
After Department
After Department
During Department
During Department
Before Department
After Department
After Department
After Department
After Department
During Department
During Department
Before Department
Before Department



G6

Material and Test
Wt. per gallon, 60°F
Flash Point, C.0.C., °F
Viscosity
Savbolt Furol Sec. @ 275°F
Absolute @ 140°F, Poises
Pen. ©39.2°F, 200y, 60 sec.
Pen. @77°F, 100g, 60 sec.
Duct. @39.2°F, 5cm/min,cm
Thin Film Oven Test
Loss 7 @ 325°F, 5 hrs.
Pen. of Residue @ 77°F
Residue Pen. 7 of Orig.
Duct. of Residue @ 77°F
Pen. of Resldue @ 32°F
Solubility in €S 27
Homogeniety Test

Mixing Temperature

Test
AASHO
AASHO

AASHO
AASHO
AASHO
AASHO
AASHO
AASHO

AASHO
AASHO
AASHO
AASHO

Method
T228-68
T48-68

T72/102
7202
T49. -
T49

T51
T179-68

T44
T102
T72/102
T202

TABLE 12 (CONTINUED)

CONSTRUCTION SAMPLING AND TESTING PROGRAM

Sampling

Time Size
Before

Before

Before
Before
Before
Before
Be}ore
Before
Before
Before
Before

Before

Frequency
Routine Number

Routine Number

Duplicate
Duplicate

. Duplicate

Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate

Duplicate

Routine Number
Routine Number
Routine Number

Routine Number

Testing
Time Agency
Before Department
Before Department
Before Department
Before Department
_ Before . __ Department
Before Department
Before Department
Before Department
Before Department
Before Department
Before Department
Before Department
Before Department
Before Department
Before Department
Before Department
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Material and Test

PORTLAND CEMENT

Autoclave Expansion

Time of Setting by
Vicat Needle

Alr Content
Compressive Strength

Finencss by Air
Permeability Apparatus

Normal Consistency

Test Method

ASTM C151

ASTM C191
ASTM C185
ASTM C109

AASHO T163
ASTM C187

— TABLE 12 (CONTINUED)}

CONSTRUCTION SAMPLING AND TESTING PROGRAM

Time

Before

Before
Before

Before

Before

Before

Sampling

Size

1 gal. of each sample of
all tests

Frequency

Routine

Routine
Routine

Routine

Routine

Routine

Number

Number
Number

Number

Number

Number

Testing

Time

Before

Before
Before

Before

Before

Before

Agency

Department

Department
Department

Department

Department

Department



IT.

II1T.

v,

A%

Program Title and Description

indisturbhed subgrade cpres,
four-inch thinwall tubing -
three samples from each,

thickest and thinnest section
of each base type - three
samples from control. For

basement soil characteristics.
Coring for Programs 1, 11 and
TIT will be combined.

Four-inch core samples}of base
and surfacing for thickness,
density, modulus of elasticity
and (asphalt mixes only) creep
test. Three cores from each
section. One additional set may
be needed from the asphalt base
sections depending on the outcone
of development work on the creep
test procedure.

Cores samples for tensile strength
tests.

Sample for fatigue properties of
surfacing and bhase (asphalt mixes
only). Roadway samples may bhe re-
required 1if performance indicates
that original lab tests
servative in predicting
cracking,

fatigue

Visual obhservations,
and condition survey.

ctracking maps

97

were uancon-—-

Measurement Schedule

Initial
six mon
structi
Run spe
second

for wet
seasons

measurements
hs after con-
n,

ial test in

r third year
and dry

Repeat in a suhse-
quent year if rutting
occurs.

Ream samples in a
subsequent year if
needed.

Cores s X months
after construction,

Tnitial |measurements
within first three
months dfter con-
struction.

Routine: once per
year.

Special: as needed,
at more |(frequent
intervalls.




VI.

VII.

VIII.

