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Performance, Analysis, and Repair of
Ultrathin and Thin Whitetopping at
Minnesota Road Research Facility

Julie M. Vandenbossche and Aaron J. Fagerness

Thin and ultrathin whitetopping overlays are becoming a more common
method of pavement rehabilitation. It isimportant togain information on
thetypesof distressesthat occur in theoverlaysand effectiverepair tech-
niques. In 1997 theMinnesota Department of Transportation constructed
several thin and ultrathin whitetopping test cells at the Minnesota Road
Resear ch (Mn/ROAD) facility. Typical distressesincluded cor ner breaks,
transver se cracks, and reflective cracks. Thefinite element program
ISL AB2000 was used to investigate stress patterns and their relation to
the distresses. Different techniques for repairing ultrathin whitetopping
wer e investigated. Various techniques were also used to deter reflective
cracking, including various bond-breaking materialsand full-depth saw-
ing at strategic locations along the longitudinal joint to prevent cracks
from propagating into adjacent panels at misaligned transverse joints.
Four of the six sections had present serviceability indexes (PSls) greater
than 3.5 beforetherepairs, showing that a good level of performance has
been maintained after 4.7 million equivalent single-axle loads. The two
sections that exhibited the largest drop in PSI were the overlays with
1.2- x 1.2-m (4- x 4-ft) panels. The repairs made in sections containing
these panelshavebrought the PS| back up to an acceptablelevel (PSI > 3).
Thethin and ultrathin whitetopping test sections at Mn/ROAD have
shown that whitetopping isa viablerehabilitation alternative for asphalt
pavements. Theimportanceof choosing an optimum panel sizewasexhib-
ited. It hasalso been shown that when necessary, it iseasy torepair ultra-
thin whitetopping sections. Varioustechniquesfor repairing each type of
distress have been summarized.

Ultrathin and thin whitetopping overlays are becoming amorewidely
accepted rehabilitation aternative in the United States. Ultrathin
whitetopping consists of placing a 50- to 102-mm (2- to 4-in.) port-
land cement concrete (PCC) overlay on an asphalt pavement. Thin
whitetopping refersto a 102- to 152-mm (4- to 6-in.) overlay. Long-
term performance is obtained from the thin overlay by maintaining a
good bond between the overlay and the asphalt so load-rel ated stresses
can be reduced and by using short joint spacings to reduce curling
and warping stresses and bending stresses produced by applied loads
(1-3). Asthis form of pavement rehabilitation becomes more com-
mon, itisimportant to understand the types of distressesthat can occur
and how to repair them. Limited experience has been gained to date
in the development of repair techniques for ultrathin whitetopping
although awell-documented study was performed on the repair of an
ultrathin whitetopping subjected to accelerated-load testing at the
FHWA Turner-Fairbank Highway Research Center (4).

Minnesota Department of Transportation, 1400 Gervais Avenue, MS 645, Maple-
wood, MN 551089.

This study identifies typical distresses resulting from live Inter-
statetraffic loadsin pavementswith different ultrathin whitetopping
designs and the methods developed to repair each type of distress.
In October 1997, the Minnesota Department of Transportation (Mn/
DOT) constructed several ultrathin and thin whitetopping test sec-
tions on a 343-mm (13.5-in.) asphalt pavement on 1-94 at the Min-
nesota Road Research (Mn/ROAD) facility (5). This application is
not typical for ultrathin whitetopping, but it provided the opportu-
nity to evaluate the performance of these types of pavements under
accelerated-load conditions.

Thetop of the asphalt was milled to the depth of the overlay so the
origina elevation of the pavement surface could be maintained. Six
test sections were constructed. Three different overlay thicknesses
were included in the study [76, 102, and 152 mm (3, 4, and 6 in.)]
along with three different joint layouts [1.2 x 1.2 m, 1.5 x 1.8 m, and
31x37m(4x4ft, 5x6 ft, and 10 x 12 ft)]. The 152-mm (6-in.)
overlay test sections were 53 m (175 ft) long, and all other test sec-
tionswere 91 m (300 ft) long. All test sections contained polypropy-
lene fibers except for the 76-mm (3-in.) overlay with 1.5- x 1.8-m
(5 x 6-ft) panels, which contained polyoléfin fibers. All test sections
were undoweled except for one of the 152-mm (6-in.) overlays with
3.1- x 3.7-m (10- x 12-ft) panels. A summary of each test section has
been providedin Table 1.

