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ABSTRACT. Ultrathin overlay (UTO) is a very thin layer used in the pavement to restore the surface
quality and to seal and protect pavement, thus reducing the pavement’s rutting and fatigue cracking and
increasing its skid resistance. UTO is a non-structural layer that can improve the pavement’s mechanical
behavior by reducing the thermal field on the underlying asphalt materials. This paper presents an ultrathin
multi-functional overlay (UMO) for this purpose.

The research investigated the particular properties of mortars with different types of cement and aggregates
and with a patented mixture of acrylic resins and additives. The technology, well known in concrete repair,
can be extended to road asphalt pavement restoration. Experiments were performed in both the laboratory
and the field. The tests demonstrate the remarkable ability of the UMO to maintain the stiffness of materials
subjected to thermal stress and a high ability to support adhesion but a low skid resistance. The introduction
of different grit sizes allows increasing the skid. The overlay could potentially affect many aspects of
pavement maintenance, such as restoring degraded surfaces, increasing scratch resistance and hardness,

sealing cracks and, in the case of airfield pavements, protecting the pavement from solvent fuels and very
high temperatures.

Keywords. Paving ultrathin overlay, pavements maintenance, thermal behavior, asphalt preservation,
bituminous surface, cement seal coat



1. Introduction

Safety requirements and pavement preservation impose a more efficient use of the available
budget. As a result, management agencies have focused on maintaining and preserving existing
pavement surfaces (Mamlouk and, Zaniewski, 2001). Preventive maintenance strategies allow
extending the pavement service life, retarding progressive deficiency and distress. Earlier
maintenance can be performed at lower costs and a high cost/benefit rate while maintaining
constant safety conditions (Cheneviere and Ramdas, 2006]. Each highway agency has a
maintenance manual that covers pavement defects, costs, alternative strategies and the lifespan of
each strategy (Peterson, 1991).

Thin bituminous surface (BTS) treatments are typically protective interventions in
pavement maintenance with a minimum thickness of approximately 12-15 mm. In wearing course
maintenance, a BTS is considered the most economical choice for low-traffic pavements (Liu, et
al.,2010). Ultrathin hot mix asphalt (HMA) comprises an HMA (12-20 mm) covering old wearing
course with a thick asphalt emulsion layer or membrane. The system can restore minor amounts
of surface distress, thus providing a durable, friction resistant surface on existing pavement
(Ruranika and Geib, 2007; Rahaman, 2012).

New materials with similar performances as ultrathin HMA are currently under
investigation. These materials have thicknesses of less than 3-4 mm, and unlike previous
materials, they permit the extension of durability with a simple laying technique. In 2007, the
research investigated the particular proprieties of mortars with different types of cement,
aggregates and others components with a nominal thickness of 2 mm (see Figure 1). Ultrathin
multi-functional overlay (UMO) denotes the exceptionally low thickness of the new application
investigated in the research and its capability to improve many different aspects of the pavement
performance (Coni, 2013).

Figure 1. Bituminous sample surface with UMO

UMO consists of high-strength concrete, micronized quartz powder, a mixture of acrylic
resins and additives emulsified in water. The moisture content and proportion of components
allow one to control the workability and consistency of the mixture. The application is well known
in concrete repair and for protection of canals, dams, seawalls, docks, and airport apron slabs
(Perkins, 2003). The treatment allows for the sealing of cracks, restoration of a degraded surface,
waterproofing, and protection from solvent fuels and can accommodate photocatalytic agents.

Previous studies determined that UMO has excellent scratch resistance and durability.
Therefore, the application has the potential for use in port areas or in areas of bulk goods handling,
where the action of abrasion attacks the pavement surface. Moreover, UMO can reduce a thermal
field in the underlying asphalt materials with mechanical benefits for the pavement, deformations,



and rutting. Thermal effects and oxidative aging might play a relevant role in the crack initiation
and propagation mechanism. The expansion and contraction during thermal cycles can activate
cracking that cannot fully recover in aged HMA (Croll, 2009). Research performed in Kenya
(Wamburga et al., 1999) indicated that solar radiation could be a most critical factor in
accelerating surface age hardening and top-down cracking. In 2015, Alavi developed a
compressive model for predicting thermal cracking in asphalt pavements considering the
continuous evolution of the asphalt mixture properties with oxidative aging over time.

To assess the intrinsic parameters (thermal conductivity and heat capacity) of a
bituminous mix, Houel in 2010 developed a procedure to determine the thermophysical
characteristics of bituminous concrete and its influence on fatigue properties. Moreover, a fresh
surface can control the absorbed energy and temperature, improving air quality and reducing heat
pollution (Akbari, 2001; Fang, 2010; Golden and Kaloush, 2006).