IX'

o
@
Hh
—
@

1. D
B
2. D
3. T
4, R
d
(
t
i
t
o)
Profi
i. C
c
2. M

tion measurements:

flection using Benkelman
am in outer wheel path.
flection using Dynaflect.
xas Surface Curvature

ad thermocouples each time
flections are taken.
urface temperature plus
o-inch interval of depth,
r 5 1/2-inch surfacing and
ichest base - in hot mix
ly).

ometer measurements:

loe Profilometer with
lculated PSI.
ys Ride Meter,

3. BPR Roughometer,

Rut Depth Measurements using

AASHO

Road Test A - frame

rut depth device or similar.

Traff

ic count.

98

Initial measurements
within one month after
construction.

Routine: two times per
year during March and
August.

Benkelman Beam tests
will be dropped as soon
as correlation with
Dynaflect is
established for this
project - about 2
years.

Initial measurements
within one month after
construction.

Chloe Profilometer will
be dropped as soon as
correlation with Mays
Ride Meter is
established.

Special: as needed, at
more frequent interval
if conditions are
changing rapidly.

Same as Chloe
Profilometer schedule,
except if special
conditions indicate
more frequent tests.

Once a year to
establish growth
pattern,

More frequent intervals
to establish large
seasonal variation if
needed.

Continuous count from
permanent station
adjacent to project.



Truck weight study.

1.

Classify and recordgloads in
f

motion by a system
transducers,
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Continui
evaluati
detector
in-motio
applied
lane.
Check se
variatio
cultural

g traftic

n by loop

and weigh-
tranducers

n outer

sonal
of agri-
traffic.



APPENDIX B

CONSTRUCTION AND MATERIALS SAMPLING

Asphaltic Concrete Materials
Cement Stabilized Base
Select Soil

|
Embankment Soil
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ASPHALTIC CONCRETE

|
Most of the asphaltic concrete for this experimental pr
produced at the contractor's Hot Wells batch plant, loe
approximately thirty miles]northeast of the job site.
listing is an average représentation of the percent pas
gradation, the asphalt content, the percent crushed agg
plant batch temperatures, #nd the field compaction temp

all three mix types producéd:

oject was

ated

The following
sing aggregate
regate, the

eratures for

e 3 Wearing

Sieve Type 5+A Base Type 3 Binder Typ
1 inch 100 100
3/4 inch 93 100
1/2 inch 81 89
No. 4 49 57
No. 10 34 43
No. 40 21 26
No. 80 11 13
No. 200 5 8
Asphalt, % 4,0 4.4
Crushed, % ‘ 75
Plant Temp., °F 315 320
Road Temp., °F 280 300

All mix types were composed of siliceous sands and cher
mineral filler (silica dust) comprised part of the aggr
for the binder and wearing?course mixes (2 and 3 percen
fespectively). The asphalt cement was a Lion 0il (El1 D
Arkansas) AC-40 grade with | typical properties as shown
Appendix F.

Construction of the asphaltfic concrete portion of the e

Project occurred during 19?6, as follows:

103

100
100
88
61
48
26

13
5

4.6

83
320
300

t gravel., A
egate gradation
t,

orado,

in Table 9 in
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Type 5-A Base - April 19 through‘June 2, 1976
Type 3 Binder - June 7 through June 10, 1976
Type 3 Wearing - June 28 and June !29, 1976

|

The various design thicknesses of eight ¢f the ten black base sections
coat between|lifts; section 7's base (4 1/2 inches) and section 11's
base (3 inches) were constructed in a siﬁgle lift. All binder course
section design in excess of 2 inches were constructed (and tacked) in
two equal lifts. On June 29, 1976, the contractor switched batch

were constru%ted in two equal lifts withiapproximately 0.04 gsy tack
plants to coTplete the wearing course erm test section 10 though C-1.

