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ABSTRACT

The relationship between asphalt pavement performance
parameters and physical characteristics of pavement cores
was Investigated. Thirty-eight pavement sample sites from
all areas of Arkansas were cored In 1982. Nine cores at
each site were obtalned. Cores from two sites were not
satisfactory for testing. Eight pavement sites had
conventional granular bases, 17 sites had asphalt bases,
with 11 sites having portland cement concrete bases. All
of the pavements Investigated were high-type asphalt
concrete with 12 foot lanes, sealed shoulders, and good
drainage. Thelir ages ranged from 0.5 to 23 years. The
types of mineral aggregate In the ACHM mixtures included:
| imestone, sandstone, gravel, syenite, and novacul ite.

Pavement fleld tests included: Dynaflect deflection,
rut depth, crack classiflication, pavement condition rating,
skid number, and Mays Rideability rating. The Dynaflect
test was performed at six points along the wheel paths and
between the wheel paths at each site. Rut depths were
measured in the wheel paths. Dynaflect and rut depth
measurements were taken when the sites were cored in 1982
and were repeated In 1983,

The cores were measured for layer thickness and sawed
Into layers. The core layers were tested for: resilient
modulus (77 F), bulk speciflic gravity, maximum mixture
speciflc gravity, Marshall stabillity and flow, asphalt
content and aggregate gradation. Laboratory molded
specimens having aggregate characteristics simiilar to the
pavement cores were | lkewise tested.

An excellent relationship was obtalned between air
voids and voids filled with asphalt for the surface layer
of the asphalt pavements. The excellent Interrelationships
obtained between air volids, voids In the mineral aggregate
and asphalt content for different mixture gradations are
presented. Equations were developed by regression analysis
that relate pavement performance parameters with physical
properties of the pavements for different levels of
traffic. The common thread of ACHM resillent modulus was
used to develop equations that relate the Marshall mix
design values to pavement performance. The estimated
change In pavement resilient modulus with time Is
presented.

The equations and analysis of data presented will
enable the design engineer to analyze pavement mixtures
designed by the Marshall method and to predict pavement
performance. A rational method for mix design of Arkansas
asphalt bases Is presented.

ii



GAINS, FINDINGS, AND CONCLUSIONS

The results of this Investigation will enable the
design engineer to analyze asphalt pavement mixtures
designed by the Marshall method and predict their pavement
performance for varyling levels of traffic. A rational
method of mix design of Arkansas asphalt bases was
developed based upon the Marshall mix design procedure and
equipment.

There is an Identifliable relationship between the
resillent modulus and other physical characteristics of the
asphalt pavement and the Marshall laboratory mixtures. The
pavement resilient modulus was estimated to Increase wlith
age at the rate of 30,000 psi per year.

The physical characteristics of the asphalt mixtures
that best related to pavement performance were: stability,
flow, alr voids and voids filled with asphalt. Voids In
the mineral aggregate, air voids and asphalt content are
dependent upon one another; they may be analyzed by use of
equations presented In this report.

Pavement cracking Increases as air volds Increase,
whereas pavement rutting Increases as alr volds decrease.
Pavements with high stability and between 2.5 and 5 percent
alr volds Indicated moderate rutting and crackling.

Asphalt pavements with alr vold contents from 2 to 5
percent, stabilltlies of 1500 pounds or more and with 75 to
85 percent volds fllled with asphalt Indicated superior

performance.



IMPLEMENTAT ION STATEMENT

The results of this study may be used to analyze
Marshall designed asphalt mixtures for thelr potential
pavement performance with varying levels of traffic. This
analysis will permit the optimization of the mixture
characteristics to provide increased pavement performance
and longer service |Ife.

The immediate practical application of the study
findings would be to modify the Marshall laboratory job mix
design criteria to Iinsure that all proposed mixtures have
the proper amount of asphalt cement and alir volds that are
In harmony with the VMA and voids filled with asphalt
criteria as reported herein.

The base mix design procedure presented will provide
excel lent asphalt bases. This proposed mix design
procedure should be evaluated by testing additional types
and gradations of aggregate with sultable asphalt cements
prior to Implementation to verify the proposed mix design
criteria.

The establ ishment of levels of criteria for mix
designs for surface, binder and base courses with respect
to low, medium and high traffic volumes may be implemented
from the data of this Investigation. The analysis of the
data reported on the basis of type of construction will
indicate if different controlling factors In the mix design

should be used for each design type.
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CHAPTER |

INTRODUCT ION

The performance of asphalt pavements has been studled
for many years by varlious highway Investigators, research
agencies and highway engineers. Much has been learned
about the behaviour of asphalt concrete pavements In regard
to the effects of soll condlitons, pavement structure,
traffic and environment. However, some pavements are stil|
failing to perform up to the expectations of the designers
and the problem of designing and constructing long-lasting,
smooth and safe pavements has not yet been completely
resolved.

The objectives of the study are to evaluate Arkansas
asphalt mixtures' physical characteristics, to correlate
them with pavement performance under various traffic
conditions and to develop a rational mix design for asphalt
bases. This rational design will reflect the exlstling
Arkansas State Highway and Transportation Department (AHTD)
aggregate grading specifications with recommended design
criteria.

The AHTD has used asphalt concrete hot mix for new
construction and for reconstruction of old roads for many
years. There has been some variation In the level of
performance obtalined from these asphalt pavements. The

variatlions are considered to be the result of a number of



variables, such as asphalt and aggregate charac?er!sflcs,
mixture stabllity, vold content, traffic and environmenta]
conditlons. These varliations of pavement performance have
shown a need to relate laboratory and fleld tests of
asphalt concrete and mineral aggregate physical properties
and thelr mixture characteristics to fleld measurements
that relate to pavement performance.

For many years the AHTD has been partlally successful
In using an asphalt stabilized base course. This mixture,
having large aggregate (minus 1.5 in.) was not designed by
the usual Marshall method of mix design, but contalned an
estimated asphalt content of between 3 and 4 percent. This
low asphalt content held the base materlal together and
provided a relatively high density material at a reasonable
cost. Slince there were no design procedures, the actual
characteristics of this asphalt stabllized material have
varied depending on the aggregate type, gradation of the
mineral aggregate and asphalt content.

The Increasing cost of asphalt cement and Increasing
traffic, both In frequency and magnitude of loads, warrants
this study on development of a rational mix design method
for asphalt bases and characteristics of asphalt mixtures.
Data collected under this study will provide the background
to establish levels of criteria for mix designs of surface,
binder and base courses with respect to low, medium and
high levels of traffic volume for Arkansas materlals.

Research Investigators have developed means of



measuring fatigue and resiliency characteristics of asphalt
mixtures, both from In-service and laboratory samples.
Schmidt (1) reported a practical method for measuring the
resillent modulus (Mr) of asphalt-treated mixes In 1972,
This method of testing for modulus of resillency Is
non-destructive and may be used to evaluate environmental
and aging factors affecting asphalt mixtures.

A laboratory test system for predicting moisture
induced damage to asphalt mixtures using the resilient
modulus test has been reported by Lottman (12). An Interim
report by Lottman on a five-year fleld evaluation phase of
this work indicates that pavements that were predicted
(from |aboratory tests) to have moderate to severe molsture
damage are beginning to show an Increasing trend. toward
loss of strength. The change In the resillent modulus of
an asphalt mixture Iin service appears to correlate with
pavement performance that Is affected by the stripping
effects of water.

The factors thought to influence overall pavement
performance Include structural design of the roadway,
asphalt mix design, mineral aggregate properties, asphalt
materilal properties, constructlion techniques, amount and
character of traffic, environment of the road and
malntenance. Distress of the pavement surface leads to
reduced performance. All fallures, whether caused by

pavement, base or subgrade material, are reflected In the

(1) The number In parentheses corresponds to the |isting
of the Ilterature cited In the Reference sectlon.



pavement surface.

In regard to characteristics of asphalt concrete
mixtures, It Is concluded that the mineral aggregate and
asphalt cement change their propertlies during construction
and after beling subjected to the effects of traffic and the
environment. Therefore the measurement of the asphalt
mixtures' properties, rather than the individual properties
of the asphalt and aggregate, appears to be a rational
approach toward the solution of the problem. The
evaluation of the resilient modulus of the l|aboratory
mixtures and pavement mixtures and thelr correlation with
pavement performance would assist the hlighway engineer In
designing and constructing more durable asphalt pavements.

This Investigation of Arkansas asphalt pavements was
designed to evaluate the In situ asphalt pavement mixtures'
characteristics and relate them to the performance of the
pavement. Thirty-eight sites were selected for
Investigation. The |ocations of these study sites were
selected to provide pavements of varying ages, mineral
aggregate compositions, traffic levels and types of design.
The different types of design Include: asphalt concrete
over a granular base, asphalt concrete over portland cement
concrete and asphalt concrete over black base. Several
pavement sites were chosen because they exhibited distress
such as rutting, flushing or cracking.

Pavement performance was evaluated by both

quantitative and qualitative methods. Dynaflect



measurements were taken to relate the structural adequacy
of the existing pavement. Pavement conditlion evaluations
were based on rut depths, degree of cracking and surface
roughness. Laboratory tests performed on the pavement
cores include: resilient modulus, Marshall stabil ity and
flow, bulk speciflc gravity, maximum specific gravity,
asphalt content and extracted aggregate gradation.
Laboratory molded Marshall specimens were made to simul ate
the condition of the Initlal asphalt mixtures for each
generic type of aggregate. These aggregate types Include:
| Imestone, sandstone, gravel and syenite.

Relationships between pavement performance parameters
and asphalt mixtures characteristics are Included. A

rational mix design method for asphalt bases Is presented.



CHAPTER 11

REVIEW OF LITERATURE

A combination of mineral aggregate and asphalt cement
I's used to make asphalt mixtures. Asphalt concrete
pavement s an asphalt mixture consisting of the proper
proportions of aggregate and asphalt cement that Is heated,
mixed, placed, and compacted while hot. The acronym for
this mixture Is ACHM, asphalt concrete hot mix. When ACHM
is properly designed, manufactured, and placed on a well
constructed road bed It provides an excellent pavement to
serve the traveling public. The performance of ACHM
pavement |s dependent upon the many possible comblnations
of aggregates, asphalt cements, construction practices,
road beds, traffic densitlies and environmental conditlions.
The characteristics of asphalt mixtures that relate to
pavement performance include [ts stabllity, durabllity, and
skid resistance.
Pavement Performance

The ablility of a pavement to serve fraffic Is Its
performance. The methods of evaluating performance are
quantitative, qualitative, or both, depending upon the view
of the evaluator. Present methods of quantifying pavement
performance are based upon the procedures devised for the
AASHO Road Test (3) at Ottawa, Illinols. The performance

measurements that may be taken Include pavement deflectlion,



rut depth, amount of cracking and patching, roughness, and
skid resistance. The results of these flield measurements
may be combined to give a pavement condition rating (PCR)
or a present serviceablility index (PS|) to a pavement
section. The welight to be gliven to each measured Item In
calculating PCR or PSI| varles with each evaluator.

Qualitative measurement of pavement performance (s In
the eye and seat of the evaluator. Thus the qualitative
pavement performance rating (PPR) results from the
rideabl | Ity and appearance of the pavement surface as
traveled by the evaluator. The combination of PCR and PPR
ratings in the proper proportions gives the best Indication
of pavement performance.

Pavement Durabillty Evaluation

The magnitudes of the Iimiting pavement deflection,
rutting, cracking and roughness that Indicate pavement
fallure are still being established. The durability of
asphalt pavement surface has been defined as Its resistance
to change durling service.

Vallerga (4) summarizes pavement defliclencies as
related to asphalt cement durablility. A classificatlion
system of types and causes of asphalt pavement fallures was
glven. The three types of fallures were disintegration,
Instablility, and fracture or cracking. Hveem (5) reported
the types and causes of fallure of highway pavements In
1958. Thils classic work divided the types of distress Into

six groups: dlslintegration, crackling, Instablility,



sllppage cracks, deep grooves, and complete breakthrough.
The cause of each distress along with excellent photographs
illustrating the distress were included in this report.

Earlier, In 1948, Hveem and Carmany (6) reported the
factors underlying the rational design of pavements. This
report to the Highway Research Board presented a method of
pavement design utilizing the Hveem Stabilometer,
Cohesiometer, and Kneading Foot Compactor. Hveem (7)
reported the importance of fatigue fallures due tfo pavement
deflection in 1955. This report presents graphical data
relating axle loads to pavement deflection for seven
different types of pavement structures. Hveem further
reported that some comparisons were made between the Shell
vibrator (an early Dynaflect device) and the Benkelman
Beam. He also presented graphical relationships between
pavement conditlon and deflectlons.

