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ABSTRACT

Warm-mix asphalt (WMA) is commonly mixed and compacted 15°C to 30°C below that of conventional hot mix asphalt (HMA). The lower
production temperature of WMA is expected to give an advantage of a lower cooling time of newly laid asphalt overlay before it can be opened
to traffic during the nighttime airfield pavement construction. The reduced cooling time of WMA would allow shorter airport closure time window
and/or extend the time for the contractor for paving, and thus shorten the overall construction period due to more volume done each night. This
is a beneficial practical advantage to hectic airports where the typical off-peak period is as short as 6-8 hours. In this research, two different WMA
technologies, Sasobit® and Rediset® (organic and chemical) were investigated through laboratory tests to see if there were notable differences
in WMA rutting performance that could have considerable practical effects on the permissible temperature at the opening to traffic as compared
to the HMA. Furthermore, a validated finite element (FE) solution for one-dimensional transient heat-transfer model is used to simulate the effect
of the use of warm mix on shortening the cooling time and the overall project time. The laboratory test shows that the WMA with Sasobit has a
significantly better rutting performance at the elevated temperature, enabling the WMA to be opened to traffic at a higher temperature,
compared to HMA. The cooling analysis showed that, in comparison to HMA, the use of WMA could shorten the closure time of airport during
the night time construction by 8-67 minutes, depending on the asphalt overlay thickness, traffic opening temperature and WMA production
temperature. The use of WMA could also minimize the overall construction period by 2-16 nights for a single lift overlay, for the cases studied.
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1. Introduction other runway facilities, if parallel runways are available, or

airport operation will be postponed.

The increase of scheduled commercial flights at busy civil
airports have made it imperative that airfield pavement
rehabilitation and asphalt overlay be performed without
disrupting airport operations. For this purpose, the off-peak
period (nighttime) construction has become one practical
solution for airport authorities. Using this approach, the airfield
facilities are closed at night for a few hours when the flight
volume is at the lowest, and then quickly opened to air traffic in
the next morning. During this closed period, aircraft will use

Time is the essence of the construction during the off-peak
time. The typical unoccupied time of airfield pavement
rehabilitation is as short as 6-8 hours per night. It is a period
from 23:00 to 6:00 that was specified for runway overlay in
Fukuoka airport [1]. The similar nighttime construction period
can also be found in these following airport projects: San Diego
International airport in 1980 (8 hours) [2], Frankfurt airport,
Germany, in 2005 (8 hours) [3] and Hong Kong airport in 2006
(8 hours) [4]. However, with the increase of 24-hour airport



operation, the period for nighttime construction has become
limited. The decrease was observed in the largest Australian
airports [5], where the available nighttime construction was
generally reduced from eight hours in 2005 to five hours in 2015.
Rapid construction is expected to reduce the disruption due to
the airport closure and allow more time for contractors to
produce the maximum volume of asphalt each night to achieve
satisfactorily constructed pavement.

One of the approaches for rapid nighttime construction is to
shorten the cooling time of freshly paved asphalt overlay. In this
case, with its advantage of lower production and compaction
temperature, warm mix asphalt (WMA) gives an advantage of a
lower cooling time of asphalt; thus, the pavement can be quickly
opened to traffic. In the situation where the closure of the
runway is substantially critical, the use of WMA is expected to
shorten the runway closure time each night. In addition, in the
case that the closure hours are fixed for each night, the use of
WMA would enable more volume of asphalt to be laid each
night, increase the target length of pavement to be done each
night, thus, shortening the overall project time, compared to
HMA.

The use of WMA technology for airport pavements has been
few until now. The technology has more popularly been adopted
for road pavement projects than airfield pavements. However,
extensive research has been carried out in the last few years on
the use of WMA for airside applications. Recent evidence
suggests the suitability of using WMA for airfield pavement
[3,6—8] Although considerable researches have been done, there
has been no detailed investigation into the advantages of the use
of WMA on shortening the construction time of pavement.

The present study was performed to investigate the benefit
of WMA over HMA pavements in terms of the rapid construction
of airport. The rutting performance of WMA and HMA at higher
temperatures was evaluated. Furthermore, a cooling simulation
of new asphalt is developed to analyse the effect of the use of
warm mix on shortening the overall project time.

