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The Minnesota Department of Transportation constructed an ultrathin
whitetopping (UTW) project at three consecutiveinter sectionson US-169
at Elk River, Minnesota, to gain moreexperiencewith both thedesign and
the performance of UTW. Distinct cracking patterns developed within
eachtest section. TheUTW test sectionswithal2- 1.2-m(4- 4-ft)joint
pattern included corner breaks and transverse cracks. Corner breaks
weretheprimary distressin thetest sectionwithal.8- 1.8-m(6- 6-t)
joint pattern, although very little cracking was exhibited. The Minnesota
Road Research Facility UTW test sections on 1-94 allow comparisons of
thesame UTW design on hot-mix asphalt (HMA) pavementswith differ-
ent structural capacitiesto be made. The strain and deflection measure-
ments emphasize the importance of the support provided by the HMA
layer. A reduction in this support occurs when the temperature of the
HMA isincreased or when the HM A beginsto ravel. During evaluations
of whether UTW is a viable rehabilitation alternative, cores should be
pulled from the pavement to determineif the asphalt is stripping and if
the asphalt layer has adequate thickness. UTW can be successfully
placed on aslittleas 76 mm (3in.) of asphalt, if the quality of the asphalt
isgood. The cores should also reveal whether the asphalt layer isof uni-
form thicknessand whether stripping and raveling haveoccurred. If the
asphalt layer isof uniform thicknessand stripping and raveling have not
occurred, UTW isa good option for usein the rehabilitation of asphalt
pavements.

Whitetopping refers to the placement of a thin concrete overlay
directly on top of an existing distressed hot-mix asphalt (HMA) pave-
ment. A concrete overlay ranging between 50 and 100 mm (2 and
4in.) thickiscommonly referred to as ultrathin whitetopping (UTW).
For long-term performance, the overlay must bond to the underlying
asphalt so that thetwo layersrespond in amonolithic manner, thereby
reducing load-rel ated stress. A short joint spacing isalso used to help
reduce curling and warping aswell asbending stresses. Typical appli-
cationswould include low- to medium-volume pavements where rut-
ting, washboarding, or shoving is present, such as intersections, bus
stops, airport aprons, taxiways, and parking lots (1).

The Minnesota Department of Transportation constructed UTW
test sections at three consecutive intersections on US-169 in Elk
River, Minnesota, to gain more experience with both the design
and performance of UTW. The test sections were located on the
outer southbound lane of US-169 in Elk River at the intersections
of Jackson, School, and Main Streets (Figure 1). All three inter-
sections have traffic signals. The speed limit on US-169 changes
from 89 to 72 km/h (55 to 45 mph) just north of Jackson Street as
the traffic approaches the city of Elk River. Many of the commer-
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cial trucks traveling southbound on US-169 are coming from the
gravel pits, concrete plants, and waste disposal facilitiesjust north
of thisintersection.

PREEXISTING PAVEMENT STRUCTURE

The original pavement was constructed in 1961 on a sandy subgrade
and consisted of a 100-mm (4-in.) HMA surface on 280 mm (11in.)
of densdly graded aggregate base. In 1991, the pavement was over-
ladwithHMA. The HMA layer was 152 mm (6 in.) before placement
of the UTW.

A distress survey was performed on each 244-m (800-ft) section
before construction of the overlay. Transversejointswere sawed into
the HMA pavement approximately every 9 m (30 ft). The average
transverse crack and joint spacings at the Jackson Street, School
Street, and Main Street test sectionswere5m (17 ft), 6 m (20-ft), and
7 m (22-ft), respectively. Thecrackswereall low to mediumin sever-
ity. TheHMA wasraveled in areas, especially along the outer edge.
Severerutting [greater than 32 mm (1.25in.)] and shoving were also
present before milling, as a result of the stopping and starting of
heavy trucks at each intersection (Figure 2).

