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SUMMARY AND RECOMMENDATIONS

This report documerts an investigation of water-related
distress on portions of 1 65 in Hardin County, Kentucky, on
Muldraugh Hill. The pavement consists of multiple courses
of asphaltic concrete base, asphaltic concrete surfacei(s),
and an open-graded friction course. The intent of the study
wass

1. %o identify the type and extent of distress,
2. to sample and test pavement components as needed to
develop data to enlarge, clarify, and/or conftirm
observations, _
2. to obtain and analyze construction data with regard to
possible procedural contributions to the problem,
4, to analyze mixture design data with regard to possible
contributions to the observed distress,
S. to evaluate the potential for further or similar distress
on this or other projects,
6. to evaluate all data with respect to desirable changes
in the Transportation Cabinet’s specifications or
procedures, and C
7. %to provide insights to corrective actions needed to
restore this or similar pavements to acceptable and/or
desirable service conditions. . ‘
POVEMENT INSPECTION

The pavement was carefully inspected in both dry and
wet conditions. Distress is currently concentrated in
sections of the outer lanes subjected to high concentrations
of heavy truck traffic. Blight distress was observed in all
lanes with the second lanes, also subjected to aporeciable
truck traffic, showing much more advanced distress than the
irmer lanes. Distress sufficient to affect traffic use is
limited to the ocuter lanes at this time.

Forms of distress observed were densification of the
open—graded surface, flushing of asphalt to the surface, and

rutting with shallow shear movements. The latter begins
with slight shear displacement of material forming very
slight heaving at the cuter edpes of wheel tracks. Ornece

movement bepgins, it tends to develop rapidly into severe
displacement of surfacing materials and severe upheaval of
displaced material. In all obzserved cases, the shear
pattern indicates shear movement is occurring only in  the
uppeyr portion of the pavement. The distress observed is due
to stripping and the loss of strenmgth in a shallow course.
Later investigations eonfirmed that the dense surface course
was the affected layer.

In a dry state, the open—pgraded surface course appears

rnormal over much of the surface area. During rain, many
areas in the wheel tracks failed to exhibit the reduced tire
splash expected from this type surface. This condition

indicated closing of surface pores by traffic or by Ffilliwng
with stripped asphalt migrating upward with water fiow to



the surface. Careful observations indicated that transverse
flow of water was impeded by increased densities in  the
wheel trachs. This resulted in a fully saturated pavement
for long pericds. It was observed that drainane from the
open—graded surface continued at random locations for at
least orne day after rainfall ceased. It is this prolonoed
storage of water within the open—graded surface that
provides water to keep the underlying dense surface laver
near saturation.

SAMPLING AND TESTING
Six locations exhibiting a range of all observed

conditions were selected for sampling. Three to six cores
were cut from each location. AR %atal of 26 cores were
obtained for study and testing. These were supplemented by

seven additional cores and one trench sambple obtained
earlier by the Division aof Materials.
Prior to testing, each core was carefully inspected for

visible evidence of distress. These chservations indicated
water effects on the dense surface layer ranging from very
slinht damage to severe stripping. Deeper tourses showed

little or no damage.
Principal testing consisted of determininn the
densities and asphalt contents of selected samples from the

two upper courses, A limited number of additiomnal +tests
were rurn. From these tests and data cbtained earlier, voids
relationships could be established. The accumulated data

indicated that the dense surface course remained dense even
wher stripping was well advanced. However, it obviously had
lost strength, permitting shear displacement o occur.
There were no indications of construction deficiencies in
the dense surface course. Thus, stripping was confirmed as
the major cause of distress. Mixtures very similar to the
damaged dense surface layer are providing pood serviece when
used as the principal wearing surface.

CONSTRUCTION DATA

Construction data provided 1little indication ot
abnormalities that could have contributed to the aobserved
distress. Some segregation was noted in the base courses.

This may have long-term influence on pavement life but did
not appear to contribute to the problem being investinated.

MIXTURE DESIGN DATA

Mixture desinon data on this and similar projects were
carefully reviewed. The desion on this project was slightly
less than desired but should have provided pood cservice

under different exposure conditions. Mixtures provided for
six similar projects do not have as good voids relationships
as did this #mixture. Unless they possess a very high

resistance to water actions, some degree of surface distress
canr be anticipated in those projectis.

POTENTIAL FOR CONTINUING DISTRESS
Further development of distress on this praject
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currently is expected to continue urntil corrective action is
takers. Several similar construction oprojects were
inspected, of which the oldest is several years old and the
youngest was Just completed. A1l projgects showed scome
surface evidence of water-related distress. Fortunately at
this time most distresses are minor in nature and extent.
Reasconable service can be anticipated in the older projects.
Newer ones do not permit an estimate of performance
capability. All pavements should be evaluated freguently
With respect to distress development.

SPECIFICATIONS AND PROCEDURES

From the findivgs in this investigation, some chanpes
in Cabinet procedures shouwld be considered to minimize the
possibility of similar future problems. :

A skid-resistant surface is essential for the
protection of highway users. This protection can be
provided effectively by a relatively coarse—-textured dense
surface Course. Such a surfTace can provide adequate safety
and provide murh longer service life. Suggested gradations
for such mixtures are contained in the report.

Additional requirements for mixture properties shouild
be incorporated into Cabinet procedures to assure more
consistently high guality mixtures. The traditional
emphasis on gradation is a part of the problem. Gradation
is very important, but it must be supplemented with ecriteria
that better corntrol the behavioral characteristics of the
total mixture. '

CORRECTIVE MEASURES

There are options available to the Cabinet with respect
to ecorrections to the Muldraugh Hill pavement and similar
pavements. Currently, the ocuter lanes on Muldrauph Hill are
showing advanced and* rapidly develorping distress.
Lorrective action is plammed for the immediate future in the
outer socuthbound lane, The wnorthern one-third of the
northbourd outer lane is nearly as severe and has a similar
urgent need to be corrected. This correction could be
- comprised of several operations such as 1)} milling to remove
all distressed material to a depth of approximately 2
inches;y 2) carefully tack the milled trench, including the
edges, and replace the removed material with a carefully
designed skid-resistant dense gsurface mixture to the
elevation of the adjacent dense surfacing layer: and 3)
taper existing open—graded surface to avoid a roticeable
elevation difference in riding surface. This procedure is
the best correction available and should prove to be the
best investment. Further, all lanes on this project will
rieed replacement of the existing surface within the mext few
YEArS. Consideration should be given to replacement of the
second lane in 1985,

A much less effective ocotion is local patching to
remove and replace distressed areas. This may be necessary
at times, but when used should be considered as a temporary
expedient.
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It is possible to replace the surface with a two—-course
construction such as is currently in place. This option
should not be considered unless, or until, procedures can be
developed to assure expected behavior will result. Such
procedures are available at this time.

finother option, do nothing, alsc is available. This
should not be applied to the Muldraugh Hill pavement.
However, it iz an appropriate option for similar
construction on other projects. These should receive high
priority in the Cabinet's Pavement Management Program as
pavements to be evaluated freguently with regard to distress
type, extent, and rate of development. The expense of
correcting the type distress occurring on Muldrauoh Hill is
great and the longest lead time possible is nreeded for
planning purposes. ' .

It is stronply sugpested that the Cabinet econcentrate
its efforts in the development of effective, dense, ghkid-
resistant surface mixtures. These wixtures should be
employed for all high—trafficked pavements. The opern—praded
friction courses should be installed only as specifically
designed projgects that may overcome problems currently
encountered with this type of surfacing.



INTRODUCTION

This report dotuments arn investipation of water-related
distress on portions of I 63 in Hardin County, Kentucky, on
Muldraugn Hill. The pavement consists of multiple courses
of asphaltic concrete base, asphaltic concrete surface(s),
and an open praded friction course. The intent of the study
wWas

1. to identify the type and extent of distress,

2. to sample and test pavement compornents as needed to
develop data to enlarge, clarify, and/ar confirm
observations,

3. to obtain and analyze construction data with regard to
possible procedural contributions to the problem,

4. to analyze mixture design data with regard to possible
contributions to the observed distress,

3. to evaluate the potential for further or similar distress
on this or other projects,

6. to evaluate all data with respect to desirable changes
in the Transportation ~ Cabirnet's specifications or
procedures, and

7. to provide insights to corvective actions needed to
restore this or similar pavements to acceptable and/or
desirable service conditions.

What appears to be water—related damane has developed
in the asphalt pavement on I 65, Muldraugh Hill, Hardin
County, on Project I-65-5(19)95. Rutting, with shear
development, is develeping intermittently in the wheel
tracks, varying from slight to severe. Excessive asphalt is
appearing at both rutted and non—rutted locations. Observed
defects are water related. The HKentucky Transportation
Cabinet enpaged the Kentucky Transportation Research Program
to investigate the failures with respect 1o cause,
correction, and minimization of future problems of a2 similar
nature.

The affected pavement is a full-depth asphalt structure
having a total thickness of 18.% inches. This structure
consists of 16.735 inches of asphaltic concrete base, a 1-
inch asphaltic concrete surface, and approximately 8.75
inches of an open—graded frictiom course in the southbound
lanes. The rorthbound lanes were constructed first and were
used for all traffic while the southbound lanes were being
constructed. The pavement structure in the morthbound lanes
was altered slightly by reducing the aschaltic concrete base
thickness by 1 irnch and constructing a temporary surface
course (1 inch) for use while the socuthbound larnes were
being constructed. Whern the southbound lanes were opened to
traffic, the rnorthbound larnes received a l-inch additional
dense asphaltic concrete surface and a @. 75~inch layer of
open—graded friction course to complete the structure.

The entire project is located on Muldraugh Hill and has
grades up to approximately 3.5 percent. To accommodate
climbing truchs, a fourth lane was included in the
southbound construction. Northbound traffic is adeauately
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accommodated by three traffic lanes. Paved shoulders are
provided.

Southbound truck traffic appears to be concentrated in
the two outer lanes, with the ocutside lane carrying most of
the heavier trucks, as is alsc the case for the northbound
lanes. However, it is believed that a higher percentape of
northbound trucks use the second traffic lane.

Southbound lanes are constructed on a silty clay

approximately 1 foot thick over a rock cut. Northbound
lanes are urnderlain by rock subgrade. Visible distress
is concentrated in the cutside lanes, in both directions,
but are not limited to those lanes. The second lanes show
relatively minor indications of distress, except at isolated
locations in the wnorthbournd direction. Irmer lanes show

very limited distress at this time.

It is the purpose of this study to identify and
investigate all phases of the problem with respect to cause,
correction, and prevention of future occurrences. This
includes a determination of water sources, layer affected,
type and extent of damape, and remedial actions as well as
recommendations for preventive actions in future
construction. The information gained from this study may be
used to provide more resistant pavements through revisions
to mixture design, material usapge, design stratenies, and
construction procedures as applicable.

@

INSPECTION OF PAVEMENT

The pavement was inspected carefully to identify
locations, types, and extents of distress and to locate
suitable sites for sampling the pavement that would
represent all forms of observed distress, and apparent wnon-
distressed rconditions, for testing and study. Inspection
was conducted over a three—-day period. Two of those days
provided dry, or draining, pavement conditioens while the
third was rainy.

Both severe and mederate distress is  orincipally
associated with lanes carrying high concentratioms of truck
traffic and occurs intermittently in those larnes. Other
areas show slight distress or none at all. It seems
reasonable to expect rapid continuing distress in  truck
lanes with far slower development in cther lanes.

TYPES (OF DISTRESS

In general, observed forms of distress were idermtified
as rutting, lateral shear displacement, and flushing of
asphalt/matvrix to the surface. Each form was cbserved in
stages varying from very slight to very severe.

Rutting

Rut development varies ogreatly from very slight
depressions (that are difficult to detect) to advanced
conditions coupled with shear displacement. Typically, the
early stages are associated with very slipht curvatures. A



slight densification is cccurring and appears principally as
a change in zurface texture. Densification may, or may not,
be followed with slight flushing. As the rut develops,
slight upheavals begin to appear just outside the wheel
tracks. Further development produces prornounced heaving as
the wheesl track depresses further. If not already present,
flushing begins and/or continues to increase. ARlsa,
particle rotation and shear movement may be seen in the
open—graded surface course.

‘In final stages of development, the rut approaches a
maximum depth with severe movement of mixtures Ffrom the
wheel track. This movement appears to involve more than
could be attributed to the open—-graded surface and
therefore, involve portions of the urderlying dense surface
course, At many locations, an overthrust condition has
developed with the copern—graded surface and dense surface
course being forced over adjacent surface material. At this
stage, the center area of the rut consists principally of
asphalt and fine matrix materials.

Rutting and shearing patterns at all locations indicate
very shallow movement of material. This led toc the early
belief that damape was limited to the upper layers of the
pavement, that is the combined thickresses of the open—
graded and dense surface courses. Those courses had
suffered severe losses in stability, permitting displacement
under traffic-induced stresses. BSuch losses of strength can
be associated with plastic mixes having excessively high
asphalt contents. Records indicate this is not the case for
surface courses on this project. The condition also is
associated with severe stripping of asphalt from mixtures.
If stripping is coupled with rnearly complete water
saturation, stress resistance is reduced to rnearly that of a
similar uncocated saturated layer. Such a weakerned layer
would readily deform under traffic in the marnner observed.
No surface evidence of stripping in the opern—oraded surface
layey was seern. Based on this inspection, rutting apoeared
to have resulted from losses of strength in the devnse
surface course, probable stripping and saturation of that
layer, and high stress levels from truck traffic.

Lateral Shear Displacement

For advanced stages of shear-stress induced rutting to
occur, the affected material must behave inm a plastic
manner, which results most freguently when mixture voids are
essentially filled with liquid —-— asphalt, water, or both.
An excess of asphalt is not indicated on this project.
Thus, the condition on this project appears tc be associated
with an excess of water.

A mixture saturated with water can remain reasonably
stable and stress resistant if its internal adhesion and
cohesion remain high. However, if stripping ccocurs, a loss
in both forrces results. It seems reasonable to assume that
most of the dense surface course is hichly saturated if it
has been externsively exposed to water for substantial
periods, Thus, areas that have retaived their performarnce



capability without distress have retained sufficient
adhesion and cohesion to provide adeguate shear resistance
up to this time. Those areas showing lateral shear
digplacement have suffered a loss of adhesion and/or
cohesion and are respording to horizontal shear stresces.

it appears that sheared areas are expanding
longitudinally, suggesting that stripping is orogressing in
both directions from locations wnow exhibiting ma1or
distress. Major movement of material is lateral even though
some longitudinal movement is apparent. The surface pattern
of shear distress advances from small upheavals on rut
edges, to large upheavals, to an overthrust conditiorn when
displaced surfacing material is forced over stable adjacent
surfacing. ‘

Longitudinal extensions of distress areas suggest
pressure stripping is cccurring. As asphalt in an area is
displaced by water, adjacent areas are affected. Water from
those saturated areas is forced by traffic pressures into
adjacent areas, causing rapid development of stripping and
asphalt displacement. This action iz discussed in Appendix
R.