A recent study (Zachry, 2017) demonstrated the importance of temperature reduction by
controlling the thermal properties of HMA by selecting highly conductive aggregates and graphite
powder. From this perspective, UMO has remarkable potential for controlling the urban heat
island (UHI) phenomenon, and thermal distress in asphalt pavement.

2. Research Objective and Approach

Table 1 summarized the mechanical tests conducted.

Laboratory tests No. of samples In situ tests No. of samples
Adhesion capability 8 Skid tests 28

Mechanical performance 24 Tenacity 4

Hot/cold cycles resistance 12 Laying technique 3

Skid resistance 16 Thermal 1 test section
Thermal 2 x 3 tests

Table 1. Tests conducted in this research

The experimental program involved laboratory and field tests. The tests focused on the
adhesion capability, skid resistance, tenacity and mechanical performance of specimens with and
without overlay and under hot/cold cycle aging. Furthermore, different laying techniques were
analyzed in the in situ tests to adjust the laying technique and to optimize the total thickness and
number of laying passes. After the application of the UMO at the experimental sites, the
monitoring phase under real traffic conditions began.

The current paper summarizes the outcomes of the mechanical tests and investigates how
the treatment could reduce the temperature inside bituminous pavements.

3. Summary of the Experimental Tests

3.1 Adhesion capability

The surface of eight asphalt cores, pull out from a road pavement (AADT: 13,000 vehicles/day
with 32% heavy vehicles) assessed the bond of UMO on the surface layer of asphalt.
Four cores taken from pavements side, not subjected to traffic, and four taken from the wheel
paths, ware used to make four specimens obtained by connecting UMO with two cores, matching
the exterior face of the cores.

A comparison of the test results obtained by joining specimens with UMO (between 0.78
MPa and 1.03 MPa) and those joined by bitumen emulsion (between 0.010 MPa and 0.016 MPa)
illustrates that the shear strength obtained using UMO is two orders of magnitude higher than that



using bitumen emulsion (Figure 2).
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Figure 2. Shear strength in samples connected with UMO and bituminous emulsion

When using bitumen emulsion, the failure surface occurs at the interface between the asphalt
concrete and emulsion. In contrast, either the rupture of the bond between the cement mortar and
asphalt sample or cohesive failure in the asphalt may occur in the specimens connected with
UMO.

3.2 Mechanical performance

Indirect tensile tests were conducted to characterize the mechanical behavior of the specimens.
Three sets of 4 samples (100 mm in diameter and 40 mm high) tested with Nottingham Asphalt
Test (NAT) without a coating (0%), partially covered (only on one base face 28%), and entirely
dressed over the surface (100%).

UMO has a stiffness modulus of approximately 31,000 MPa, and when applied to a
bituminous surface, UMO increases the elasticity and surface modulus of a thin layer. The
improvements derived by adding a layer on the surface; filling the superficial porosity of the
HMA and strengthening the tie between superficial grains (Figure 3).

The mean value of the dynamic stiffness modulus without UMO was 4,864 MPa. The dynamic
stiffness modulus values of the second and third sets were 5,621 and 7,433 MPa, respectively.

The mean value increased by 15.56% for the samples partially covered and 51.81% for
the fully covered specimens compared to the uncovered specimens. The data dispersion increased
sharply with an increase in the amount of surface covered. This result confirms the positive effect
of the UMO; however, the results are highly dependent on the laying method, texture
characteristics and air void of the samples surface, in addition to various other factors. Therefore,
the results are not sufficiently reliable and thus remain qualitative.

3.3 Stiffness under hot/cold cycles

Hot/cold cycle resistance tests were conducted by subjecting 24 specimens to cycling temperature
between -10°C and +70°C for five days. Before the test, the samples were subjected to a
temperature of 70°C in the thermostatic chamber for five hours and then immediately immersed
in water at a temperature of 20°C for 4 hours. After a quick drip, the wet specimens were frozen
for 8 hours, followed by a resting period at ambient temperature for 7 hours. Finally, before the
NAT test, the materials were held in a thermostatic chamber at 20°C for 4 hours. Hot/cold cycles
and water immersion before freezing affect HMA, as the water fills the pores and micro-cracks.