Falling weight deflectometer (FWD) testing was performed in the
wheel path for each test section at 15-m (50-ft) intervalson September
4,1997, just before placement of the concrete overlay. The deflection
measured directly under the load plate provides an indication of the
stiffness of the pavement structure. The averages of three normalized
deflections measured for a 40-kN (9-kip) load for each of the test
sections are provided in Figure 3a. All measured deflections were
adjusted to the defl ections expected at amiddepth asphalt temperature
of 20°C (68°F). These adjustmentswere made by using the procedure
presented by Lukanen et al. (2). The middepth asphalt temperature at
the time of testing was estimated by using BELL S3 (2). The deflec-
tionsaresimilar for all test sections but are slightly lower at the north
end of the Jackson Street test section, indicating that the pavement
structure might be dightly stiffer inthisarea.

The AREA basin factor was calculated for the deflection data (3).
AREA isderived from the area of the deflection basin curve normal-
ized with respect to the deflection recorded directly under the load
plate and represents the ratio of the stiffness of the pavement to the
stiffness of the subgrade. The AREA factor was calculated by using
the average for the three deflections normalized to a 40-kN (9-kip)
load. The middepth asphalt temperature during testing was estimated
by using BELLS3 (2). The AREA basin factors were adjusted to a
middepth asphalt reference temperature of 20°C (68°F) by the proce-
dure presented by Lukanen et a. (2). The AREA basin factors calcu-
lated for each test section are provided in Figure 3b. Theratio between
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the stiffness of the pavement and the stiffness of the subgrade appears
to be relatively constant within and between each test section. How-
ever, AREA basin factors calculated at the north end of the Jackson
Street test section are dightly higher, indicating that the increase in
the stiffness of the pavement structure in this region, as reflected in
Figure 3a, might be attributed to a stiffer pavement surface.

An attempt was made to backcal cul ate the resilient modulus of
each layer by assuming that each layer consisted of alinear elastic
homogeneous material. It was readily apparent that the responses of
thevariouslayerswere nonlinear. The nonlinearity in the upper lay-
erswas in the form of stress stiffening, and the nonlinearity in the
lower layers was possibly in the form of stress softening. The analy-
sisdid indicate that the subgrade was very stiff, aswould be expected,
because the subgrade consisted of asandy gravel. The basewas con-
structed of densely graded aggregate containing a large amount of
fine material, so the stiffness of this material is most likely not as
high as desired. The deflection data also indicated the presence of
stripping inlocations. Thiswas verified when coreswere taken from
the test sections.
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DESCRIPTION OF TEST SECTIONS

The UTW sections were constructed only in the outside lane in the
southbound direction. The first 240 m (788 ft) north of each inter-
section was overlaid with 75 mm (3 in.) of fiber-reinforced concrete.
The concrete used for the Jackson and Main Street UTW sections con-
tained polypropylenefibers, and that used for the School Street inter-
section contained polyolefin fibers. The Jackson and Main Street
test sectionshad 1.2- x 1.2-m (4- x 4-ft) panels. The School Street
intersection had 1.8- x 1.8-m (6- x 6-ft) panels. The 3.7 m (12 ft)
on the north end of each test section was milled to adepth of 203 mm
(8in.) (Figure 1). The purpose of the thicker section wasto reducethe
damage that would occur as heavy trucks come off the HMA pave-
ment onto the UTW. Sensorsfor temperature (type-T thermocouples),
dynamic strain (Tokyo Sokki PML-60), and static strain (Geokon
V CE 4200 vibrating wire strain gauges) wereinstalled approximately
37 m (120 ft) north of the Jackson Street intersection. Additional
information on the construction of these test sections can be obtained
elsawhere (4).
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FIGURE 2 Ruts at the Jackson Street intersection before placement of the UTW overlay.
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FIGURE 3 From FWD testing: (a) FWD deflections under load
plate measured for the HMA pavement; (b) AREA basin factors
calculated for deflection data for each test section before
placement of the overlay. The values are averages normalized to
40-kN (9-kip) loads and are corrected for temperature.