Flushing of Asphalt/Matrix

Flushing consists of asphalt/matrix filling or
overfilling surface voids, Usually, the asphalt is brought
to the surface by water, water vapor, or expanding air. It
usually indicates stripping but can result from flow of the
asphalt film without stripping. The action is acceelerated
greatly by traffic pressures on water within stripped
COUrSes.

In some cases, flushing first appears as a small,
nearly gircular spot. In such loacations, the water source
may be deep within the pavement or may be near the surface.
Those spots tend to expand and develop into more extensive
distress. Several severe areas wevre aobserved in the cutside
southbound lane. Those had expanded, or were expanding, into
severely rutted areas. it iz believed that those areas
initially were very small flushed spots. fs they develooed,
surface water and traffic pressures provided mechanisms to
produce severe distress that was observed.

Flushing in minor forms (streaks or spots) exists to
some degree in all lanes. Where traffic pressures are small

(inner lanes), severe distress may not occcur. Initially,
those areas are ohserved as densified leocations, filling of
voids, or a slight glazing of the surface. In most cases,

flushing indicates some degree of stripping.

EXTENT OF DISTRESS

The forms of distress described as severe are
principally located in portions of the cutside southbound
lare and the cutside northbound larne. Two areas in the

cernter northbound lane are in early stapes of shear
displacement, and distress will comtinue to develoo. Other
areas show some densification and minor flushing, esoecially
the second southbound lane, but are not rutting at this



time. This seems to indicate that the major portion of this
pavement is serviceable at the present. Due to the broad
distribution of evidence that stripping is progressing,
further externsive distress should be anticipated.

SURFACE WATER MOVEMENT

Movement of surface water was cbserved during rain,
during coring operations, and one day after rairn. This
provided a reasconably complete description of the general
effectiveness of the open—praded surface layers on surface
drainage. Roadsplash under tires of moving trucks appeared
very similar to roadsplash observed on surfaces without an
openn  graded surface. This indicates densification had
cccurred  in the wheel tracks, thus preventing escape of
water through the opern—graded pore spaces. Roadsplash
appeared more severe in the outside lane than in the second
lame. Tire splash in irnnmer larnes was small but  increased

appreciably in SOmMe sections, probably indicating
densification.
Bravity flow of water was observed. Within the irnnmer

lanes, surface water entered the open-graded surface layer,
leaving little surface water. As water flowed downgrade and
toward edges of the open—graded surface layer, it was
observed to surface at some locations, indicating a
differential in permeability of those courses. This
especially was prominent adjacent to wheel tracks in the
ocuter lanes. Thus, it is reasconable to assume nearly
complete saturation of a substantial portion of the wheel
track had taken place. This condition especially is the
result of pressure stripping. It was rnoted that water
reaching the outer wheel tracks tended to flow down the
wheel track whenever any rut existed. To a lesser deoree,
this condition existed where densification existed but ro
rut had developed. During coring operations, drill water
movement was observed to flow downgrade in the wheel track
for several feet before entering the open—praded surface or
flowing to the edge. This indicates low surface porcsity in
areas having little or light +raffic. Aporoximately 18
hours after cessation of rainfall, water contirued to siowly
drain from the aopen-graded surface course, irdicating
transverse permeability is low and inadeguate to rapidly
remove free water within the course. Thus, a rather high
degree of saturation continued to exist in portions of the
open—oraded surface layer after a rather lengthy drainage
period. It dis rnot known how long this drainape continued.
This greatly extends the period of wetting within navements
and lends to a pressure stripping condition.

The above observations indicate that water could have,
and probably did, serve as the principal source contributing

to existing and developing distress. It is apparernt that
free water is available for long periocds due to poor
dralinage and poor dreyinog conditions. This resulted in near
saturation of the dense—-nraded course, leaving it very

susceptible to both static arnd pressure stripping.



INSPECTION OF EXISTING CORE HOLES

The Division of Materials had sampled this project by
coring and by trenching four locations — two im the outer
southbound lane and two in the cuter northbound lame. Three
of those sites were inspected and photographs were taken
while sampling was in progress. The Division's work
preceeded this investipation by about three weeks. Four-—-
inch core holes were left open to permit later insoection.

At the northervmost location in the southbound lares,
three holes were drilled in a severely rutted area. At the
time of this inspection, one hole was totally obliterated by
movement of surfacing materials. A second hole had
decreased in diameter to about & inches and the third to
about 3 inches. In all cases, this movement apoeared to be
limited %o surface courses. The second location in  the
southbound lanes showed less severe mavement of surfacing
materials.

Only one location, near the north end of this project,
was inspected in the northbound lanes. At that location,
all upper courses could he observed in a core hole on the
outer edge of the wheel track. In that hole, the upper base
course showed no distortion, the dense-praded surface course
had moved downgrade about @.75 inches, and the open—graded
surface had moved downprade about 1.25 inches. Should such
movement continue, the surface would miorate downgrade more
than one foot per year. Such movement could occcur only if
the mixtures 1) were of very low stability, &) lacked
cohesion betweern courses, or 3) were suffering from severe
stripping, thereby creating the first two conditions. The
opern—-oraded surface course was very rich and did not exhibit
stripping. The dernse surface course was exposed in an area
of about 25 sguare inches. The material remained intact but
no asphalt could be seen, indicating almost complete
stripping. Thusy the dense surface course is identified as
a weak layer that could not adhere to either the open—graded
surface layer or the stable underlying base layer. Although
the dense surface course was almost totally stripped, it had
dried sufficiently %to regain encugh stability to remain
intact under limited traffic loadings at the edge of the
wheel track, even though it was slipping downgrade under
traffic pressure.

SAMPLING

Sampl ing requirements were egtablished after the
project was inspected initially to observe the extent,
mature, and probable tyvpes of distress. It was desired to
obtain specimens representing all observed conditions. This
included all stages of distress as well as locations showing

noa  distress. As  a mirnmimum, samples were to include the
opevi-graded surface course, the dense-graded surface course,
and the upper base course, Wnhere practical, it was

desireable to sample all courses in the ovavement structure
to permit assessment of deep damage or the potermtial for
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deep damage.

To cover the desired spectrum of conditions, siwx
locations were selected; four were in the cutside southbound
lane and the other two were in the cutside northbound larne.
Several samples were obtaired from each location to include
any observed conditions. In addition to those locations,
samples obtaired earlier by the Division of Materials were
available for inspection. Those samples were obtained from
two locations in the cutside lane in each direction. That
provided a total of ten locations for study.

To permit possible evaluation of the rate distress was
progressing, one location in the scuthbound lanes and one in
the northbound lanes were replicated in the second samplirg.
Replicates were located in the same distress zone within a
few feet of the original sample location.

Samples consisted of 4—inch diameter cores gxcept at
one location in the southbound lanes sampled by the Division
of Materials. At that location, a trench was cut across the
outside lane and all material removed through and including
the upper two base courses. All samples were transported to
- the Division of Materials laboratory for further study and
tasting.

Prior to drilling each specific core location, in-place
density measurements were made by District persomnel with a
nuclear density meter. Such measurements provided density
data on the upper 2 to 3 inches of the in-place pavement.
Thus, +4hey included the open—praded friction course, the
dense asphaltic concrete surface course, and in most cases,
the upper portion of the upper base course, Thaose
measurements were made principally to develop data on
variations of composite densities at each sampling lacation
and variations among similar areas throughout the project.

Sampling locations, observed surface conditions, and
core locations are summarized in Table 1 and detailed in
Appendix B. Observations are summarized below to provide a
general perspective of this effort. '

lLocation Number 1 was in early stages of shear failure

and was appreciably rutted in the cutside wheel track. The
inside wheel track showed only densification. Four cores
were located transversely across the lane. Two additional

cores were obtained in apparently undamaged areas located 25
feet uporade and downgrade of the main site.

Location Number 2 represents an area of severe rutting
and shear failure. S8ix cores were obtained in a similar
pattern to Location Number i. The location iz only a few
feet from Station 4@2+38, the same location previously
sampled by the Division of Materials.

Location NMumber 3 is near Station 388+18 and shows
severe distress in the inside wheel track. It differs from
Location Number 2 in that a deep water scurce is suspected.
Four cores were obtained to attempt to show all variations
in distress.

Location Number 4 is in the cuiside lane that curvently
(Uctober 1984) is closed to traffic. The pavemernt is in
relatively oood condition, showing no distress exceot some
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densification and a very slight glazed streak. Three cores
were obtained.

Location Number S shows no rutting but reogresents an
extensive area where glazing is intermittently apoearing inm
the inside wheel track. Three cores were cbtained.

Location NMNumber & is about 12 feet downgrade of the
Division of Materials site at Station 483+18 sampled
earlier. The area is showing severe distress in both wheel
tracks. Four cores were obtained.

The samples obtained provided adequate visual and
laboratory test data to define the broad rarnge of conditions
ohserved. Additional distressed locations are distributed
over broad areas of the outside lares in both directions.
It was more alarming to note signs of developing distress in
the second lanes, with the more advanced development in the
northbound lanes. Such areas exhibited mo new distress
forms and were not sampled.

NUCLEAR DENSITIES AT CORE SITES

Nuclear density measurements represent composite
densities of the pavement mass within the zone of influence.
Both the open—graded friction course and the dernse asphaltic
concrete surface courses are included as well as varying
portions of the upper base course. Table 2 summarizes
measured densities at each core site, broadly identifies the
site as disturbed or undisturbed, and indicates the observed
surface condition. Table 3 summarizes density data hy
descriptive characteristics. .

Measured dernsities represent rot only the mixtures and
reflect their condition, but alsc reflect varying amournts of
water present at the site. Regretably, water content carmot

be quantified. Thus, the values tabulated are helieved to
be somewhat higher than actual. Also, variations may
reflect wvariable amounts of retained water. R moisture

differential of one percent represents a unit weinht
differential of about 1.25 pounds per cubic faot. Thus, the
spread in densities may be as measured, may be less, or
could be greater. However, the trends and variations in
cores at each location and as a whole are expressive and
worth noting.

1. fAn area of severe shear displacement is indicative
of upheavals with much lower unit weights than other areas.
Those areas should have the hiphest void contents and

highest capacity for storing water. Thus, it is suspected
that actual densities of the asphaltic mixtures are
considerably lower than reported.

(= Glazed but non-rutted areas have the highest unit

weights, suguesting migration of stripped asphalt and matrix
into these areas with conseguernt filling of void space in
the opern—graded layer.

3. Rutted areas show increases in unit weight, which
is the result in part from densification and alsc increased
asphalt and matrix. Those areas have become thimmer, and
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measurements may reflect the inclusicn of more of the base
course material within the zone of influerce.

4. Densified areas at all but one location showed unit
waight increases of relatively small magnitude. Those areas
regresent wheel tracks that have not glazed or rutted. in
those areas, shear distress has not developed. Permeability
is lower relative to adjacent untrafficked areas.

T Untrafficked areas have density values slightly
less than non-rutted wheel-track areas. Thase areas maost
nearly reflect the original condition of the pavement.

In a few cases, unit weights were considerably oreater
than thought to be representative for the cbserved
condition. This probably resulted from fillirg of aguregate
void space with fine aggregate (dust sizes) gernerated by
disintegration of stripped soft particles. Those fiwne
aggrenates have a specific gravity of approximately 2.3
times that of asphalt, and they may displace asphalt. This
could produce a very dense, largely uncecated layer having a
much - higher unit weight. Where such stripping existed,
surface layers were usually thinner than normal. Thus, more
of the heavier base course was included in the measurements.

In npeneral, unit weight variations tend tc agree with
observed conditions and seem valid in a gualitative sense.
Differing values rather adequately indicate variations in
the wupper portion of the pavement structure that has
resulted from the combired actions of water and traffic.

LABORATORY TESTING

Laboratory testing is considered here to include visual
and photographic evaluation of cores and materials as well
as determination of the density, asphalt content, and veids
relationships of selected specimens. Testing was limited
principally to the upper courses, usually the dense
asphaltic concrete surface course and the open—praded
friction course with some tests on the upper base cocurse. A
few tests were run on deeper layers of base. Base course
testing also included determination of stability and flow
values.

VIisuAL. EVALUATION

Each of the 26 cores obtained as a part of this study,
six of the seven cores cut earlier by the Division of
Materials, and materials from the trench excavation were
carefully inspected. Base, dense surface, and open surface
samples were studied to detect distress or damane
indicators.

Principal indicators differ for the several rcourses.
In gereral they include:

t1) surface texture of the open-pgraded surface COUrse,
(2) presence and degree of stripping,
{3) presence of water,
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(4) rearientation of aggregate particles,

(3) migration of asphalt and/or matrix,

{(6) particle disintegration,

(7) relative course thickness, and

(8) segregation of coarse aggrenate particles.

Each indicator was evaluated visually; thus, the evaluation
is subjective. For this reason, sach indicator is rated as
severe, some, or none for sach core. Table 4 gives the
codes used in Table 5, which lists the observations for the
26 cores cut in this study. Table & provides a summary of
Table 5.

OPEN-GRADED FRICTION COURSE

The open-graded friction course was evaluated with
respect to texture, particle reorientation, minoration of
asphalt, and stripping. This course showed little or no
stripping.

Texture
Texture is very important in this course and includes
both rough, open, surface texture and open surface pores

permitting circulation of free water. Where texture and
open pores were essentially as expected, the texture was
rated as good. This condition existed at eight percent of
the observed cases. Where texture was "good” but surface
voids were partially blocked, the texture was rated as
"some”. This condition existed in 19 percent of the
observed Lases. The ‘"severe” category included all

locations where excess asphalt/matrix had closed surface
pores and prevented, or severely impeded, water movement in

or ocut of the course. This condition existed in 73 percent
of the locations studied. Four of the six locations studied
represent ed visually distressed areas, Thus, these

percentages sugpest a severe condition that gererally exists
in the total pavement and that is believed to be reasonably
representative of conditions that rnow exist or are ranidly
developing in truck lares.