2. Research Objective and Approach

The main purpose of this study is to investigate the
advantage of using WMA for rapid asphalt overlay in civil
airports. The rutting performance of WMA and HMA at higher
temperature was also evaluated. Two different WMA
technologies: organic wax and chemical were investigated
through laboratory tests to see if there were notable distinctions
in WMA rutting performance that could have considerable
practical effects on the permissible temperature at the opening
to traffic as compared to the HMA. It is hypothesized that with
the reduced viscosity of WMA, the WMA could have more

potential to rut, and thus the WMA should be opened to traffic
at lower temperatures, compared to HMA.

Furthermore, to evaluate the effect of the use of WMA on the
reduction of airfield closure during the nighttime construction,
a finite element (FE) solution for one-dimensional transient
heat-transfer model is established. Actual field measurement
data from a previous study was used to validate the model.
Different asphalt overlay thicknesses and production
temperatures of WMA were analysed to investigate the
advantage of WMA, if any, in shortening the airport closure time
due to its quicker cooling time before traffic opening.
Furthermore, a case study based on an airport overlay project is
presented to highlight the advantage of WMA technologies have
to shorten the overall project time of runway rehabilitation.

3. Material and Testing Program
3.1. Materials
3.1.1. Asphalt Binder

In this study, a neat 40/60 Pen grade asphalt binder and the
same binder modified by styrene-butadiene-styrene (SBS)
copolymer were used as controls. Penetration, viscosity, and
softening point of the binders are shown in Table 1. Each of the
control binders is then blended with two different WMA

technology.

Table 1. Binder characterization.

. . SBS modified
No. Property Units Neat binder .
bitumen
1 Penetration @25°C dmm 53 45 - 80
2 Softening Point °C 50 >65
3 Viscosity at (135°C) Pa.s 0.395 0.960
4 Viscosity at (165°C) Pa.s 0.114 0.302

3.1.2. Warm Mix Additives

The two types of additives for WMA, organic and chemical,
are respectively used: Sasobit®, one of the best organic WMA
additives available, and Rediset® LQ-1102CE, a popular
chemical WMA additive. The Sasobit® concentration was
selected at the rate of 2% of asphalt binder based on past
research made by Jamshidi, Hamzah [9]. The Rediset® is added
at 0.5% by weight of asphalt binder following a recommended
dosage by Akzonobel®. Both additives are shown in Fig. 1. The
two warm-mix technologies at selected dosage rates were
blended with the control asphalt binders (shown in Table 1) in
the laboratory, based on British Standard BS EN 12594:2014. A
total of six asphalt binders are used for the tests. The asphalt
binders and mixtures designation is presented in Table 2.



Table 2. Mixes used in this research.

Terminology Binder type WMA Additives State of additives Additives dosage (% of Mixing Temperature (°C)
of mixtures binder weight)

Bl Polymer modified binder - - - 175

B2 Polymer modified binder Sasobit® Prill form 2% 155

B3 Polymer modified binder Rediset® LQ-1102CE Viscous liquid 0.5% 155

B4 Pen. grade 40/60 - - - 160

B5 Pen. grade 40/60 Sasobit® Prill form 2% 140

B6 Pen. grade 40/60 Rediset® LQ-1102CE Viscous liquid 0.5% 140

(a) Sasobit®

(b) Rediset® LQ-1102CE

Fig. 1. Warm mix additives for the research.
3.2. Asphalt Mixture Gradation

The asphalt mixtures for the research were arranged
according to FAA Item P-401, dense graded asphalt concrete
[10]. The particle size distribution for the mix of aggregates is
depicted in Fig. 2. The aggregate grading was conducted
according to BS EN 933-1:2012. The Aggregate used in this study
were from existing stockpiles of granite aggregates from Bardon
Hill (Leicestershire, UK).
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Fig. 2. Aggregate gradation with 14 mm max. aggregate size
3.3. Asphalt Mixture Preparations