CONSTRUCTION

On September 17, 1997, all three intersections were milled to main-
tain existing elevations, swept twice, and air blasted. The milling
enhanced the bond by providing a macrotexture from the ridges
milled into the surface and the freshly fractured aggregate surfaces
that were exposed. After theintersectionswere milled, the underlying
HMA at the Jackson Street intersection appeared to be more severely
raveled than the HMA at the other two intersections, especially along
thelongitudinal seams between the roadway and the shoulder. Some
of the areas were so severely raveled that air blasting removed pieces
of HMA from the pavement surface. No preoverlay repairs were
performed. The concrete was placed directly on the milled surface
without atack coat or whitewash.

TRAFFIC

The test sections on US-169 were in service between September
1997 and September 1999. The one-way average annual daily traffic
(AADT) was 16,000 in 1997 for this section of roadway, with 8%
being trucks. The AADT grew to 17,000 by 1999. Forty-nine percent
of these trucks are categorized as five-axle semitrailers.

PERFORMANCE

Increasing the concrete thickness of the first 3.7 m (12 ft) of each
test section to 203 mm (8-in.) successfully prevented any distress
from occurring on the test sections asthe vehicles came off fromthe
HMA pavement onto the UTW. The most heavily distressed areain
each of thetest sectionswasjust before theintersection. The change
in vehicle speed is the greatest in this location because of vehicle
acceleration and decel eration when the traffic light changes.
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The cracks observed in the UTW test sections with the 1.2- x
1.2-m (4- x 4-ft) joint pattern included corner breaks and trans-
verse cracks. The corner breaks occurred primarily along theinside
longitudinal joint and the lane-shoulder (L/S) longitudinal joint.
Many of the corner breaks that devel oped along the inside longi-
tudinal joint did not appear until 1999. The inside longitudinal
joint lies directly in the inside wheelpath, resulting in high edge
and corner stresses. Transverse cracks developed in the panels
adjacent to the shoulder. The transverse cracks typically develop
0.4 m (1.3 ft) away from the transverse joint, which is approxi-
mately one-third of the length of the panel. These crack patterns
are shown in Figure 4a and 4b.

(b)

Inside Whee

Outside Wheelpath

Driving Lane IPassing Lane

©

FIGURE 4 Crack patterns: (a) transverse crack and corner breaks
in the Jackson Street test section (March 30, 1998); (b) corner
breaks in the inside wheelpath at the Jackson Street test section
(July 20, 1999); and (c) typical distress patterns that developed in
the Main Street test section.
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The Main Street test section was constructed by using a 1.8- x
1.8-m (6- x 6-ft) joint pattern. Corner breskswerethe primary distress
that developed in this test section, although very little cracking was
exhibited. The corner breaks were typically located in the outside
panel adjacent to the L/Sjoint and intersected the transverse joint in
thewheelpath. Corner breaksin theinside panel typically intersected
the transverse joint in the wheel path but then intersected the longitu-
dina joint separating the two panels. The corner breaks exhibited in
both theinside and the outside panel sintersected the longitudinal joint
nearest each wheelpath (Figure 4c). The Main Street test section
performed significantly better than the Jackson and School Street
intersections because the longitudinal joint did not liein the inside
wheelpath for al1.8- x 1.8-m (6- x 6-ft) joint pattern. Thissignificantly
reduced the edge and corner stresses.