All plant production during the construcﬁion period was sampled and
tested in acjordance with normal state practices. Table 10 in
Appendix F l#sts by construction date thé following mix properties:
| \
Marshall Stability |
Gradati#n |

Asphalt [Content |

Percent |Crushed (binder and wearing course mizxes)

Cores were taken in each section at three locations in the outside
wheel path of the outside lane to determine as-constructed section

thicknesses. | The cores were also used for density verification.

|

In an effort to establish the relationship between section life and
fundamental material properties, raw materials used in the production

of each mix tyl[e (base, binder, and wearing) were sent to the Asphalt

Institute,. ihese materials will be used. to reproduce mix specimens
which will b% tested for modulus of elasticity, tensile strength, and
fatigue pr0p¢rties. Another part of this$ effort was the shipment to
the Institute of 56 full depth hot mix coéres (4 from each black base
section and i from each other section). These cores were taken in
early July OF 1977, approximately ten months after the roadway had
been open to|traffic. The Asphalt Institute determined in-place

modulus of elasticity from the cores.

104



|

SOIL-CEMENT AND C$MENT—STABILIZED SAND CLAY GRAVEL

Testing done on the soil—ce#ent material included classification for

soil groups (same materials'as the select soils), nuclear moistures

and densities on the in—pla&e material at the roadway site, laboratory

design tests for optimum cement percentages, thickness measurements,

and the taking of 7-day and}28—day cores. The physical
tested for compressive strengths and cement contents.

with many of the cores was khat the top 1 to 3 inches o
either broke or separated dpe to compaction laminations
deep soil-cement sections (éo, 16, 15 and 12 inches) wh
in two separate layers, thefcores came apart at the jun
the layers. Some cores showed 1/2 to 2 inches of raw
top and bottom layers which| did not have the cement cut

soil.

The 10-inch cement-stabilizied sand clay gravel section
cut-in and compaction attempts during a medium to heavy
Compaction equipment had to be removed from the section
soupy condition of

the roadway. Core attempts in this

produced only four fair cores out of 25 attempts.

SELECT SOIL

The select soil on the Loulsiana Experimental Base job
with verly few problems. The select
6;

avg.

according to plans
composed of sand A—2—4(O),javg. P.T,

a sandy loam
pP.I.=11. T

performed on this material included soil classification

and a sandy clay loam A~2-G(0),

moisture and density, R—vaﬂues, and modulus of elastici

modulus of elasticity testing was done by the Asphalt I
|
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EMBANKMENT
1

Tests were rpn on the embankment materiap for classification into soil
groups and f#r R-values. The natural material in the southern part of
the project (Sta. 157+00 to Sta. 202+00)iwas composed of silts
A-4-(8), average plasticity index (P.I.) = 4; silty loams A-4-(8),
avg. P.I. = 2: and silty clay loams A-6-(9), avg. P.I. = 14. The
northern part (Sta. 202+00 to Sta. 265+25) consisted of silty clay
A-6-(12), avg., P.I. = 20; medium silty cﬂay A-7-5(18), avg., P.1. = 34;
and heavy clays A-7-5(20, avg. P,I. = 41‘or heavy clay A-7-6(20),
avg, P.I. = 40. Nuclear moistures and dénsities were run on the
embankment material in place. Undisturbéd cores of the embankment
materials were taken and sent to the ASppalt Insititute for resilient
modulus testing.
|
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| APPENDIX C

|
PAVEMENT DISTRESS MEASUREMENTS --CRACKING, RUTTING
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TABLE 14
PAVEMENT DISTRESS MEASUREMENTS

74-1G CRACKING DATA

DATE CRACK cot co2 Cco3 co4 TOt TO2 TO3 T04 TOS TO6 T07 T08 TO0S T10 T11 T12 Ti3 T14

TYPE I
TYPE 11
04/13/78 TYPE II1

PATCHING
SHRINKAGE 16 25 305 244 128

PATCHING
SHRINKAGE 26 131 146

PATCHING
SHRINKAGE

PATCHING
SHRINKAGE 4 54 4 368 131 211 11 121

11/13/79 TYPE III
PATCHING
SHRINKAGE 38 134 31 129 36 215 6 152

01/01/81 TYPE II1

PATCHING
SHRINKAGE 41 235 48 163 86 230 53 117

12/12/81 TYPE 111
PATCHING

S S SR I :
| SHRINKAGE| | | 323 736 281 1088| 306| 930 151 447

038/23/82 TYPE II1
PATCHING 40
SHRINKAGE 50 511 . 385 448 380 244 368 548 424

PATCHING 63 50 263
SHRINKAGE 50
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TABLE 14 (CONTINUED)
PAVEMENT DISTRESS MEASUREMENTS