Brookfield viscometry test was performed to investigate the
suitable WMA reduced production temperature. It was found
that, based on the viscosity-temperature relationship from the
test, both warm mix additives were responsible for a reduction

of only about 5°C in mixing temperature. The reduced
production temperature of WMA based on the viscosity
comparison was not as much as 15°C of reduction as found in
Liu, Saboundjian [11] or even 25°C of reduction as shown by
NCAT Report 05-06. The unremarkable impact on the mix
temperature of Sasobit-WMA mixtures when it is determined
using the viscosity test is also found in other studies: Wasiuddin,
Selvamohan [12] Tasdemir [13], Silva, Oliveira [14], Jalali,
Grenfell [15] and Abed, Thom [16]. Furthermore, in this
research, the compaction energy index (CEI) and the traffic
densification index (TDI) approach suggested by Sanchez-
Alonso, Vega-Zamanillo [17] is used to determine the production
temperatures of WMA. It was found that reducing the mixing
and compaction temperature by 20°C would result in the same
compaction workability of WMA compared to HMA. In this
study, both WMA technologies were produced at 20°C below
that of HMA.

The asphalt mixtures were manufactured using the same
mixture gradation, air voids of 3.5%, and asphalt content of 5.8%
obtained from the Marshall mix design test. A Superpave
gyratory compactor was used as the compaction machine. After
compaction, the cylindrical specimens are cut (top and bottom
side) into a thickness of 60 mm to be used as specimens for
repeated load axial test (RLAT). To reach the ‘high’ temperature
(see later), the specimens are conditioned and heated up before
being tested. Six different mixes using the asphalt binders
presented earlier in Table 2 were manufactured for RLAT.

3.4. Test Methods
3.4.1. Multiple Stress Creep Recovery (MSCR) Test

Many recent studies [18—20] suggest that Multiple Stress
Creep Recovery (MSCR) test of binders correlates better with
rutting potential of asphalt than other parameters, particularly
to assess the polymer modified binder performance. In this
study, MSCR tests were conducted on the 6 binders using the
Dynamic Shear Rheometer (DSR). The MSCR test is performed
at two stress levels (0.1 and 3.2 kPa). For each stress level, ten
cycles of loading and unloading, as shown in Fig. 3, are applied.
The load is applied for 1s, the specimen is then allowed for 9s
rest period. The output parameters of the test are the non-
recoverable creep compliance (Jnr) and MSCR % of recovery.



The Jur measures the proportion of permanent strain of binder
specimen after periodically stressed and relaxed, relative to the
amount of applied stress. The MSCR % recovery is a proportion
of how much the binder sample reforms to its initial shape after
being repeatedly loaded and unloaded. In this paper, the MSCR
test was performed at three different test temperatures: 64°C,
76°C, and 82°C.
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Fig. 3. Typical MSCR test results
3.4.2. Repeated Load Axial Test (RLAT)

The Repeated Load Axial Test (RLAT) was developed to
investigate the behaviour of asphalt material under field-like
loading conditions. An 8kN (1000 kPa) load is repeatedly
applied for 1s of loading time, and 1s of rest period after each
loading pulse (frequency of 0.5 Hz). The RLAT was run in the
temperature range of 60°C to 85°C for 2000 load cycles or until
a failure occurred (1omm of deformation). The equipment used
for the test is a servo-Pneumatic universal testing machine
(NU14) from Cooper Technology, as shown in Fig. 4.

Fig. 4. RLAT setup using NU14 and deformation after the test

4. Test Results and Discussion
4.1. Multiple Stress Creep Recovery (MSCR) Test

The typical output of the MSCR tests is presented in Fig. 5
and Fig. 6 for MSCR tests at 3.2 kPa at 76°C for SBS modified
binders and neat binders, respectively, with the addition of
WMA additives. In general, it was found that, at high
temperature, the binders modified with SBS (B1, B2, B3) showed
much lower accumulated strain than the unmodified binder (B4,
B5, B6), indicating lower rutting potential of the mixes with a
polymer-modified binder.

The addition of Sasobit® additives to the SBS modified
binder (B2), as shown in Fig. 5, improves the strain response of
the unchanged binder (B1) drastically. This can be seen from the
lower accumulated strains of B2 at the end of the test. A similar
trend of decreased accumulated strain of binder with the
addition of Sasobit® (B5) was observed for neat binder (pen.
grade 40/60), see Fig. 6.