The fluid expansion during the cold phase opens the voids and decompresses the material.
The specimens without thermal stress exhibit a mean stiffness of 5,972 MPa, whereas those
subjected to hot/cold cycles, exhibit a mean value of 4,868 MPa (-18.49%). Compared to the
uncovered specimens, the partially coated samples exhibit a 19.74% reduction, whereas the
wholly covered specimens exhibit a 34.76% reduction in the dynamic stiffness modulus. Figure
3 summarizes the results.
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Figure 3. Dynamic stiffness moduli obtained from NAT tests and samples dressed fully, partially and
without UMO for indirect tensile tests

3.4 Skid resistance

Friction tests were conducted in a laboratory using a British Pendulum under wet conditions. The
preliminary results demonstrated the poor skid resistance of the pavement, ranging from 51 to 58.
Four specimens (50 x 50 cm) with quartz grains (size 0.5 - 0.7 - 1.0 - 1.5 mm) over the UMO
show acceptable average values (73 BPN).

In 3 in situ sections, the friction tests exhibited different results. The skid value obtained
in the first tested site (fuel tanker parking area, in Figure 4a, with two-layer UMO, laid under the
optimal conditions) exhibited a mean value of 74 BPN (British Pendulum Number). In the second
section, located along a provincial road (Figure 4b), vehicles reach speeds of up to 70 km/h. The
site was selected to establish the friction loss under different UMO thicknesses and laying
techniques to limit the saturation of the existing pavement macro-texture. The initial mean value
of 50 BPN obtained represents a significant decay compared to the existing bituminous pavement,
which exhibited a value of 65 BPN. The problem can be mitigated using different size grains
inside the UMO. Two different grain sizes (0.5-1.0 mm, 2.0-3.0 mm) introduced in the third
section (parking area in an urban park, Figure 4c) improve the skid. The 25 skid tests yielded a
mean value of 76 BPN for the 0.5/1.0 mm grain size and a mean value of 81 BPN for the 2.0/3.0
mm grain size.
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Figure 4. Specimens used for the skid tests (top and the left) and three different experimental sites: a) a
parking area and transit path of fuel tankers; b) a road in an industrial area; and c) parking area in an
urban park.

3.5 Tenacity

Two sections of bituminous pavement, covered with UMO and without, subjected to 10 minutes
of the repeated action of a caterpillar track excavator (Figure 5) were very stressed under loads in
compression, shear, and torsion. This unconventional test is a qualitative and not a standard
procedure.

Figure 5. Tenacity test results. No damage with UMO treatment (on the left) and abrasion and cracks on
the untreated pavement (on the right).

The UMO showed excellent adhesion and toughness on the asphalt surface. A
comparative analysis of the two section shows that the aggressive action of the steel caterpillar
track produced more extensive and severe damage in the absence of UMO. In the pavement
covered with UMO no cracks, tears or degradations occur.

The only visible effect is related to the polishing; the coating abrades below the track due
to the action of rubbing with steel. This remarkable performance represents a potential application
for UMO in goods handling and loading areas, such as ports and warehouses.

3.6 Laying technique

The surface is first cleaned with high-pressure water jets to remove coarse dirt, debris, and any
possible loose surface aggregates. The same jets are used with suitable nozzles to apply fluid
mortar at a density of 3-4 kg/m?. The dosage of components allows one to regulate the conditions
of traffic limitations, the norm of which is 24 hours after laying. The laying technique, texture



characteristics and surface conditions (e.g., moisture, temperature, aging of wheel course,
raveling) are the main factors affecting the skid resistance.

The UMO surface treatment to improve adherence is sprayed in a double layer introducing
high-quality grains, with sizes of 0.7- 1.0 mm, after the second layer. Under wet conditions, the
shedding of modified sodium silicate allowed for rapid hardening in approximately 2 min.

4. Thermal Analysis

The different thermal analysis investigated the response of the asphalt pavements covered with
UMO. In the laboratory, thermal tests on specimens irradiated with an infrared source simulated
solar heating.

The progression of the thermal field at the front and rear samples, via thermographic
analysis, was recorded during blowtorch exposing to simulate jet blast from an aeronautic engine.
The first test subjected two rectangular samples (40 cm x 60 cm x 5 cm each) side by side, one
covered and one not, to a heat source (see Figure 6).

=

Figure 6. Test 1. Back and front of the rectangular‘;pecimens

Two thermo-cameras located on the front (irradiated) and back of the samples measure the
thermal field (Figure 7).

Asphalt Thermocamera 2
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Figure 7. Test 1. The configuration of the thermal analysis conducted in the laboratory

The untreated sample showed the first signs of failure after approximately 60 min of irradiation.
Figure 8 shows the evolution of the temperature of the back surface after 60 min of irradiation.