DESCRIPTION OF DISTRESSES

A distress survey was performed on the asphalt pavement just before
the construction of the whitetopping and has been performed approx-
imately four times a year since the construction. Corner breaks and
transverse cracksarethetwo typesof distressesthat commonly occur
in ultrathin whitetopping. After 3.5 yearsand over 4.7 million equiv-
alent single-axle loads (ESALSs), both temperature- and load-related
distresses were observed in the 76- and 102-mm (3- and 4-in.) over-
lays, whereas no cracking occurred in the 152-mm (6-in.) overlays.
The majority of the distresses developed in the driving lane, as ex-
pected, whichwasloaded with 79% of thetraffic (3.7 million ESALYS).
A summary of the distresses in each test section is provided in Fig-
ure 1. Each graph contains three pieces of datafor each pointintime
that a distress survey was performed: the number of corner breaks
that devel oped since the previous survey was performed, the number
of transverse cracks that devel oped since the previous survey was
performed, and the cumulative percentage of panels that exhibited
cracking. As previously mentioned, no cracking has been observed
inthe 152-mm overlaysto date, so distress summary graphsare only
provided for the 76- and 102-mm overlays.
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TABLE 1 Whitetopping Test Sections at Mn/ROAD

Overlay Dowel
Thickness | Joint Spacing | Diameter
Cel mm m mm Fiber Type
93 102 12x1.2 none Polypropylene
94 76 12x1.2 none Polypropylene
95 76 15x1.8 none Polyalefin
96 152 15x1.8 none Polypropylene
97 152 31x37 none Polypropylene
92 152 31x37 25 Polypropylene

Overlay of 102 mm with 1.2- 1.2-m Panels

Figure 1a summarizesthe distress datafor the 102-mm (4-in.) over-
lay with 1.2- x 1.2-m (4- x 4-ft) panels. Since the time of con-
struction, 7% of the panels have exhibited cracking: 34% of the
observed distresses are corner breaks, and the remaining 66% are
transverse cracks. Most of the corner breaks occurred along the
inside longitudinal joint because of itslocation directly in thein-
sidewheel path (see Figure 2c). Transverse cracks often occur inthe
outside wheelpath near a transverse joint (Figure 2a). At times,
thesetransverse cracks wereintercepted by corner breaksthat ini-
tiated at the intersection of the wheel path and the transverse joint
(Figure 2b). Of the cracking in this section, 73% occurred in the
driving lane.

Preexigting transverse cracks in the asphalt were surveyed before
the construction of the whitetopping test cells. This survey was used
along with the distress data coll ected for each whitetopping section to
determine the percentage of preexisting cracks that reflected through
theoverlay: 19% of thetransverse cracksin thistest section arereflec-
tive. Thereflective crack in the asphalt shoulder in Figure 3 marksthe
location of atemperature crack that extended across both lanesin the
existing asphalt pavement before construction of theinlay. Thiscrack
propagated up through the concrete inlay in the driving lane during
thefirst winter following construction and in the passing lane during
the second winter following construction. The presence of reflective
cracks emphasi zes the need to take extra precautions during construc-
tion to match up the transverse joints in the overlay with the existing
temperature cracks in the asphalt.

The present serviceability index (PSI) for the 102-mm (4-in.) over-
lay with 1.2- x 1.2-m (4- x 4-ft) panelswas above 2.25 just beforethe
repairs. Thistest section was at the end of the whitetopping sections
and adjacent to a 191-mm (7.5-in.) concrete pavement test section.
The six end panels adjacent to the 191-mm concrete pavement had
high-severity cracking. The roughness of these panels had a signif-
icant effect on the calculated international roughnessindex (IRI) and
therefore on the PSI since the test section is short [less than 60 m
(200 ft)]. Past experience has shown that increasing the overlay thick-
nesstoat least 152 mm (6 in.) a the beginning and end of the ultrathin
whitetopping (the first and last row of panels) will reduce cracking
in the panels at the point that traffic is coming on and going off the
overlay.