A 1962 report on the effect of resillence~-deflection
relatlionship on the structural design of asphaltic
pavements was presented by Hveem et al (8) at the
International Conference on the Structural Design of
Asphalt Pavements. In this paper, a tabulation of
tentative maximum pavement deflectlion for varlious
thicknesses of pavement was presented. Beaton et al (9)
reported a fleld applicatlion of the resillience design
procedure of the Californlia Highway Department that was
developed by Hveem (6,7,8). Table | glves the tentative

maximum tolerable pavement deflectlions that have been



TABLE | MAXIMUM TOLERABLE PAVEMENT DEFLECTIONS (9)

Pavement Pavement Type Tolerable
Thickness Deflection
{inches) (Inches)
8 Portland Cement Concrete 0.012
6 Cement Treated Base
(with ACHM surface) 0.012
4 AC (plant mixed) on
aggregate base 0.017
3 same design 0.020
2 same design 0.025
1 AC (road mixed) on
aggregate base 0.036

0.5 surface treatment 0.050
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applied as a guide criterla for planning the reconstruction
of existling roadways In Céllfornfa. This paper by Beaton
et al also presents the variation in tolerable deflection
of different types of pavements related to equivalent 5000
pound wheel loads. The relationships are |Iinear when
plotted on a log-log scale and are based on asphalt
concrete fatigue tests. Of Interest Is the fact that the
maximum pavement deflections shown in Table | are unchanged
from Hveem's initial report of 1955,

Finn (10) reports the factors Involved In the design
of asphaltic pavement surfaces. He repeats Table | In his
report and indicates the safe maximum deflection values are
tentative. Finn reviews laboratory and fleld studies to
evaluate fatigue properties and Indicates that asphaltic
concrete responds to repetitive loading in a manner similar
to that found in elastic materials. He further observes
that the stiffness modulus of the asphaltic concrete
surfacing ranged from 450,000 to 1,300,000 psi on the AASHO
Road Test and 670,000 to 1,220,000 psi on the Callfornla
Designs (based on Hveem's deflection criteria). These
values were calculated for a temperature of 40 to 50 F.

Willlams and Lee (11) reported a load-deflectlion study
of selected high-type flexible pavement in Maryland In
1958. In the discussion to this paper, W. H. Campen
concluded that flexible pavement can tolerate about 0.05
inch total deflection without cracking and failing, which

Is contrary to the data of Hveem shown In Table |. In



Willlams and Lee's closure, It was noted that Campen's
conclusion could not be drawn from thelir data because of
Its |Imited nature.

Ford and Blssett (12) reported on flexible pavement
performance studies In Arkansas In 1962. Benkelman beam
deflection tests were performed using an 18,000 pound axle
load on several types of pavement. The average pavement
deflection for high-type pavements was 0.03 Inch, with a
range from 0.016 to 0.041 inch. The performance of the
pavements Investigated was found to correlate with the
deflection ratlio rather than with the absolute value of
maximum pavement deflection. The deflection ratio was the
maximum pavement deflection divided by the radlus of
Influence of the wheel load.

A recent report by Way et al (13) indicates that the
Spreadibillty Index (Sl) Is used In the structural overlay
design method for Arizona. The S| Is determined from the
pavement deflection as measured by the five Dynaflect
sensors l|located at 1 foot Intervals from the dynamic 1000
pound appllied load. The S| Is the average deflection of a
pavement structure expressed as a percentage of the maximum
deflectlion occurring under the wheel load.

The use of elastic layer theory and fatigue tests to
predict pavement resistance to cracking and subsequent
fallure Is well documented In the |iterature. The
development and Improvement of test equipment to measure

the elastic characteristics of asphalt mixtures, such as

11
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the reslilient modulus equipment reported by Schmidt (1),
has facilltated this area. Meadors (14) has prepared a
comprehensive review of elastic layer theory, resilience,
fatigue, and deflection relationships in his thesis.
Asphalt Mixture Characteristics

The proper combination of different types and
gradations of aggregate with varying quantities of asphalt
cement to yleld a satisfactory asphalt pavement Is known as
mix design. In general, current mix design methods can be
divided Into two groups, those using the Hveem method and
those using the Marshall method (15). Either method ylelds
a satisfactory job mix design; the Hveem method requlres
more equlipment and fesflng’flme than the Marshall method.
This discussion of asphalt mixture characteristics will be
based upon the Marshall method, as It Is the method used In
Arkansas.

Marshall mix design parameters usually include
aggregate gradation |Imits, stability, flow, alr volds,
voids In the mineral aggregate, and water susceptabli| ity
criterla. The level of traffic determines the design
criteria to be followed. For example, a heavlly traveled
highway may dictate a mixture with a minimum stabil ity of
1700 pounds whereas a low traffic rural highway may only
need a mixture with a stability of 1000 pounds.

The Marshall method of mix design Is attributed to Mr.
Bruce Marshall (16). The Inltlal criteria for a

satisfactory mix Included the requirements for minimum
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stabllity, flow, and density (alr voids). The alr voids
were calculated on the basis of apparent speciflic gravity
(Ga) of the mineral aggregate. The Importance of the volds
in the mineral aggregate (VMA) was presented in the
Marshall test manual (16). There has been a continuing
evolutlion in the Marshall mix design criterlia with each
agency using thelr experience to obtaln an asphalt mixture
ylelding good pavement performance.

Goode and Lufsey (17) reported the results of a study
that included the relationship between air voids, fllm
thickness and asphalt hardening. Marshall specimens were
utilized In this work. The film thickness of asphailt
coating the aggregate was calculated using the effectlive
asphalt content of the mix and the aggregate surface area.
They presented detalled procedures for calculating the
surface area and film thickness. A definlte ftrend for
asphalt hardening to increase as the film thickness
decreased and the air volds Increased was noted. An
asphalt mixture having flim thickness of 6 microns and air
volds of 4 to 5 percent showed good resistance to
hardening. Earllier work by Campen et al (18) Iindicated a
film thickness of from 6 to 8 microns produced the most
desirable pavement mixture. In a later report, Campen et
al (19) Indicated that the proper asphalt content for open
graded mixtures should be determined by considering film
thickness and surface area. A fllm thickness of 10 microns

for thelr open graded mixture was recommended.
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One area of controversy that has not been resolved Is
the percentage of alr voids (AV) needed or permitted in an
asphalt pavement and how these alr voids are to be
determined. The maximum theoretical speciflic gravity (Gmt)
of asphalt mixture may be calculated based on four
different aggregate specific gravities: apparent; bulk
(Gb); bulk saturated surface dry (Gbssd); and bulk
impregnated (Gbi). MclLeod (20,21) gives a very complete
discussion of AV and VMA determination and their
requirements for asphalt mixtures used for paving. These
requirements are similar to those shown In the Asphalt
Institute MS-2 (15). Since McLeod's work, the
determination of Gmt has been standardlized by ASTM as
Method D 2041 (22). An Initial description of this test,
attributed to James M. Rice, was contalined In a
fundamentals for design of bitumlinous paving mixtures
report (23). The effective aggregate speciflic gravity (Ge)
may be calculated from the Gmt of ASTM Method D 2041 lf»fhe
amount and speciflc gravity of the asphalt cement Is known.
Therefore, there are 5 different aggregate speclflic
gravitlies that may be used to analyze the volds In an
asphalt mixture. Of Interest perhaps Is that the Initial
volds recommended by Marshall (16), based on Ga, are very
close to the present-day volds requirement published by the
Asphalt Institute (15) that are based on Ge.

The area of water susceptibility of Arkansas asphalt

mixtures has been evaluated and reported by Ford (24).
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This study reported the fiIm stripping and Immersion
compression relatlionship of 18 Arkansas aggregates and
asphalt mixtures. It was shown that compacted asphalt
mixtures with alr voids greater than 5 percent tended to
have a retained strength of 75 percent or less. Schmidt
and Graf (25) reported the use of the resillent modulus
test to evaluate the effect of water on asphalt mixtures.
Unlike the immersion compression test, the resilient
modulus test Is non-destructive and specimens may be
evaluated periodically to determine the long-term effects
of water on compacted asphalt mixtures.
Base Course Design

A standard method for the mix design of an asphalt
base course (ABC) Is not found In the review of |iterature.
A problem in thls respect has been the development of a
laboratory compaction device to provide compacted asphal+t
mixtures of a slize sultable for testing that will have the
same structure as that developed In an asphalt pavement
under rolling and traffic. The Marshall method of mix
design uses a 4 In. dlameter by 2.5 in. thick specimen for
stabil ity and flow tests on surface and binder mixes.
However, an ABC mixture contains aggregate up to 1.5 In. In
diameter, and therefore a 6.0 In. specimen dlameter Is
needed, since the specimen dlameter should be equal to 1.5
times the maximum particle size In order to meet standard
ASTM test criteria.

In 1961 Elllson (26) reported on the construction and
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performance of asphalt bases using aggregate up to 2.0 in.
In diameter built In Virginia about 1950. The asphalt
content was determined by putting In as much asphalt as the
mix would hold. Elllson noted that stabillty tests were
not conducted on the ABC mixes because the mix had such
large aggregate that they could not duplicate stabillty
test results. Warden and Hudson (27) reported on an ABC
constructlion using a sand-gravel material with a maximum
size of 1.5 In. The Marshall mix design method was used to
determine the physical properties of the ABC. They
reported an average stabillity of 1120 |b. with a flow of 8
at an asphalt content of 5.2 percent.

An Investigation to determine the feasiblility of using
larger-sized aggregate for ABC mixtures was reported by
Khallfa and Herrin (28). They prepared and tested mixtures
using aggregate up to 2.5 In. In diameter. Their test
specimens were cored out of large slabs of asphaltic
concrete and tested In triaxial compression using a Texas
triaxlal cell. |t was concluded that Increasing the
aggregate size caused a reductlon In the percentage AV and
VMA, and a more economical asphalt mixture because of a
reductlon In the required amount of asphalt.

McDowel | and Smith (29) presented a comprehensive
procedure for design and control of ABC mixtures In Texas.
Thelr test specimens were molded In a gyratory device and
were 6 In. In dliameter and 8 In. high. The specimens were

tested In unconfined compression and the criteria for
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selection of a mixture were based on the alr volds to
asphalt ratio along with the anticipated traffic.

Barksdale (30) reported the results of the appllication
of fatligue and rutting tests on ABC mixes. The aggregate
used in the ABC mixtures were a maximum of 1.5 In. The mix
designs Investigated were prepared by the Georgia DOT. An
optimum asphalt content of 4.8 percent resulted in a
Marshall stability of 2150 Ibs. with a flow of 13. This
mixture had alr voids of 4.5 percent with a VMA of 14.9
percent. Barksdale noted that rutting was directly related
to asphalt content and that a 6/32 to 8/32 In. rut depth
would occur with these ABC mixtures. The actual fatigue
and rutting beams of ABC mixtures tested by Barksdale were
prepared using a kneading type compactor.

The ABC mixtures used as part of the AASHO Road Test
(31) experiment were designed by the Marshall method. The
aggregate used was minus 1.0 in. In size. These ABC
mixtures had a Marshall stability of 1650 Ibs. with a flow
of 10 and alr voids of 6.2 percent at an asphalt content of
4.8 percent. The AASHO ABC meets the requirement for an
Arkansas Type 2 Binder Course.

ACHM Design Developments and Criteria

The criteria for asphalt pavement design continues to
change as more Information on pavement mix characterlistics
and performance becomes avallable. The highway design and
test engineer now has avalilable precise testing equipment

and computer methods to faclilltate the evaluation and



analysls of asphalt pavement materials and thelr
performance.

For example, the pavement structure may now be
evaluated with the Dynaflect device much faster than with
the Benkelman beam. The operatlion of the Dynaflect device
was reported by Scrivner et al (32) where it was described
as a new tool for measuring pavement deflectlion. Tenison
(33) reports the use of a device similar to the Dynaflect
called a Road Rater to measure pavement deflections under a
dynamic 1800 Ib. load In New Mexico. The results of these
deflection measurements were used to predict the remalning
I'1fe of the existing pavement and the requlired over|ay
thickness for a glven design period.

Way (13) used the deflection results obtained with a
Dynaflect device and the pavement roughness measured with a
Mays Ridemeter to devise a structural overlay design method
for Arizona. The loss of serviceabllity In flexible
pavements due to rutting and cracking was evaluated by
Rauhut (34). He reported the use of a calibrated
mechanistic model (VESYS |l1-B) computer program to predict
pavement damage functions for rutting and fatigue cracking.
The computer program was callbrated using test data that
Included a conditlion survey, materlials characterization
from core samples, resilient modulus of pavement and
subgrade, and axle l|oads.