Barticle Reorientation
_ farticle reorientation in the oper—oraded surface is
limited primarily to areas showing active shear of a sevaere
nature such as overthrusts and thin pavement in ruts.
Rounded particles sugpest that some particle movement may
have pone urndetspted. In 639 percernt of all locations, no
movemert could be identified, 8 percent showed limited
movement, and 23 percent showed severe movement and were
located in badly sheared areas.

Rsphalt Migration
Rsphalt migrationm results from stripping of asohalt
from lower strata and forcing this material uoward into

pores of the open—graded surface. The asphalt often
contains fine agoregate and thus is classified as an asohalt
matrix. Surplus asphalt may oripinate from a strinpped tack



coat or from asphalt stripped from underlying layeris). in
34 percent of the cases studied, this cordition was
evaluated as "severe". In 23 perecent, the rating was
"some”, and the same percentage received a rating of "none”.
Thus, 77 percent of all cases showed evidence of migration
of stripped asphalt in the open—praded asphalt surface.

ASPHARLTIC CONCRETE SURFACE COURSE
In the scouthbound lanes, a single course of dense—

graded surface mix was constructed. In the northbound
lanes, a dense-~graded surface course served as the wearing
surface for approximately one year. A second layer of the

same mix was constructed just prior te placement of the
opern—graded surface.

The initially constructed derse surface course showed
relatively 1little damage. The presence of water could be
detected, but evidence of stripping was very slight and
confined to the immediate area of the interface between the
two dense~graded surface courses. This condition existed
even when stripping of the upper course virtually was
complete. It is apparent that the lower course has provided
good service by being resistant to water action.

The following comments are directed to the dense
surface course on the southbound lanes and the upper dense
surface course on the northbound lanes. Stripping to some
degree was present in 87 percent of the locations and was
rated as ‘"severe" in 42 percent of the cases. Samples
showed a severe loss of asphalt. Disintegration of soft
particles was cbserved in 9 percent of these cases. Jther
soft particles that have riot disintegrated at this time were
obhserved.

Particle reorientation was noted in 36 percent of the
cases, indicating shear movement was in progress. Migration
of asphalt was apparent in 70 percent of all cases and the
presence of water was noted in 87 percent. fporeciable
shear movement was cbserved in only 12 percent of the cores.
Since particle reorientation was three times as orevalent,
it appears that additional locations soon will become actzve
shear areas.

This course appears to be irrecoverably damaged by
water in many locations. It is reasonable to expect that
these conditions will expand rapidly in truck lanes and at a
slower rate in other larnes. Stripped and disintegrated soft
particles are apparent. These particles probably aggravated
the problem once stripping exposed them to water. Simiiar
soft materials were cbserved in the lower surface course and
in the base rourse. Where stripping had rot occurred, the
particles have remained as an intact and functioning portion
of the agnegate structure.

Damzge to this course results from both static and

pressure (dynamic) stripping. Static stripping is stronoly
supported by the prolonged periods of wetting comwmon to this
type construction. Pressure strippinpg reouires a high

degree of saturation in the layer plus surges of stress
provided by traffic lcads. fApain, the recessary presence of



water is supported by the type of construction (see Oppendix
A).

BASE COURSE

These courses have sustained little damape from water.
Ltimited stripping was observed in 23 percent of the cores.
Hith one exception, this was limited to the immediate
interface area with the derse surface course in the

southbound lanes. The exceptiong also in the southbound
lanes, was within the second base course above the subgrade
in a badly segregated mixture. The water souwrce is

suspected to have been the subgrade, but this could not be
established during this study.

The presence of water was detected in 35 percent of the
cores but had little, or no, effect except as noted above.
Segrengation was noted in 8 percent of the cores at some
level. This condition existed in southbound lanes much more
frequently than in the northbound lares. The most sericus
cases were in the first base course in contact with the
subgrade. Segregation in other courses may represent areas
of stress concentration that eventually may affect pavement
performance.

Possibly the most serious defect noted in the base
courses was a weak bond between courses. This condition was
noted at one or more interfaces in 69 percent of the cores
and 22 percvent of the irterfaces between base courses. Tao.
provide the structural desiogn capacity, interfaces must be
tightly bonded to assure continuity of stress transfer from

one layer ta the next. Where separation OCCUrs,
considerable increases in stress can occur at a given
locale. While this condition was noted in cores from both

directional lares, it was more prevalent in the southbound
lanes.

Defercts in the base course as noted above may
contribute to some loss of performance capability. It is
not anticipated, however, that their effect will be
substantial. The upper base course appears to have suffered
very slight damage from the action of water entering from
above.

It is rot believed that the base courses contribute in
any way to the observed surface distress. Further, when the
surface coondition is corrected, the base will continue to
serve as intended.

The observed water distress is prooressing downward.
If the surface condition is not corrvected, prolonged
exposure of the base courses to water well may result in
stripping in the upper base laver,.

MATERIALS, MIXTURES, AND CONSTRUCTION

Data wevre obtained from the Department of Hiphwavs,
Division of Materials, for the component materials utilireg
in construction of this project and includes data onm mixture
designs, mixture control, construction, and construction
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densities. This information is necessary to understanding
potential responses of materials to conditions and loading
existing on this project ard contributions they may have
made to the observed distress.

ASPHAL.T

Asphalt wused in the mixtures on this groject was an
asphalt cement, Brade AC—-2a, meaet ing Departmental
requirements. Asphalt for the cpen—ograded friction course

was treated with @.35 percent of a liguid anti-strioping
agent meeting Departmental requirements. Asphalt cement for
other courses was untreated.

Asphalt emulsion, 55-1h, was provided for tack coats.
This was applied at a dilution rate of S8 percent water and
58 percent emulsion. This material was anpplied hbetween
courses as directed at a rate of 8.1 pallion per sguare yard.
Core separation at the interface between the third and
fourth base couwrses occurred in 16 of 286 cores. This
suggests that a tack coat was not applied on this interface.

ABGBREGATE

Several apgregates were used in this construction.
- They were limestone coarse aggregates in twoe sizes, guartz
coarse aggregate in one size, limestone sand, and natural
gquartzitic sand.

Limestone coarse agoregate was supplied as No. S7 and
NMo. B8 sizes. The limestone sand came from the same source.
Data on these aggregates were obtained from the Division of
Materials. Data indicate that these materials conformed to
specification requirements. However, At is somewtat
variable in properties.

Bulk specific gravities varied from 2.49 to 2.68 for
the several samples that were tested. This supgests either
a rather porous aggregate or one containing considerable
silicious material. It does not indicate the material was
unsuitable.

Water absorption wvaried from 1.2 percent to 3.3
percent. This range is not unusual for limestores. Average
absorption is 1.9 percent. Ivn an all-limestone mix, the
expected asphalt absorptior could be one percent or more.

Wear of this storne indicates that hardrness tends to
vary from very satisfactory to slightly soft. However, it
does readily conform to specification reguirements. Higher
wear values may indicate the presence of =cme hard
calcarious shale particles, but this is not established by
the data. Sizes used on this project tended to fall in the
middle ranpe and indicate satisfactory materials.

Sourdness loss varied from S.2 percent to 15.8 percent
for the sizes used on this project. The averape value was
12. 3 percent. Some specimens had higher losses, but it is
presumed these were rejected. It does show that, although
the apggregate gernerally is sound, some soft particles could
be encountered.

Data indicate aggrengate used should have been
satisfactory, althoush some soft particles could have been
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expected. The agoregate has a long history of satisfactory
use iA asphalt nmixtures. However, in badly stripped
material, some soft particles were observed in varying
stages of decomposition. In layers where stripping was rnot
cccurring, no detericration was observed. It is believed
that soft particles contribute to the observed distress but
are not responsible for its initiation.

ASPHALT-AGGREBATE MIXTURES
Mixtures used on this project were an asghaltic
concrete base, an asphaltic concrete surface, and an open—

graded friction course. Design data on the asphaltic
concrete mixtures were reviewed with repard to possible
contributions to the observed distress. The Marshall

Stability Test Method for mixture desion was employed using
75 blows for both base and surface mixtures.,

Gradation of the base course mix is very dense and
would be expected to produce a very low value for "Voids in
Mineral Agpgrenate”. The surface course also is very dense
but not seriocusly so. The low percentages of aoprepate
passing the No. 182 and No. 208 sieves tend to open up  an
otherwizse very dense material. The optimum properties of
base and surface mixtures for traffic larnes are presented in
Table 7.

Asphaltic Concrete Surface ‘

Considering first the dense asphalt surface mix, the
voids in mineral aggregate value is 15.4 percent. This
value is slightly lower than desired but is not in a hiphly
critical range. Voids in the compacted mix are 4.9 percent
and within an acceptable range. The mixture would have
benefited from ©.3 toc @.4 percent more asphalt, providing
greater lubrication, lower air void contemt and slightly
greater film thickness of asphalt. Asphalt absorption at
@. 4 percent is quite low, probably due to the guartz sard.
This resulted in an effective asphalt contenmt of S.8
percent. Stability of approximately 2,488 pounds is  hiogh
and flow is low at @.@88 irnch. These values indicate a very
stiff mix that might be hard tc combact but should rnot
readily deform under traffic loading. In general, this
mixture could have beern imporoved but should have provided
acceptable service if well compacted. No data on moisture
resistance testing are available.

Asphaltic Concrete Base

The asphaltic concrete base course mix has an extremely
dense pradation that results inm teo low a wvalue of 11,86
percent voids in mineral aggregate. This indicates a harsh
mix that requires very high energy input to develon good
inplace density, but the mix should mnot bhe orone to
appreciahle segregation. The absorbed asphalt in thisg
mixture is about 1.3 percent and the calculated effective
asphalt content is 3.3 percent. This is erwuph asphalt for
the very dense aggregate structure and provides an air void
content of 3.3 percent. The stability of 3,65& pounds is

iB



very high and a flow of @.15 inch is moderately high.

Data indicate a very dense, stable base mixture that
should provide good service. However, it has a thirmmer fiim
thickness of asphalt than desired that undeyr sSome
circumstances might be susceptible to action by water. This
mixture could have been improved by a more open pradation
providing 13 percent or more veids in the mireral agoregate.
Test data does net indicate the mix used was excessively
sensitive to variations in asphalt content. Although harsh
and requiring a high compactive effort, it should provide
good serviece if constructed to & high density.

Open—Graded Friction Course

The copen—graded friction course was not designed in the
manneyr used for dense-praded mixes. From observations,
asphalt film thicknesses were adequate and the mixture
appears to have been adequately compacted. rogregate
gradation closely approximates reguirements for No. 8 stone
graded toward the fine side. Approximately 65 percent of
this aggregate is between the 3/8~inch and No.-4 sieve
sizes, 20 percent between the No.-4 and No. -8 sieves, and 1@
percent finer than a No. -8 sieve. This should have provided
an open mixture having an estimated void content of about 15
to 20 percent in the original construction. Aogregate is
crushed guartz gravel that conforms to specification
requirements. However, it has a rounded shape that lends.
itself to movement under traffic pressures. Mo  such
movement: could be observed in the pavement prior ta
stripping of the underlying course.

CONSTRUCTION CONTROL

Density control records were reviewed to determine the
effectiveness of compaction. Density data were obtained
with a nuclear density meter. Thus, the surface course
density could not be checked bercause the depth of influerce
is considerably greater that the l-irch thickness of this
course.

Table 8 provides the data used to estimate the percent
vaids in the pavement as a function of irn-place density. R
total of 332 measurements were made on the first five layers
of the base course. Those measurements were analyzed with
respect to voids in the compacted mix. The average air void
content was about 4.5 percent and ranped from @ to 12
percent {Table 9. The 2 percent having void contents
above 8 percent and the 7.5 percent having void contents of
less that Z percent are undesireable although neither group
represents a dangercous condition. Thus, compacted densities
ean be considered adeguate and the base courses well
constructed.

It is known from core inspections that segregation did
exist at many locations in the base course. Those locations
can contribute to water charnels within the pavement if
segregated areas are commmected. Little evidence indicates
this to be the case, but spot flushing could have resulted
from this condition. Segrepated areas alsc carn become water
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storage areas within the pavement structure. ne such area
is believed to have existed in a rcore cut From the
southbound lanes, Locatiorn Number 3. These areas can lead
to stripping due to prolorged exposure of the mixture to
water. Sepregated areas also cause deviation of normal
gtrass pathe within the pavement structure and can bproduce
stress concentrations of a higher level than wormal.
Despite the limited imperfections noted, the base course
generally is well constructed and should provide pood
service.

- LABORATORY TESTING PROGRAM

SELECTION OF SAMPLES

Cores selected for testing represented the observed
range of water-related distress and pavement condition.
Each coring location was represented by one or more samples
for a total of 12 cores. Bulk samples of both surfacing
types were tested for asphalt content. At three locations,
sections of the asphalt base course were sampled {(cores) for
strength testing.

Selected courses were carefully removed from the core
by sawing to isolate the sections (courses) toc be tested.

Saw cuts were made at the interface between courses. The
first cut removed both the dense surface course and the
open—graded surface course as a single unit. After

measurement and density testing, & second saw cut separated
these two courses for similar measurement and testing.
Last, selected sections of base course were sawed from the
Cores.

TESTS PERFUORMED

Testing consisted of determining the density and
asphalt content of each specimen. Dersity was determined
first on the combined dense and opern—graded surface courses.
Then each course was tested separately. This was followed
by a wvacuum extraction procedure to determine asphalt
content. Due to the small sample size, gradation tests
would have 1littlie weaning and were not run. Base course
samples were tested for density but rnot for asphalt content.
They were also tested for Marshall stability and flow.

‘Test specimens obtairned from surface mixes were zsmall
and thus may not provide fully representative data. They da
provide the best available summary of the properties of in~-
placre materials.

LABORATORY TEST RESULTS

THICKENESS MEASUREMENTS

Table 1@ contains the thickrness measurements for all
core sactions tested. Is 15 assumed that rominal
thicknesses of surface courses were @.795 inch for the opern-

iy
=



graded surface and 1 inch for the dense surface course for a
total of 1.75 inches of surfacing. In the northbound lanes,
this thickness was supplemented by an additional 1-inch
temporary surface course.

It is seen from the tabulation that the thickness of
the combined surface courses exceeded the nominal in seven
of twelve cases and are less in five caszes. Variations are
of such magnitude that they may represent normal
construction variations (+/-98.5 inch) in all but five cases.
Three of these seem to indicate shear movement has resulted
in shoving additional material into the area. The remaining
two seem to show removal of material from the area by the
same type forces. The thickened sections are in areas where
shear displacement was observed. Thivwned sections are in
wheel tracks with some densification but do not necessarily
exhibit shear displacement.