UTW AT MINNESOTA ROAD RESEARCH
FACILITY ON 1-94

In October 1997, approximately the same time that the US-169 test
sections were constructed, six other whitetopping sections were con-
structed on 1-94 at the Minnesota Road Research Facility (MNnROAD).
1-94 is a heavily trafficked road with average daily traffic of approx-
imately 25,000, of which 12% to 13% is truck traffic. An Interstate
highway isnot atypical applicationfor UTW, but thislocation offered
the opportunity to perform an accelerated test with UTW because
designloads comparableto thosefound at amoretraditional UTW site
could be accumulated more rapidly. The HMA pavement wasin rel-
atively good condition before placement of the overlay. L ow-severity
transverse cracks had developed every 4.8 m (15 ft), and approxi-
mately 6 mm (0.25in.) of rutting had developed in theright wheel path
of thedriving lane. Thetest sectionsat MNROAD allow comparisons
of the same UTW design on HMA pavements with different struc-
tural capacities to be made. Comparisons were made between three
of thetest sectionsincluded inthe MnROA D whitetopping study and
the US-1609 test sections. A summary of the design features of these
sectionsis as follows: Cell 93, 102-mm x 1.2-m x 1.2-m (4-in. x
4-ft x 4-ft) panel sand concrete with polypropylenefiberson 241 mm
(9.5in.) of asphalt concrete (AC); Cell 94, 75-mm x 1.2-m x 1.2-m
(3-in. x 4-ft x 4-ft) panels and concrete with polypropylene fibers
on 267 mm (10.5in.) of AC; and Cell 95, 75-mm x 1.5-m x 1.8-m
(3-in. x 5-ft x 6-ft) panels and concrete with polyolefin fibers on
267 mm (10.5in.) of AC. Additional information on the construction
and performance of these test sectionsis provided elsewhere (4, 5).

Comparison of the findings from the preoverlay distress survey
with those from the distress surveys performed after the overlay was
constructed revealed that none of thetransversejointsor cracksinthe
HMA were reflected into the overlay for any of the test sections.
Reflective cracks did develop in the 76- and 102-mm (3- and 4-in.)
UTWs constructed on |-94. The same joint patterns used on US-169
were also used for construction on [-94. The difference in perfor-
mance can be attributed to the fact that the UTW on US-169 was
placed on 76 mm (3in.) of HMA that exhibited signs of raveling and
thefact that the UTW on 1-94 was constructed on 254 mm (10in.) or
more of quality HMA. Thisresulted in a higher bond strength and a
greater structural rigidity intheHMA layer, producing higher tensile
stresses at the bottom of the UTW in the regions of the cracksin the
HMA. The potential for reflective cracking appearsto develop when
the flexural stiffness of the HMA pavement approaches that of the
overlay.
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FWD DATA

FWD testing was performed at varioustimes of theyear in an attempt
to capture the seasonal effects on the relationship between the applied
load and the resulting deflection. Graphical depictions of the FWD
test locations for each test section are provided in Figure 5.

A discontinuity typically appeared in the deflection basin at the
location of thetransversejoint if the applied load waswithin 600 mm
(24in.) of the joint at the Jackson and School Street intersections.
An exception to thisoccurred when FWD testing wasfirst performed
in March and April 1998, approximately 5 months after the test
sections were constructed. The smooth deflection basins obtained
during this time indicate that most joints did not crack before
March 1998. The deflection data collected during July 1998 indi-
catethat most of thejointsdid crack sometime between March and

Passing Lane

Transportation Research Record 1823

July 1998. The joint spacing for the Main Street test section was
too large for the transverse joint to be within 600 mm (24 in.) of
the applied joint except when testing was preformed adjacent to the
transversejoint. Therefore, it was not possible to estimate when the
joints cracked on the basis of the FWD datafor the Main Street test
section.

Graphs of the average normalized defl ections measured directly
under the load plate for a40-kN (9-kip) FWD load are provided in
Figures 6 to 10. The lowest deflections were measured in the win-
ter, when the subgrade was frozen and the asphalt was stiff. Deflec-
tionsin the same locations at other times of the year were as much
assix timeshigher. The highest deflectionswere typically measured
inthe summer, when the asphalt wasless stiff, aswould be expected.
This trend was more prevalent at the Jackson and School Street
intersections and when loads were applied at the edge or in the cor-
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FIGURE 5 US-169 UTW FWD test locations at the (a) Jackson Street intersection
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FIGURE 6 Average normalized deflections measured directly under the load plate for a 40-kN (9-kip) FWD

load in the corner.

ner, where the response of the slab is more heavily influenced by
changes in support conditions.