The addition of Rediset® additives (B3 and B6) does not
significantly change the rheological behaviour of the binders.
Thus the benefit of the Rediset additive appears to be in
permitting lower mixing temperature but then delivering a
virtually unchanged asphalt.
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Fig. 5. MSCR tests at 76°C for SBS binder + WMA additives.
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Fig. 6. MSCR tests at 76°C for Neat binder + WMA additive



Table 3. MSCR test data and analysis for the binders at elevated temperature

Bind 64°C 76°C 82°C
inders
Jor @ 3.2 kPa (kPal) €r 3.2 kPa (%) Jor @ 3.2 kPa (kPa?) € 3.2 kPa (%) Jnr @ 3.2 kPa (kPa?) €r 3.2 kPa (%)
B1 0.036 97.75 0.28 91.59 4.349 48.3
B2 0.010 97.83 0.05 94.91 0.735 74.605
B3 0.041 97.59 0.18 94.64 3.390 60.0
B4 4.322 0.35 21.23 -1.12 40.706 -1.99
BS 2.984 2.24 16.37 -0.80 37.199 -1.99
B6 4.463 0.31 20.29 -2.23 40.918 -2.2
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Fig. 7. Variations in creep compliance (Jnr) and percent recovery of binders at 76°C (unaged condition): (a) Jnr of SBS binder, (b) Jnr of neat
binder, (c) % Recovery of SBS binder and (d) %Recovery of neat binder

As mentioned before, the outputs of the MSCR test are the
non-recoverable creep compliance (Jur) and MSCR % recovery.
The Jur and %recovery of the six binder specimens at all test
temperatures (64°C, 76°C, and 82°C) at 3.2 kPa stress level are
presented in Table 3. Additionally, for illustration purposes,
the test results for binder specimens at 76°C are displayed in
Fig. 7. From Fig. 7, it is apparent that at the test temperature
of 76°C, the Jur value of binders with the addition of Sasobit (B2
and B5) was found to be significantly lower than that of the
control binder (B1 and B4). Furthermore, a higher percentage of
recovery of the B2 and B5 was observed. A similar trend can also
be found at test temperatures of 64°C and 82°C, as seen in
Table 3. The reduction of Jur and improvement of %Recovery
of binders with the addition of Sasobit indicates a lower
potential of the asphalt binder to rutting. Similar impacts of
Sasobit® supplement on lower non-recoverable compliances of
binders can also be found from other researches: Morea,
Marcozzi [21], Ziari and Babagoli [22], Ali, Kim [23], and
Julaganti, Choudhary [24]. Additionally, in general, the binders
with the addition of Rediset result in comparable Jnr and
%Recovery of the control binder.

4.2. RLAT Results

Fig. 8 presents the permanent deformation profiles of the
RLAT of the asphalt mixtures at 50°C, 60° C, 75°C and 85°C. In
general, the results obviously show greater permanent

deformation at the higher test temperature. This was predicted,

as will greater temperatures and load, the asphalt mixtures are
more susceptible to plastic deformation. The specimens
immediately failed after few cycles, especially at 85°C.

In general, it is shown that the mixtures with SBS binders
(B1, B2, B3) show much better rutting performance at high
temperature than the conventional pen. grade 40/60 binders
(B4, Bs, B6). It was also observed that the WMA Sasobit showed
better rut resistance than the WMA Rediset and HMA at all
temperatures, while the use of chemical additives (Rediset) led
to slightly higher permanent deformation. For instance, as
summarized in Table 4, at 85°C, the RLAT cycles to failure of
mixtures with SBS control binder (B1) were 90 cycles. The cycles
to failure for mixtures with the addition of warm mix additives,
B2 (Sasobit) and B3 (Rediset), were 176 and 79, respectively.
Comparatively, the RLAT cycles to failure at 85°C for mixtures
with pen. grade 40/60 control binder (B4) are only 4 cycles. At
the same temperature, the RLAT cycles to failure were 43 cycles
for mixtures with B5 (Sasobit) and 26 cycles for B6 (Rediset).