The HKentucky Standard Specifications for Road and
Bridoe Construction statesy, "The thickness of the course
shall be approximately 3/4 inch." Open—graded surfaces vary
beyond usual construction tolerances in six of twelve cases.
Two of those are abnormally thick indicating movement of the
open course, sometimes mixed with dense-pgraded agnrepate
from adjacent areas. At four locations, thinness indicates
loss of open—graded course material due to shear movement.
Some intermingling of aggregate was noted at locations where
thickness was near nominal, suggesting additional movement
was otcurving.

The dense surface course thickness was rnear normal at
five of twelve locations. Five of the remaining cases were
thicker than normal and twe were thinrer. Both thickened
and thinned sections suggest migration of material in this
course under the shear stresses imposed by traffic.

The temporary surface laver and the base courses in the
northbound lanes are believed to be the same as the
constructed thicknesses.

CORE DENSITIES BND VOIDS

Density and voids data are summarized in Tables 11 and
12. Measured densities of the combined surface courses, the
open—graded surface course, the dense surface course, and
base courses of the tested cores are shown. In each case,
density is expressed in pounds per cubic  foob. For the
dense surface and base courses, the percent of Marshall
~density, air veids, and wvoids in mineral apggrepate are
presented.

It was intended to compare core densities with nuclear
densities measured at the core locations. An examination of
both sets of data irndicate this should wnot be dore. Nuclear
densities average about seven percent less tham core
densities for open-graded surface and about nine percent
less than those for the combined surface courses. There is
an indication that couwrse thickness wvariations influence
nuclear density wmeasurement to an extent that is not
defined. The major factor affecting nuclear densities
appears to be surface texture. The open—graded surface



tends to be very cearse textured, even whern surface pores
are largely closed. This grovides an air gap of undefined
volume that reduces the dernsity value. A ruclear meter
operates on the privcipal that more radicactive particles
are absorbed as the density of materials increases. Thus,
as the density of a material increases, the number of
particles to be counted decreases. The air pap allows the
radicactive particles to be reflected to the meter and thus
more vradicactive particles are counted by the meter than
normally would be expected. Where extreme densification or
glazing had occurred, the ruclear density values increased
to near, or above, core densities of the open—praded
surface. For these reasons, nuclear densities will be
considered as site specific  ard used only to express
variations at each core location.

DENSITY TESTING

Laboratory density tests were performed on combined
open—graded and dense-graded surface courses followed by
tests on the separated individual courses. Base course
samples also were tested for density. Because of the
potentially high porusity of surface courses, densities for
the open—graded surfaces {by design) and dense surfaces {(due
to stripping) were determined on the basis. of paraffin—
coated samples oprepared according to ASTM D-118a. The
densities are expressed as a percentage of the design
Marshall density. This procedure results in a potential
errar Dbecause the. mixtures may have been altered by
stripping and shearing actions. It is believed that this
potential error is small and that the indicated percentages
are very nearly correct.

VGIDS

Voids relationships determined are "voids in mineral
angrepgate" and air voids in the compacted mix. Although
extracted asphalt contents are used, these measurements also
may be in error. Again the error is believed to be small
and the determined values essentially are correct. A1l
density and voids data for surface courses are summarized in
Table 11 and and data for base courses are summarized in
Table 12.

AGGREGATE DURABILITY

Observations indicated that soft agoregate particles
were presernt in the dense swrface course and that at  least
part of these had been adversely affected by water action.
It was desired tao learn if these particles remairned in

sufficient guantity to further affect the performarnce. For
this reason, extracted agoregates from several cores were
combined and tested for soundrness, These data may be
compared to results of similar tests made prior Tt
aceceptarnce of the agpregate for use in these mixtures. fis

stated earlier, soundness loss varied from 5.2 percent to
15.8 percent for the sizes used om this oproject anc the
average value was 12.3 percent.
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ANALYSES OF TERT REBULTS

THICKNESS

Analyses of thickness data confirmed and guantified
observations on pavement conditions. In peneral, locations
showing shear movements were thicker in averthrust areas and
thimer in center of wut areas than nominal desian
thicknesses, Rutted and densified locations were thirnmer.

Thickness changes usually resulted from movement in  both
surface courses when stripping was severe, with mixing of
the courses in overthrust locations. Where only rutting
exists, it appears the ocpen—praded surfarce tends to slip
aver the stripped dense surfarce course, becoming thimer as
seen in several cores including three of those prepared for
density testing.

Rs stripping of the dense surface course propresses,

cohesion of that course is severely reduced. Adhesion  to
both the open—graded surface and base course is deficient or
totally lost. Thus, the unstripped open—graded surface

course loses the confinement necessary to its stability and
the dense surface oourse no longer has the required
stability to resist shear stresses induced by traffic. it
is reasonable to believe that all observed thickness changes
resulted from migration of the two surface courses under
traffic stresses after stripping was well advarnced.

DENSITY

Nuclear density testing at each lorcation indicated
rather large differences betweer lanes. These generally can
be characterized as lower densities in areas having visible
evidence of movement, higher densities in rutted wheel
paths, and intermediate densities in both untrafficked areas
and wheel tracks that had rnot rutted. At the umtrafficked
location No. 4, a major dernsity increase cocurred in a
nlazed area,

Labovatory densities of the combined surface courses
tend to be relatively consistent except were severs shear
movement has occurtred. In such cases, reduced densities are
found. Densities of the ocpen—graded surfaces can be judged
best relative to the dense surface course densities. Where
little or no visible damage had occurred, the opern—graded
surface is approximately 18 pounds per cubic foot lighter
that for the dense course. Where visible damage has
occurred, the difference is much smaller and decreased tao
zero in one case. Increases primarily are attributed to
minration of siripped asphali/matrix into voids of the open—
graded surface. Such movement results from both strioping
and traffic—-induced siress.

Measured densities of the derse swface courses were
compared to the design Marshall density. Those values
ranged from 24.8 to 181.6 percent. Thus, the structure of
the dense surfaces are acceptable whether stripped or
unstripped. The three lowest values of 94.8, 93.353, and S9&6.7
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percernt are associated with severely stripped areas.,
Densities in excess of 10@ percent are associated with
partially stripped areas. Thus, a deficiency in measured
density does rnot appear to exist.

VOIDS IN MINERAL AGGREGATE

Calculation of voids in mineral agoregate are based on
the extracted asphalt content for each core and should be
aceurate and reliable. The design wvoids iwn mineral
aggregate value was 15.4 percent. Int the dense surface
coursa, S8 percent of the values are within plus or minus i
percent of the design value, 33 percent are greater than the
design value, and 17 percent are less.

In the four cases of severest stripping, the voids in
mineral aporepate values tend to be high ivn three cases and
Iow in the fTourth. It carmot be determined with certainty
whether changes in voids in mineral agoregate occurred as
particle reorientation developed under stress, or whether
variations existed from constructian. The former is
believed tc be the case.

it may be sigrnificant that the three lowest wvoids in
mineral aggregate values {14.2, 14.3, and 14.5 percent)
occurred at locations where flushing but no shear movement
was observed. Very dense apgregate structures lend
themselves to this type of distress when strippinn occurs.

From the above, it can be concluded that the design
voids in mineral aggrepgate value could have contributed to
the stripping problem only by limiting the asphalt content
and thus the asphalt film thickress. There is no definite
indication that this was the case except at locations 3L and
9L, which suffer from flushing.

AIR VOIDS

The range of in-place air voids is from 2.7 to 9.1
percent and the design value was 4.@ percent. The range is
ot extreme. The three highest void contents are at
severely stripped locations. One other location is within
2.1 percent of the design value. It is believed the high
values resulted from shear movement. There is little

question that mixtures with these void contemts waould be
expected to provide good service.

ASPHALT CONTENT

Asphalt contents of oper~graded and dewnse surface
specimens werg evaluated by vacuum extractiorn. These
specimens were very small ard made testing diffiecult.
However, results appear to be consistent and are considered
reasonably accurate and reliable.

The design asphalt content of the copen-praded surface
course is believed to have been 6.2 percent. Extracted
asphalt contents vary from 5.2 to 7.4 percent. Considering
construction tolerances (+/-@.3 percent), two specimens were
beyond the tolerance below the design value, eight were
within tolerarnce, and two were above the tolerarce. None of
these specimens appeared deficient inm asphalt when cobserved
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from the surface. The two high values represented flushing
of asphalt to the surface. It was expected that a higher
percentage would have high asphalt contents because surface
pores were seen to be closed. This apparently indicates
that such closure is occurring without enmrichment in Mary
cases.

Pesign asphalt content of the dense surface course was

5. 4 percent. Four of twelve cores were below this value in
excess of construction tolerance (+/-@.3 percent) and two
were below this tolerance. The low values occurred in
locations where stripping was evident. Severe loss of
asphalt was nroted in four of Ffive locations rated as
severely stripped. In the remaining case, asphalt content
was normal. The losses observed are believed tc be caused

by migration of stripped asphalt into adjacernt areas.

It can be concluded that asphalt conterts were rormal
in most areas. Where excesses or deficiencies existed,
advanced stripping was observed. It is believed that prior
to the onset of stripping, all locations would have shown
normal variations in asphalt content arcund the design
value.

TEMPORARY SURFACE COURSE

Samples from two sites were taken from the temporary
surface course placed in the northbound lares to accommodate
traffic during consiruction of the scuthbound lanes. The
same tests were perforwmed on those samples. Both of those
specimens had high density, high veoids in mineral aggrepate,
high air voids, and“ high asphalt content. Although both
specinens contained water, negither demonstrated any
stripping and both are in good condition.

ASPHALT BRAGE

Two asphalt base samples for each of three core
locations were tested. These tests corsisted of density,
voids in mineral aggregate, air wvoids, and Marshall
stability and flow.

Densities were low on two specimens, very slightly low
on one, and acceptable on the remaining three. Only one
specimen is suspected of slight stripping and that one shows
no appreciable damage.

The design voids in mireral aggregate value is very low

at 11.1 percent. Irn—-place values range from 12.4 to 19.4
percent. This value should exceed 13 percent and probably
should wnot exceed 13 percent. Two specimens are slightly

below the desired minimun and three excesd the preferred
upper limit.
Marshall stability wvalues range from 809 to 1,820

pounds. The three lowest values are associated with
excessively high voids in mineral aggregate values and may
result from segregation within the specimen. More of these

values are considered dangerously low for core measurements.

Marshall flow values (Table 12) vary from 8.@9 ta @.25
ineh. Three are in excess of the recommended maximum of
2.16 inch. Two of those also have low stability values and
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one is guite high. Those having high flow and low
stabilities may have suffered slight stripping damaoe that
could rnot be observed. It is more likely that each of the
high flow wvalues result from intrusion of water into pore
spaces. fhis can have the same effect as excessive asphalt,
producing specimens that deform externsively orior to
breaking. The lcad-deformation curves seem to indicate this
is the case.

It can be concluded that the base courses may have
sustained very limited water damape and that some contain

considerable pore water. There is the possibility that, if
water remains available, stripping could become a future
problem. At this time, the base courses that were tested

are considered fully functiomal.

EVALUATION OF POTENTIAL FOR CONTINUING DISTRESS

HARDIN COUNTY, MULDRAUGH HILL

Both visual inspection and test data indicate that
water-related distress on this project is widely distributed
and severe in many locations. Locations investigated that
are not currently showing visible distress on the surface
have been found to be in the early stapges of stripping at
most locations where core samples were obtained. Ail such
samples were obtained from outside lanes. Visible surface
indications exist in other lanes and strongly supogest  that
distress extends to portions of all lanes. The onset of
rutting was cobserved in the second lanes in both directions,
with rutting greater in the northbound lanes.

it iz believed that all lanes ecarrying a high
percentage of truck traffic will develon major distress.
This first will be observed as local conditions but will
enlarge into gereral conditions. The first appearanie will
be densification and possibly flushing followed by rut
development. '

Rut development results from severe strength losses due
to stripping in the dense surface layer. Rut appeararnce
will be accompanied with slight heaving adjacent to the
wheel track. As rutting progresses, overthrusts at the rut
edge should be expected. The rutting pattern is expected to
be shallow with lateral displacement occcurring only in the
surface courses. .

The base course currently is stable, althouph some
minor water damage is evideni. The upser base course can be
considered sound and functional. If exposure continues over
an extended periocd, the upper base course may not retain its
properties. ‘

Corrective measures need to be instituted in the near
future. These can be of-a local, temporary nature:; but such

an approach is rnot expected to remain -effective. Rdjacent
areas will continue to fail. As a minimum, renlacement
should be undertakern on a full lane basis. At the oresent,

outer lanes warrant such treatment and the second larnes aisn
will reed to be replaced early in the coming year.

i
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it certainly is possible that SEvere distress
cornditions will develop this winter. The dense surface
course is retaining water and ice action may rause expansion
and popouts. Low temperatures will retard rut develcpment,
but this may not be sufficient to prevent severe distress as
sean currently at some locations.

Major distress and the current potential for distress
development exist only in the cpen-graded and dense surface

courses, In the northbound lanes, the temporary surface
remains stable ardd need not be replaced. Thus, wmajor
problems are anticipated only in the upper 1.753 to E.00
inches of the pavement. If willing is employed to remove

deficient material, it would be best to extend this to 2.88
inches to assure rougheningo of the base courdge and removal
of ail dust from the striopped layer.

The milled material may be acceptable for recycling.
If such use is contemplated; both the miiled material and
the recycled wmixture should be thmrnuuhly tested to assure
water resistance.

OTHER PROJECTS
As a part of this investigation, several projects

having similar designs were observed. These included
projects now in service and projects still =~ under
construction. This included inspection of projects in

service for visible evidence of water action and evaluations
of mixture designs of projects under construction fFor
potential water susceptibility.

In-Service Projects

In-service projects included all sections of 1 75 north
of the I 71 intersection, sections of I 71, and the section
of I 64 in Jefferscn and Shelby Counties. Sections on I 79
have the longest service history. The oldest project shows
relatively mirnor damage, but flushing and minor rutting were
observed. It is evident that water action is occcurring, but
it iz rmot serious at this time. The best section observed
on I 795 is in the northbound larnes extending from near Fort
Walton to the Ohice River. This section retains cood texture
and shows only minor flushing at widely dispersed locations.