The lowest defl ections were measured at midpanel, where the dis-
tribution of the load is not obstructed by adiscontinuity. The highest
deflections were measured in the corner and along the L/Sjoint. The
areaswith the higher defl ections al so corresponded to the areaswithin
the panel where distresses developed: corner breaks and midpanel
cracks that most likely initiated at the L/Sjoint. These locations also
exhibited the largest amount of scatter between the deflections mea-
sured at the sametime and samelocation but for different panels. This
indicates that the support conditions vary more in the vicinities near
joints. The joints allow water to enter the pavement structure, which
can then lead to raveling of the asphalt at the concrete—asphalt inter-
face and nonuniform bond conditions. The cores taken from the test
sections a'so indicated that the HMA ravels at afaster rate along the

joints. The variability within each test location and test section also
increased with increasing asphalt temperatures.

The deflectionswere significantly lower onthe MnROAD test sec-
tions than on the US-169 test sections because the existing asphalt
was thicker and less deteriorated before placement of the overlay.
The condition of the asphalt on the MNROAD test sections was uni-
formly good throughout the project, unlike at Elk River. Thisresulted
in more consistent deflection measurements within each MNROAD
test cell for each test location. The magnitude of the deflection was
predominately afunction of the thickness of the asphalt and not the
overlay thickness or joint spacing for the UTW designsincluded in
this study. This emphasizesthe need to ensure that the asphalt layer
is sufficiently thick before UTW is considered as a rehabilitation
alternative. The MNROAD test sections not only had lower deflec-
tions, but the relationship between deflection and temperature was
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FIGURE 7 Average normalized deflections measured directly under the load plate for a 40-kN (S-kip) FWD load

along the L/S edge.
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FIGURE B8 Average normalized deflections measured directly under the load plate for a 40-kN (9-kip)

FWD load at midpanel.

also relatively linear compared with the relationship for the deflec-
tions measured at US-169. For the test sections on US-169, the rate
at which deflectionsincreased with increasing temperature decreased
asthetemperature of the HMA increased until a pesk deflection was
eventually reached. The MnROAD test sectionsare still in place after
the accumulation of 4 million equivalent single-axle loads, showing
that the lower deflections will result in an extended pavement life.

MEASURED DYNAMIC STRAINS

The Jackson Street test section wasinstrumented with dynamic strain
gauges. Strain gauges were located at the bottom of the UTW and
approximately 25 mm (1in.) fromthe surface of the overlay. At each

location all sensors except the static strain sensors were replicated.
Dynamic strains were measured in conjunction with FWD testing.
The average of three strain measurements resulting from the applica:
tion of a40-kN (9-kip) load directly over each sensor was plotted
against the temperature measured at the middepth of the HMA layer.
Theresultsareprovided in Figure 11. Positive valuesrepresent tensile
strains, and negative values are compressive strains.

Thelargest strain measured wasaong the L/Sjoint, wheretheedge
has|ess support than that available along theinterior edges. Very few
datawere obtained at the bottom of the UTW at this|ocation because
the strain gaugesfailed early. See Figure 5 for the locations of Panels
B and C. Thestrain measured in Panel C was consistently higher than
that measured in Panel B. Coring of each location revealed that the
HMA was severely stripped. The HMA from the core in Panel B
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FIGURE 9 Average normalized deflections measured directly under the load plate for a 40-kN (S-kip) FWD
load in the wheelpath.
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FIGURE 10 Average normalized deflections measured directly under the load plate for a 40-kN (9-kip) FWD load

along the inside longitudinal joint.

had turned completely into unbound aggregate, and approximately
75% of the HMA from the corein Panel C was stripped to the point
of being unbound aggregate. The combination of edge loading and
the fact that the HM A below the overlay was severely stripped and
raveled resulted in high strains along the L/Sjoint.