Overlay of 76 mm with 1.2- 1.2-m Panels

Figure 1b summarizesthe distress datafor the 76-mm (3-in.) overlay
with 1.2- x 1.2-m (4- x 4-ft) panels. This test section developed a
greater number of corner bresks and transverse cracks than the other
sections, with 30% of the panels exhibiting distress after 4.7 million
ESALSs: 83% of the distressed panels are located in the driving lane,
87% of the observed distresses are corner breaks, and the remaining
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13% aretransverse cracks; 47% of thetransverse cracksarereflective.
Thistest section devel oped the same cracking pattern asthe 102-mm
(4-in.) overlay with 1.2- x 1.2-m panels because the joint layout was
the same. Adding 25 mm (1in.) to thethickness of the 102-mm (4-in.)
overlay significantly reduced the percentage of distressed panels
compared with the 76-mm (3-in.) overlay.

Overlay of 76 mm with 1.5- 1.8-m Panels

Figure 1c summarizesthe distressfor the 76-mm (3-in.) overlay with
1.5- x 1.8-m (5 x 6-ft) panels. The performance of thistest sectionto
date has been comparable with that of the 102-mm (4-in.) overlay
with 1.2- x 1.2-m (4- x 4-ft) pandls, which is significantly better than
the other 76-mm (3-in.) overlay with 1.2- x 1.2-m panels. Only 8% of
the panels in the 76-mm overlay have developed cracks, of which
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FIGURE 1 Distresses occurring on (a8) 102-mm overlay with
1.2-  1.2-m panels, (b) 76-mm overlay with 1.2-  1.2-m panels,

and (c) 76-mm overlay with 1.5-  1.8-m panels.



Vandenbossche and Fagerness

(b)

FIGURE 2 Ultrathin whitetopping with 1.2-
transverse cracks, and (c) corner cracks in wheelpath.

75% are located in the driving lane; 82% of the observed distresses
are corner breaks and theremaining 18% are transverse cracks. All of
the corner breaks are located in the outside panels. The corner cracks
tended to initiate where the wheel path intersects the transverse joint,
as was observed for the overlays with the 1.2- x 1.2-m joint layout.
All of the transverse cracksin this test section were reflective cracks.
The76-mm overlay with 1.5- x 1.8-m panelsisperforming well, with
aPS| above 3.68 before the repairs were compl eted.

The 76-mm overlay with 1.5- x 1.8-m panelswasthe only test sec-
tion to contain polyolefin fibers. All of the other test sections contain
polypropylenefibers. Thetype of fiber used does not appear to affect
the performance of the whitetopping until after a crack has devel-
oped. The polyolé€fin fibers seem to maintain theintegrity of the crack
better than the polypropylene fibers do.

FACTORS AFFECTING PERFORMANCE

Theamount of cracking and the cracking pattern that occurred in each
section are directly influenced by the joint layout. The longitudinal
joint of a1.2- x 1.2-m (4- x 4-ft) joint layout is located in the inside
wheelpath. Thislocation resulted in corner cracking for both the 76-
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Dashed Lines Indicate
Location of Wheelpath.

1.2-m panels: (a) load-related transverse cracks, (b) load-related corner breaks and

and 102-mm (3- and 4-in.) overlays. The performance of the 76-mm
overlay with 1.5- x 1.8-m (5- x 6-ft) panels was significantly better
than that of the 76-mm overlay with 1.2- x 1.2-m panelsbecausethe
longitudinal joints were located outside of the wheelpaths, thereby
reducing theedgeloads. A comparable performancewas obtained with
the 76-mm overlay with 1.5- x 1.8-m panels and the 102-mm overlay
with 1.2- x 1.2-m panels. Thisfinding indicates that an optimum joint
layout can provide an increase in the performance of the overlay
equivalent to an increasein the thickness of the overlay by 25 mm
(1in.). The 76-mm overlay with 1.5- x 1.8-m panelsisa so more eco-
nomical than the 102-mm overlay with 1.2- x 1.2-m panels because
less concrete is needed and there are fewer joints to construct and
maintain.