On I 71, older projects exhibit some glazing, flushing

of asphalt, but very little rutting or displacement.
Flushed areas are believed to be increasing, but rno severe
rutting exists at this time. Reasonable service is

anticipated. The most recently comopleted project, begirming
at I 75 and extending southward, exhibits very limited
flushing of a very localized mnature. lushing observed
could have oripinated from uncured tack coat.

The newly completed surface on I 84 also exhibits some
localized flushing of urncertain origin. Water contirues to
drain from this cpen—graded surface for more than 24 hours
after rainfall has ceased. Thus, portions of the underlying
dense—-graded surface remain wetted for extended periocds.

Prajects Under Construction
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Design of dense—graded surface mixtures was reviewsd on
six projects now under constructicon, Orn some of these, the
cpen—graded surface is partly constructed. On others, this
stage has not beer reached and the copern—graded surface is
not scheduled for constructionm until 1985,

In each case, design data of the dense surface course
was reviewed with respect to potential water susceptibility.
Properties that have the greatest significance are
gradation, asphalt content, asphalt absorption, wvoids in
mineral aggregate, and air voids. Aszphalt content is
important with respect to both film thickness and to air
voids content. Asphalt absorption identifies that portion
of the total asphalt that is not available for bindino
angrepate particles together, which is identified as
effective asphalt content. Some absorption is a desirable
attribute since it tends to increase water resistance.
Voids in mineral aggrepgate is very important in that it
strongly influences the asphalt content, the workability of
the mixture, and the compactive effort needed to produce
high densities. Rir wvoids in the compacted mix must be
within the proper range to provide pood service and water
resistance.

Bradation has a strong influence on all other
properties. It largely determines the void space available
in the agorepate (voids in mineral apgrepgate). The air

voids and asphalt content needed for proper coating are a
function of agoregate pradation. It alsc strongly influences
the strenoth properties, stability and flow. Thus,
improvements in any mixture must normally start with a
provision for gradations that will oroduce desired , mixture
properties. It is not known whether these mixtures were
evaluated with respect to moisture resistance. Ferr the
intended usapge, this becomes important althouch similar
mixtures have been produced from the same agoregates and
have excellent service records.

Properties for the various projects are summarized in
Table 1435 Project Number 1 1is the I-65 section being
investigated. Gradations are not tabulated but were
studied.

" Bradations on all projects tend to be very similar in
the coarse fraction (plus No.-4 sieve). This portiom of the

agorengate tends to be consistently dernse. Buantities
between the No.—-4 and No.-8 sieves also are similar.
Agoregates finer than a No.-8 sieve, however, differ
considerably. It is gapparent from voids in mineral
aggregate data that all gradations stack guite dewsely, and
some are critically so. It seems probable that pradations

submitted as job-mix formulas, and used for mixture desigr,
resulted from an effort to provide, as nearly as possibly, a
central distribution within specification limits.
Regretably, such pgradation often aporeach maximum cdensity
distributions and result in too low values for voids in  the
mineral agoregate, Appreciable departures from the maximum
density condition occur only in the minus No.-5@ dust sizes.
In the mixtures reviewed, gradation revisions would have
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beern desirable.

Voids in mivieral anprepate is the result of aporegate
gradation. It indicates if erough space is provided $o
accommodate reeded asphalt and air. Dense surface mixtures
of the type used should have a minimum of 16 percent wvoids
in mineral apggregate. As a gradation is made denser,
several uandesirable conditions can result. First, the
surface area increases which reguires more asphalt to coat
all of the surfaces with the desired film thickness of

asphalt cement. The net result is a deficiency in air void
content and the asphalt will flush to the surface of the
pavement as the summer heat rises. Second, it becomes more

difficult ta coat the swrface with the correct film
thickness of asphalt cement with the net result in either a
deficiency in content of asphalt cement, air voids, or a
combivation of both. Third, 1if inereasing density is a
result of additional fines, then for a fixed asphalt
content, the total anount absorbed by the agorepate may
increase, resulting in a decreased effective asphalt
content.

Analyses of the voids in mineral aggrepate indicate two
of the mixtures studied are only slightly deficient and
under other circumstances wculd be expected to provide good
performance. Three mixtures are comsiderably demser  than
desired and well might be cuestiomable evernr for use as
surfacing materials. Two mixtures are considered eritically
dense. They have resulted in mixtures that could not
provide minimum desirable air voids without significanmt
reductions in asphalt corntent which then would decrease the
resistarnce to water. Dptimum asphalt content was considered
to be S.4, 5.5, or 5.6 percent irn all designs. These values
should have been adjusted to provide accestable air void
eontent in five of seven cases. In each case, the revision
would have reduced the asphalt content used.

fisphalt absorption ranges from 9.3 o 2.9 percent.
- This is acceptable in all cases.

The effective asphalt content varies from 4.6 to T.2
percent. Thesze wvalues are acceptable, although a slipht
increase would have been desirable.

bnit weight, stability, and flow values were acceptable
in all cases.

Air voids are acceptable in two cases, slightly low in
three cases, and critically ilow in two cases. Low aiyr vaids
result in very dernse mixtures but allow little ocpoortunity
for the mixture to densify under traffic without becoming
plastiec. This occurs at, or slightly below, 2.8 percent air
voids. Two mixtures are below this limit.

The dense surface mixtures reviewed tend to be denser
than desired in varying degrees. This results from a strong
emphasis {by contractors) on avporoaching the cerntral
permissible gradation. This can and should be corrected by
placing ogreater emphasis on mixtwe oroperties than onm
oradat iomn. Carrent practices and regulrements should  be
studied and revised toward this end. Changes inm gradation
limits may be needed to effectively implement such charoes.

Ted
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in summary, these mixtures {(Projects 2 through 7 in
Table 14) do not appear to be more resistant to water action
than the mixture emploved on I 68 (Project 1 in Table 14).
In general they have scomewhat less desirable properties.
However, they are cowposed of other apgregates and may, or
may not, be more resistant to water action. As a minimum,
all should be suitably treated with anti-striopping materials
when they are to urderlay an open—graded surface.

CONSIDERATION OF DEPARTMENTRL PROCEDURES

Some revisions to Cabinet procedures may be desirable
to minimize possible reocccurrence of the water—related

problem experienced on this project. These revisions
concerh camponent materials, mixture cdesion, and
construction control. In addition, the Cabiret may want to

reevaluate the use of opern—graded surfaces with respect to
potential user safety and to potential performance.

COMPONENT MATERIALS

Current requirements are providing materials quite
capable of good performance in most pavements. When the
course to be constructed must serve in ar adverse
environment, as beneath as open—graded surface, more
stringent reguirements may be desirable. In such cases,
considevation should be given to lowerinp wear to a 35—
percent maximum and lowering soundrness to a  15—parcent
maximum loss. fhanges, if adapted, need only apoly to the
specific construction noted.

GRADATION .

Current gradation limits for asphaltic concrete base
courses rneed to be reviewed to provide increased voids  irre
the mineral apggregate. Current pradation limits for surface
courses may rneed to be broadened siightly to permit better
use of suitable available aggregate. Curvrent emohasis on
pradation as the major consideration in selecting the Job-
mix formula can, arnd has, resulted in mixtures deficient in
cther respects.

Consideration should be given ta establishing a
gradation that will provide relatively coarse texture for
use in skid-resistant surface courses. Such a oradation
could be provided and, when constructed with & reasonable
proportion of shkid-resistant agopregate, satisfy obvious
safety needs. The gradation should be relatively coarse but
should retain the density range accepted for dense-oraded
mixtures.

Two projects currently urnder construction or completed
this year have been constructed with variations of the skicd-
resistant type surface mix described above. OUne of these is
in Boyd County and the other in Rowan County. Different
gradatiern limits were provided for each oproject. Both
projgects have gradations that should provice suitable
surface textures. The Boyd County oroject may be siipghtily
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more open tham desired.

A gradation similar to those used above should satisfy
reguirements. Such & gradation is suppested in Table 15,
Forty to sixty-five percent of this gradatiom is coarser
than the No.-4 sieve, assuring a rather ccarse texture. A
well—graded firne apgregate fractionm is encouwraged to provide
a dense matrix. This mixture can be gap praded, although
this might encourape segrenation. This can be prevented by
refusing to approve gap graded Job-mix formulas. it may be
determined that other gradation limits are better suited to
particular available materials. This should be determined
through evaluation of generally available angregate and Dy
testing a variety of mixtures.

The oradation limits shown can produce the desired

surface texture. To assure retention of shid-resistant
properties, coarse agoregate should include not iess than 5@
percent approved skid-resistant agoregate. Further, the

finge aggregate fraction should contain rnot  less  tham E@
percent—polish resistant material.

MIXTURE CRITERIA

Criteria providing limits for the several ecritical
mixture properties are well established. These criteria
should be considered as part of the normal mixture design
procedure that must be conformed to before the job-mix
formula is approved. The criteria referred to are those
published by The Asphalt Institute. They are nat in  any
respect urnreasornable armd do provide a high degree of
assurance that good performance will result. ‘

Current testing for moisture sensitivity has proven
reasonably satisfactory for most projects and should be
cont inued. Whern the dense surface is to serve beneath an
open—graded swrface, a more severe criteria should be sought
or anti-stripping additives should be incorporated into all
such mixtures, or both. Liguid additives in the cper—graded
surface orn Muldraugh Hill have been very effective to date.
Other similar materials also may be effective. Hyorated
lime, in amounts of @.5% to 1.8 percent, is often and
gffectively used. '

CONSTRUCTION CONTROL
There is little indicatiorn that construction control of

the dense surface course was not a high guality effort. One
deficiency in this respect applies to sepregation ocbserved
in the base courses. Many of the cores rcut indicated that
sengregation had occurred in one or more base Ccourses. This
condition 15 mixture associated to some extent. More

freguently, segregation is develooed iv mixture hardling,
such as when stored in silos, loaded or unloaded into
trucks, or improper handling of the material in the paver.
Causes wvary from job to Jeb. They should be studied and
corrective actions adopted.

Base courses in some cases were not well bonded to the
underlying or overlying course. This rvesulted from lack of
agoregate interlock at the interface and From insufficient
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asphalt to assure a bond. This can be corrected by
application of a light fack coat between courses. The lass
of bond between courses canm result in strength reduction of
the structure with consequent reduction in service i1ife.
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TABLE 1. LDOCATION OF TEST SITES IN OUTSIDE LANE OF I 65,
' MULDRAUGH HILL (MILES SOUTH FROM CHANGE IN
PAVEMENT TYPE AT NORTH END OF PROJECT)

P ———— il S ol AT S D HPCY PYPEL SITE SR PYPTR TR TP P TP ey v e iy e e A A LA AL A Y ACE. AR Al AL S i S
porben e et e e b b e e e )

lLocation Lane
Number Miles Direction

i _ B.c3 South
2 a. 49 South
3 a. 64 South
. 4 1. 45 Sauth
S 1.1@ North
6 8.&29 North

Cores 1, &, and 3 Taken by the Division of Materials
Prior to this Investigation Were Located  at Station
4R3+1@ and Correspond to Location 6.

Cores 5y 6, arnd 7 Taken by the Division of Materials
Prior to this Investigation Were Located at Station
422+38 and Correspond to Location 3.

Core 4 Taken by the Division of Materials Pricr to this
Investigation and the Trench Were Not Located by Station.
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TABLE 2. NUCLEAR DENSITIES AT CORE LOCATIONS

ioat maacs aasms ganat saaar S 9¢sar was Sai S TR HT FUY TEY= TRTY TETYY Cowe yum ey oy e TYE Tk ik Y - S il it k3 LSS AN M MU At A i AP ki A Al AT i s o ikt ik
e o o T i T e Ty T P ) U T ik S e e o S oy — e o R e A e e o e e e e e e ST

CONDITION
CORE DENSITY
NUMBER (LB/CF) DISTURBED UNDISTURBED COMMENTS
iR 111.1 X Upheaval Area
iB 128.6 X Rut, Wheel Track
ic 1z@4.7 X Slight Upheaval
1D iz8.1 X Rut, Wheel Track
iE 131.2 X Densified Wheel Track
iF 121.9 X Wheel Track
A iz8.2 . X Untrafficked
2B 128.6 X Upheaval Area
2C 137.68 X Rut, Wheel Track
2D 124.8 X Rut, Wheel Track
2E 129. 4 X Rut, Wheel Track
oF 127.2 X kheel Track
3A 131.6 X Untrafficked
3B 139.4 X Uphe&val Area
30 137.8 X Rut, Wheel Track
3D 132.5 X Wheel Track
40 125. 3 X intrafficked
45 121.1 ' X Blazed, Wheel Track
4C 116.3 X Wheel Track
SR 132.a X Wheel Track
=B 1Z27. 4 X Untrafficked
SC 137. 4 X Glazed, Wheel Track
&A 127.3 ) 4 Overthrust Area
6B 13z2.2 ) 4 Rut, Glazed
&C 127.1 X Between Wheel Tracks,

Slight Upheaval Area
&D 131.7 X Rut




TABLE 3. SuUMMARY OF CURE DENSITIES
BY CHARACTERISTIC DESCRIPTION

e s s e s st T ——

DENSITY (LB/CP)

' CORE
"CHARACTERISTIC NUMBER RANGE - AVERAGE

Upheaval fArea 1A, 1 111.31-127.3 121. 4
28, 3B*
6R, 6&C

Rut 1B, 1D 124.8-137.8 131.3
2, 2D
2, 3C
6B, &D

Blazed 4B, 8C  131.1-137.4 133.6

Densified, 1E, IF 113.9-132.5 127.@
With Texture 2F, 3D
4C, SA

Untrafficked 2a, 3R 125.3-131.6  128.1%
4A, SB

#Not Included
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Table 4. Codes for Visual Inspection of Cores

v o s e e i b ot et Aok A LM A LLLM: LA AR ALAM LAALL SR LSS LSS SV i foiSS A e s — v . et e s s Sy L S
e T A R S L R R N e s~ = — =====

Longitudinal Location Lateral Location

1. HMain Site : i. Outside Edge

2. 25 Downgrade of Main Site 2. Outer Wheel Track

3. 23 Upgrade of Main Bite 3. Inbetween Wheel Tracks

&4, Inrner Wheel Track

Texture ' Upheaved Area
1. Good as Original Condition 1. No
2. Open but Filling with fAsphalt and Matrix . Yes
3. Filled with Asphalt and Matrix