The strains measured at the corner in Panel E are higher than those
measured at the corner in Panel C. Thehigher strainscan be explained
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FIGURE 11

by thefact that the HMA at thecorner in Panel Eismore severely rav-
eled thanthe HMA at the corner in Panel C, resulting in aloss of sup-
port and a reduction in the bond between the two layers. The strain
gauges placed in the corner were actually located 305 mm (12 in.)
away from the transverse and longitudinal edges and not directly in
the corner. The HMA there wasin significantly better condition than
the HMA aong the L/S joint. A core was pulled directly from the
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Comparison of strains measured on 1-94 and US-169 from application of a 40-kN (9-kip) load: (a) L/S longitudinal joint;

(b) loaded side of the transverse joint and in the wheelpath; (c) corner; and (d) midpanel.
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corner of Panel E, and the asphalt from the HMA was completely
stripped and raveled, showing the progressive deterioration in the
asphalt when the pavement approached thejoints.

The strain measured adjacent to the transverse joint in the wheel-
path in Panel D was consistently higher on the top sensor than that
measured in Panel C because the sensor in Panel D was approximately
10 mm (0.4 in.) closer to the pavement surface. Approximately 30%
of the strain is transferred across the joint between Panels B and C,
and approximately 40% of the strain is transferred across the joint
between Panels D and E. Cores taken from both locations reveaed
that the UTW was bonded to the HMA.

The strains measured at midpanel typically ranged between 35 and
60 microstrains at the top of the UTW when the HMA temperature
was approximately 10°C (50°F) or greater, and the strains measured
at the bottom of the overlay ranged between 20 and 45 microstrains.
The strainsmeasured at midpanel in Panel C weresignificantly higher
than those measured at midpanel in Panel E. Cores were pulled
from the midpanels of both Panels E and C, and the bond strength
of the core from Panel E was measured by the lowadirect shear test
(lowa Test Method 406-C). The shear strength measured for the
core pulled from Panel E was 270 psi. A weaker bond wasfound in
the core taken from Panel C. The HMA separated from the UTW
before the bond strength could be measured.

The strain measurements emphasi ze the importance of the support
provided by the HMA layer. A reduction in this support occurs when
the temperature of the HMA isincreased or when the HMA beginsto
ravel. Raveling might also result in areduction of the bond strength
between the two layers but typically initiated at the bottom of the
HMA layer. The results from the strain measurements and for the
cores pulled from the test section indicate that the HMA ravels at a
faster rate along the joints, where there is greater access for water to
enter the pavement structure compared with that at the center of the
panel. TheL/Sjoint isthe most difficult to keep sealed, and therefore,
the HMA aong thisjoint is more susceptible to stripping and ravel-
ing. Consideration should be given to sealing the joints to limit water
from coming into contact with the HMA layer. The short joint spac-
ings typically associated with UTW result in small joint movements,
makingit easier to seal jointsasnarrow as3mm (0.125in.). Also, dur-
ing the original construction of the HMA pavement it is more diffi-
cult to achieve the desired compaction aong the longitudina joint.
Insufficient compaction resultsin alower-quality HMA, resulting in
reduced support and higher strainsin the UTW overlay. The quality
of theHMA aong the longitudinal edge should be evaluated before
it is determined whether an UTW is an appropriate rehabilitation
alternative.