Reducing the panel size will reduce the curling and warping and
load-related flexural stress. The finite element program |SLAB2000
was used to model two panel sizes, 1.2- x 1.2-mand 1.5- x 1.8-m, for
the 72-mm (3-in.) overlay test sectionsat Mn/ROAD. | SLAB2000
isatwo-dimensional finite element program with the capability of
modeling two-layered multislab pavement systems. The concrete
overlay and asphalt layer were modeled as fully bonded. The maxi-
mum principal tensile stress produced by temperature gradients for
each test section was determined for three different gradientsand is
summarized in Table 2. The maximum tensile stress generated in
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FIGURE 3 Reflective cracking in ultrathin whitetopping.

each panel size waswithin 0.01 MPa (1 psi), indicating that the two
panel sizesrespond similarly to temperature gradients of the same
magnitude. A significant reduction in panel size would reduce the
curling and warping and flexural stress although the combined tem-
perature- and load-rel ated stress could still be higher in the smaller
panelsif the longitudinal joint liesin the wheelpath and corner or
edge loadings result.

ISLAB2000 was aso used to model the Mn/ROAD test section
containing a76-mm (3-in.) overlay with 1.2- x 1.2-m (4- x 4-ft) pan-
dsloaded witha102-kN (23-kip) truck axleand a0.44°C/cm (2°F/in.)
temperature gradient. The principal stress contour plot was generated
for the top of the dab and is provided in Figure 4; the plot indicates
that corner breaks would develop in the inside wheelpath along the
longitudinal joint and that transverse cracking would develop in the
outside wheel path near the transversejoint. Thistheoretical cracking
pattern matchesthe actual cracking pattern that devel oped for thistest
section at MN/ROAD. The high tensile stressesthat devel op along the
longitudina joint in the inside wheel path emphasi ze the need to con-
sider the location of the wheelpath with respect to the longitudinal
joints when the optimum panel sizeis determined. Although a0.6- x
0.6-m (2- x 2-ft) joint layout was not included in this study, both the
outside and inside wheelpaths lie directly on the longitudinal joints,

TABLE 2 [ISLAB2000 Results of Stresses Generated by Linear
Temperature Gradients in 76-mm Ultrathin Whitetopping at
Mn/ROAD

Maximum Tensile Stress, M Pa
Cell Panel Size +0.66°C/cm | +0.22°C/cm -0.33°C/cm
94 [12mx1l2m 0.505 0.168 0.318
95 [15mx18m 0.507 0.169 0.308
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thereby increasing corner stresses. The outsidelongitudinal joint also
liesin the wheel path for ajoint layout of 0.9 x 0.9 m (3 x 3ft).

Many of thetransverse cracks appearing in the overlaysarearesult
of previoudly existing temperature cracksin the asphalt that reflect up
through the concrete. Reflective cracking isafunction of both uniform
temperature- and load-rel ated stresses. Thethermal contraction of the
asphaltinthewinter crestesastress concentration at the bottom of the
concretein theregion near thetip of the crack in the asphalt. The mag-
nitude of the tensile stress at the bottom of the concrete is then
increased as aresult of vehicleloads, thereby causing the crack in the
underlying asphalt to propagate up through the concrete overlay.

The 152-mm (6-in.) overlays did not experience reflective crack-
ing: 32% of the preexisting cracks in the asphalt propagated up
through the overlay in the 76-mm section with 1.5- x 1.8-m (5- x 6-ft)
panels. In the 76-mm section with 1.2- x 1.2-m (4- x 4-ft) panels,
56% of the preexisting cracks reflected through the overlay. In the
102-mm (4-in.) overlay with 1.2- x 1.2-m panels, 50% of the cracks
reflected up through the concrete. All but two of the reflective cracks
developed during the spring and winter. It is possible that these two
cracksalsoinitiated during the winter or spring but were not noticed
until the following summer. Reflective cracking typically occurred
earlier inthedriving lanethan in the passing lane, indicating that the
volume of traffic accumulated affects the development of reflective
cracks.