Figure 8. Test 1. Temperature evolution of the back surface after 60 min. The untreated sample collapses
after approximately 75 min.

The maximum temperature in the covered sample was approximately 45°C, whereas that in the
untreated sample was 57°C. Furthermore, the untreated sample collapses due to irradiation after

about 75 min. Before the collapse, the temperature difference was 12°C (see Figure 9).
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Figure 9. Test 1. Evolution of the maximum temperature on the back surface

The second thermal tests took place in a parking area of a fuel transportation company, where
stationary and heavy transit vehicles operate. An extended period of loads, high summer
temperatures and the steel contact area from the landing gear of the fuel tank semi-trailer trucks,
emphasize the rutting. A large circular area of the bituminous pavement at the site was covered
with UMO, and a series of thermographs were taken from the aerial view over 24 hours. Early in
the morning, the surfaces with and without UMO registered the same temperature, reaching a
balanced condition during the night. During the day, approaching noon, the Sun heats the surfaces
differently. The surface with UMO maintains a lower temperature compared to the adjacent
asphalt pavement not covered with UMO. Figure 10 shows the temperature distribution 8 hours
after sunrise (6:00 am to 2:00 pm).

Five points from the covered area and 5 points from the uncovered zone were monitored
over 24 hours. Figure 11 shows the evolution of temperature and the mean temperature value of
the two areas. The analysis shows a peak difference of up to 7.5°C.
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Figure 10. Test 2. Temperature distribution 8 hours after sunrise
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Figure 11. Test 2. Temperature evolution at 5 points in the treated zone and 5 points in the area without
UMO and their mean values

Figure 12 shows the temperature distribution at 2:00 pm in the corner of the concrete slab, asphalt
pavement, grass, and steel, at the same experimental site. The thermograph indicates a lower
temperature in the concrete slabs and grass and highlights the cracks in the corner.
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Figure 12. Test 2. Temperature distributions on the corner of the concrete, asphalt pavement, grass, and

steel

These properties of UMO overlay are particularly interesting for the durability of the pavement,
reducing viscous-elastic deformation and cracking. Among the available approaches, two were
used to estimate the variation in the permanent deformation of HMA due to temperature reduction
using UMO.

In the layered vertical permanent strain approach, the total deformation is the sum of each
deformation as a function of repeated load applications. The Asphalt Institute (May and Witczak,
1992) has developed a model that considers the effects of mix design properties:

log €, =-14.97 +0.408 log N + 6.865 log T +1.107 log 04— 0.117 log n + 1.908 log Vs +0.971 log Vo (1)

where:
€p: Permanent axial strain,



N: Number of load repetitions to failure,

T: Temperature, °F,

od: Deviator stress, psi,

n: Viscosity at 70 °F, Ps x 10°,

Vyett: Percent by volume of effective asphalt content, and
Va: Percent by volume of air voids.

By fixing 04, M, Vuett, Va at typical values (80, 40, 5 and 5, respectively), the equation
becomes:

log €y =-11.04 + 0.408 log N + 6.865 log T (2)

T has the most considerable contribution to the permanent deformation. The equivalent number
of cycles reduction by considering the temperature reduction obtained with UMO (maximum AT
= 7°C after 12 hours of daily solar irradiation). For 5,000 load cycles during a day, the Ag, = -
49.2% is estimated, for each hour, related to a different temperature observed during Test 2. The
same €p occurs by increasing the number of cycles in the area with UMO by 5.68 times.

A different approach uses constitutive relationship derived from the statistical analysis of
a repeated load in laboratory tests, assuming a ratio of the permanent strain ¢, to the elastic
(resilient) strain €,. Kaloush and Witczak in 1999 developed a simplified model with two main
parameters (T and N):

log (ep/ & )=-3.1555+0.3994 log N+ 1.734log T (3)
where

€p: Accumulated permanent strain after N cycles,

& Resilient strain as a function of the asphalt mix properties,
N: Number of load repetitions,

T: Temperature, °F.