74-1G CRACKING DATA

DATE CRACK cot co2 €03 Co4 TOt T02 T03 704 T05 TO06  TO7 T08 709 Ti0O T T12 T13 T14

TYPE 1 220 815
TYPE 11 200 85

02/21/85 TYPE 111
PATCHING
SHRINKAGE
TYPE I 1100] t100| 1100| t100| 1iCO ol 1100 o] 1100 18] 1100 0 0 25| 1100 33 o| 1100
TYPE 1I 200 0 0 ol 205 o] 150 0| 255 0 295 0 0 5 0 0 0 0

TOTALS TYPE I11 0 0 0 0 0 0 o} 0 0 0 0 0 0 0 0 0 0 0
PATCHING 0 0 0 0 0 63 50 0 0 0 263 40 0 0 0 0 0 0
SHRINKAGE 50 0 0 50 0| 933 0| 1605 o} 812 0 0| 803| 2390 0 769| 1604 0




TTT

DATE
12/06/77
04/13/78
11/02/178
04/10/79
08/23/79
11/13/79
—02/01/80
09/01/80
12/12/81
09/23/82
02/01/83
02/03/84

02/21/85

© © ©o 0 d o 0o O o o ©° 8

(@)

o o ¢

-

co2 Cco3
0.0 0.0
0.0 0.1
0.0 0.1
0.0 0.1
Q.2 0.2
0.2 0.2
02T 02
0.2 0.2
0.2 0.3
0.2 c.3
0.3 0.3
0.3 0.3
0.3 0.3

© 0o 0o o 0o o d o o o o o o

—
(o}

o O O ©o o o

o o O O o o o

o O O

ey

TO2

© 0o 0o 0o 0o 0o O 0o o ©0o o o ©

O O O

-

© o o o o o o‘ o o o

74-1G RUTTING DATA

TO3

0.

0.0

@)
o

o]

(A A R A A I S N

BN
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APPENDIX D

FIELD-MEASURED LAYER THICKNESS AND LAYER MONUTL.I
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TABLE 16
FIELD MEASURED LAYER MODULI AND LAYER THICKNESS
WEARING
BINDER BLACK SOiL SELECT EMBANKMENT
SECTION YEAR COURSE BASE CEMENT SOIL SOIL

COT THICKNESS (6.7 ") (6.3 (6.7 | ")

1978 591,400 659, 500 741,500 17,250

1980 592,900, 530,000 860,200 13,950

1984 358,500/ 497,900 684,700 18,260
CO2 THICKNESS (5.7 ™) (8.7") (6.0" ( ")

1978 591,400 452,900 680,000 20,120

1980 696,500 487,500 675,300 15,480

1984 269,&00‘ L85,800 643,000 20,200
CO3 THICKNESS ( 5.8 ™1 (7.1 (6.6™ ( ny

1978 591,400 489,100 860,200 14,910

1980 691,100 458,300 696,200 14,580

1984 3h5,6oo; LL2,100 693,400 17,560
COb THICKNESS ( 5.7 ™) (6.3") (6. ( )

1978 570,000 731,200 665,300 - 13,820

1980 LL1,700, 553,300 860,200 14,270

1984 k97,700 376,500 636,700 17,890
TOl THICKNESS (6.9 ™| (7.7™ ( ™ (k.9 ")

1978 437,800 712,400 37,400 14,260

1980 434,800 860,200 32,300 11,080

1984 310,100 752,400 36,700 14,120
TO2 THICKNESS (6.2 ") ( ™ (8.4") (8.9

1978 493,600 685,900 46,000 16,640

1980 395,900 640,000 35,200 12,760

1984 200,000 530,100 41,300 14,150
TO3 THICKNESS ( 4.0 ™) (11.1 ") ( M (12,7

1978 860,200 376,200 41,300 15,120

1980 457,500 680,800 31,000 11,410

1984 345,600 596,300 42,800 14,720
TOL THICKNESS ( 3.6 ') ( o (19.2 )y (3.3

1978 781,200 452,800 47,800 17,800

1980 506,200 365,700 3L4,700 12,970

1984 289,500 347,700 L5, 600 15,720
TO5 THICKNESS ( 3.k ") (9.3 ") ( "y (15.6 ')