Panel size and overlay thickness also affect the development of
reflective cracking. The section with the shortest joint spacing and
the thinnest overlay (76-mm overlay with 1.2- x 1.2-m panel spac-
ing) experienced the highest percentage of cracks reflecting through
the overlay, whereas no cracking occurred in the 152-mm (6-in.)
overlays. The 102-mm (4-in.) overlay with the same panel size (1.2 x
1.2 m) had adightly lower percentage, but this difference might not
be statistically significant. The 76-mm section with larger panels
(1.5 x 1.8 m) had the lowest percentage of thermal cracks propagat-
ing through the overlay among the three ultrathin test sections. As
previously discussed, the load-related stressis higher in the ultra-
thin overlayswith 1.2- x 1.2-m panels because thelongitudinal joint
lies in the wheelpath. The |oad-related stresses coupled with ther-
mal stresses generated during the colder months of the year work
together to promote the reflection of cracks from the asphalt into
the overlay.

Thestiffness of the asphalt and the quality of the bond between the
concrete overlay and the asphalt also have a significant effect on the
performance of the overlay. Temperatures ranging between 38°C
(100°F) and —15°C (4°F) have been measured using thermocouples
embedded inthemiddle of theasphalt layer during construction. Cores
were taken from the asphalt pavement after each lift was placed and
used to develop the relationship between resilient modulus and tem-
perature. Using thisrelationship, the resilient moduli of the asphalt at
thesetwo temperatures are 1,160 M Pa (168,000 psi) and 10,900 M Pa
(1,580,000 psi), respectively. When the temperature is higher, the
asphalt below the concrete provides less support. The overlay must
then bear alarger portion of theload, resulting in higher stresses. The
relationship between changesin strain with changesin resilient mod-
uluswas characterized for the 76-mm overlay with 1.2- x 1.2-m pan-
els by applying a40-kN (9-kip) falling-weight deflectometer load in
the outer wheel path adjacent to the transverse joint when the asphalt
was at different temperatures. The strains were measured at the bot-
tom of the concrete overlay and 25 mm (1in.) from thetop of the con-
crete. The results are provided in Figure 5, which shows that strain
increases significantly when theresilient modulusisbelow 3,000 MPa
(435,000 psi). The strain is close to zero when the resilient modulus
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FIGURE 4 Theoretical stresses due to 102-kN axle load and 0.44°C/cm

temperature gradient (76-mm overlay with 1.2-

isaround 4,000 M Pa (580,000 psi), and the entire concrete overlay
isin compression when the resilient modulus is above 4,000 MPa
(580,000 psi). Theresilient modul usis 4,000 M Pa (580,000 psi) when
the asphalt temperature is 6°C (43°F) and 3,000 M Pa (435,000 psi)
when the temperatureis 11°C (51°F). The average monthly tempera-
tureis greater than 6°C (43°F) for 7 months of the year in Minnesota
and greater than 11°C (51°F) for 5 months of the year (6). Therefore,
compressive stresses will be generated at the bottom of the overlay
under an applied load themgjority of thetimefor 4 months of theyear.
The bottom of the overlay will bein tension under an applied load the
majority of thetime for 5 months of theyear. Thedatain Figure 5
demonstrate theimportance of considering seasonal effectswhen the
design life of ultrathin whitetopping is determined.

Over time, the combined stiffness of the overlay and the asphalt
cross section can decrease. There are three means by which the stiff-
ness of thismonolithic section can be reduced: the overlay debonds at
the interface between the asphalt and concrete, delamination occurs
between liftswithin the asphalt, or the asphalt ravels. Thisdecreasein
stiffness also leads to less support from the underlying pavement,
higher stressesin the overlay, and potentially cracking. The mode of
deterioration will dictate the depth of repair required if cracking does
occur. These three modes of deterioration are shown in Figure 6, in
which the bottom portion of a panel from an ultrathin whitetopping
sectionisshown after it had been removed with abackhoe. The photo-
graph was from a section of ultrathin whitetopping being repaired on
US-169 near Mankato, Minnesota, in October 1998.

60 -

1.2-m joint spacing).