4.3. RLAT Results vs. MSCR results

Table 4, Fig. 9 and Fig. 10 and shows a plot of the RLAT
against the Jnr (non-recoverable compliance) from the MSCR
test at the high test temperature, for SBS binders and pen. grade
40/60 binders, respectively. A linear relationship of the MSCR
test results of neat binders to RLAT permanent deformation
provided a good relationship with an R2 of 0.913 (Fig. 10).
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high temperature. This is likely, because based on the Brookfield
viscometry test results displayed in Fig. 11, after the asphalt
temperature drops to the Sasobit’s wax transition temperature
(95-115°C), the Sasobit begins to harden and increases the
viscosity. The results indicate that the addition of Sasobit would
enable the new asphalts to be opened to traffic at higher
temperatures than HMA or WMA with added Rediset.
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Fig. 10. Relationship of Jnr at 3.2 kPa-1 and RLAT results for neat
binders with and without warm mix additives at elevated
temperature (B4,B5,B6)
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Fig. 11. Brookfield viscometer test results

The following findings may be carried out from the MSCR
and RLAT results:

e Thelaboratory test results showed that WMA has a rutting
performance similar to, or better than HMA.

e Rediset LQ chemical additive has nearly no effect on the
rheological of the binder and rutting performance of
asphalt mixture. Its principal action is to allow mixing at
lower temperatures.

e The addition of Sasobit additive improved the rutting
resistance of asphalt binder and mixture significantly. This
can be seen from the lower Jnr and higher %Recovery of

MSCRs test and a greater number of cycles to failure in the
RLAT at high temperature.

e Reduction in viscosity at the production temperature by
adding Sasobit did not increase rut depth at the
temperature at the opening to traffic (60-85°C). Rather,
the addition of the Sasobit additive improved the stiffness
and rutting resistance of asphalt mixture.

e Interms of the allowable temperature of opening to traffic,
with the excellent rutting performance of WMA of Sasobit,
the use of WMA could give an advantage of opening the
asphalt at a higher temperature than HMA, and thus
shortening the lag time of asphalt cooling.

e The permanent deformations correlate well with the non-
recoverable creep compliances (Jnr) from the MSCR test
(R2=0.91-0.93).

4.4. Comparison of HMA and WMA Cooling and
Construction Time

In this section, the effect of the use of WMA on construction
time is investigated for two conditions: (1) to reduce closure time
each night, when the airfield is required to be opened quickly;
and (2) to shorten the overall construction period, when the
runway closure time is fixed each night. Three different asphalt
mixtures are reviewed: one HMA and two WMAs for different
temperature reduction. The temperature for HMA spreading
was assumed to be 145°C, in contrast, it is considered 125°C
(WMA-20) and 115°C (WMA-30) for WMA.

4.4.1. Heat transfer model of asphalt cooling

In this research, a one-dimensional thermal transient model
of asphalt pavement using ABAQUS, developed from a previous
study (Rahman, Thom [25]), is adopted. The finite element
model (FEM) is selected because it is versatile in predicting both
surface and inner pavement temperatures. The model also
allows for a wide wvariety of climatic conditions and
thermophysical properties of the paving material. The use of
FEM has been successfully used in many studies [26—28] in
predicting the cooling of newly laid asphalt.

For the purpose of this research, a typical pavement
structure commonly used at airfield is simulated by 4-node
quadrilateral elements, DC2D4 (heat transfer). The pavement
structure consists of asphalt overlay, existing dense-graded
asphalt course, unbound base layer, and subgrade, as presented
in Fig. 12. The solar and infrared radiation, heat transfer
convection at the pavement surface, and heat conduction into
the underneath layers are considered. The right and left
boundaries were assumed to be thermally isolated, whereas, the
bottom boundary was assumed to be a constant temperature;
since it was far from the new asphalt overlay. The typical output



of the heat transfer model, showing the pavement temperature
distribution at 49 mins after placing, is illustrated in Fig. 13
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Fig. 12. Layout of airfield pavement structure for cooling analysis.
4.4.2. Model Validation

To validate the accuracy of the model, the heat transfer
model was validated against site measurement, compiled from
four projects in Minnesota, USA, by Chadbourn, Newcomb [29]
between 1996 and 1997. The paving conditions of the projects
are shown in Table 5.
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Fig. 13. Typical output of the FE heat transfer model