1978 508,100 530, 100 34,200 13,470

1980 374,100 647,600 29, 400 10,570

1984 345,600 466,500 37,000 12,740
TO6 THICKNESS ( 5.8 ") ( My (15.5 M) ( 6.4 M)

1978 736,100 582,500 LL,L00 15,650

1980 458,100 529,800 37,000 13,320

1984 282,300 300,600 43,700 16,030




TABLE 16 (CONTINUED)

FIELD MEASURED LAYER MODULI AND LAYER THICKNESS
WEARING/ |
BINDER BLACK SO1L SELECT EMBANKMENT
SECTION YEAR COURSE BASE CEMENT SoIL SOIL
TO7 THICKNESS ( 6.4 ™y (L.6 ") ( " (16.2 ')
1878 L08,700 620,500 33,200 12,550
1980 369,500 530,100 31,500 11,200
1984 249,000 618,900 34,200 14,300
TO8 THICKNESS ( 3.6 ™) { ") (15.d M (9.0
1678 860,200 362,000 37,500 13,980
1580 525,700 269,700 34,900 12,010
1984 426,000 290,200 Lo, 800 14,060
== ==== == === = ====
TO9 THICKNESS ( 5.9 ') ( M (6. )y (k.2
1578 860,200 860,200 36,900 12,680
1980 390, 40O 860,200 33,800 11,550
1984 283,800 530,100 30,200 10,730
T10 THICKNESS ( 5.2 ") ( ") (13.& moo (7.8
1978 696, 400 692,900 35, 300 13,250
1980 457,600 663,/500 35,500 13,260
1984 516,200 525j3oo 37,200 12,810
T11 THICKNESS (5.9 ") ( L.k ")y ( 7 M (17.6 ")
1978 600,900 607,800 26,300 9,950
1980 576,400 851,700 | 32,200 12,770
1984 497,700 761,200 ‘ 35, 300 13,870
T12 THICKNESS ( 5.8 ") ( Mmoo A 8.4 m o (10.3 )
1978 781,400 626,200 33,800 12,350
1980 345,500 634,000 36, 300 12,410
1984 221,000 530,100 37,500 13,030
SEmESTREEE R T P e 2 % ————————————————
T13 THICKNESS ( 4.6 ') "y (9.7") (k.6 ")
1978 756,000 652,700 33,600 12,490
1880 489,300 530,100 35,200 12,100
1984 292,700 447,300 34,700 14,470
Tik THICKNESS ( 3.9 ") (6.5") ( ) (3.7
1978 633,500 530,100 31,900 11,300
1980 351,700 718,900 | 30,000 10,900
1984 327,000 530,100 ‘ 37,200 13,180
AVG THICKNESS ( 5.3 ") (7.2'" (10.2") (11.8")
1978 653,250 570,980 655,183 37,114 13,678
1980 475,272 631,840 632,075 33,500 12,022
1984 336,539 552,770 513,267 38,157 13,852
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APPENDIX E

MATERTALS

FUNDAMENTAL ENGINEERING PROPERTIES OF CONSTRUCTION
T

By
!

Dr. W. O. Hadley

Excerptis from a Summary Report

117




|
|
$UMMARY OF FINDINGS
The significant conclusions reached from this study are
summarized as follows:

Material characterization.