AASHTO (35) glves guldelines for deslign of pavement

structures. Thls manual also presents typical criteria for

18
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design of asphalt mixtures. The desired properties of the
asphalt mixtures are based upon the level of trafflic for a
20 year tfraffic analysis period. The three levels of
traffic, based on an equivalent dalily 18 kip axle load,
are: 1 to 50, 50 to 500, and 500 to 3000. The compactive
effort used In the Marshall method of design for these
levels of traffic are 35 blow, 50 blow, and 75 blow to each
end of the test specimen. The AASHTO manual recommends
design values of Marshall stability and flow, total volds
and volds fllled for surface, binder and base mixtures. Of
Interest Is that no criteria Is given for VMA In these
mixtures.

Current mix design procedures were assessed by Finn et
al (36). Thils report presented two case studies where
pavements designed In accordance with the Marshall
procedure had experienced premature fallure by rutting and
cracking. Flnn et al Investigated the fallures and
performed Hveem stabllity tests and a creep test to modi fy
the mix designs to obtain a more durable pavement. Thelr
creep test was performed on 4 In. dlameter by 8 In. high
specimens with an MTS device to estimate permanent pavement
deformation. The creep test results ylelded a creep
modulus, which was used to predict an acceptable asphalt
content for the asphalt mixtures. N. W. McLeod, In hils
discussion to this report, indicated that, In hls
experlence, most cases where rutting has occurred [t has

been caused by a combination of very low percent alr volds



and a high Marshall flow index. McLeod also sald that "t+he
Marshall flow Index has for a very long time been a very
effective creep test.n"
Summary

Much has been learned about the behaviour of asphalt
pavement under trafflic from the many Intensive research
Investligations conducted over the |ast 50 years. The
continuing effort of most research work is to establish the
true relationship between laboratory test results of
asphalt mixtures and thelr performance In pavements under
fleld conditlions. However, the laboratory Investigations
and resulting Job mix design to predict the performance of
a pavement to serve traffic for 10 to 30 years has not been

perfected.
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CHAPTER 111
PAVEMENT TEST SITES AND TEST METHODS

The pavement test sites were selected to represent the
various types of asphalt concrete hot mix (ACHM) pavement
that have been constructed during the past 25 years 1in
Arkansas. The varlous types of pavement are divided Into
three groups, based upon the type of base material
Involved: ACHM placed over a granular base (type X), ACHM
placed over an asphalt base (type Y), and ACHM placed over
portland cement concrete (type Z). Other criteria fol lowed
In choosing the test sites Included: +trafflc, type of
mineral aggregate, service age, and pavement condition.

Six sites were also selected to coincide with the long term
monitoring program undertaken by the Pavement Management
Section of the Arkansas State Highway and Transportation
Department.

Thirty-eight pavement sites were selected for
evaluation. |In general, the pavement |anes were 12 feet
wide with sealed shoulders and good drainage. The sites
were usually on tangents with level grades and good sight
distance to permit safe fleld operations. The types of
mineral aggregate and thelr number In the surface and
binder layers, respectively, were: |Imestone (LS),10;
sandstone (SS), 7; gravel (GVL), 5; syenite (NS), 11;

and novacullte (NOV), 5. The types of mineral aggregate
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and thelir number in the asphalt base layer, respectively,
were: LS (5), SS (4), GVL (7), NS (5) and NOV (0).

The pavement surface age at the time of coring ranged
from 0.5 years to 22.7 years. The daily traffic ranged
from 1940 vpd to 26,200 vpd, with truck traffic from 5
percent to 37 percent. The number of total accumulated 18
kip single axle equivalent (EAL) loads ranged from 130,000
to 3,100,000 passes.

Fleld evaluation of the pavement test site Included
coring, dynaflect measurements, rut depth measurement, and
visual estimation of pavement conditions. In addition, the
pavement roughness and skid number were determined In the
vicinlty of each test site.

Laboratory tests of pavement cores Included layer
thickness, bulk density, resilient modulus, maximum mixture
speciflc gravity, Marshall stability and flow, asphalt
content and gradation. A description of the specific test
methods employed along with the Identification of the
pavement test sites are given below.
Pavement Sites and Fleld Tests

The location of each test site by route-section,
county, direction, lane, log mile, Job number and date of
construction Is given In Table |Il. A two lane road Is
Indicated when no lane is glven. Twenty-two sites were on
two lane roads, and sixteen test slites were on four |ane
roads.

Test slites were chosen on both the inner and outer
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TABLE Il TEST SITE IDENTIFICATION
Site Route- County Direc- Lane Log Job Date
No. Section tlon Mile No., Const,
1 65-15 Jefferson North IL 4.6 2798 8-78
2 65-15 Jefferson North oL 4.1 2798 8-78
3% 71-17 Washington North oL 4.5 9563 11-71
4 71-17 Washington South oL 4.5 4827 9-81
5 71-168B Washington North oL 3l 4698 5-77
6 71-168B Washington North IL 32 4698 5=-77
78& 71-16 Washington South -~ a2 9432 12-66
8# 71-19 Benton South oL 8.4 9579 11-78
9 271-1 Sebastlian North oL 1.7 4491 11-69
10% 71-13 Sebastlan North - 8.1 4547 5-71
11% 71-14 Sebastlan North - 4.4 4-687 4-73
12¢& 22=3 Logan East - 14.7 4473 10-64
13 65-12A Saline South oL 0.3 6779 9-63
14 65-12A Saline South IL 0.3 6779 9-63
15 167-12 Sal lne South - 4.0 6782 5-64
16% 70-9 Garland East - 10.0 6-604 7-71
17# 30~22 Saline South oL 1205 6997 4-78
18# 30-12 Hempstead South oL 26.9 3854 4-81
19% 71-1 Miller North - 6.5 3655 10-75
20% 71=2 Miller North - 2.3 3623 8-72
21 % 82-2 Lafayette West - 3.8 7819 7-79
22 7-2 Unlon North oL 7.9 7710 6-77
23 167-2 Unlon South = Ral 1845 4-80
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TABLE Il TEST SITE IDENTIFICATION (Concluded)
Site Route- County Direc- Lane Log Job Date
No. Sectlion tion Mile No. Const,
24 167-3 Calhoun South - 7.5 7716 10-75
258 81-6 Lincoln North - 10.3 2-663 6-74
26 65-20 Chicot North - 10.0 2659 10-69
27 65-18 Drew North - 2.0 2824 6-78
28 82-11 Chicot West - 2.9 2534 10-59
29# 55-11 Crittenden North oL 9.1 11829 10-78
30% 70-8 Garland East = 1.9 6-677 3-78
31e 1-8 Philllps North - 1.5 11955 10-79
328 1-9 Lee North - 4.8 11-730 11-78
33 49-9 Monroe Nor+th - 17.5 11519 9-65
34 64-13 Woodruff East - 4.0 11956 6-79
35 64-14 Woodruf f East - 6.5 11956 6-79
36 49-3 Craighead South - 3.9 10677 10-65
37 79-6 Dal las North oL 3.0 1153 9-76
38 719-6 Dallas South oL 3.0 7753 9-76

Symbols €, &,

@ HRP 4,

*

& HRP 17,

# Indicate Road

* HRP 38,

# LTM

Investigated By:



lanes of three roads: sites 1 and 2 on Route 65-15 (In
Pine Bluff); sites 5 and 6 on Route 71-16B (In
Fayetteville); and sites 13 and 14 on Route 65-12A (in
Sal ine County Jjust north of the junctlion with Route
167-12). These six sites showed visual signs of distress
as follows: slick surface and rutting (sites 1 and 2);
excesslive rutting, shoving and distortion (sites 5 and 6);
and multiple cracks and rough surface on site 14 (Iinner
lane) with much less cracking on site 13 (outer lane).

Pavement test sites that are also part of the long
term monitoring (LTM) program include sites 8, 17, 18, 29,
and 37. These sites are on 4-lane divided hlghways and are
in the outside lane. The other 4- lane highways Included
In thls Investligation are: sites 3 and 4 (Fayetteville
Bypass); site 9 (Route 271-1 in Ft. Smith); slite 22
(Smackover Bypass); and site 38 (Fordyce Bypass).

The approximate locations of the pavement ftest sites
are shown In Figure 1. The sites range from the Missouri
Ilne In Northwest Arkansas to the Louisiana line In
Southwest Arkansas to the Mississippi river In Southeast
Arkansas to Just north of Jonesboro In Northeast Arkansas.

Some of the test sites are located In the vicinity of
previous highway research projects. HRP No. 4 reported
pavement performance and Benkelman Beam deflection tests
for sites 31 and 32. HRP No. 17 reported on asphalt cement
tests for sites 12 and 25. HRP No. 38 reported asphalt

surface durabillity and skid resistance for sites 3, 10, 11,
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16, 19, 20, 21 and 30.

A sample of the total asphalt mixture at each site was
obtained by the AHTD Materials and Research Division using
a 4-inch round, dlamond studded core barrel attached to a
vertical-shaft, water cooled coring machine. Nine cores
were secured at each test site. The core drilling and
numbering pattern Is shown In Figure 2. Three cores were
taken In the outer wheel path (OWP), three cores were taken
in the Inner wheel path (IWP), and three cores were taken
between the wheel path (BWP). The core locations were
staggered as shown fto prevent the tlres of a vehicle from
hitting two core holes at the same time. Each core was
labeled as to site number, core number and date cored, and
wrapped In heavy manila paper for transporting to the
|aboratory.

The date of core removal at each site is shown In
Table Ill. The age of the cored pavement surface shown In
Table 11l was estimated from the Job completion date
reported In Table |l. The first cores were secured at
sites 1 and 2 on April 19, 1982; +the last core sample was
taken at site 38 on November 14, 1982, The cores taken at
slte 16 were not Intact and could not be tested for denslty
and stabllity. The cores appeared to be partially
"stripped." The cores taken at site 18 were only partially
Intact and could not be tested for density and stability.
The construction at this site was an ACHM overlay of

portland cement concrete (PCC) pavement with a binder layer
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TABLE 111 TRAFFIC AND SAMPLE DATE

Site R-S Date Age Total 1982 Traffic EAL
No. Cored Years EAL ADT 2T EAL* Lanes
1 65-15 4-19-82 3.7 0.25 7080 16 55 2
2 65-15 4-19-82 3.6 1.01 7080 16 218 2
3 71-17 4-27-82 10.4 3,06 5800 18 290 1
4 71=-17 4-27-82 0.5 0.22 7000 18 280 2
5 71-16B 4-27-82 5.1 0.52 17500 5 74 2
6 71-16B 4-27-82 5.0 0.13 17500 5 19 2
7 71-16 4-27-82 15.3 1.44 7640 16 170 1
8 71-19 4-28-82 3.4 0.36 4800 20 106 2
9 271-1 5-11-82 12.5 0.59 6230 9 54 2
10 71-13 5-10-82 11.0 0.94 5400 14 105 1
11 71-14 5-10-82 9.0 1.82 10800 15 225 1
12 22-3 5-10-82 17.6 0.68 4250 9 53 1
13 65-12A 6-3-82 18.8 1.58 9800 17 120 2
14 65-12A 6-3-82 18.8 1.46 9800 17 111 2
15 167-12° 6-3-82 18.0 1.47 3930 20 109 1
16 70-9 6-10-82 11.1 0.96 5700 13 103 1
17 30-22 7-2-82 4.2 2.37 26200 22 619 2
18 30-12 5-17-82 1.0 0.99 16000 37 650 2
19 71-1 5-18-82 6.6 0.55 2700 23 87 1
20 71=-2 5-18-82 9.9 1.19 4950 21 146 1
21 82-2 3-29-83 3.0 0.48 4150 20 115 1
22 7-2 6-1-82 5.0 0.30 3150 17 80 1
23 167=-2 6-1-82 2.2 0.25 4100 17 135 1
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TABLE 111 TRAFFIC AND SAMPLE DATE (Concluded)
Site R-S Date Age Total 1982 Traffic EAL
No. Cored Years EAL ADT T EAL* Lanes
24 167=-3 6-2-82 6.7 0.89 7080 17 242 1
25 81-6 6-17-82 8.0 0.43 2050 19 47 1
26 65-20 6-16-82 13.7 1.29 3720 22 98 1
27 65-18 6-17-82 4.0 0.47 4000 19 92 1
28 82-11 6-16-82 22.7 1.92 4950 18 107 1
29 55-11 10-13-82 4.0 Z2.60 24200 21 606 2
30 70-8 6-10-82 4.6 0.11 4250 5 30 1
31 1-8 10-4-82 3.0 0.24 3900 19 103 1
3.2 1-9 10-4-82 3.9 0.32 4300 13 78 1
33 49-9 10-4-82 17.1 0.38 1940 14 38 1
34 64-13 10-5-82 3.3 0.36 4150 21 121 1
35 64-14 10-5-82 3.3 0.30 2350 23 75 1
36 49-3 10-12-82 17.0 1.01 5600 13 101 1
37 79-6 6-2-82 5.8 0.87 2920 20 174 2
38 79-6 10-14-82 6.0 0.84 2580 20 154 2
Note: Total EAL In Milllons; 1982 EAL In Thousands

* EAL Distribution:
Except Site 13 and 14 Split 52:48

80% Outside Lane, 20% Inside Lane,
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placed on top of the PCC. A MSAMI" layer of rubberized
asphalt chip seal had been placed on top of the binder
layer, and, finally, an ACHM wearing surface had been
placed on top of the SAMI layer. The core broke In two at
the Interface of the SAMI and binder layer.