Using the paving condition data in Table 5, analyses were
performed to confirm the accuracy of the heat transfer model.
The comparisons of the heat transfer model and field data are

displayed in Fig. 14 for temperatures at middle points of asphalt
overlay. The results show a good agreement between the
developed heat transfer model and site cooling measurements,
confirming the suitability of the developed model.
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Fig. 14. Comparison of cooling prediction and in-situ measurement
of new asphalt overlay at mid-depth of layer

To examine the heat transfer model results more objectively,
the root-mean-square error (RSME) of the model was used as
the objective parameter [27]:

n
1
RMSE = ; Z(Ti,measured - Ti,calculated)2 (1)
i=1

where T eqsurea 1S the measured temperature at a specific
time point i, T;cqicuiatea 1S the calculated temperature at the
same time point and n is the number of data.

A summary of the RMSE assessment results is presented in
Table 6. It can be seen that the differences between the
measured and predicted temperatures are sensibly small,
suggesting a general correspondence between the field
measurement and prediction. Therefore, the heat transfer
model is feasible for further analysis of the cooling time of newly
laid asphalt pavement.

Table 5. Cooling parameters of in-situ asphalt pavement measurement (Chadbourn, Newcomb [29])

Cooling Parameters

Site Location Date and time Wind speed Existing surface type and Air temp. . Lift Cloud cover
temp. thickness
A Highway 52. Rosemount, MN 12 July 1996, 9:45 am 4.4 4m/s HMA (22.7 °C) 19.4°C 64 mm 50%
B Ipava Avenue, Lakeville, MN 13 Oct. 1995, 10:30 am 4.44 m/s Aggregate base (19.4 °C) 16.4 °C 50 mm 0%
C Ipava Avenue, Lakeville, MN 14 Oct. 1995, 12:15 pm 0.83m/s HMA (17.8 °C) 15.4°C 50 mm 100%
D 2nd Avenue, Waite Park, MN 16 Oct. 1995, 9:30 pm 0.56 m/s HMA (3.1 °C) 3.8°C 60 mm 100%




Table 6. RMSE results in the comparison of calculated and measured

Table 7. Thermal properties of HMA and WMA for the model,

temp. adopted from Zhu, Chu [28]
X Location Thermal Specific ) Initial
Comparison . L Density

SITE A SITE B SITE C SITE D Materials types conductivity heat, C (ke/m3) temp.

Number of comparisons 23 23 20 18 , k (W/K.m) (W.s/kg.K) g (9

RMSE (°C) 4.32 5.03 4.45 2.54 HMA overlay 1.89 800 2400 145
WMA overlay 1.31 950 2400 varied

. . Existing asphalt 1.89 800 2400 25

4.4.3. Allowable asphalt temperature at opening to traffic Base-layer 113 805 2200 2

Subgrade 1.10 1100 2100 21

Freshly laid asphalt must be sufficiently cool, to prevent
premature damage, before it can be opened to traffic. According
to the FAA specification [30], the temperature of new pavement
has to be below 65°C before it can be trafficked. A construction
specification by Japan Civil Aviation Bureau (2001) [1]
recommended 50°C as the permissible temperature. An actual
runway rehabilitation in Frankfurt Airport, however, suggested
that the temperature of newly laid asphalt containing polymer
and Sasobit modified binder can be opened to traffic at a
significantly higher temperature: 85°C [3]. It was reported that
no visible distress was found after the new pavement was
trafficked. Similarly, a laboratory test performed in this research
and in a previous study [31] found acceptable deformation
resistance of asphalt mixtures containing SBS polymer when
tested at 75-85 °C. These findings suggest that different binders
can be opened to traffic at different temperature and, thus, shoul
encourage airport authorities to be more flexible with their
specifications, particularly for mixtures containing PMBs. In
this research, the temperature of opening to traffic of 65°C and
80°C was selected for the analysis to represent asphalt mixtures
with neat binder and polymer modified binder, respectively.