1) The soil cemen% construction procedure used in the
construction of the experimental base project apparently does not
provide a uniform product., In fact, the procedure apparently resulted
in a number of flaws in the various cement stabilized base layers.
Evidence of this condition|was obtained from two separate coring
operations to obtain specimens throughout the length of the Louisiana
Experimental Base Project.| In these two operations only 125 good

cores were obtained from a| total of 341 core locations|(a recovery

rate of 37%). From this information it can be postulated that over
one half of soil cement areas would have internal flaws. Some flaws
encountered in the cement ttabilized material included|laminations,
cracks, compaction planes,‘cutter planes, flushing (or| migration of
cement to a flawed area) and clay balls.

2) There are two levels (or populations in st tistical'terms)
of soil cement base materifls existing at the Louisiana Experimental
Base Project. One level of soil cement was considered| to be clear of
major flaws, while the second level was composed of those soil cement
materials with major flawsl, The clear and flawed soil| cement

materials were found to have the same basic behavioral| response (i.e.

modulus and Poisson's ratip values are similar) but drastically
different performance characteristics (i.e. consideration of fatigue
, !

in producing fracture distkess mode) .

3) Comparative strdies of the fatigue results‘for laboratory

prepared soil-cement specipmens and the flawed soil—cem&nt field cores
indicate that (1) the labor¢t01y fatigue data was not significantly
different than the field cbre fatigue results; and (2)\the laboratory
fatigue data could very wehl be representative of a mafjority of the
soil-cement material in place at the Louisiana Experimpntal Base
Project. The low recovery\rate of good (or clear) fleﬁd cores and the
high moisture contents foumd in the cement-stabilized L&se layers are
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15)
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le fundamental material prop#rties such as modulus, E, and
ameters for the beam and indirect tensile tests.

In the finite element modep study of the unconfined
test, Poisson's ratio and anect ratio exhibited
effects on the maximum compressive stress and maximum
ains developed in the test sbecimen as well as the modulus
btained from stress—deformatﬁon results. Equations which
e effects of boundary loading conditions were developed for
maximum compressive stress, @aximum tensile strain, as well
mating modulus for three difﬁerent strain measurement
(i.e.

center strain, mid-level deformation and total

).

‘ From statistical comparisops of modulus values obtained

uations developed for the un#onfined compression and

nsile tests, it was found thpt there were no significant

\in either the means or variFnces for the modulus values

t can be suggested that the | modulus determined from the

compression test is essentiaply the same as that value

om the indirect tensile test‘for soil-cement and asphaltic
|

The practical equality of modulus values (based on

on of boundary loading conditions) for soil cement and

aterials obtained from the unconfined compression test, the

indirect t
that the mo
(i.e. beam

unconfined\
evidence of
elastic laﬂ
ely

to desiygn,

layered

having to r
16)
triaxial ta

fundamentuq

ensile tests,

as well as the pbeam test, further indicate

dulus of these materials is lessentially the same in tension

and indirect tensile tests) and compression (i.e.

compression test). These reFults provide basic supportive
the reasonableness of the recent trend toward the use of
ered analyses for pavement structures. It appears that

stic theory, as well as finite element theory, can be used

evaluate or investigate varijous pavement structures without

esort to bimodular considerajtions.
| \

A finite element mechanistic evaluation of the confined
st produced a modulus adjustment algorithm which provided

(adjusted for boundary loading
!

conditions) modulus
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estimates from measured (aﬁparent) modulus values. It|is believed
that the algorithm eliminated and/or reduced the influence of
Poisson's ratio and confining pressure on measured modulus values,

Applications of Muitilayer Elastic Theory - Supplemental
Studies. )

17) The utilization of fundamental engineering property

ization
ut for the

man beam and

values (i.e. modulus and Poisson's ratio) and characte
techniques, developed within this study, to provide in
elastic layer program BISAR yielded estimates of Benkl
dynaflect deflections for the test sections within reasonable
agreement with corresponding measured deflection values. Based upon
this observation, it appears that with appropriate material
characterization efforts ejastic layered theory can be |used in an
evaluation and design of boﬁh flexible and composite pavement
structures.