REPAIRING ULTRATHIN WHITETOPPING

Repairswere made on three of the six Mn/ROAD test sectionson June
20, 2001, after over 4.7 million ESALSs had been accumulated. The
repairs were made to 13 different areas in the ultrathin whitetopping
test sections. In the section with a 76-mm (3-in.) overlay and 1.5- x
1.8-m (5- x 5-ft) joint spacing, four panels were repaired (two loca-
tions). Eighteen panels were repaired (six locations) in the section
witha76-mmoverlay and 1.2- x 1.2-m (4- x 4-ft) joint spacing. Nine-
teen panelswererepaired (fivelocations) in the section witha102-mm
(4-in.) overlay and 1.2- x 1.2-m panels.

Saw cutswere made parallel to thejoints 150 mm (6 in.) inside the
perimeter of the repair areato protect the bond between the concrete
overlay and the underlying asphalt in adjacent panels during the
milling process. The concern wasthat the milling machinewould pull
up the surrounding panelsand damage the bond between the concrete
and asphalt. No cuts were made along the shoulders. A chop saw and
awalk-behind saw were used to makethe cutsto the depth of theover-
lay. It took approximately 2 h to complete this portion of the sawing.
These saw cutswerelater found to be unnecessary becausethemilling
did not disturb the adjacent panel swhen the milling machinewas kept
150 mm from the edge of the panel.

Two Caterpillar PR-105 milling machines with 36-cm (14-in.)
milling heads and tungsten carbide teeth were used to remove the
concretefromthe center of therepair areas (within the saw cutsmade
150 mm from the edge of the panel). The distressed areaswere milled
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FIGURE 5 Strain directly under 40-kN falling-weight deflectometer load applied in

wheelpath adjacent to transverse joint on 76-mm overlay with 1.5-

1.8-m panels.
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FIGURE 6 Three different modes of debonding between asphalt and
concrete overlay.

25 mm (1in.) below the depth of the overlay into the asphalt. How-
ever, some of therepair areas were too shallow because the milling
operators did not always increase the milling depth after milling the
76-mm (3-in.) overlay and before milling the 102-mm (4-in.) over-
lay. Thisoversight resulted in the milling of some of the repair areas
in the 102-mm overlay only to the interface between the asphalt and
concreteinstead of 25 mm into the asphalt. The asphalt at theinter-
face was sometimes raveled, so additional milling was necessary to
exposeasolid asphalt surfacefor bonding to therepair. Several areas
needed to be milled twice because therewas still someravelinginthe
asphalt at 25 mm below the overlay. Raveling beneath the overlay
tended to be more extensive when reflective cracking was present and
water could be pumped up from the subgrade. Remilling these repair
areasledto further difficulties. The milling machine had to bedriven
through the repair area during the milling, resulting in an unevenly
milled asphalt surfacewith ridgesin several of therepairs. Theridges
were removed with chisel-hammers to reduce any stress concen-
trations that could develop and to allow for more uniform thermal
movementsin the concrete overlay.

A core was pulled from the most severely distressed panel before
milling so that the appropriate milling depth could be estimated on
the basis of theintegrity of the asphalt beneath the distressed panel.
On this basis, an appropriate depth for milling was determined to be
25mm (1in.) intotheasphalt layer. A total of 49 m? (525 ft?) of pave-
ment was milled. The milling process took approximately 2.5 h to
complete, which would have beenreduced to 1.5 hif all of therepairs
had been milled to the correct depth on the first pass.

The 150-mm (6-in.) wide concrete border adjacent to thejointsthat
remained after milling was removed using 30-1b chisel-hammers. It
was important to use lightweight hammers to prevent spalling dam-
age to surrounding panels. Cleaning and preparation of the repair
areas were accomplished in three steps. The majority of the material
was first removed with askid loader. Then avacuum truck was used
to remove most of the remaining debris. Finally compressed air was
used to thoroughly clean the surface. Removing the 150-mm concrete
border adjacent to thejointsand cleaning the repair areastook approx-
imately 45 person-h, or an average 40 min per repair for afive-person
work crew.