After the coring operation was complete, a serles of
Dynaflect tests was performed using the AHTD Materials and
Research Divislion's device. A sketch of the Dynaflect
device Is shown In Figure 3. The dynaflect tests were run
at 6 points along the OWP, at 6 points along the BWP and
then at 6 points along the IWP. These test points were at
the same cross-section In each path. Since each dynaflect
test measures the pavement deflection at 5 points 4 feet
apart In the longltudinal direction, a total of 90
deflection readings were recorded at each pavement test
site. The location of dynaflect tests In relation to the
core hole location Is shown In Figure 2. The test slte
included about 70 to 80 feet of the test |ane.

The amount of rutting In the wheel path was measured
at four locations in each wheel path. An eight foot
aluminum channel beam and steel scale was used to measure
the maximum rut depth to the nearest 1/32 inch.

The pavement surface condition was noted and a sketch
of surface cracking or distress was recorded. Cracking was
mapped In three classes In accordance with the AASHO (3)
definition. These classes of cracking are deflned as

follows: «class 1, fine random cracks having no definite
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pattern; «class 2, a progression of class 1 cracking into a
definite pattern with widening of the cracks and siight
spalling along the crack edges; class 3, a progression of
class 2 cracking with pronounced widening of the cracks and
separation of the individual segments into loose pleces.
The units of measurement for cracks used In the AASHO Road
Test were sq. ft. per 1000 sq. ft. of surface area.
Photographs of the pavement were taken for comparison
purposes. Each site was glven a condition rating based
upon The Asphalt Institute 1S-169 Method (37).

Later, the roughness of the pavement in the area of
each test site was measured by the AHTD using the Mays
Meter. Likewise, the skid resistance of the pavement In
the area of each site was measured by the AHTD using a Skid
Trailer.

The amount of traffic In 1982 over each test site Is
also reported In Table Ill. Thls Information was provided
by the Planning Division of the AHTD. Further, the total
EALs over each test site from date of construction to date
of coring are given in Table II1I.

Laboratory Tests

The cores were stored In the laboratory by laying them
on thelir sides on a shelf untll ready for evaluation. The
cores were unpackaged and marked with lumber keel as to
site and core number. The layer thickness was measured,
along with the overall core helght. The core to be tested

was then sawed Into layers using a Target Masonary Saw with
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a water cooled 14-inch dlamond studded blade. The sawed
core layers were then alr dried until a constant weight was
obtalned. The height and diameter of each core was
measured using a 0.001 Inch dial gage device.

Next, the resilient modulus (MR) of each core layer
was measured using the Retsina Mark V device. The
resl|lent modulus test consisted of applying a |ight
pulsating load across the vertical dlameter of a specimen
causing a corresponding elastic deformation across Its
horizontal diameter. This deformation was measured with
|l Inear varlable differential transducers (LVDT). The
dynamic load applied to the specimen consisted of a |oad
duration of 0.1 second and a rest perlod of three seconds.

The deformation and dynamic load were recorded from a
dlgital readout In the MR device. Using this data the MR
was calculated by the following equation:

MR = P(v + 0.2734)/(h #)

where:
MR = resillent modulus
P = peak load
v = Polsson's ratio
h = specimen thickness
# = deformation across specimen

Schmidt (1) stated that a range of values for Polisson's
ratio could be used without excessive error in the
calculated MR. He suggested that the assumption of 0.35

for asphalt concrete gave a reasonable agreement among MR
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values calculated by direct tension, compression, or
flexural methods.

The Retsina MR device was made to handle 4 Inch
diameter samples that are between 1.5 and 3 inches thick.
The samples were tested at a temperature of 77 F (plus or
minus 2 F). In general, the load appllied to the samp{e was
75 pounds (plus or minus 10 pounds). Since there Is no
ASTM or AASHTO test method, these |Imits were set after
experience showed that temperature variation and large
differences Iin loads resulted In Inconsistant resilient
modulus values.

Four readings were taken on each sample with the MR
device. Two were taken across the same points. The sample
was rotated 90 degrees and two more readings were taken
across Its diameter. After the MR values were calcul ated,
the standard deviation of the values were determined. |f
the standard deviation was greater than 10 percent of the
largest MR value, the procedure was repeated unti|
agreement was found. |If no agreement could be made after
three trials, an average of the twelve values was used.

The bulk specific gravity of the surface and binder
layers was measured In accordance with ASTM Method D 2726
(22). The welight of the sample In alr, water (at 77 F) and
saturated surface dry was obtained using a Mettler diglital
readout automatic balance. The bulk speciflic gravity of
the more open graded base samples was obtained usling

paraffin In accordance with ASTM Method D 1188 (22).
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The Marshall stability (Ibs.) and flow (0.01 inch) of
each core layer was determined In accordance with ASTM
Method D 1559 (22). The maximum stress in pounds per
square inch (psi) was then calculated. This value was
taken to be equal to the Marshall stabllity divided by the
cross-sectioned area of the specimen. The Marshall modulus
(Em) was calculated by dividing the stress by the strain at
maximum |oad. It Is noted that the flow was taken to be at
the point of maximum load as determined from the strip
chart recorder printout from the Marshall test apparatus.

Next, the core specimens were heated to 250 F until|
soft enough to break apart with a trowel. The loose
asphalt mixture was then tested for Its maximum specific
gravity In accordance with ASTM Method D 2041 (22) except
as noted below. The ASTM procedure was modified by using a
wetting agent, Aersol OT, in the dealred distilled water.
The asphalt mixture was covered with water in a one-half
gallon pycnometer and deaired for 15 minutes using a water
aspirator. This device pulled a vacuum of about 26 Inches
of mercury. Care was exercised In removing all of the air
bubbles from Inside the glass pycnometer prior to taking
the final weight of the asphalt mixture In water. A water
temperature of 77 F was maintained during the maximum
speciflic gravity test.

The asphalt mixture was then placed in a pan and the
excess water removed. The mixture was dried to a constant

welight at 212 F before starting the extraction test. The
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amount of asphalt in each core specimen was determined by
extraction In accordance with ASTM Method D 2172 (22).

Both Method A (rotarex) and Method B (reflux) were used.
The solvent used was 1,1,1 Trichloroethane, technical
grade. The amount of ash In the effluent was determined by
centrifuging.

The mechanical analysis of the extracted aggregate was
performed In accordance with AASHTO Method T30 (38). The
aggregate was soaked overnight in water with 3 percent
calgon added prior to washing over the number 200 sieve.
The material was oven dried and welghed to determine the
amount of minus No. 200 material. The extracted aggregate
was then sieved over the following sieves: 1.5", 1.,12n,
t.o", 0.75", 0.50", 0.38", #4, #10, #20, #40, #80, and
#200. The total percenfvmaferial passing each sieve was
calculated.

A volds analysls for each core layer tested was
performed. The amount of alr voids, voids in the mineral
aggregate, and volds filled with asphalt (Vf) was
calculated on the basis of aggregate effective specific
gravity. Otherwise the procedure of The Asphalt Institute
M§S-2 (15) was followed. The Vf percentage was calcul ated
by taking the difference between the VMA and the AV,
multiplying by 100, and dividing by the VMA.

Marshall laboratory mix designs were prepared using
these types of generic aggregate: |imestone, sandstone,

gravel, and syenite. The aggregate gradations used were
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similar to the cored job mix designs. A Tosco AC-30 paving
grade asphalt was used In all of the laboratory mixtures.
The laboratory samples were tested In the same manner as
the pavement core samples. These data will be used to
relate the |aboratory test results (of the original mix
designs) and to estimate the Initlial resilient modulus of

the pavement mixture.



CHAPTER 1V

TEST RESULTS AND DISCUSSION

The pavement core samples were tested In the
laboratory to obtain their physical characteristics. Thess
characteristics Include: layer thickness, total height of
asphalt bound materials, resillent modulus, bulk specific
gravity, Marshall stability and flow, maximum mixture
specific gravity, asphalt content and aggregate gradation.
For most of the sites, triplicate samples were tested, one
sample being taken from each wheel path and the third
sample from between the wheel paths. The layer thickness
for all nine cores at each site was determined. The
laboratory molded specimens were tested In triplicate.

The dynaflect tests were repeated at six polnts along
each path and between the wheel paths. These six sets of
deflection readings were taken at the same cross section,
as previously shown In Figure 2. The maximum rut depth in
each wheel path was measured at 4 cross sectlons.

The Mays meter rideability value was taken for a half
mile on either side of the test site. The SN40 skid
resistance value was measured In the vicinity of each test
site. A pavement condition evaluation was also performed
at each site. The fleld tests were initially performed In
1982 with the dynaflect and rut depth measurement belng

repeated In 1983,
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Pavement Surface Evaluation

Included In Table |V are the Pavement Condition Rating
(PCR), Mays meter Rideability, skid number at 40 MPH
(SN40), Crack Rating and Rut Depths. The youngest
pavement, at site 4, had the best PCR at 96 percent with a
Mays value of 99 percent. The IWP rut depth at site 4 was
2/52 in., with no measureable rut depth In the OWP. Site
15 had the lowest PCR value at 53 percent, with a Mays
value of 50 percent. The average rut depth at this site
was 7/32 in. The site was overlayed after the 1982 fleld
tests were completed.

The degree of cracking shown In Table |V was based
upon the AASHO Road Test (3,20) classification system.
Time did not permit the measurement of the amount of
cracking and the classifictions are, therefore, based upon
the visual appearance of the pavement in the test site
area. The most severe cracking was observed at sites 12,
14, 28, and 35. No cracking was observed at sites 1, 2, 4,
5, 6, 8, 10, 24, 29, 37, and 38. Regression analyses to
determine the best fitted equation and coefflcient of
correlation (R) of the values In Table |V were performed.
Crack classification related to the maximum rut depth
Indicated a semi-logarithmic relationship with an R value
of 0.556.

Pavement roughness, as measured by the Mays meter,
ranged from 22 percent at site 5 to 99 percent at site 4.

A Mays reading of 100 percent Indicates a very smooth
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TABLE IV PAVEMENT SURFACE EVALUATION

Site R=§ PCR MAYS SKID CRACKS _RUT DEPTH
No. ] ;) SN40 CLASS [WP OWp
1 65-15 68 60 44 0 12 14
- 65-15 68 60 46 0 16 14
3 71=-17 87 87 39 1.8 6 7
4 71=-17 97 99 33 0 2 0
5 71-16B 72 22 - 0 34 36
6 71-16B 72 44 = 0 14 22
7 71-16 69 63 55 0.4 9 6
8 71-19 86 90 29 0 7 6
9 271-1 53 44 52 2.0 11 9
10 71-13 83 88 60 0 9 6
11 71-14 69 78 51 0.8 6 16
12 22-3 73 68 54 2.8 6 5
13 65-12A 76 63 50 1.8 9 7
14 65-12A 76 47 55 2.8 7 4
15 167-12 57 50 53 2.2 6 8
16 70-9 84 91 40 1.0 7 4
17 30-22 91 88 59 0.8 10 5
18 30~=12 90 78 59 0.6 10 5
19 71-1 85 75 49 1.8 8 3
20 71-2 86 71 51 1.0 11 10
21 82-2 86 80 50 1.8 9 8
22 7-2 86 73 55 1.6 10 12

23 167-2 89 85 51 0.8 9 5
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TABLE IV PAVEMENT SURFACE EVALUATION (Concluded)

Site  R-S PCR MAYS SKID CRACKS RUT DEPTH
No. 4 y4 SN40 CLASS IWP OWP
24 167-3 71 56 45 0 14 25
25 81-6 74 66 46 0.8 7 8
26 65-20 80 80 49 1.8 4 10
27 65-18 93 90 44 0.2 8 8
28 82-11 81 80 43 2.4 6 9
29 55-11 81 78 44 0 16 18
30 70-8 73 76 54 2.0 4 5
31 1-8 81 86 40 1.4 1 2
32 1-9 86 90 49 1.0 8 9
33 49-9 91 88 59 1.6 9 9
34 64-13 80 90 49 1.4 5 1
35 64-14 81 82 59 2.4 4 1
36 49-3 83 84 42 0.6 6 7
37 79-6 - 86 75 45 0 17 10
38 79-6 86 72 47 0 18 12

Note: Rut Depths In 1/32 Inch
Cracks Based On AASHO Deflinition
PCR = Pavement Condition Rating
MAYS = Mays Meter, 100% = Smoothest Road



pavement. The best correlation of Mays values was with
maximum rut depths, having a semi-logarithmic relationship
with an R value of 0.704. The Mays values also had a’
I'Tnear relationship with PCR values, having an R of 0.506.