4, Extra Asphalt

Particle Reorientation Particle Disintepration
1. Norne ' ' i. Norne

2. Yes, some 2. Yes, some

3. Yes, severe 3. Yes, severe

4, Migration 4, Migration

Asphalt Migration Segregation of Aogrepate
i. RNo 1. ho

2. Yes, some 2. Yes, some

3. Yes, severe 3. Yes, severe

A. All base courses

Presence of Water Presence of Shear

i. No 1. No

2. Yes 2. Yes

Visible Stripping Layer Thickness

i. No 1. Normal

2. Yes, some £. Thirmer than Normal
3. Yes, severe 3. Thicker than Normal

4., Yes, severe at Joint
5. Variable

Joint Separation

i. None

2. Between Oper—Braded Surface and Dernse Surface Course
3. Betweeri Dense Surface Course and 4th Base Course

4, Betweern 4th arnd 3rd Base Courses

5. Hetween Zrd and 2nd Base Courses

6. Betweern Znd and ist Dermse Surface Courses




TABLE SA. WVISUAL DESCRIPTION OF CORES
CORE NUMBER
DESCRIATION 14 1B 1C 1D i£ iF 2R 2B 2C 2D 2E 2F 3R 3B 3C 3D
Location
Lateral 1 2 3 4 2 2 1 2 &4 4 2 2 1 & 3 4
Lovpitudinal 1 1t ¢+ 2 3 11 1 1 2 3 + 1t 3
Uoheaved Area 2 1 1 1 1 1 1 2 1 41 1 31 1 2 11
Oper—Gradeo Surface
Textura 4 3 4 4 3 3 2 2 3 2 3 1 3 3 3 3
Particle Reorientation 1 1 1 1 1 1 3 3 1 1 1 1t & @2 1
Migration of Asphalt 1 2 {1 3 3 3 &8 2 3 2 1 3 3 3 3
Devise Surface Course
Stripning i1 2 & 2 3 8 3 3 3 2 &3 2 2 3 3 1
fresence of Water 1 2 1 2 2 8 28 B B R B B B 2 B O
Migration of Asphalt 2 t &g 8 31 3 3 3 2 3 2 1 & 3 1
Particle Reorientatior 1 3 ¢+ 2 2 1 3 3 ¢ 1 1 11 3 11
Particle Disintegration 1 1 1 1 1 1t 1 11 1 3 1 1 1 1 1
Thickness 3 1+ 1 & 11 1 1 1 ¢+ 1 1 1 1 3 1 1
Shear Present 2 1 i1 1 ¢t 1 31 & 1 1 1 1 1 & 1 1
Base Course
Strioping i 1+ 1 ¢ 1 2 1 1 1 g 2 1 g 1 g =2
Presence of Water I 2 1 1+ 31 1 1 2 2 3y g2 2 2 2 g 2
Migration of Asohalt b3 1 b3 1 i 1 1 1 1 i 1 1 1 1 1 1
Particle Recrientation 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Particle Disintepration ¢ 1 1 1t 1 1 1 1 ¢ ¢ 1 1 1 &t 3 &
Segregation (Layer No.}
None X X X X X X X
Same 4 4 1 3
Severe = 3 5 1 3
Separation at Interface 3 4 4 4 4 4 4 3 4 4 4 4 4 3 4
& 5 5




TABLE SB.

VISUAL DESCRIPTION OF CORES

DESCRIPTION

CORE NUMBER

4A 4B 4C SR SR SB SB SC SC 6RA BA

6B &B 6C &C 6D &D

Location

Lateral
tongitudinal
Upheaved Area

Dpen—~Graded Surface

Texture
Particle Reorientation
Migration of Asphalt

Dense Surface Course

Base

Stripping

Presence of Water
Migration of Asphalt
Particle Reorientation
Particle Disintegration
Thickness

Shear Present

Course
Stripoing
Presence of Water
Minration of Asphalt
Particle Reorientation
Particle Disintegration
Segregation {Layer No.}
None
Some
Severe

Separation at Irnterface
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TRBLE &. SUMMARY OF TABLE S EXPRESSED AS PERCENTAGES

e e v ————" T_r? —— —— ——— o it a1 S0d1e St St S St <Al et Ml s e e e Sy S T PP e TS P S B S
T o T e e T YT TS . M e e — M — o S—— " i S— oo T — i m— — an oan i ot S e mo S o L B S T S

PERCENTRGE OF TOTAL

VEREBAL. DESCRIPTION SEVERE SOME NONE
CODE NUMBER 3 0OR 4 & i
DESCRIPTION
Dpern—Graded Surface
Texture 73 i9 8
Particle Reorientation 23 ] &3
Migration of Rsphalt S 23 23

Derse Surface Course

Stripping : 42 45 iz
Presence of Water - 85 15
Migration of Asphalt 1] 414 3@
RParticle Reorientation 21 15 &4
Particle Disintegration 9 @ 91
" Thickness 9 & a5
Shear Present - 1z as
Base Course
Stripping @ 23 77
Preserce of Water - 35 &5
Migration of Asphalt @ @ 12@
Particle Reoriemtation A @ 1aa
Particle Disintegration 4 4 9z
Segregation (Layer No.)
Nonme &3
Some 32
Severe S
Separation at Interface i6




TABLE 7. PROPERTIES OF ASPHALTIC CONCRETE
BASE AND SURFACE MIXTURES

Sl it 44k e YT S . Sy TS YT Sy T SYEY P o e M S S e St S Tl SO B S R S ST AL LY. S O Ak B b — P

DESCRIPTION 7 DENSE SURFACE BASE
Unit Weight, LB/CF ' 146. 6 148, &
Voids in Compacted Mix, Percent 4.9 3.3
Voids in Mineral Aggrepate, Percent 15. 4 1.1
Asphalt Content, Percent 5.4 4.5
Absorbed Asphalt, Percent 8. 4 1.3
Effective Bsphalt, Percent ’ .8 3e 3
Marshall Stability, Lbs 2350 365@
Flow, 8.81 In. 2} is
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TRELE 8.

e
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ANRLYSIS OF NUCLEAR DENSITY

TESTS ON BRSE COURSES

PERCENT
UNIT - - - - -
WEIGHT TARGET DENGITY MAXIMUM DENSITY AIR VOIDS
130 ) 87.7 ) 84.6 15. 1
135 1.1 aa. 1 11.9
14@ 94,5 91.4 8.6
145 97.8 F4.6 3.4
148. 2 163. @ 36.7 3.3
15@ " 101.2 97.9 2.1
153. 2 1@81.2 106, @ 2.2
155 184.6 1Q1.2 -1.2
Referernce Data -
Maximum Specific Gravity 2. 435

Maximum Unit Weight

Marshall Density
{Uriit Weight or
Target Density)

Voids in Compacted Miwx

I

it

153.2 LB/CF
i48.2 LB/CF

S« 2 Percent



TABLE 9. AIR VOID CONTENT,
CONSTRUCTION DRTA

e e B TP —
—— e S PR TS T ST TP RS ST YR FRYE S TR MM THN S e s i s

RANGE IN
PERCENT PERCENT
voins NUMBER FINER

Q.9 1 @.3
2. 1-@.9 5 1.8
1.0-1.9 19 7.5
2.8-2.9 : 24 14,8
3.0-3,9 46 8.6
4, @~4.9 63 49, 4
5.0-5.9 E6 : £9.3
6.0-6.9 56 86.1
7.8-7.9 33 97.9
8.2-8. 4 39, 1
9. 8~9.9 1 93, 4
18.0~18,. 3 1 93,7
11.9-11.9 1 108, &




TABLE 1@. CORE THICKNESSES
T T Cawmse tHickness, ncies
CORE
NUMBER A B c D E F
1A 2.35 1. 128 1.16 2. 66 £.28
1B 1.82 @. 76 @. 93 2. 4@ 2. 47
1D 2.41 8.79 1.5@
2B 2.31 1.04 1. 3@
2c 1.5%9 @. 46 1.1
2F 2.089 @. 74 1. 26
3c 1.92 0. 43 1,42 2. 55 2.48
3D 2. 86 2. 65 1.28
4H 1.34 8. 54 ’;a.71
4C 1.67 2. 6@ @. 94
sC 1. 3@ . 46 ®.73 1.11
&C 1.74 2.63 1.@1 1. 34

DEFINITIONS OF COLUMN HEADINGS

mTmooob

Uper—Graded Surface Plus Dernse Surface Courses
Opern—Braded Surface Course

Dernse Surface Course Number 1
Dense Surface Couwrse Number o
Base Course Number 1
Base Course Number 2



TRABLE 11. CORE DENSITIES AND VOIDS FOR SURFACE COURSES

Mt A B S P PP PEPTR P AR ik ki A S S S PR PSS PG e v s S e Sdar SR P PLETY VPP SrUTR PP TETER Ty o e s A e ovws

e o T T D T L o o . oy v oo v P o i ‘s s . s v

DENSITY, LBS/CF PERCENT*
CORE
NUMEER A B C D E F
Recommended

Miriimum 16. @
iR 132.5 125.5 137.@ 95.3 18.8 8.5
1B 143.8 133.9 143. 3 9%.8 i5.8 4. 3
D 141.2 i33.9 143. 3 g9.8 16.1 4.3
2B 139.8%% 135.9 138. 8 96.7 17.1% Tad
2C 140.1 134.8 140, 7 98. 1 16.9 76.@
eF 139.7 132.3 142. 3 93. 2 16.1 5. @
3C 143.5 143.6 143.7 123, % 14.2 4.1
3D 143.@ 128.2 145. 3 1ai. 2 14.3 3.@
4B 145. 1 14@. 9 145. 8 191. 6 15. 8 2.7
4C 143. 9 136. 2 145. 4 1a1. 3 16.5 2.9
sScC 143.4 @ 141.9 144, 4 103. 6 14.5 2.6
- 2nd Surface, Temporary 143.7 99.9 i6.1 4,8
&C 138. 3 134.5 136. 1 94,8 19.1 9.1
end Surface, Temporary 139.7 97.1 17. 53 7.3

Definition of Column Headings

Open-Graded Friction Course
Open—Graded Friction Course
Dense Surface Cource

Percent of Marshall Density

Parcent of Air Voids

FMPoOED

Plus Dernse Surface Course

Percent of Voids in Mineral Aguregate

Applies to Dense Surface Course Only

#% Water Peretration of the Paraffin Coating Suspected
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TABLE 12. CORE DENSITIES, vOIDS, AND
STABILITY FOR BASE COURSES

v v et s st s v s e e e —— et tis s s sn s s

]

RN SEeEEEEE =T

DENSITY PERCENT MARSHALL DATA
CORE
NUMBER A B C D E F
Recommended
Minimum _ 13.8@
1R
ist Base 134, 26 9. 3 i9.4 iz2.1 =1t 28
2nd Base 14@. 83 94,7 15.5 7.8 856 ==
iB
1st Base 145. 8 98. 3 i2.5 4.5 1370 14
Znd Base 138.1 9z. 8 17.1 9.6 86a 16
3C K
1st Base 143.9 96.8 13.6 5.7 iaza 9
2nd Base 146.0 98, 2 12. 4 4, 4 i72@a =3

Definition of Column Headings

Density, 1lb/cf

Percent of Marshall Density

Percent of Voids in Mireral Agorepate
Percent of Air Voids

Marshall Stability, 1b

Marshall Flow, 2.81 in.

Mmoo D



TAELE 13. RECOVERED RSPHALT CONTENTS

ard s ey bt man — e s s watas it it s 2 e A S S AR P PPY A ok e e i ke bl ik ki e i R TSR SO S R S et
P -t e F——— ——

OPEN
GRADED DENGE ‘ CHANGE IN
CORE FRICTIONM SURFRCE OBSERVED PERCENT PERCENT

NUMBER COURSE COURSE STRIPPING ASPHALT ASPHAL T*
Pan No. 1 X Severe 4,8 ~ @ B
Par No. 2 . X Nane &. 4 +@, 2
158 X Severe 5.7 -5
X Some .9 +@H. 1
1B X None 6.5 +2. 3
X Some 5. B +@. 2
iD . B ¢ None 6. & +A. 2
X Some 5.9 +3. 4
chB X None LS -1.@
X Severe 4.1 -1.3
2 X Nore G.2 2.8
X Severe 5.2 -, 2
=F X Nore Tt s +1.2
X Some 5.3 -9. 1
30 : X Mone 6. @ ~@. 2
X Severe 4.1 -i.3
3D 4 parie 6.3 +@, 1
X Some S. 2 -3 2
4B X None 7.0 +@, 8
X Same H. @ -@. 4
4C 4 None 6.5 +@d, 3
X Some S.6 +@. 2
at X None 6.9 +@d. 3
ist Course X Same 4.9 -@. 5
ernd Course X None &. 2 +A., B
&C X Nore G&. 1 —A. Z
ist Course A Severe .3 -, 1
grnd Eourse X None 5.6 +d. 2

e AU KR VP T R Pl bt AR AT e . o

#Change from Design VYalue
#%¥FAulk Samples

4



TABLE 14. PROPERTIES OF DENSE SURFACE MIXTURES
IN CURRENT CONSTRUCTION PROJECTS

PROJECT*

MIXTURE PROPERTY i & 3 4 3 ) 7 8
Ootimuir Asonalt,

Percent S b 5.5 S. 4 5.5 .6 5.5 3.5
Asphalt Abscorotion,

Percent . 4 2.3 2.6 a.9 a. 4 2.6 2.6
Effective Asphalt,

Percent S.a 5.8 4.9 4.6 T 4.9 4.9
Un:t Wesioht

Lbs/CF 143,56 150,82 151.4 145.3 147.8 150.2 15@.2
Marsnall Stability,

Pounds 2S&@ 235a 2510 2288 @@ 274@ 2740 150a+
Marshail Flow

2.21 In. 8 9 1] 3 a8 8 a 8-16
Air Voids

Percent 4,9 1.9 1.5 3.4 2.7 2.8 2.8 3-3
Voids in Mineral

Aggrepnate,

Percent 15.4 12.7 13.3 14.3 15.1 14.6 14.6 16. &+

#Project Igentification

1. I-65~-5(19195, Hardin, Scotty's Construction

2. EAC1IR 75-7(64)165, Brant, Henton, Boone, G & G Construction

3. EACIR 75-6(57)143, Grant, § & 6 Construction

4, 1-65-5(17)98, Hardin, HK.A. Barker Construction
1-65-4{24)90, Hardin, K.A. Barker Construction

S. FSP-@25—-@96R 1@1-10S5, Clark—Montgomery, Walker Construction
FEP-@87-0064 104-1132, Clark—-Montoomery, Halker Construction

&. EACIR 71-1(65:6, Jefferson, Eatorn Asohalt

7. EACIR 71-1(684)22, Oldham—Hewnry, Hinkle Construction

8. Recommended Criteria
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TABLE

RECOMMENDED GRADATION
FOR COARSE~-TEXTURED
SURFACE COURSE OR
SKID-RESISTANT SURFARCE
COURSE

J T T ey
A O R N N N N N NSRS E=

NG..
NO.
NO.