Repairing areas with corner breaks and transverse cracking con-
sisted of removing the distressed panels using amilling machine and
chisel-hammers, as described above, and placing concrete back into

therepair area. Repairing panel swith reflective cracks presented addi-
tional difficulties. Several techniques were implemented to deter the
reoccurrence of reflective cracking. Thefirst approach wasto placea
bond-breaking material over thecracksinthe asphalt to prevent cracks
from reflecting up into the repaired panel. Two different types of
debonding materials were tested, duct tape and roofing paper.

Several repairs contained reflective cracksinthe overlay that were
near the sawed transversejoint. After milling, it was revealed that a
crack would still propagate down from thejoint into the asphalt even
when afull-depth transverse reflective crack was near thejoint. The
reflective crack tended to bethe working crack, so the new joint made
in each repair was sawed over the reflective crack. Small strips of
roofing paper were placed over these cracks and stapled to the asphalt
asabond breaker. Thistreatment was necessary to prevent reflective
cracking in the areas where the meander of the crack would not fol-
low the straight joint sawed into the repair. Roofing paper was used
in lieu of duct tape if the cracks tended to meander significantly
because the pieces of roofing paper could be tailored to fit the shape
of the crack. Duct tape was placed asabond breaker over the straight
cracksin theasphalt that propagated down from thejoints sawed into
theoverlay duringinitial construction. The duct tape was also stapled
to the asphalt to prevent it from moving whilethe concrete wasbeing
placed.

Therepair areaswerefilled with concrete after being cleaned. Two
different high-early-strength concrete mixtures were used, one with
polyolefin fibers and one without fibers. The repair surface was sprin-
kled with water just before placement of the concrete. Curing com-
pound was sprayed on the surfaceimmediately after the concretewas
placed and finished. Wet burlene was used to cover the repairs after
the concrete had gained sufficient strength to resist scaring on the sur-
face. Approximately 3 h after the concrete was placed, the joints
weresawed 3mm (0.125in.) wide and to adepth of 38 mm (1.5in.)
to 51 mm (2in.) with awalk-behind saw. Inlocationswherethetrans-
versejointswere sawed to match existing cracks, thetransversejoints
did not always line up in the adjacent panels. The longitudinal joints
were sawed to the depth of the overlay between and on both sides of
the misaligned transverse joints to ensure that the two panels did not
bond together; otherwise, cracks could potentially develop from the
misaligned transverse jointsinto the adjacent panels. Compressed air
was used to clean debris from thejoints after the sawing process was
completed and the burlene was rewetted and placed back over the
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FIGURE 7 Repairing reflective cracks in ultrathin whitetopping.

repairs. Sawing and cleaning thejoints and reapplying thewet burlene
took approximately 6 person-h. Thejointswere cleaned thefollowing
morning with asand blaster and compressed air just before sealing. All
joints were sealed with alow-modulus asphalt sealant.

Figures 7 and 8 show examples of typical repairs performed on
the ultrathin whitetopping sections at Mn/ROAD.

RIDE QUALITY

Theinitial ride (immediately after construction) on both the thin and
ultrathin test sections constructed at Mn/ROAD wasexcellent. A sum-
mary of theRIsand the corresponding PSIsisprovidedin Table 3. As
expected, from the distress data summarized earlier, the thin white-
topping sectionsmaintained ahigh IRl and PSI. The PSI measured for
theultrathin whitetopping sectionsjust before therepairs had dropped
significantly from that obtained immediately after initia construction.
The only exception was the 76-mm (3-in.) overlay with 1.5- x 1.8-m
(5 x 6-ft) panels, which maintained a PS| above 3.5. The PS| even
dropped below the terminal serviceability (PSI = 2.5) for the 76-mm
overlay with 1.2- x 1.2-m (4- x 4-ft) panels. The PSI was successfully
brought back up to an acceptable level (PSI = 3.12) when therepairs
were performed. The concrete was finished high when the repairs
were performed, which resulted inadightly higher IRI (and PSI) than
desired. The IRI was still sufficiently low, and diamond grinding of
therepair areas was deemed unnecessary.