4.4.4. Comparison of cooling response of HMA and WMA

Making use of the validated models, this section presents
case studies to evaluate the cooling time needed by newly laid
HMA and WMA overlay from its laying temperature to the
allowable temperature at opening to traffic. The calibrated
thermo-physical properties of the HMA and WMA from a
previous study by Zhu, Chu [28] was adopted for the model. The
study suggested a higher thermal conductivity and lower specific
heat of WMA, compared to HMA, see Table 7. A typical tropical
project environment locations were used for the model as the
higher air temperature than many other places is likely to give a
conservative estimate of cooling rate (Table 8). The empirical
equation as displayed in Eq. (2) [32], was found to be suitable in
calculating the heat transfer coefficient (h) in pavement surface.

h=58+4.1v, (2)

where h is Convective heat transfer coefficient and v, is wind
speed (m/s). The input parameters for the model are shown in
Table 8.

Table 8. Input of weather condition.

Input Value
Ambient night-time temperature 25°C
Wind speed 0.83m/s
heat transfer coefficients 9.21 W/m2 °C
Existing surface temp. 25°C
Solar flux 0 W/m2 (night)

Four different overlay thicknesses lift paving operations
presented in Table 9 are considered to compare the cooling
response of HMA and WMA. In the case of multi-lift paving
operation, it is assumed that the first lift is laid and compacted.
The next lift is then placed immediately after the first lift reaches
80°C as suggested by Corlew and Dickson (1968) [33].

Table 9. Variations of asphalt overlay thicknesses for analysis

Designati Overlay Description
on thickness
T1 70 mm Single lift
T2 100 mm Single lift
T3 140 mm 2 lifts. A 70 mm lift and 70 mm lift
T4 150 mm 2 lifts. A 100 mm lift and 50 mm lift

The cooling curve of the four asphalt overlay strategies for
HMA, WMA-20, and WMA-30 are presented in Fig. 15(a) to
(d). Moreover, the cooling times required for all asphalt layers
to cool down to 65°C and 80 °C are presented in Table 10. The
following observations can be drawn from the cooling results:

e For the cases studied, WMA has shorter cooling times
compared to HMA. The difference in cooling periods is
greater for those cases with greater overlay thickness. The
time saving by using WMA made with Sasobit is given in
Table 10. Using WMA with lower production temperature
is presumably more effective to reduce the cooling time of
newly paved asphalt.

e Ingeneral, it was observed that the use of WMA, compared
to HMA, shortened the closure time of the airport during
night time construction by 8-67 minutes, depending on the
asphalt overlay thickness, traffic opening temperature, and
WMA production temperature. When the WMA is
produced at a lower temperature, the airfield closure can
be further reduced.
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Fig. 15. HMA and WMA cooling curves for different overlay thickness at the bottom of layer

Table 10. HMA and WMA cooling times needed and expected of WMA time saving during night-time construction

WMA time saving (minutes), compared to HMA for

Lift Cooling time needed for asphalt mixtures to reach traffic opening temp.: X .
Overlay . traffic opening temp.:
Strategy  iekness 65°C 80°C 65°C 80°C
(mm) HMA WMA-20 WMA-30 HMA WMA-20 WMA-30 WMA-20 WMA-30 WMA-20 WMA-30
T1 70 83 75 59 46 30 17 8 24 16 29
T2 100 128 119 93 70 40 19 9 35 30 51
T3 70+70 214 203 186 143 128 116 11 28 15 27
T4 100+50 227 194 160 141 127 102 33 67 14 39

e If the critical temperature at opening to traffic is raised,
further savings can be made. E.g. raising the permissible
temperature from 65°C to 80°C reduces the cooling time of
T1-HMA for almost 40 minutes. This result suggests that
opening the new asphalt to traffic at a high temperature
significantly contributes to the reduced cooling time
and/or shortened airfield closure.

4.4.5. Comparison of HMA and WMA construction time

In the following section, a case study based on an airfield
overlay project is presented to highlight WMA technologies for
shortening the overall project nights/days of airfield runway
rehabilitation. Four different overlay thicknesses determined
earlier for cooling time analyses are used to investigate the HMA
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and WMA construction time. The time window of seven hours is
assumed to be available each night for the overlay works. The
runway dimension to be overlaid is taken as 3600 x 60 m. The
construction stage and the work period of each stage are
illustrated in Fig. 16, and Table 12, respectively. This
construction stage is adapted from the typical asphalt overlay
work in Indonesia and a real case in Fukuoka Airport, Japan [1].