NO.

16

38

ECd 11

PERCENT PASSING

l1aa
70-10&
35-648
25-45
15~35

9-25

S-16

48



APPENDIX A.

DETRIMENTAL BEHAVIOR or WATER
IN AND UNDER OPEN GRADED SURFACE COURSES

INTRODUET I0ON

Opern—graded surface and base courses are not new to
highway construction, Penetration macadam and cold mixes
have been used successfully Tor a lomg time in appropriate
situations. In many cases, opern—pgraded hot mixes have been
used as base courses and for other purposes. However, such
mixtures are generally limited to specific functions on
high-traffic roads.

Orne such wuse is the Opern—Graded Frictiowm Course that
has freguently been constructed as a safety Teature. This
course, usually less than 1 inch thick, is intended to
provide and retain high wet skid resistarnce and to reduce
tire splash.

When properly designed and constructed with shkid-
resistant aggregates, these courses initially are very
effective. After varying periocds of service; water—-related
distress has been cbserved in many geographic areas. It i=
understood that many agencies that have used such
construction have experienced such diffieculty. Further,
many agencies have discontinued such use pending
identification of suitable solutions to those problems.

Hentucky!s experierce with oper—graded surfaces dates
hack to the late 195@'c. Gernerally, the early use was
reasonably satisfactory, although some problems were
encountered. Only in recent years has Kentuchy employed
open~graded surfaces extensively on the interstate system or
other very heavily trafficed roads. Currently Kentucky has
installed, or plans to install, opewn—graded surfaces on many
major pavements as part of rehabilitation or reconstruction.

One such facility is the reconstructed section of 1 65
onn Muldraugh Hill in Hardin County. This pavemernt, after a
shovt pericd of service, has developed severe water-related
oroblems that is the subject of this study.

The following is a discussion of water-related
stripping problems observed with regard to the contribution
of the oper—graded surface to these problems. This invalves
only the upper courses of the pavement, the open—ograded
gurface, the dense—graded asphaltic concrete surface, and

possibly the upper asphaltic concrete base course. The
first two courses are the most imporiamt at the present
time. The base course becomes involved only when, or if,

stripping penetrates to that layer.
Characteristics of the materials have a stronn bearing
ot the problem, on the time of develapment, and upon the

extent of damage suffered. The opern—ograded surface 1s
constructed of an coper—graded guartz aggrepate that tends To
he rounded. Gradation is iwmtenticonmally oper. Asphalt

content is approximately six percent: the asphalt usually is
treated with an anti-stripping additive, which has been
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gquite effective.

Stability of this mixtuwre 15 not measured. However,
stability cf open—graded mixes usually is high whern
adequately confired but low if unconfined. For this reason,
such courses are constructed thin to provide as much
confinement by the tire as possible.

The air void content of open—graded surfaces should be
within a range of 15 to 25 percent. It is probable that the
mixture used on Muldraugh Hill was well within this range
initially and that much of the surface retains a high void
content.

The dense—graded surface course underlying the open—
graded surface is a standard Kentucky mixture. It has a
long and suceoessful history under traffic of a11 types. The
mixture employed on this particular project had o unusual

features. The asphalt was the usual AC-2@. but was not
treated with an anti-stripping agent. The asphalt content
could have been slightly higher but was not sericusly low.
Some soft particles were present in the agoregate. These
may have contributed to stripping, and once stripped, did
disintegrate rapidly. Mixtures constructed with this
agpregate have been widely and successTully used for many
years. Stripping of such mixtures has not been a major

problem in the past. Properties of the mixture were in full
conformance with specification requirements.
The base course has a very low veoids in mineral

agoregate value, but all other charateristics are
satisfactory. It is now a very minor portion of the problem
as stripping from above penetrates to this level. It can

become a major affected layer if the current condition of
overlying courses is permitted to progress.

STRIPPING

Stripping mechanisms actively causing distress in  the
dense surface layer are both static amd dynamic. Statie
stripping occurs when a water film intrudes between the
asphalt—-stone interface. The same separation occurs during
dynamic stripping. However, it is hastermed by repeated
pressures in the pore water induced by fraffic. It is
probable that both mechanisms are involved. For dynamic

stripping, pores must be essentially saturated.
The saturated condition is not maintained very iong in
the open—ograded surface but persists in the dense-graded

surface.- Gravity Tlow, pressure flow, and rapillary flow
combine to provide a high degree of saturation in  this
course, The open—graded surface also acts as a mulch layer

that retards evaporation from the dense-graded ecourse.
Stripping may, or may rnot, be associated with upward

movement of the asphalt to the surface. In all cases, a
severe strernpth loss oceurs generalily or locally. The
asphalt cocating no longer functions as a binder to keep the
agogregate structure firmly in place. In addition,
emulsification of asphalt can oCcour under Some
cirtumstances. A detailed discussion of stripping
mechanisms is  beyond the scope of this study. How those



mechanisms are influeveced adversely by the type of
construction is pertinent.

it need only be considered that, in this use, static
and dynamic stripping are major contributors to the problewm
as a first consideration. In each case, a water souwrce must
exist over a sufficiemt time to permit the stripping action
to occur. Furthery, the water must penetrate irnta, and be
retained by, pores of the mixture either initially or
progressively with time. When pressure stripping cccurs, a
pressure source also is reguired. This source is most
effective if it supplies reasonably high stresses on a
pulsating basis.

In any form of stripping, the first phase is the
penetration of water to the stone—asphalt interface. The
second phase is the separation of asphalt from the stone.
The third phase is the movement of asphalt, usually with
some fine aggregate, ts a free, or unstressed, surface. #Hlil
phases can be erharced by applied pressures.

In static stripping, flushing is acecomplished in  the
third phase by expansion of aivr/water entrapped within a
nearly saturated mix as paving temperatures increase. Such
pressures are quite small but are sustained over periods of
several hours on a sunny day. For this condition to exist
over arn extended period, the mixture must remain in a nearly
saturated state. Thus, the water supply must remain
available for relatively long periods.

During the third phase of dynamic stripping, conditions
noted previously still apply. They are aided and hasterned
by multiple applications of pressure having variabie
magnitudes. '

Rain is the principal source of surface water om  this
project, ard the water must reach and saturate the dernse
surface course for the observed conditions to occur. To do
S, it must peretrate the oper—oraded surface and the tack
coat. Several conditions caontribute to this penetration.

First, the open-graded surface is designed to accept
and hopefully internally drain water to the pavement edges.
iIf completely saturated, within the void content ramge of 1S
to 25 percent, the void space could contain from 7@ to 112
gallons per lane per statiom. This condition is unlikely to

occur except during a rain. The internal water percolates
down pgrade or toward the sdge or both. In the southbound
lanes, this guantity could be from 28@ to 420 pgallons per
station for all lanes. In the rwrthbound larnes, the total

guantity could be 218 to 337 gallaons per station.

Durinn such rainy periods, it is apparent that ail
pavements, either demse or open graded, are covered with a
water film. However, dense surfaces permnit very limited
entry of water. It is more important that whev the rain
stops, dense surfaces immediately start to dry. Water in
surface pores begins to evaperate and interrnal water is
removed guickly. Since periods of rno rain far exceed
periods of rain, the dense surface is irn & dehydrating
conditiorr a larpe portiorn of the time.

A dernse surface course under an opern—graded surface



must survive in a very different environment. During the
rain, both the opern—praded and dense—graded surtace oourses
are wet. fAfter the rain, the dernse—graded surface remains
wet for long periods, due in part to the siow drainage of
water through the cpen—graded layer, but probably even nore
50 because of the high humidity that exists within that
layer.

it has been noted that demsification occurs in the
wheel tracks. This densification resulis in lawer
permeability in these longitudinal regions. Thus, water
upmrade from a wheel track can percolate faster to the track
than through the denser zone. This encourages longer
retention and high degrees of pore saturation as well as
flow parallel to the track, This retarded cross flow
undoubtedly contributes to the observed problems to sowe
extent.

Some water may continue to drain ontoe the shoulder many
hours after rainfail has ceased. On Muldraugh Hill, such
drainage was seen at numerous locations 18 hours after rain
had ceased, and drainage probably continued much longer.
The continued presence of free water within the course
assures near 1Q@-percent humidity at the interface with the
underlying course. Thus, the time for drying of that course
and the removal of pore water may be greatly extended, or
drying may rnot occur during the next cyecle of no rain. In
either case, saturated pores in the underlyino layver should
be affected, and it iz these wet conditions that oroduce the
ohserved stripping actions.

The dense—poraded surface received a tack coat before
the copen—graded surface was applied. If this coat remained
completely intact and impervious, water pernetration into the
dense surface could not occur. This cocat is applied o
promote adherence of the open—-graded surface and not as a
seal. It is entirely possible that it is rnot impervious and
that water enters throuanh discontinuities. Alse, it is
possible that pressure stripping initiated the penetration
and it certainly contributed to its extension.

In periods when the open—pgraded surface is near
saturation, e=ach passing vehicle provides several pressure
sSurges. Magnitudes vary with vehicle weipht and speed as
well as the internal resistance to flow.

These gpressure surpges also assist in saturating the
smaller pores of the dense laver. However, they are not
essential $o0 such saturating actions. The pores in  the
dense layer are much smaller than in the open—graded laver,
Thus, capillary movement of water may contirue as long as
any moistuwre film exists within the open layer. This
mechanisHn may be fully as important in creating and
maintaining saturatiorn as gravity or pressure intrusions.

The presence of free water Tor long periods can  be

expected due to storage capacity ard grainage
characteristics of the oapen—graded layer. Much longer
periocds of water retentiom in the dernse layer can result
from the muleh effect the cpen—graded layver provides. Even

when that layer has lost essentially all free water, it can

i
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provide a zone of high humidity that prevents, or retards,
evaporation from pores of the derse layer. Thus, those
pores may remain filled for even longer pericds. It seens
reasonable that in a climate surh as HKentucky’s, complete
dgrying may rarely, or never, ooCur.

Pressure stripping differs in oper—graded surfaces and
dense surfaces. In the cpen—graded surface, water flows
rapidly to relieve pressure. Water in the pores of a dernse
surface mixture lacks this ability. RAs a result, pressure
surges - within those pores are much higher and have a much
greater stripping effect. Subjectively, this is seen in
-many locations as virtually complete stripping of the dewnse
layer while the open—praded surface remained intact, in fact
enriched by asphalt from the dense layver.

The adverse mechanisms broadly discussed above are nct
limited to the type of comstruction employed on the oroject.
However, they are encountered on a great many projects of
this tvpe. They do represent the most prevalent type
failure observed where open—graded surfaces have been used.
In varying degrees, they seem to occur on every project.

‘To utilize this type of construction successfully with
respect to prevention of stripping, the dense underlying
course must be totally protected. It is possible toc treat
such materials to greatly enhance their resistarnce to
stripping. It is possible tc provide an essentially
impervious layer between the open—graded surface ard the
dense surface. It is rot practical to assume that such
measuras can always be constructed to meet expectations.
Thus, some distress similar to that encountered on this
project should be cornsidered normal to such constructionm.

La
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APPENDIX B.

VISUAL INSPECTION OF CORES FROM I &5

DESCRIPTIUON OF CORES

CORE 1A

The core shows the copen—graded surface is aporoximately
i1.285 inches thick in an upheaval area 1 foot from the
outside edge of the pavement. There is apparernt migration
of the oper—graded surface from the locaded area. The dense
surface course 1is approximately 1| inch thick with no
apparent reorientation of the apggregate. There is some
migration of asphalt upward but no severe strioping cam be
seen when looking at the side of the core. The dense
surface course is separated from the fourth base course.
Advanced stripping can be seen in the derse surface course
adjacent to the interface with the fourth base course.
There is some evidence of segregation im the lower base
courses. The interface between the derse surface course and
the fourth base course is weak. The core separated at the
interface between the third and fourth base courses.

CORE 1B

The core was cut from the ocutside wheel track and,
specifically, ta the ocutside of the center of the wheel
track. The opern—oraded surface is very dense and is almost
filled with asphalt and/or matrix, and is 3/8 inch thick.
The dense surface cocurse shows particle orientation anmd the
color indicates there has beern water action. Stripping of
the asphalt is well advanced. The base course shows the
presence  of water but no evidence of stripping. There is
some segregation, especially at the bottom of the base
course. The third and fourth base courses are separated at
the interface.

CORE 1C

The core was taker betweern wheel tracks. The oper—
graded surface course has poocd texture, but surplus asphalt
appears to exist within the course. The open—graded suwrface
and dense surface courses appear o be near their original

thicknesses. There is evidence of stripping in the dense
surface course, but it is very limited in extent. I
general, the surface layers are the best seen at this
location. Base courses are in very good condition. The

third and fourth base courses separated at the interface.

CORE 1D

The core was taken from the inside wheel itrack. The
cpern—graded surface is dense and filled with asphalt, but
the thickrness appears to be normal. The derse surface

course appears to have particle reorientation in the upper
S/8  inch with eviderce of water action in some portions of



the layer but rot in othersy this suggests orogressive
action. Base courses show no damage due to water action,
but there is severe sepgrefation in the second base cource.
Rgain, the third and fourth base courses separated at the
interftace.

CORE 1E

Tne core location is 2% feet downprade from Cores 10-1iD
and is in the ocuter wheel track. The surface shows very
iittie apparent deformation and v shear movement. The

open—graded suwrface shows considerable densification with
pore space largely filled with asphalt and/or matrix.
Advanced water action with some particle recrientation is
apparent in the dernse surface course. Shear has naot
develaped yet. There is evidence of limited water action to
a depth of 1/2" intc the top of the fourth base course but
without any particle movement. The remainder of the base
courses appear to be in pood condition, excepnt the rtore
separated between the third and fourth courses at the
interface.