The skid numbers shown in Table IV range from 29 at
site 8 to 60 at site 10. These skid numbers may be useful
to compare pavement surfaces to indicate the degree of
aggregate polish or the richness of the surface mix. The
SN40 values for the sites which were skid tested on HRP 38
(21) are compared below with the SN40 values of Table IV.
These values, by site number, are: #3, 28 vs 39; #10, 53
vs 60; #11, 34 vs 51; #16, 51 vs 40; #19, 46 vs 49;
#20, 43 vs 51; #21, 37 vs 50; and #30, 35 vs 54. The
pavement sufaces are unchanged for sites 10, 11, 16, 19,
and 20. On the average, the skid number of these flive
sites Increased by 5 points. Since the skid tests of HRP
38 were performed, sites 3, 21 and 30 have been overlayed.
Pavement Layer Description

The pavement layer description and aggregate
composition for each site are shown in Table V. The 9 core
samples taken at each site were evaluated In the laboratory
to determine the type of asphalt mixture in each layer and
the classiflcation of the mineral aggregate.

At sites where the job plans were available, the
planned application rates for each layer are given in Table
V. In some cases, the plans indicated the exlisting

pavement structure which Is also shown as part of Table V.
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A maximum of 6 pavement layers are recorded, however not
all of these materlals were obtained In the coring
operation as the coring was stopped at the bottom of the
last asphalt bound layer. The footnotes to Table V
indicate the abbreviation used in the table.

The types of aggregate were positively identifled
aftfer the extraction test. |In additlion, the type of
asphalt mixture was confirmed from the sieve analysis of
the extracted aggregate. The binder layer was generally of
the same aggregate source as the surface layer, and at
sites having no asphalt base the mineral aggregate shown In
Table V as base Is the aggregate type found In the blnder
layer. The pavement layer description will be used |ater
to classify each site as to type of construction. The
distribution of types of mineral aggregate included In the
surface layer of the 38 test sites are: LS (10), SS (7),
GVL (5), NS (11), and NOV (5).

Physical Properties of Core Layers

The physical properties of the surface layers are
shown In Table VI. The average measured characteristics of
each core layer are as follows: reslilient modulus;
Marshall modulus, stabllity and flow; bulk speciflic
gravity; maxIimum specific gravity; asphalt content; air
voids; and volds In the mineral aggregate. The Marshall
stabll ity values In this report are gliven in pounds per
square Inch (psli). Standard Marshall stabllity specimens

are nomlinally 4 In. In dlameter and 2.5 In. thick and their
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stabll Ity value Is expressed In pounds. Thus the tabulategd
stabil ity values need to be multiplied by a factor of 10 to
estimate thelr stablility In pounds.

The relationship of the resi!lient modulus to the voids
fllled with asphalt is shown In Figure 4. The best fitted
equation Indicated a seml-logarithmic relationship with the
MR decreasing as the Vf Increases, and an R value of 0.631.
A llinear relationship between MR and Marshall stablillty Is
shown In Figure 5. The MR value increases with an Increase
In Marshall stabillty. An R value of 0.661 was obtalned.

The relationship between MR and alr voids Is shown In
Figure 6. The best flitted curve was a log-log function
having an R value of 0.686. This plot indicates an
Increase In MR with an Increase in AV.

Figure 7 iIs a plot of the relatlionship between IWP rut
depth and air volds. A log-log relationship gave the best
fitted equation with an R value of 0.621. The rut depth
decreased with an increase in alr volds.

The average rut depth for all 38 test slites was 9/32
In. Slites 1, 2, 5, 6, and 24 had rut depths that were much
larger than the average, possibly due to plastic flow of
the asphalt material. On the average, the IWP ruts were
slightly greater than the OWP ruts. When the sites were
grouped by type of construction and the 5 sites that may
have plastic flow are discounted, an Interesting pattern of
average rut depths appears. For ACHM over granular base

the IWP rut was 7/32 in. and the OWP was 6/32 In. For ACHM
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over ABC the IWP rut was 9/32 (n. and the OWP rut was 7/32
In. The ACHM over PCC type constructlion had equal IWP and
OWP ruts at 10/32 In. Thils Indicates that maximum rutting
will occur In the asphalt pavement where the subgrade
support Is greatest.

There was a falrly good relationship (R = 0.554)
obtalned between the cracking index and the maximum rut
depth. The semi-logarithmic equation relating the two
quantities Is:

Rut Depth = 9.39 - 6.51 log Crack Index
Where: rut depth = 1/32 in.

crack index = class, range 0.1 to 3
The equation Indicates that as the degree of cracking
increases the rut depth decreases. The mix stabllity and
flow, asphalt cement properties, subgrade support factors,
and traffic also Influence rutting and cracking. Thelr
contributions to the relationship between cracking and
rutting need to be evaluated.

For nine test sites the top surface layer was an
overlay over an existing asphalt pavement. Table VlII
contains the physical properties of these older surface
layers found at sites 21, 23, 25, 30, 31, 32, 34, 35, and
38

The relatlonship between voids In the mineral
aggregate and alr volids for the 45 surface layers of Tables
VI and VII Is shown In Figure 8. The best flitted equation

was |inear, Indicating an Increase In VYMA with Increasing
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AY. The R value was 0.842.

A very good relatlionship was obtalned for the 36

surface layers between volds filled and alr volds as shown
in Figure 9. This linear relationship had an R value of
0.974. The volds fllled Increased with a decrease in alr
voids.

Flgure 10 presents the relatlonship between MR and
Marshall modulus for the 45 surface layers of Tables VI and
VIil. The best fitted equation gave a |inear relationship
with an R value of 0.699. The MR value Increases with an
Increase In Em.

It Is noted that after the coring operation was
complete, overlays were placed at the following sites: 3,
5, 6, 9, 15, 25, and 29. In addition, sites 1 and 2 were
rehabllitated by In-place recycling with addition of a
plant mix seal surface. A seal coat was also placed over
sltes 28 and 35. Thlis overlay, reconstruction and
maintalnance work may Indlicate that the pavements at these
sites had reached thelr terminal serviceabllity. An
evaluation of traffic carried and the physical
characteristics of the pavement may indicate possible
changes In the asphalt mixture composition to Increase
service |l1fe.

Physical properties of the binder layers are reported
In Table VIII. No tests were performed on a binder layer
for sites 16, 18, 23, 25, 30, 31, and 32 for reasons

indicated In the table. A binder mixture may have
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aggregate up to 1.0 in. In size, which generally results
In a lower asphalt content than found in the surface
mixture. The asphalt content of these binder mixtures
ranged from 4.0 to 5.3 percent.

Table IX contains the results of the physical
properties of the asphalt base course. A total of 18 sites
had an asphalt base course. Asphalt content of these ABC
courses ranged from 2.7 to 4.1 percent. It is noted that
four sites were constructed with an open graded ABC, with
aggregate up to 2.5 In. In dliameter. These sites were 5,
6, 17, and 29. This base material was not tested. Site 27
also had an open graded ABC mixture on top of an ACHM
pavement which was not tested. As a matter of record for
site 27, the fifth layer description In Table V indicates
ACHM. This layer was constructed as Job No. 2626 In 1962,
and consisted of a surface and binder overlay over PCC. It
may be presumed that this ACHM layer had reached [+s
terminal serviceabllity In 1978 when the present surface
was constructed. A similar situation with old asphalt
pavement over PCC concrete Is noted for sites 1, 5, and 6.

The average layer thickness and average resillient
modulus test results for all pavement |ayers are shown In
Table Al In the appendix. The surface layer MR ranged from
151,000 psi at site 17 to 667,000 psl at site 12. The
highest average MR measured was 812,000 psi for layer 2 of
site 28. Thls blinder mixture was taken from the oldest

pavement sampled and was about 23 years old.
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The thickness of the surface layers reported In Tabje
Al ranged from 0.99 ln.‘fo 2.82 In. with an average
thickness of 1.67 In. The surface layer thickness at sites
17, 18, 27, and 29 include a 50 PSY plant mix seal.

One area of the MR test results that needs further
study Is the effect of specimen thickness on the measured
MR values. The Retsina device used to measure MR val ues
was designed to accomodate specimen thicknesses from 1.5 to
3 In. Surface layers from 12 sites were |ess than 1.5 In.
thick, and 7 binder layers were also less than 1.5 In.
thick. The effect of this deviation In thickness upon
resilient modulus readings Is unknown.

Pavement Classification, Thickness and Deflectlion

The average thickness of the asphalt pavement and the
average Dynaflect deflections for all sites are shown in
Table X. The pavement deflection is a function of the
subbase and subgrade support and the pavement structure.
Each site Is Identiflied by Its type of construction In
Table X.

The type of construction classification Is based on
the subgrade support factors. Type X! pavements are ACHM
placed over a granular base. Type X2 pavements are
overlayed type X1 pavements. The average thickness of the
nine type X pavements was 5.4 in. Type Y1 pavements are
ACHM placed over ABC, while type Y2 pavements are over | ayed
type Y1 pavements. The average thickness of the 17 type Y

pavements was 11.5 in. Type Z pavements were supported by
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TABLE X DYNAFLECT DEFLECTIONS AND TOTAL PAYEMENT THICKNESS

Site R=S Type ACHM Dynaflect Reading (mils x 100)#*
No, Const, Inch D1 D2 D3 D4 D5
1 65-15 Z3 9.9 36 34 29 26 23
2 65-15 Y2 12.7 59 53 41 34 27
3 71-17 Y1 14,7 52 45 34 28 23
4 71=-17 Y1 17.6 33 30 24 22 20
5 71-16B 23 8.3 40 34 23 18 13
6 71-16B Z3 9.6 32 26 17 13 10
7 71-16 Z3 9.4 40 25 14 8 6
8 71=-19 Y1 14.2 42 32 20 14 11
9 271-1 Z3 9.3 61 45 26 14 9
10 71-13 Y1 9.2 54 37 19 12 9
11 71-14 Z1 4.7 57 46 33 23 17
12 22-3 Z1 3.3 70 32 10 5 4
13 65-12A Y1 12.0 58 50 35 27 20
14 65-12A Y1 11.8 63 54 37 28 21
15 167-12 Y1 10.8 90 76 52 38 29
16 70-9 X2 3.8 46 24 8 5 4
17 30-22 Z2 9.3 24 20 14 13 12
18 30-12 22 5.7 37 35 29 27 24
19 71-1 X2 7.4 41 29 16 12 9
20 71-2 Y2 9.2 46 36 21 15 12
21 82-2 X2 10.9 94 86 72 59 51
22 7-2 Y1 8.5 90 68 44 32 26

23 167-2 Y2 9.7 55 47 32 23 18
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TABLE X DYNAFLECT DEFLECTIONS AND TOTAL PAVEMENT THICKNESS
(Concluded)

Site R=S Type ACHM Dynaflect Readlng (mlls x 100)*
No. Const. Inch D1 D2 D3 _D4 D5
24 167-3 Y2 12.2 38 34 26 22 20
25 81-6 X1 5.2 126 98 67 48 36
26 65-20 Z1 4.4 74 71 63 55 49
27 65-18 3 9.9 52 47 40 35 31
28 82-11 X2 3.l 146 104 75 64 55
29 55=-11 zZ2 9.9 36 35 31 30 29
30 70-8 X1 5.6 107 60 24 13 8
31 1-8 X2 5.1 115 86 56 40 32
32 1-9 X2 4.0 87 68 49 39 32
33 49-9 X1 3.3 94 65 41 31 25
34 64-13 Y1 11.3 98 74 50 33 24
35 64-14 Y1 10.8 119 89 54 37 24
36 49-3 Y2 7.2 79 62 40 28 23
37 79-6 Y1 11.2 75 66 51 41 35
38 79-6 Y1 13.1 73 65 49 39 32

Note: Type of Construction Reflects Base Support Factors.

»

X1 = ACHM Over Granular Base, X2 = ACHM Over Asphalt Pavement
Y1 = ACHM Over Asphalt Base, Y2 = Type Y! Over Asphalt Pavement
Z1 = ACHM Over PCC Pavement, Z2 = Type Y1 Over PCC Pavement

Z3 = Type Y2 Over PCC Pavement

* 1 MIl = 1/1000 Inch
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an underlying layer of PCC pavement. Type Z! pavement was
ACHM placed over PCC pavement, and each sufflx to the Z
letter Indicates another ACHM layer. The average thickness
of the 12 type Z pavements was 7.8 In.