18) It appears that an essentially linear relaftionship
existed between Benkelman bFam and dynaflect deflections and that the
relationship originated at Fhe origin of the plot. From this effort,
it was established that the}factor relating the Benkelman bean -
deflection to the dynaflect|deflection was 20.0 (i.e. B = dyn).
This factor was remarkably close to the Louisiana factor of 21.8;
however, it should be noted, that the LADOTD relationship is based upon
dynamic deflections adjusted to a common temperature of |60°F, whereas
the factor of 20.0 presente% here was based on raw dynaflect

deflections regardless of a%phalt temperature,

19) Regression equdations were developed which dre capable of
predicting load equivalencyxfactors for varying fundamental property
values (i.e. B), thicknesses, layers and loads. The load variable
appeared to be the most impaortant effect in establishing equivalencies
for layers other than asphallt layers. The most important effect in

establishing equivalency factors for asphalt and black base layers was

the modulus of the apprOpriﬂte asphaltic material., In addition,
fundamental properties (i.e.) modulus) and thicknesses were found to
have a significant effect oniequivalency factors; therefore, mix

design and construction varihbles can exert a strong infliuence on load
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equivalency |values, |

20) | The results of the finite élement model study of the
effects of discontinuities (i.e. cracksj on stresses and strains
illustrate that there was a drastic chaﬁge in strain response of
cracked pavements when compared with copresponding uncracked models.
This was particularly true when a crackjis introduced at the edge of
the wheel load area. For cracks located beyond a distance of 24
inches from the load centerline, there was little or no change in the
strain response in the pavement layers. | Increases in strain response
of a pavement caused by cracking depended upon layer thickness,
material properties, and position of th#t particular layer in the

structural section. 1

21)| A technique utilizing Mohr's circle was developed to
allow for estimation of cohesion, C, an# angle of internal friction
from resilient confined triaxial test r%sults. The resulting C -
data was used to estimate the confining Ipressure conditions for the
select and embankment soils for all tes& sections of the Louisiana
Experimental Base Project. The select %nd embankment modulus values
were established considering the appropﬁiate confining pressures.

22) | Since the development of longitudinal cracking along the
wheel path was apparently not predictabie by VESYS IIIA, then a
technique for estimating this type of surface cracking, continuing

was develop

development | of rutting and accompanying pavement surface distortion
d. This phenomenon (i.e. cracking due to rutting) would

probably be|initiated at the pavement surface and extend downward.

Any available moisture would accumulate and percolate downward through

this type of crack. Oxidation, exposure to sun rays and other
environment#l effects would directly afkect any exposed portions of
the surface|cracks. These environmentai problems would not exist for
a fatigue crack which is generally beliéved to begin at the botton of

a layer and|migrate upwards.

Performance| Comparisons—--Deterministic Predictions vs. Field
Results !
23)| The VESYS ITIA mechanisticjanalysis package can

adequately predict rut depths over a shbrt period of time; however,
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the cracking predictions c?uld not be evaluated since no significant

Base Project. Comparisons\between measured and predic
illustrated that the VESYS|I1IA model was adeguate for

amount of fatigue cracking had developed at the Louisi

of evaluation. The accuracy of the P3I predictions ov

periods may be questionable because consideration woul
to slope variance related to shrinkage and rut distorti
24)

the capabilities available in the VESYS IIIA package.,

The PDMAP mechanistic analysis package do

limited in that the fatigue and rutting models must be
inservice pavements. As a}result a variety of section
be evaluated over a long t

n conditions.

ime frame in order to develo
models for a range of desi

Attempts to
models from layered theory |were unsuccessful.
25)

consideration of appropriatle temperature effects can pr

The combination of indirect tensile test d

characterization information which result in short term
predictions compatible with measured field results.
26)

technique based on rutting histortion {for black bhase s

The use of a tbrminal surface cracking pre

combined shrinking and ruttﬁng distortion (for soil cem
VESYS IIIA analys

Additional performance datal should provide substantiati

may be appropriate to complement the

utilization.
27)

complementary part of a VESYS IITA evaluation, it is be

I1f surface cra¢king prediction are include

better long-term performancé predictions could be devel

flexible (i.e. with asphalt surface and base layers) as

composite pavements (i.e. tﬁose including soil cement b

asphalt layers).
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