In this case, with the same hypothesis assumed above, A gy/e; = 88.6% and the same A gy/¢; are
achieved, increasing the number of cycles by 1.35 times. Usually, the cracking phenomenon of
asphalt pavements is an effect of the stress concentrations. Weak subgrade support (Hoque, 2006),
age strain hardening, low temperature and fatigue stress under repeated loading are believed to
be the critical processes in asphalt cracking (MATES, 1988; Harvey et al., 1999). However, many
studies have noted that this cracking starts in the upper surface, and some authors (Wamburga et
al., 1999. Lytton et al. 1993; Myers et al., 1998.) suggest that solar radiation and thermal stress
could be a principal factor in top-down cracking. Matsuno and Nishizawa in 1992 reported that
in pavements affected by top-down cracking, cracks were not present when in the pavement
shaded by overpasses. The expansion and contraction of pavement during alternations in heating
and cooling often determine the amount of cracking and horizontal deformation. Therefore,
although reliable predictive models are not available, thermal fatigue distress has significant
implications for improving pavement design and maintenance strategies (Wang et al., 2013).

These properties of UMO are particularly promising for the durability of pavements and
the mitigation of urban heat. Several studies are currently investigating how to increase the albedo
of the coating materials, such as for road paving and roofing applications. Urban surfaces are the
most significant cause of the UHI phenomenon and thermal concentration in urban areas (Figure
13). UHIs are significantly warmer than surrounding areas. Aside from their effect on
temperature, UHIs may also produce significant effects on local meteorology and ozone pollution
and can increase the energy demands for refrigeration and air conditioning systems in urban areas
(Santamouris and Kolokotsa, 2016).
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Figure 13. Urban heat island (UHI) profile.

The solar reflectance index (SRI) is a measure (according to ASTM E 1980) of the
constructed surface’s ability to stay cool in the sun by reflecting solar radiation and emitting
thermal radiation. A standard black surface has an SRI of 0, and a standard white area has an SRI
of 100. UMO as a white cement topping is characterized by a high SRI (approximately 60), ten
times more than that of an asphalt surface.

Material SRI Material SRI

New drain asphalt 1-6 White cement topping (UMO) 58-63
Aged asphalt 5-15 Light stone 55-62
Cement concrete gray 27-33 Dark stone 20-26
Cement concrete white 60-65 Forest 10-20
Snow white 79-80 Grass 20-25
Brick, stone 20-40 White paint road sign 70-90

Table 2. Typical SRI values

Another promising application of UMO is for highly thermal stressed pavements, such
as in airport pavement subject to engine blast, where temperatures higher than 200°C can hit the
pavements (see Figure 14). Extreme situations occur in pavements subject to a vertical jet take-
off, where temperatures of over S00°C can hit the pavements.

Figure 14. Typical temperature distribution on the pavement due to jet blast

The third (Figure 15 and Figure 16) and fourth (Figure 17 and Figure 18) tests were
conducted with two cylindrical specimens with and without UMO (diameter=100 mm,
thickness=20 mm) under a blowtorch jet, modifying the exposure time and source distance.
During the laboratory tests, temperatures below 11-13°C occur in UMO-coated specimens and a
lower value of 7.5°C in situ.



Figure 15. Test 3. Temperature distributions in two samples with and without UMO under a blowtorch jet
at a distance of 10 cm for 50 seconds.
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Figure 16. Test 3. Temperature evolution on the back of two samples with and without UMO under a
blowtorch jet at a distance of 10 cm for 50 seconds.
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Figure 17. Test 4. Temperature distributions in two samples with and without UMO under a blowtorch jet
at a distance of 40 cm for 180 seconds.
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Figure 18. Test 4. Temperature evolution on the back of two samples with and without UMO under a
blowtorch jet at distance of 40 cm for 180 seconds.

5. Conclusion

The test results demonstrate the remarkable capacity of UMO to protect asphalt pavement
surfaces, seal cracks, and improve the scratch resistance while maintaining the stiffness of the
materials subjected to thermal stress. The coating has shown a remarkable ability to support
adhesion to asphalt and good toughness when subjected to the action of a tracked vehicle under
different operating conditions. The low skid resistance has overcome by introducing different grit
sizes, which has also made it possible to obtain good aesthetic qualities. The treatment could
affect many aspects of pavement maintenance, including restoring degraded surfaces, improving
scratch resistance and hardness, waterproofing and sealing cracks, and, in the case of airfield
pavements, protecting the pavement from solvent fuels or extremely high temperatures.
In urban areas, an ultrathin cement layer can help to reduce the thermal concentration in urban
areas, or UHIs. A temperature reduction of 7.5 °C was observed in the full-scale test of the parking
area.

UMO also reduces the service temperature of the asphalt due to its higher reflectivity.
This characteristic is particularly important in warmer climates or areas subjected to strong
irradiation, where the pavement can reach 50-60°C. Such high temperatures increase material
deformation, resulting in the accumulation of plastic deformations and irregularities in the road
pavement.
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