No particular significance [s placed on the type of
construction classification at this time. The pavement
types may be analyzed for thelir fleld performance by
grouping them Into the above classifications. A |lke
analysis may be performed based on traffic classification,
rut depth, resilient modulus, air volds, pavement condition
rating or performance.

The average D1 deflections by type of constructlion
are: X, 0.95 mils; Y, 0.66 mils; and Z, 0.47 mils. The
pavement thickness ranged from 3.1 in. at site 28 to 17.6
in. at site 4. The maximum deflection of 146 (0.00146 In.)
was obtained at site 28, with the smallest deflection of 24
(0.00024 in.) being recorded at site 17. Sensor D1 Is
under the load while sensor D5 Is 4 ft. from the load. The
greatest deflection at D5 was 51 for site 28, with the
minimum D5 deflection of 4 being recorded at sites 12 and
16.

Application of elastic layer theory along with
computer analysls may explain the relatlionship between
deflection and pavement thickness for the different types
of construction. Likewise, the analysis to determine the
stresses (and strains) developed In the asphalt layers may

explain the relationship between fatigue and the resulting
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crack development (13, 14, 33, 34). The magnltude of the
pavement deflections that were obtalned Indicated no
signiflcant relationship with pavement performance or
measured pavement characteristics.

Aggregate Gradations

The average aggregate gradations from the extracted
cores are shown In Table A2 In the appendix. The 95
gradations shown were obtalned from about 285 extractions
of core layers. The type of mineral aggregate used and the
construction Job No. Is also shown In the table. The
average gradation for each type of mixture Is shown at the
end of Table A2. The general distributlon of the types of
mixtures extracted by number and maximum particle size was:
type 3 surface (=0.5 In.), 14; +type 2 surface (=0.75 in.),
32; binder (=1.0 In.), 32; base (=1.12 In.), 5; and base
(1.5 in.), 12,

It was observed during the sieve analysis that some of
the larger aggregate particles showed signs of being sawed
by the core bit. The process of taking the pavement cores
with the 4 In. dlameter core bit caused a degradatlion of
the aggregate. The true degradation of the aggregate due
to coring Is unknown. However, the comparison of avallable
Job mix gradatlions with the extracted gradations Indicate
that the coring operatlion may have Increased the percentage
passing the coarser slieves from 2 to 5 percent. The
degradation of aggregate due to coring also resulted In

different maximum mixture speclflic gravitlies between core
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samples from the same site.

Performance and Mix Charhcteclstlcs

As suggested ear|ler, to compare varlous pavement mix

parameters the data may be sorted Into different groups.
This procedure will permit the evaluation of meaningful
relationships between the asphalt mixture characteristics
and the performance of the pavement. Possible divisions of
data may be as follows: a) dlvide pavements Into groups
based upon the previously described types of construction,
X, Y and Z; b) divide Into groups based upon a traffic
classification of: |ight, medium and heavy; or ¢) divide
Into groups based upon measured pavement performance, such
as, good, average and poor.

Prelimlinary Investigation of the possible grouping of
data indlicated that the best approach would be a division
of test sites Into groups based upon their performance. A
division of sites was made based upon conditlion rating and
the Mays rideability values in relation to the total number
of EAL's. Pavement sites with a high ratio of EAL's to
decrease in Mays rideabl| ity (dMay) were classed as good.
The best performing ten sites were: 3, 4, 8, 10, 26, 27,
.28, 33, 34, and 36. These sites had an average of 1002
EAL's (x1000) with a dMay from 100 to 87.6, glving a ratio
of 81. Sites with a low ratlo of EAL's to decrease in Mays
rideabl!lity were classed as poor. The lowest performing
ten sites were: 1, 2, 5, 6, 9, 15, 22, 24, 25 and 30.

These 10 sites had an average of 560 EAL's (x1000) with a
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dMay from 100 to 55.1 for a ratio of 12. Sites 11, 17 ang
29 were deleted from this analysis because of varlabil Ity
of the test data obtained at these sites. The 33 sites
remaining, Including both good and bad sites, had an
average of 1054 EAL's (x1000) with a dMay from 100 to 72.2
glving a ratio of 38.

Asphalt mixture properties found to have signiflcant
relatlonship with pavement rutfting and cracking include:
resillent modulus, alir voids and stabllIty. Mays meter
values were also found to be related to pavement rutting
and cracking. Stepwise |Ilnear regression was used to
determine the best fitted equation for each dependent
variable and thelir relationship with other mix
characteristics and performance parameters. The data
analysis was performed on the University of Arkansas IBM
360/370 computer using the CMS/SAS system. The six best
I Inear equations that follow are based upon the pavement
surface evaluation and surface layer properties previously
presented for the 33 sites of this group.

Mays meter (MM) value was affected by the amount of
rutting and cracking as given by equation 1.

(EQ 1) MM = 104.9 - 2.23 RUT - 8.07 CI
where: RUT = rut depth, 1/32 Inch
Cl = cracking index, class
A rut depth of 10/32 In. and crack index of 1.0 would
Indicate a Mays meter value of 74.5. The coefflcient of

determination, R square, Is 0.605 and the standard error of



76

estimate (RMSE) is 11.2 percent MM.
The crack Index (Cl) was related to rut depth, average
alr volds and resilient modulus as shown by equation 2.
(EQ 2) CI = -0.171 + 0.00257 MR + 0.213 AAV - 0.0155 RUT
where: MR = resillient modulus, psi x 1000

AAV

average air volds, percent

RUT rut depth, 1/32 Inch
An MR of 300,000 psi, AAV of 3 percent, and a RUT of 10/32
In. would give a crack index of 1.1. R square equals 0.472
with a RMSE value of 0.69 ClI for this equation.
The resillent modulus (MR) relationship to Marshall
stability, flow and voids fllled Is given In equation 3.
(EQ 3) MR = 1138 + 1,73 STAB - 28.7 FLOW - 9.0 VF

where: STAB

Marshall stability, psi

FLOW Marshall flow, 1/100 inch

VF

[]

volds filled, percent
With a Marshall stability of 1500 pounds, flow of 8 and
volids filled of 80 percent, the resi|lent modulus would
equal 448,000 psi. R square equals 0.651 with a RMSE of
80.8 or 80,800 psi MR.

The average alir vold (AAY) content was found to be
related to Marshall stablility and VMA as shown [n equation 4.

(EQ 4) AAV = -8.49 + 0.00925 STAB + 0.624 VMA
where: STAB = Marshall stabillty, psi
VMA = volds In mineral aggregate, percent

With a Marshall stability of 1500 pounds and a VMA of 15

percent, the alr volds equal 2.3 percent. R square equals
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0.808 with a RMSE of 0.65 percent AAV.
The average air voids were also found to be related +to
VMA and percentage asphalt as shown In equation 5.

(EQ 5) AAV = -1.91 + 1.13 VMA - 2.28 PAC

where: VMA voids In mineral aggregate, percent

PAC asphalt content, percent
For a mixture with a VMA of 15 percent and 5.1 percent
asphalt, the air voids are 3.4 percent. R square equals
0.968 with a RMSE of 0.26 percent AAV.

Marshall stabllity (STAB) Is related to resilient
modulus and flow in equation 6.

(EQ 6) STAB = -26.2 + 12.0 FLOW + 0.207 MR
where: FLOW = Marshall flow, 1/100 inch
MR = resillent modulus, psli x 1000

With a flow of 9 and MR of 270,000 psi the Marshal |l
stablil ity would be 138 psi of 1380 pounds. R square equals
0.690 with a RMSE of 28.8 or 288 pounds STAB.

The coefflicient of correlation for equations 1 through
6 were found to be highly significant. Likewlse, the
regression equations shown on Flgures 4, 5, 6, 7, 8, 9, and
10 had coefficlents of correlations that were found to be
highly significant. It Is also noted that the standard
error of estimate Is given for each best fltted equation
shown on each flgure. For plotting purposes the 95 percent
confidence |Imits were Intentionally left off the flgures.
The approximate 95 percent conflidence Interval may be

easlly obtalned by using as Iimits the Y value plus and
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minus ftwo times the standard error of estimate.

Of particular Interest Is the performance and mix
characteristics of the ACHM pavements grouped by: all 33
sites, 10 good sites and 10 poor sites. These values are
shown In Table XI. The comparison of mix characteristics
between good and poor pavement sites needs to be prefixed
with the understanding that most of the test sites were
well designed and constructed ACHM pavements. Some of the
"poorer™ pavements may In fact indicate better mix
characteristics In some respects than the "good" pavements.

The relationship between some of the dlfferent
variables may be visuallized In conjunction with the graphs
presented in Figures 4 through 10. Thus, the range in mix
characteristics that indicated good performance Include:
alr volds, 2 to 5 percent; volds filled, 75 to 85 percent;
voids In the mineral aggregate, 13 to 15 percent; Marshall
modulus, 6000 psi minimum; and Marshall stablility, 160 psi
minimum. The data also Indlicates that with the above
mixture characteristics a rut depth of 8/32 in. and a crack
Index of less than 1.0 may be expected.

As an example of using the Marshall test data to
estimate pavement performance, asssume an Inplace asphalt
mixture placed on a well designed and constructed base wlth
the following physical characteristics: Marshall stabil Ity
1600 pounds, flow of 10, air volds of 3 percent and asphalt
content of 5.2 percent. From the equation of Flgure 9, the

volds fllled Is 82 percent; from equation 5, the VMA is



TABLE XI

AVERAGE TEST VALUES BY GROUP

No.| Item 1D. Units SITES

All Good Poor
1. |Mays Val ue MM 4 72.2 87.6 55.1
2. | Rut Depth RUT 1/32 1In. 10.6 7.5 15.6
3. |Crack Index o class 1.1 1.0 0.9
4. |Resillent Modulus |MR 1000psti 376 404 305
5. | Average Alr Volds [AAvV ) 2.4 2.4 2.1
6. [Marshall Modulus EM 1000psi 6.8 7.2 6.0
7. | Marshall Stability|STAB psi 185 192 163
8. | Volds In Min. Agg.| VMA 4 14.6 14.8 14.8
9. | Asphalt Content PAC i 5.4 5.4 5.5
10.| Marshall Flow FLOW | 1/100 in. 11.1 10.9 10.7
1. Acc. 18K Axles EAL No.x1000 1054 1002 560
12.1 Dust Ratlio * DR ] 1.60 1.54 1,58

Dust Ratio =

% minus #200 divided by Percent Asphalt

79
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14.8 percent; from équation 3, the MR s 390,000 psi; from
the equation of Figure 7 the rut depth Is 7/32 Inch; from
equation 2, the crack index Is 1.4 and from equation 1 the
Mays Meter rideability Is 79 percent. Using the ratio of
EAL to dMays of 81 (for a good pavement), then a total of
1,700,000 EAL's would cause a reduction In the rideabl | Ity
from 100 to 79 percent.

Laboratory MIxtures

Laboratory specimens were prepared using the Marshall
method of molding and testing In accordance with ASTM D
1559 (22). The laboratory mixtures were simillar in
gradation to the asphalt pavement cores. Al'l specimen were
molded using a single source AC-30 viscoslty graded asphalt
cement. Generic aggregate types used In these mixtures
include: |imestone, sandstone, syenite and gravel.
Mixtures were prepared using three different aggregate
gradation IImits: Mix A was an Arkansas type 2 surface mix
(=3/4" top size), Mix B was an Arkansas type 2 binder mix
(;1" top size) and Mix C was a base mix (-1,5" top size).

Tests performed on these laboratory mixtures Include:
compacted bulk specific gravity (ASTM D 2726), maximum
mixture specific gravity (ASTM D 2041), resilient modulus,
and Marshall stabllity and flow. Volds analysis was
performed as per the procedure given In The Asphalt
Instltute MS-2 (39). The aggregate effective speciflc
gravity was used In calculating alr volds and volds In the

mineral aggregate. Triplicate specimen were prepared for
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each asphalt content and the test results are summarizegd
for 78 sets of laboratory samples In Table B! In the
appendix.

Stepwise |linear regression of the test results was
used to obtain the relationships between resilient modul us
and the other physical properties of the laboratory molded
samples. Siginificant relationships were obtained between
the resillent modulus (MR), Marshall stabili+y (STAB),
Marshall flow (FLOW), asphalt content (AC) and air volds
(AV). The regression analysis coefficient of
determination, R square, ranged from 0.59 to 0.98 wi+h
various comblinations of test results.