Dynamic strain was also measured in conjunction with FWD test-
ing at varioustimes of theyear for the |-94 test section. Theresultsare
presented in Figure 11, along with the strains measured on US-169.
The dynamic strains measured on 1-94 were significantly lower than
those measured on US-169 at al locations within each panel. The
reductionin strainisaresult of theincreasein the thicknessand qual-
ity of the HMA on 1-94 and the increase in the bond strength between
the two layers. These factors resulted in a shift of the neutral axis
down into the HMA layers at HMA temperatures below 5°C (41°F),
resulting in the generation of compressive strains at the bottom of the
UTW when it was loaded. Incressesin the temperature of the HMA
also resulted in much smaller increasesin strain on 1-94 than on US-
169. Significant increases in strain induced by the 40-kN (9,000-1b)
FWD load began to occur at HMA temperatures below 10°C (50°F)
on US-169, whilesignificant increasesin strain on 1-94 were not seen
until the temperature reached 25°C (77°F).
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The strains measured on the 1-94 test sections were consistently
lower than those measured on the US-169 test sections, even whenthe
measurements were made at higher HMA temperatures. The excep-
tionsto this are the strains at midpanel. The strains measured at mid-
panel on 1-94 approached those measured at midpanel on US-169.
The UTW on 1-94 iswell bonded to the HMA, similar to the bond
conditions found when cores were obtained at midpanel on US-169.
In the regions along the edge of the panel wherethe UTW on US-169
was found to be unbonded, the strains on US-169 were significantly
higher than those on 1-94. This indicates that application of a load
whenthe HMA temperatureishigh will produce similar strainsinthe
UTW, regardless of the thickness of the HMA layer when a good
bond is achieved. A more in-depth analysis of the deflections and
strains measured on US-169 and 1-94 can be found elsewhere (5, 6).

CONCLUSIONS

The construction of the UTW test sections on US-169 provided
valuable insight into the construction and performance of UTW.
Before the application of the overlay the HMA was severely rutted,
with low- to medium-severity transverse cracks approximately every
6 m (20 ft). Raveling was also occurring, especialy along the longi-
tudinal seams. In the future UTW overlays should not be used on
asphalt pavements with deteriorated longitudinal seams, because a
good bond between the UTW and asphalt cannot be achieved. The
high strains measured along the L/Sjoint on US-169 areindicative of
the loss of bond between the two layers. UTW overlays should also
not be used on pavements constructed of HMA that is susceptible to
stripping.

Distinct cracking patterns devel oped within each test section. The
UTW test sectionswith al.2- x 1.2-m (4- x 4-ft) joint pattern had cor-
ner breaks and transverse cracks. The corner breaks occurred primar-
ily along the inside longitudinal joint and the L/S longitudina joint,
while the transverse cracks developed in the panels adjacent to the
shoulder. The transverse cracks typically developed approximately
one-third of thelength of the panel away fromthetransversejoint. The
Main Street test section with the 1.8- x 1.8-m (6- x 6-ft) joint pattern
performed significantly better than the Jackson and School Street
intersections because the longitudinal joint did not lie in the inside
wheelpath. This significantly reduces the edge and corner stresses.
Corner breaks were the primary distress that developed in the Main
Street test section. Reflective cracking was not observed in any of the
test sections, although reflective cracking has been found to occur in
UTWs placed on thicker HMA pavements, such ason 1-94.

The strains measured on 1-94 were consistently lower than those
measured on US-169, even when measurementswere made at higher
HMA temperatures. The reduction in strain was a result of the
increase in the thickness and the quality of the HMA on 1-94 and
the increase in the bond strength between the two layers. Increases
inthetemperature of the HMA also produced much smaller increases
in strain on 1-94 than on US-169, except for the strains measured at
midpanel. The strains measured at midpanel on 1-94 approached those
measured at midpanel on US-169. It was found that application of a
load whenthe HMA temperaturewas high produced similar strainsin
the UTW, regardless of the thickness of the HMA layer when agood
bond was obtained.

The strain measurements emphasi ze theimportance of the support
provided by the HMA layer. A reduction in this support occurswhen
the temperature of the HMA isincreased or when the HMA begins
to ravel. The results from the strain measurements and for the cores



Vandenbossche

pulled from the test section indicate that the HMA ravels at a faster
rate along the joints, where there is greater access for water to enter
the pavement structure. The L/S joint is the most difficult to keep
sealed, and therefore, the HM A along thisjoint wasfound to be more
susceptible to stripping and raveling. Consideration should be given
to sealing the jointsto limit water from coming into contact with the
HMA layer.