CONCLUSIONS

After 4.7 million ESALS, thethin [150-mm (6-in.)] whitetopping test
sections at Mn/ROAD have not exhibited any distress. Cracking has
occurred in the ultrathin whitetopping test sections. The majority of
the cracking was in the driving lane. The two types of distresses
observed in the ultrathin whitetopping are transverse cracks and cor-
ner breaks. Reflection cracks also devel oped from temperature cracks

oo v L ‘% o s TS &
Location Where Joint was Sawed |
to Full-Depth of Concrete.

(b)

FIGURE 8 Repairs on Mn/ROAD: (a) joint sawed directly over
existing crack in asphalt and (b) longitudinal joint sawed to
depth of overlay to prevent cracking.
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TABLE 3 Roughness Measurements and PSls Before and After Repairs

After Initial
Construction Befor e Repair After Repair
(12/1997) (5/15/2001) (7/9/2001)
Right L eft Right L eft Right
Wheelpath Wheelpath Wheelpath Wheelpath Wheelpath
IRI IRI IRI IRI IRI
Cel| PSI | m/km | PSI | m/km | PSI | m/km | PSI | m/km | PSI | m/km
92 [ 389 | 095 | 363 | 114 | 358 | 118 | NJA | N/A | N/A | N/A
97 [421 | 074 | 394 | 092 |38 | 098 | NA N/A N/A N/A
96 [ 441 | 063 [ 389 | 095 | 358 | 118 | NJA | N/A | N/A | N/A
95 | 414 | 079 (412 | 080 | 368 | 110 [418| 076 | 351 | 1.23
94 | 424 | 072 [ 225 | 243 | 349 | 125 (294 | 172 | 303 | 164
93 1430 | 069 [345| 128 | 225| 243 [353| 122 | 312 ] 156

in the underlying asphalt layer. The distress data for the three ultra-
thin designs show that using ajoint layout that keepsthelongitudinal
joints outside of the wheelpath will increase performance. The finite
element program | SLAB2000 was used to show that thereisno sig-
nificant increase in stress generated by atemperature gradient when a
76-mm (3-in.) bonded overlay with 1.5- x 1.8-m (5- x 6-ft) panelsis
compared with a 76-mm bonded overlay with 1.2- x 1.2-m (4- x 4-ft)
panels. A comparison of the distress data collected for the ultrathin
test sections shows that similar performance was obtained between
the 76-mm overlay with 1.5- x 1.8-m panels and the 102-mm (4-in.)
overlay with 1.2- x 1.2-m panels. Thisfinding indicatesthat the thick-
ness of the overlay can bereduced by 25 mm (1in.) if 1.5- x 1.8-m
panelsare used in place of 1.2- x 1.2-m panels because the joints are
then located outside of the wheel path. Other important considerations
in the performance of ultrathin whitetopping are the quality of the
asphalt beneath the overlay and the asphalt temperature and stiffness.
Both of these factors have asignificant effect on the magnitude of the
stresses generated in the pavement structure.

Various techniques for repairing ultrathin whitetopping were dis-
cussed. It was determined that using amilling machine with tungsten
carbideteeth to removethe concrete greatly reduced thetimerequired
per repair. The milling process exposed fractured aggregate particles
in the asphalt and a ridged macrotexture surface that promotes good
bonding between the asphalt surface and therepair. V arioustechniques
were also used to deter reflective cracking, including various bond-
breaking materials and full-depth sawing at strategic locations aong
thelongitudina joint to prevent cracksfrom propagating into adjacent
panels at misaligned transverse joints.

ThelRI and PSI of both the thin and ultrathin whitetopping sections
were excellent immediately after initial construction. A drop had
occurred inthe IRl for the ultrathin whitetopping sectionswith 1.2- x
1.2-m (4- x 4-ft) panels, and one section was below the acceptable
level. Therepairsmadein this section have brought the IRI back to an
acceptable level. Four of the six sections had PSIs greater than 3.5
before therepairs, showing that agood level of performance hasbeen
maintained after 4.7 million ESALs.

The thin and ultrathin whitetopping test sections at Mn/ROAD
revealed that whitetopping is a viable rehabilitation alternative for
asphalt pavements. The importance of choosing an optimum panel

sizewas shown. It was also shown that when necessary, it iseasy to
repair ultrathin whitetopping sections, and various techniques for
repairing each type of distress were summarized.
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