The best fitted equation (EQ 7) using all 78 data
points for the surface, binder and base mixtures, Is:

MR = 598 + 0.856 STAB - 92.7 AC -11.6 AV
This equation indicates that resilient modulus Increases
with stabillity and decreases with asphalt content and air
voids. With a stability of 195 psi, asphalt content of 4.8
and alr voids of 3.8 a resillent modulus value of 276 or
276,000 psi Is obtained. An R square value of 0.621 was
obtalned, with a standard error of estimate (RMSE) of 54.7
or 54,700 psl MR.

Using the 40 data points for an Arkansas Type 2
surface mix at 50 blows compaction, the best fitted
equation (EQ 8) relating the mix properties Is:

MR = 424 + 0.956 STAB - 63.3 AC - 14.5 AV

An R square value of 0.744 was obtained for this equation,
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with a RMSE of 34.8 or 34,800 ps! MR. Using the 9 data
points for an Arkansas binder mix, the best fltted equation
(EQ 9) 1Is:

MR = 263 + 27.1 EM + 30.6 AC =-29.0 AV
R square equals 0.889 with a RMSE value of 26.5 or 26,500
psi MR. With the 19 data polnts for the black base design
evaluation, the best fltted equation (EQ 10) is:

MR = 660 + 0.816 STAB - 98.6 AC - 15.1 AV
An R square value of 0.793 was obtalned for this
relationship, with a RMSE of 47.5 or 47,500 psi MR. The
comblnatlion of data from the 10 samples molded at 75 blows
Indicated an R square value of 0.980. The equation (EQ 11)
for this data Is:

MR = - 2490 + 3.17 STAB + 320 AC + 144 AY
The RMSE value was 26.5 or 26,500 psi MR. These 10 data
points were obtalned using a |Imestone aggregate wlith
specimen of simillar combined grading for an Arkansas type
2 mix.

These equations may be used to estimate the resililent
modulus values for a laboratory molded Marshal | Job mix
design. The coefficient of correlations for equations 7
through 11 were very signiflicant. The characteristics of
the asphalt cement used in the Job mix will directly
influence the resilient modulus. The effect of aggregate
gradation Is Indicated by the different equations obtalned
for resillent modulus as shown above. Equations 7 through

11 were obtalned using an AC-30 viscoslity graded asphalt
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cement.

One other equation obtalned using the l|abortory test
vaules related the air voids, asphalt content and volds |n
The mineral aggregate (VMA). By stepwise | lnear
regression, the best fitted equation (EQ 12) was:

AV = -1.78 + 1,14 VMA - 2.38 AC
The R square values for the 78 data polnts used In the
above equation was 0.974, with a RMSE value of 0.43 percent
AV,

The effect of aggregate gradation on the relationship
between AV, VMA and AC may be obtalned by combining the
test results of smillar mixtures and performing the
stepwise |Inear regression.

With the 40 data points from an Arkansas type 2
surface mix molded at 50 blows compaction, equation 12A is:

AV = = 1.71 + 1,15 VMA - 2.42 AC
R square equals 0.988, with a RMSE of 0.21 percent.
With the 9 data polints for an Arkansas binder mix, the best
fitted equation 12B 1Is:
AV = -1.54 + 1,16 VYMA - 2.48 AC
R square equals 0.972, with a RMSE of 0.33 percent.
Using the 19 data points for the black base mixes, the best
fitted equation 12C Is:
AV = 4.95 + 1,16 VMA - 1.59 AC
R square equals 0.945, with a RMSE of 0.76 percent.
The 10 data points for the 75 blow compaction of the

Arkansas type 2 surface mix gave a best fitted equation 12D
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of:

AV = -2.54 + 1.22 VMA - 2.48 AC
R square equals 0.99, with a RMSE of 0.05 percent. These
equations, 12 through 120, relating asphalt content, voids
In the mineral aggregate and alr volds may be used with
confidence for asphalt mixtures having simillar
compositions to those used In this study.

It Is of Interest to compare the predicted air voids
obtained for the laboratory mixtures and fleld cores.
Using an asphalt content of 5.0 percent and a VMA of 14.0
and Equation 5 (for cores), the AAY equals 2.5 percent.
Using Equation 12A (for laboratory mixes), the AV equals
2.3 percent. This calcuation Indicates that a pavement mix
will have slightly more alr voids than the corresponding
laboratory mix, after compaction by traffic. The mixture
VMA and asphalt content may be adjusted to obtain a desired
alr vold content, using equations 12A, 12B, 12C or 120D,
depending upon the type of mixture.

Pavement Initial Resillent Modulus

Marshall job mix design data for the surface layer of
30 test sites were available from the AHTD. The specific
Job mix design actually used In construction was not
determined. Most of the jobs had several dlfferent
proposed job mixtures, and In some cases more than one job
mix was used In the construction of different pavement
segments. Construction reports that would Indicate the

actual asphalt cement and aggregate used In the
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construction were avallable for only a few test sltes.
These AHTD |aboratory job mix designs Included 20 Arkansas
Type 2 mixes (top size 3/4 In.) and 10 Arkansas type 3
mixes (top size 1/2 in.). The asphalt cements used In
these job mixes, by type asphalt and site number,
respectively, were: grade 60-70, sites 30 Ty 94 10, 12,
13, 14, 15, 19, 20, 26, 28, 29, 33 and 36; grade AC-20,
sites 1, 2, 5, 6, 22, 27, 30, 32, 37 and 38; grade AC-30,
sites 8, 23, 34 and 35; and grade AC-40 at site 31.

The Initlal resiilent modulus for each Job mix was
calculated by use of equation 8. This equation was
developed from mixtures made with an Arkansas type 2
surface mix. The increase in MR per year was then
estimated by subtracting the initial MR from the measured
core MR and dividing by the number of years in service.
Analysis of the data for the 30 Job mixes gave an average
MR Increase of 35,000 psi per year. The range In values
were from 2200 psi to 142,000 psi. Regression analysis of
all 30 data points, relating age (In years) versus Increase
In MR (dMR) gave this relationship:

AGE = 3.03 + 0.0306 dMR
The R value was 0.555, which explains only about 31 percent
of the relationship of dMR with age. This equation
Indicates that MR Increases with age of the pavement, but
the equation may be only used as a trend line, because of
the scatter of data.

To determine the effect of the grade of asphalt In the



mixture upon the change in MR, the 19 sites having mix
designs using grade 60-70 and AC-30 were grouped together
for regression analysis. It is thought that these asphalt
cements were of simillar penetration to the AC-30 used In
preparation of the project laboratory mixes. Ten of these
Jobs were an Arkansas type 3 surface mix and 9 jobs were
for an Arkansas type 2 surface mix., The best fitted
equation Is:

AGE = 4.65 + 0.0364 dMR
A coefficlent of correlation of 0.728 was obtained for this
relationship. The equation Indicates an average increase
In MR of about 28,000 psi per year of service. This
grouping of data for jobs thought to be constructed with
simillar asphalt cements Iimproved the estimation of change
In resilient modulus with age. The effect of the different
aggregate gradations on the MR for these 19 sites Is
unknown. For further analysis, the relationship of MR with
the physical properties of an Arkansas type 3 surface mlx
Is needed.

It Is concluded that the effect of asphalt cement
propertles and aggregate grading on the MR of both
laboratory and pavement cores Iis needed In order to obtain
a more accurate estimate of the Increase (or decrease) of
MR under service conditlons. The physical properties of
the asphalt cement used In the Initlal construction are
needed in order to obtain a more exact relatlonship of

change Iin resillient modulus with time.
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Summary

The average values of the fleld test results are
presented In Table IV and X. These results jnclude
pavement condition rating, Mays rideability, skid value,
crack classiflcation, rut depth, and Dynaflect deflection.

Average physical properties of the cores are presented
In Tables V, VI, VII, VIIIl, IX, Al, and A2. These results
Include description of the pavement layers, aggregate type
and gradation, resilient modulus, bulk speciflic gravity,
maximum specific gravity, percent asphalt, air volids, volds
In the mineral aggregate, and Marshal | modulus, stablility,
and flow.

Regression analysis was performed to determine the
relationships between fleld and laboratory data. The
variables correlated against each other included pavement
thickness, Dynaflect Spreadability Index, total EAL, crack
Index, pavement condition rating, Mays rideabillty, maximum
rut depth, resillient modulus, Marshall modulus, Marshall
stabillty, alr voids, volds In the mineral aggregate, and
percent asphalt content. Alr voids and resi|ient modul us
of the surface layer were also correlated with the pavement
age, Dynaflect D1 (OWP and IWP), rut depth (OWP and IWP),
and voids fllled with asphalt.

Graphs relating the surface layer resillent modulus
with voids fllled, Marshall stabilIty, alr voids, and
Marshal|l modulus have been shown. Graphs showing the

relationships between surface layer alr volids versus |WP



88

rut depth, voids In the mineral aggregate, and voids filled
have been presented. The best fitted equation along with
the coefficent of correlation and standard error of
estimate are Indicated on each graph.

Mix characteristics and pavement performance were
related with each other by equations 1 through 6. Asphalt
pavement mixtures may be analyzed by the use of these
equations to predict pavement performance of the designed
ACHM,

Test results of the Marshall laboratory mixtures made
to simulate the pavement cores are shown In Table Bl. The
relationship of resillent modulus with physical properties
of these laboratory mixtures are shown In equations 7
through 11. The relationship between air voids, voids In
the mineral aggregate and asphalt content are shown in
equations 12 through 12D for various aggregate gradations.

The pavement inltlal resillent modulus for 30 test
sites was estimated. Equations are presented to relate the
effect of aging on the resillent modulus of the pavement

surface layer.



CHAPTER V
BLACK BASE MIX DESIGN

The physical characteristics of the 18 black bases
under evaluation have been reported In Table IX. The
gradations of these black bases are shown In Table A2 of
the appendix. The results of the laboratory mix designs
using mixtures representative of the better black base wil]
follow. A better black base Is one that provides support
to the surface and binder layers that results In superlor
pavement performance, with other factors belng equal. In
general, the "good" pavements discussed In Chapter IV had
better bases than the "poor" pavements. The bases of sites
3, 4, 8, 10, 13, 23, and 36 were considered to be good. As
a contrast, the bases of sites 14, 15, 24, 34, 35 and 38
were considered to be poor. A rational method of black
base design along with mix design criteria for selecting
the optimum asphalt content is presented.

Base Mix Design

The laboratory mix designs were prepared In accordance
with the Marshall Mix Design Method (39). The base mix
designs were prepared using these four aggregate types:
| Imestone, sandstone, gravel and syenite. A Tosco AC-30
paving grade asphalt was used In all of the laboratory
mixtures. A volids analysis was performed using the

aggregate effective specific gravity to calcul ate the alr
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volds, volds In the mineral aggregate and voids fllled.
The Marshall specimens were tested In the same manner as
was previously presented for the pavement core samples.

The aggregate gradations were selected to represent
simlillar gradations for the better black bases for each
aggregate type under Investigation. All of the gradations
selected met the requirements of the AHTD specifications
(40) for aggregate used for base construction. The mix
design gradations used for each aggregate type along with
the specification Iimits for both an SB=2 and GB-3
aggregate are shown in Table XI1I.

Triplicate samples were prepared at each preselected
asphalt content for all four aggregate types. The asphalt
contents were varied by 0.5 percent to define the Marshal |
optimum asphalt. In order to use the Marshall mix design
procedure, the plus one Inch material was removed from each
mixture prior to addition of the asphalt cement. After
mixing and molding at 50 blows per side the specimen were
cooled overnight prior to determination of thelir helight and
bulk speciflc gravity. Next, the resi|ient modulus of each
specimen was determined using the test procedure previously
described In Chapter |I1l. The specimen were then tested
for thelr Marshall stabllity and flow In accordance with
ASTM D 1559 (22). Optimum asphalt content was estimated
for these designs and additlional samples of sandstone,
syenite and gravel mixtures with the plus one Inch material

were prepared at the optimum asphalt content and tested as
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Sleve Total Percent Passing .
Size Limestone | Sandstone | Syenite Gravel AHTD Spec. *
2o ML 1) . LS £1"__ 1" +]" -1" | SB=-2 GB=3
1.5 100 100 100 100 100 100 100 100 100 100
1.12 97 100 97 100 95 100 97 100 | ==~ -—
1 94 100 94 100 89 100 95 100 | ==~
3/4 80 85 80 85 69 78 84 88 50-90 | 60-100
1/2 61 65 60 64 54 61 68 72 -——— -—-
3/8 53 56 50 53 49 55 54 57 -—-- 40-80
4 40 43 36 38 43 48 38 40 25-50 | 30-60
10 27 29 26 28 37 42 28 29 - 20-45
20 20 21 18 19 30 34 23 24 -——- -—-
40 15 16 14 15 24 27 18 19 10-30| 10-35
80 9 10 11 12 9 10 12 13 -—- ---
200 5 5 5 5 4 5 6 6 3=-10 3-12

reference 40
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above.