CORE 1F

The core location is 25 feet upgrade from Cores 18-1D.
The open—praded surface has densified and the pores are
largely filled with asphalt and/or matrix. The dense
surface course shows limited water action differing in
severity on opposite sides of the core. The fourth base
course shows no evidence of water damage. Again, the third
and fourth base courses separated at the interface and the
presence of water was noted. There was very limited
stripping action on the soft particles at the separated
interface. The third base course is very badly segrepated
at this location, with very large pore spaces. There is rno
apparent stripping except on the saft particles at the
interface. Other base courses are in good conditior.

CORE 2R

The core was taken 18" from the outside edge of the
pavement. The pavement appears to be scound. The open—
graded surface has good texture but shows some peretration
of excess asphalt and/or matrix. The dense surface course
shows severe damape due to water action and the color
indicates migration of asphalt. There has been considerable

particle reaorientation. The base courses appear %o  be
sound; the presence of water was roted, but no evidence of
stripping was observed. Apain. the third and fourth base

courses separated at the interface and there is limited
evidence of some stripping on the soft particles.

CORE ZB

The core was taken from am overthrust area. The ocgen—
graded surface shows particle mipratiorn and robtaticon with
some apparenmt excess asphalt. Some loose particles exhibit
limited separation of asphalt and agorepate. The dense
surface course is severely and completely stripoed and

o
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indicates a severe logss of asphalt. Particle movement is
highly evident. Complete stripping pernetrates to the fourth
base course, Water is present in the fourth base course,
but there is little apparent damage beyond the interface.
The third and fourth base courses separated at the

interface. There is water present, but without apparent
stripping. Other base courses are in good condition.
CORE 2C ,

The core was taken from the inside wheel track. The
open—graded surface is very thin, indicating migration of
this mixture, primarily in a lateral direction. The apen—

graded surface is almost completely filled with asphalt
and/or matrix. Portions of this layer are only one particle
thick. Stripping in the dernse surface course is complete
and uniform throughout the thickrness. Particles are held
together with very mirnor asphalt residues. The interfacs
betweer: the fourth base course and the dense surface course
remains intact with littie,  or no, apparent water damage in
the base course, although water undoubtedly was present.
The fourth base course shows considerable segregation and
separated from the third base course at that interface.
There is evidence of water at that interface but there is ro
stripping. The remainder of the base courses are in good
condition.

CORE 2D

The core was taken from the inside wheel track. The
oper—graded surface texture is in good condition although
there is some evidence of migration of asphalt and/ow
matrix. The dense surface course shows limited stripping
and the course is in generally good condition. The fourth
base course shows no signs of water action, although it is
slightly porous. The fourth and third base courses
separated at the interface. There is limited water action
on the soft particles only. The remaining base courses are
in good condition.

CORE 2E

The core was taken in the cuter wheel track 25 feet
downprade of Cores 2R-2D. The area appeared to be
reasonably intact with limited rut development and no
apparent shear. The oper—praded surface retains some
texture, which is larpely filled with asphalt and/or matrix.
The dernse surface course shows severe and complete stripping
with appreciable disintegration of the particles. The
condition is such that severe shear displacement would have
been expected; the reason for its rnorn—occurrernce is  not
known. Soft particles in the dense surface mix are almost
totally disintenrated and reduced to silt and clay. Severe
shear failure should be anticipated in the very near future.
There is eviderce of very limited water action just below
the interface between the dense surface course and the
fourth base course, but there is no particle breakdown or
movement. The course is gernerally inm very good condition



but separated from the third base course at that interface.
Very limited water action could be seen at that interface.
The remainder of the base courses are in  very good
condition, but there is a weak interface betweew the third
armntd second base courses.

CORE ZF

The core was taken from the cuter wheel track 25 feet
upgrade from Cores 2R-2D. Pavement appears tao be in
generally good condition in the ocutside wheel track. The
cpen—graded surface has excellent texture and appears to be
very ngar its oripinal condition. The dense surface course
shows limited water action in several areas with apparent
asphalt mipgration upwards in some areas. The course is
generally intact and in the early stages of stripping. The
fourth base course is in good conditicon with no apparent
water damape except at the interface with the +third base

course where the two courses separated. Water is present
within the mix but does not appear to have produced any
stripping. The other base cowrses appear to be in good
condition. The third and second base courses separated at

the interface.

CORE 3A

The core was taken in the outer wheel track 18 inches
from the ocuter edge of the pavement. The area appears to be
in a sound condition. The open—graded surface has good
texture with the pores almost filled'with asphalt and/or
matrix. Excessive asphalt appeards to be at the bottom of
the ocpen—graded surface. The dense surface course shows noa
displacement of particles or particle rotation and has
limited eviderce of any damage due to water action. This
part of the core should be classified as in the early stages
of stripping with the course remaining functional. The
fourth base course is fairly porous and contains water but
shows little evidence of any water action. The fourth
course separated from the- third course at the interface and
evidence of water action cccurs at the interface but is
limited +to soft particles. Remaining base courses are in
very pood condition with some segregation at the bottom of
the first base course.

CORE 3B

The core was taken in an upheaval area in the outer
wheel track. The open-graded surface is completely filled
with asphalt and/or matrix. The core appears to show
overthrust of dense-pgraded material throuph portions of the
cpen—graded surface material. # layer of asphalt and/or
matrix exists at the original interface between the apen—
graded surface and dernse—~ngraded surfaces. The dense—graded
surface in the overthrust is completely stripped. The
remaining portion of the dense—graded surface below the
original dense-graded surface shows limited stripping. The
fourth base course i3 in excellent condition but is
separated at the interface with the third base course. The



first base course is severely sengregated and has almost wo
matrix. Soft particles show strong evidence of water action
with stripping and particle disintegration. This is one of
only two locations where severe deep water action is
apparent. It is entirely possible that subsurface water may
have contributed to the deep condition, although na current
evidence was SEeN. Seepage that could surfaced
approximately 5@ to 108 feet upgrade from this locatiom and
filowed downgrade within, or under, the pavement was abserved
in the adjacent cut. The observed condition is unigue with
respect to the locations tested.

CORE 3C

The core was taken in a depressed irmer wheel ftrack.
The open—graded surface was completely Tilled with asphalt
and/or matrix, leaving & glazed condition. The open—graded
surface thirnned to a thickrness of 1/8 to 1/4 inch. Ecarse
aggregate from the open—praded surface has been dispersed
within the dense surface mix ta & depth of 1.5 inches. The
dense surface course is completely stripped with very little
visual evidence of any remaining asphalt, althouph a slight
amournt must be present because the core remained intact.
The fourth base course had water present but shows no
evidence of any stripping actior. The fourth base course
separated from the third base course at the interface with
limited evidence of water action shown at the interface and
on the bottom of the fourth base course. The third base
course exhibits segregation, which contains water, and some
soft particles have disintegrated. There does rnot appear to
be any stripping on the hard particles, although conditions
are highly conducive to stripping. This is the same
elevation noted in Core 3B as segregated.

CORE 3D .

The core was takern from the inside wheel track 25 feet
upgrade of Cores 3A-3(. The open-—graded surface has
reasonably good texture but is largely Tilled with asphalt
and/or matrix. The open—graded surface appears to be
thivmer than normal and has almost a scolid asphalt layer at
the interface with the dernse surface courss. The dense

surface course shows almost no water damape arnd is  in
generally good condition. The fourth base course is in good
condition but separated from the third base course at their

interface. The third base course shows considerable
segregation in the top 1 inch but otherwise is in good
condition. There is limited water action on the soft

particles, but rot the hard particles; in the segrepated
area.

CORE 48
The core was taken 12 inches from the cutside edge of
the pavement. The surface condition is normal withcout

deformation or excess filling of pore spaces. The interface
betweern the open—graded and dense—praded surfacre courses
appears to contain considerable excess asphalt, but this has



not penetrated to the surface. The dense-graded surface
course shows no particle movement but does seem to indicate
some asphalt migration. Water action is evident but is not
in an advanced stapge. The remainder of the core is in
normal conditior. :

CORE 4B

The core was taken in the cutside wheel track 3 feet
from the edge of the pavement. The open—pgraded surface is
in a glazed condition. All surface voids have been
completely filled with asphalt amnd/or matrix. The dense
surface course shows no particle movement and only limited
evidence of stripping actiorn. The base course has some
porous areas but generally is in pood condition with no
evidence of any water action.

CORE 4C

The core was taken in the inside wheel track. The
open—graded surface textuwre pernerally is good, but pore
spaces are rapidly filling with asphalt and/or matrix. The
edge of the cut suggests the lower half is completely
filled. The dense-graded surface course shows very limited
water action with no severe displacement of the agpregate.
The fourth base course is in excellent condition but
separated from the third base course at their interface:
there is very limited water action on the soft particles at
the interface. Each of the remaining base courses show some
segregation but generally are in pood condition with no
apparent evidence of water action.

CORE SA
The core was taken 18 inches from the outside edoe of
the pavement. The open—graded surface is partially filled

with asphalt and/or matrix but retains & fair surface
texture; it is, however, approaching a plazed condition.
The location has two dense surface oourses. The upper
course shows some particle reorientation and appreciable
stripping action. A few open—graded particles have
penetrated into the top surface course. Stripping action
extends throughout the top surface course but is essentially
discontinued at the irnterface with the bottom surface
course. The lower dense surface course shows little, or rno,
visual evidence of stripping. The tack coat between the two
dense surface courses is apparent and differertiates between
sound and unscund mixtures. The base courses show some
segregation in each course, but rno water damage is apparent.
The third and second base courses separated at  their
interface.

CORE SR

The core was taken fTive feet from the cutside edoe of
the pavement arnd is between wheel tracks. Two dernse surface
courses are present. The texture of the open—graded surface
is reasonably good but the pores are Tilling with asshalt
and/or matrix. There is some evidence of asphalt migration
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intg the open—graded surface as well as some densification.
The upper dense—graded surface course is almost completely
stripped, but the aggregate shows very little displacement

or rotation. This rcourse appears to have a higher
concentration of saft particles tham usual and they are
rapidly disintegrating due to water action. The hard

particles show scome stripping, but to a lesser degree. The
lower surface course appears to be in good condition with
very limited evidence of water action. S5oft particles
exposed in coring exhibit no stripping or disintegration.
The base courses show limited segrepation but pererally are
in excellent condition.

CORE 3C

The core was itaken eight feet from the =dope of the
pavement in the irmer wheel Irack. Two denmse surface
coursgs are present. The opern—graded surface is completely

filled and the surface is slightly glazed. it will be
totally filled with a solid ashpalt layer in the near
future. The upper dense surface course shows evidence of
strong water action and is partially stripped thraoughout.
It is believed that asphalt migration has occourved and minor
particle reorientation is occurring. There is limited
evidence of water action just below the interface between
the upper and lower derse surface courses. The remainder of
the lower dernse surface course appears to be in  good
condition. There is limited segregation in the base
courses, but generally they are in excellent condition.

CORE &R

The core was taken from an overthrust area at the cuter
-edge of the pavement. The overthrust area is composed of
sheared surface material. The thickness of the open—oraded
surface varies from 8.3 to 1.5 inches across the width of a
4—inch core. The course shows appreciable particle rotation
plus some cracking of the mix. The area alse has two dense
surface courses. The upper dewnse surfarce course thickrness
varies from @.75 tco 1.5 inches with some open—oraded
particles penetrating intc the dense surface mix to a depth
of 0.3 inch. Severe particle rotation is apparent in this
CoUrse. Stripping is wvirtually complete with shearing
action reducing the saft particles to silt and/or clay. The
mix has virtually no cohesion. The lower surface course
zeparated from the upper surface course and striation marks
o the interface show migration of the upper laver over the

lower layer. The lower derse surface course sShows  very
limited water actiorn at the interface with the upoer dernse
surface course; virtually ro other damage exists. The base

courses show some porosity but are iv pood condiftion.

CORE 6B

The core was taken in the cuter wheel itrack. The open—
graded surface is completely filled ang the suwrface is
glazed with asphalt and/or matrix. The thickness of this
course varies from 1/4 to 3/8 irnch. There are two dense~—
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mraded surface courses. The upper one is completely
stripped and shows severe loss of asphalt. Traffic has
reoriented the particles and the course appears ta  have
thivwmed to approximately 3/4 inch, a loss of 1i/4  inch.
Stripping is complete arnd continuous to the interface with
the lower dense—graded surface course. The lower dense-—
graded surface course shows limited evidence of water action
without particle reorientation or appreciable stripping
action. The base courses are slightly porous and in
excellent condition.

CORE &C :

The rcore was taken between wheel tracks, The open—
graded surface retains an acceptable texture, tut the pores
are largely filled with asphalt and/or matrix. The upoer of
the two dense surface courses shows limited strippino
action, no particle reorentation, and limited asphalt
migration. The upper dense surface course separated from
the lower dense surface course at their interface. RNo water
damage is evident in the lower dense surface course below
that interface. The base courses are slightly poraus but
are still in excellent condition.

CORE &D :

The core was taken in the irmmer wheel track. The open—
graded surface is almost completely filled with asohalt
arnd/or matrix. Some texture remains. In the upper of the
twa dense surface courses the asphalt has been almost
completely separated from the aporegate and reorientation of
the particles has started. Stripping is complete throughout

the depth of the upper dense surface ocourse. There is
little evidence of water action below the interface between
the upper and lower dense surface courses. No particle

reorientation is apparent in the lower dense surface course.
The base courses are in excellent condition.

- GLIMMARY

SOUTHEOUND LANES

In general, severe water damage exists to a deoth of
approximately € inches. Below 2 inches, some influence of
water is noted but is relatively minor at this stane.
Considerable separation betweewn base courses was observed
with the most consistent separationm occurring between the
third and fourth base courses. More segrepation was
ohserved in the base courses in the southbound larmes than in
the northbound lares and the severity of the segrepation was
much higher. The severest condition of sepregation usually
existed iv the lowest base course and may reflect difficulty
in compaction over the subgrade.

NORTHEOUND LANES
Demep base courses aopear to be fully sgual with the
spper base courses based upon visual observation. Severe
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water action at the cored locations externds throuph the
upper dense-graded surface course with very limited water
action extending into the top of the lower dense surface
Course, In general, the lower dense surface course is  in
good cordition, showing rno evidenece of particle movement and
very limited to no evidence of strippino. Severely damaged
material at this time extends to 1.75 ivches below the
existing surface. It is sunpested that milling be extended
to. a &E-inch depth where this operation is rconsidered
dezsirable.

General structural condition as estimated from visual

observation of cores is very good. Some relatively weak
areas may exist due to potential feor course separatiorn and
to isclated areas of mix segregatior. Any mrablens

developing from these sources should not be evident for a
number of years and do not impinge upon current observed
distress.
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