During the original construction of the HMA pavement it ismore
difficult to achieve the desired compaction along the longitudinal
joint. Insufficient compaction resultsin alower-quality HMA, result-
ing in reduced support and higher strainsin the UTW overlay. The
quality of the HMA aong the longitudinal edge should be evaluated
beforeit isdetermined whether UTW isan appropriate rehabilitation
aternative.

During evaluations of whether UTW isaviablerehabilitation alter-
native, cores should be pulled from the pavement to determineif the
asphalt isstripping and if the asphalt layer has an adequate thickness.
UTW can be successfully placed on aslittleas 76 mm (3in.) of asphdlt,
if thequality of theasphalt isgood. The cores should also revesl if the
asphalt layer is of uniform thickness and whether stripping and ravel-
ing have occurred. If these conditionsexist, UTW isagood option for
usein the rehabilitation of asphalt pavements.

ACKNOWLEDGMENTS

The author gratefully acknowledges FHWA and the Minnesota
Loca Road Research Board for financial support. This project was
initiated and constructed under the direction of Michael Beer and
David Rettner. Without their vision and efforts, this research project

Paper No. 03-4437 27

would not have transpired. The author also thanks District 3 for its
support in this research effort. The support provided during the con-
struction of the test sections by the author’ s colleaguesin the Office
of Materials and Road Research, Minnesota Department of Trans-
portation, and Robert Strommen and the personnel at the Minnesota
Road Research Facility was also greatly appreciated. The author
thanks Neil Lund for assistancein generating the graphs. Finally, the
author extends her sincere gratitude to Erland L ukanen for assistance
ininterpreting the FWD data.

REFERENCES

1. Mack, J. W., L. D. Hawbaker, and L. W. Cole. Ultrathin Whitetopping:
State-of-the Practice for Thin Concrete Overlays of Asphalt. In Trans-
portation Research Record 1610, TRB, National Research Council,
Washington, D.C., 1998, pp. 39—43.

2. Lukanen, E., R. Stubstad, and R. Briggs. Temperature Predictions and
Adjustment Factors for Asphalt Pavement. Report FHWA-RD-98-085.
FHWA, U.S. Department of Transportation, June 2000.

3. Hoffman, M. S,, and M. R. Thompson. Mechanistic I nter pretation of Non-
destructive Pavement Testing Deflections. Report UILU-ENG-81-2010.
University of lllinois, Urbana, June 1981.

4. Vandenbossche, J. M., and D. L. Rettner. The Construction of US-169 and
1-94 Experimental Whitetopping Test Sections in Minnesota. Minnesota
Department of Transportation, St. Paul, April 1998.

5. Vandenbossche, J. M. The Measured Response of Ultra-Thin and Thin
Whitetopping to Environmental Loads. Proc., 7th International Conference
on Concrete Pavements, Orlando, Fla., Sept. 2001.

6. Vandenbossche, J. M. The Construction and Performance of Ultra-
Thin Whitetopping Intersections on US-169. Final Report. Minnesota
Department of Transportation, St. Paul, May 2002.

Publication of this paper sponsored by Committee on Pavement Rehabilitation.



	Next Page
	Previous Page
	==================
	HOME (Main Menu) 
	Volume Table of Contents
	Volumes by Subject Category
	Contents by Volume
	Author Index
	Help
	==================




Accessibility Report





		Filename: 

		JTRB1823_Burggraf_Award.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found problems which may prevent the document from being fully accessible.





		Needs manual check: 2



		Passed manually: 0



		Failed manually: 0



		Skipped: 1



		Passed: 28



		Failed: 1







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Needs manual check		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Needs manual check		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Failed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Skipped		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top