In order to further del lneate the effects of the plus
one Inch material on the results of the Marshall mix design
procedure, addition testing was performed on the | Imestone
mixtures. Samples were prepared of the original |Imestone
mixture gradations. The plus one I[nch material was not
removed, but was used In the mixture. The asphalt content
of these additional |imestone mixes was the same as used In
the Initlal |Imestone mixes. The laboratory specimens were

compacted at 50 blows per side and tested using the

Marshall procedure.

The detalled results of the Marshal | mix design tests
performed and analysis of data are reported by Cross (41),
The average test results for these base mixtures are shown
In Table Bl in the appendix. The |l Imestone (Is) mixes are
ID # 57-62; the plus 1 In. Is mixes are ID # 60-62. The
syenite (ns) mixes are ID # 66=70; the plus 1 in. ns mix
Is ID # 69. The sandstone (ss) mixes are ID # 71-74; +the
plus 1 In. ss mix Is ID # 73. The gravel (gvl) mixes are
ID # 75-78; +the plus 1 1In. gvl mix Is ID # 77.

The physical characteristics of the laboratory mix
designs at optimum asphalt content and the average values
of the fleld cores, by aggregate type, are shown In Table
XI1l. The optimum asphalt content was calculated using the
criteria for base mixes by The Asphalt Institute (TAIl)
method (39).

In comparison with The Asphalt Institute criteria
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TABLE X111l BASE MIX DESIGN VALUES Vs, FIELD CORE VALUES
Aggregate AC MR Marshal | AV VF VMA Bulk
Type = psi STAB FLOW - - Sp.

(%) 1000 (psi) 1/100 (%) (%) (%) Gr.

Limestone
Field core 3.7 385 178 21.5 9.4 47.7 17.7 2.267
Laboratory(=-1") 3.5 350 220 10.0 4.3 66.0 12.6 2.429
Laboratory(+1") 3.8 310 238 13.3 2.8 77.0 11.8 2.458
Sandstone
Fileld core 3.6 280 228 13.2 10.6 37.8 23.0 2.213
Laboratory(=1") 4.1 150 152 9.0 7.8 54,0 16.8 2.269
Syenite
Field core 3.6 480 286 12.7 8.7 48.0 16.7 2.260
Laboratory(-1") 4.0 260 188 6.5 9.3 48.0 18.0 2.245
Gravel

Fleld core 3 o3 500 180 12.6 9.9 42,0 17.0 2.221

Laboratory(=-1") 4,3 260 135 10,5 3.7 73,0 13.5 2.354
Typical Design Criteria:

1) The Asphalt Institute mix design criteria for a 50 blow
base mixture are: Marshall stablility = 500 Ib. minimum (50
psi); Flow (1/100 in) = 8 to 18; Alr volds = 3 to 8
percent and VMA = 13 percent minimum. (39)

2) The Assocliation of State Highway and Transportation
Officlals mix design criteria for a 50 blow base mixture
are: Marshall stablility = 500 Ib. minimum (50 psi); Flow
(1/100 in.) = 8 to 18; AlIr Voilds = 3 to 11 percent; and
Voids Filled = 65 to 75 percent. (35)
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shown In Table XIIl, the sandstone and gravel mixes met al|
of the requirements, while the VMA of the I Imestone mix was
slightly below the minimum value. The syenite mix had air
voids greater than 8 percent with a flow of 6.5 and does
not meet the TAl criteria.

In comparison with the American Association of State
Highway and Transportation Officials (AASHTO) criteria (35)
shown In Table XIIl, the |Imestone and gravel mixes met all
of the requirements. The sandstone, syenite and gravel
mixes met all of the AASHTO requirements except for having
too few volds fllled.

The results of the mix design value at optimum asphalt
content for the |Imestone aggregate with the plus one Inch
aggregate included In the 4 Inch Marshall mold are also
shown in Table XIIl. The stability values for the plus one
inch mix, at optimum asphalt content, are sl ightly higher
than for the minus one inch mix. It should be noted that
the stablility values for the plus one Inch mix were very
erratic and because of this, selection of the optimum
asphalt content was somewhat suspect. Erratic values for
the plus one Inch mix were also encountered in the air
volds, volds In the mineral aggregate and bulk speclfic
gravity plots as well. The optimum asphalt content for the
plus one iInch mix was 0.3 percent higher than for the minus
one Inch mix.

Base lLaboratory Values Compared with Fleld Core VYalues

The comparison of the fleld core values, by aggregate
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tType and the mix design values are also shown In Table
XI'll. The sandstone, syenite and gravel mix designs al |
had higher optimum asphalt contents, equal or higher
percent volds flilled, and lower air volds than the average
of the fleld cores.

The |imestone mix design had a lower optimum asphalt
content than the average of the |imestone fleld cores. The
bulk speciflc gravities were higher for the mix designs In
every case except for the syenite mix, which was lower. As
expected, the resilient modulus values of the cores were
higher In each case than those of the laboratory mixes.
Rational Design Method for Arkansas Black Bases

The following rational mix design method for Arkansas
black bases Is presented. The method Is based on the
analysis of data for peformance and mix characteristics of
Chapter IV, along with the black base mix design test data,
and the preceeding discusslon.

The Marshall method of mix design (39), with the
following modifications, will provide good black base Job
mixes. The gradation of the black bases should be similar
to the "good" bases of the test sltes. The grading limits
need to be more closely controlled than presently used for
SB-2 and GB-3 mixes. The recommended grading for black
bases by sieve slize and percentage passing, respectively
Is: 1 1/2", 100%; 1", 94%; 1/2", 62%; No. 4, 37%; No. 10,
23%; No. 40, 15%; No. 80, 9%; No. 200, 4%. The grading

band should be set to the meet these percentages based on
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the present tolerances used for ACHM.

After the trilal grading Is selected, the plus 1 Inch
material should be removed from the trlal mix and a regul ar
Marshall mix design procedure employed to obtain the
optimum asphalt content. This asphalt content then should
be decreased approximately 0.1 percent (on total welght
baslis) to provide sufficient asphalt to coat the plus 1
Inch material. This decrease In asphalt content Is
necessary because the surface area of the plus 1 Inch mix
Is less than the surface area of the minus 1 Inch mix.

The recommended criteria for the Marshall asphalt
content for an Arkansas black base Is as follows. Marshall
stabil ity of 1500 pounds minimum, flow of from 6 to 14, air
volds of from 3 to 8 percent, VMA of from 11 to 13 percent
minimum depending upon alr volid content, and optimum
asphalt content. The relationship shown by equation 12D of
Chapter |V may be used to determine the proper VMA for any
desired alir vold and asphalt content combination. This
type of base mixture would be suitable for all levels of
traffic If sufficlent thickness of pavement structure Is

provided for the design EAL.



CHAPTER VI

CONCLUSIONS AND RECOMMENDAT IONS

On the basis of the experimental work covered by this
report and within the IImitations of the test procedures,
materlals, and conditions utilized In this Investigation,
the following concluslons are warranted:

1. There Is an identifiable relationship between the
resilient modulus and the other physical characteristics of
the pavement core. The best relationship of resilient
modulus with the core physical properties Is shown by
equation 3 and equation 6. The Independent variables In
these equations are Marshall stability, flow and voids
filled with asphalt. These equations have an R square
value of 0.68, which would indicate that about 32 percent
of the variation of pavement resi|lent modulus was caused
by other factors. These other factors Include asphalt
content, voids in the mineral aggregate, air voids, asphalt
characteristics and aggregate characteristics.

2. The relationships obtalned between the fleld
performance evaluations and asphalt pavement properties are
presented In equations 1 and 2, and the equations shown on
Figures 7 and 9. These performance and mixture varliables
Include: Mays Meter value, rut depth, crack Index,
resillent modulus, air voids and volds fllled with asphalt.

By use of these equations the performance of an asphalt
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pavement under varying levels of traffic may be predicted.

3. The data Indicates that the pavement resilient
modulus Increates with time, as the rate of about 30,000
psi per year of service. This change In resilient modulus
I's shown to Increase the amount of cracking by equation 2,
when alr voids and rut depths are held constant.

4. The resillent modulus of the laboratory molded
samples was related to Marshall stability, flow, asphalt
content and air volds by equations 7 through 11 for
different types of asphalt mixtures. Asphalt mix designs
may be evaluated by use of these relationships to relate
mix properties with pavement performance, as shown in
conclusion 2, prior to actual pavement construction. The
resillent modulus of the laboratory asphalt mixture and the
aging pavement resilient modulus may be used by the Design
Engineer as a key to the design of superior asphalt
pavements.

5. An excellent relationship between air voids and
volids filled was obtained as shown in Figure 9. The AASHTO
recommendations for voids fllled in a surface course Is 75
to 85 percent for daily EAL's from 50 to 500 (35). It Is
concluded that alr voids between 2.3 and 4.5 percent wll|
meet this volds filled criteria.

6. The alr volds In the pavement is Indicative of the
measured rut depth In the Inner wheel path as shown In
Figure 7. Alr volids over 2.5 percent were associated wlth

rut depths of 10/32 inch or less. The correlation
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goefflclenf of 0.568 between these variables Indicates that
other factors, such as frafflc, subgrade support,
stability, aggregate gradation, and asphalt cement
properties need to be considered for control of pavement
rutting.

7. The relationship between air voids, voids In the
mineral aggregate and asphalt content for pavement cores Is
shown by equation 5. For |aboratory mixtures these
variables are related to one another in equation 12A and
12D for an Arkansas type 2 surface mix. For binder and
base mixtures, the relationships are shown in equation 12B
and 12C. I+ Is concluded that VMA is not an [ndependent
variable In asphalt mixtures but Is dependent upon air
voids and asphalt content. These equations (5, 12A, 12B,
12C and 1ZD)Vmay be used to analyze asphalt mixtures and to
adjust the asphalt content and voids In the mineral
aggregate for any desired alr void content.

8. A rational mix design for Arkansas Black Bases Is
presented. The method will permit the Design Englneer to
select the aggregate gradation and asphalt content to
provide excellent asphalt bases, using the Marshall mix
design procedure and equlipment.

Recommendations

1. The analysis of the data of this study on the
basis of type of cpnsfuc+lon may Indicate that different
controlling factors should be used In design of asphalt

pavement mixtures for each constructlion type. For example,
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a much stiffer pavement structure may be desirable for PCC
overlays than Is needed for conventional designs of ACHM
over a granular base. Therefore, this type of analysis Is
recommended.

2. The determination of the pavement residual asphalt
physical properties and thelr relationship to resilient
modulus and Marshall mix design factors Is highly
recommended. This evaluatlon may Indicate which physical
characteristics of the asphalt cement best relates to the
different parameters of pavement performance. To Improve
the performance capability of the pavement a chang? In the
character of the asphalt cement used for different |ayers
or types of constructlion may be dictated from this work.

3. Since pavement deflection Is a viable estimate of
pavement performance, the determination of pavement
deflections under 18 to 22 kip axle loads for these
pavement sites of knowp physical characteristics Is
warranted. Measurement of the pavement deflectlion basin
with heavy axle loads would permit deflectlions to be
related to the physical préperfles of the pavement
structure. The knowledge of the pavement deflection of a
pavement structure under heavy wheel loads would permit
more economical design of asphalt pavemen#s. \

4. It Is recommended that a more basic unit of
measurement of pavement roughness, such as roughness In
Inches per mile, be used for pavement roughness evaidaflon,

rather than the percen+ Rideabll ity that iIs reported
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herein. The inches per mile unit of roughness measurement
could then be used for comparison with results of other
research agencies. The actual roughness of the pavement
test sites rather than the relative roughness value
reported may yleld more useful correlations, In particular
with the different levels of traffic.

5. A llImited number of |aboratory base mix designs
were prepared for this study. It Is recommended that the
test results used as the basis for the recommended base
design procedure by veriflied by additional testing of
dupllicate mixtures. While it Is thought that novacul ite
aggregate will behave simillar to the syenite and gravel
base mixtures, novacul Ite aggregate should be added to the
base mixture test work.

6. The use of the aggregate effective speciflic
gravity, as measured In the Rice's maximum specific gravity
test (ASTM D 2041), should be used In the volids analysls of
asphalt mixtures. The required air volds and voids In the
mineral aggregate should be based on their relationship
with the asphalt content as reported hereln.

7. It has been concluded from prior research using
simillar Arkansas asphalt mixtures (24) that air vold
contents greater than 5 percent are detrimental to good
pavement durablillty. Based on the results of this work and
the above, It Is strongly recommended that Inplace asphalt
pavements have a residual alr void content of from 2.5 to §

percent for optimum pavement performance.
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