The specification and construction productivity of each
construction equipment is presented in Table 11. In this
research, the paver productivity is set as the leading factor,
whereas, the number of roller equipment needed is calculated in

order to match its output with the paver output. It is also
assumed that the distance paver-roller is 15 minutes.

The available time for asphalt placement and compaction for
each mixture depends on the cooling time determined from the
previous analysis. The typical construction schedule per night
for three different asphalt mixtures (HMA, WMA-20, WMA-30)
for overlay thickness of 100mm (T2) is shown in Fig. 17. It is
apparent from Fig. 17 that due to the shorter cooling time, the
available time for the contractor to place the asphalt is longer
when the WMA is used, compared to HMA. This indicates more
volume of asphalt could be paved each night by using WMA, and
thus shorten the overall contract.

Asphaltis Trimming Cleaningthe Spraying of Placement of
produced » the surface > surface tack coat asphalt overlay
Openingthe new Cooling of Cleaning, marking < Compaction of
asphalt totraffic il asphalt overlay « and lighting asphalt overlay [¢
Fig. 16. Construction stage of asphalt overlay
ltem 11:00PM 12:00AM 1:00AM  2:00AM  3:00AM  4:00AM  5:00AM  6:00 AM
| | |
Trimming === WMA-20+ Openingat80°C
; Em— WMA-30
= WMA-20
Tack coat E HMA
: : : I : T T ]
Placement . n n —
Asphalt : : :
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Compaction I : . :

Cooling time
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Lighting

il

S ——

Exit
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Fig. 17. Construction schedule of asphalt overlay each night (7 hours of window time) for different mixtures (100mm)

Table 11. Equipment productivity

i i . Number of Number of Productivity (ton/hour) of
Equipment Speed (m/min) Width (m) Overlap ) )
passes equipment each equipment
Asphalt paver 2-4 7.5 - - 2 212
Tandem roller 25 1.5 6-8 0.25 8 37
Pneumatic tire roller 45 2 6-8 0.25 4 80
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Table 12. Work period for night-time construction for each stage

Variables Time (minutes)
Time for trimming the surface 75
Time for applying the tack coat 30
Time for restoring the line marking and lighting 60

Based on the available time for construction and
productivity of each equipment, presented in Table 11, the
volume of asphalt production each night can be calculated. The
predicted overall construction period for different overlay
thickness and asphalt mixtures is presented in Table 13. For
illustrative purposes, Fig. 18 shows the cumulated length of
runway overlay paved and expected overall construction time
for an overlay thickness of 100 mm (T2).
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Fig. 18. Cumulated length of runway overlay paved (m) and
expected overall construction time (nights) for T2 HMA and WMA

As seen in Fig. 18, for an asphalt overlay with a thickness
of 100 mm in a 3600m x 60m runway, it is predicted that 58
nights are needed for asphalt overlay work to finish when the
HMA is used, whereas 55 and 48 nights are needed when
WMA-20 and WMA-30 are used, respectively. The nights
needed to finish the overlay reduce to 42 nights when WMA-
20 is opened to traffic at a higher temperature (80°C). In
general, for the case studied, the use of WMA could shorten the
overall project period by 2-16 nights for a single lift overlay.
The reduction of asphalt overlay construction time with the
use of WMA is more significant for greater lift thickness and
multi-lift operation, as seen in Table 13.

Multi lift pavement is not recommended to obtain rapid
construction and rapid opening of asphalt to traffic in the case

of limited time available. This is because more nights of work
to finish the projects. In the case of large overlay thickness, it
is recommended that overlay is done in one lift and then
continued for the next layer when the whole runway area is
paved with the first layer. For instance, if the traffic opening
temperature of 65°C is used, 35 nights are needed to finish one
layer of 70 mm, meaning that 70 nights are needed to finish
two-layer of 140mm. In contrast, it takes 181 nights to finish
the project when the multi lift operation (70+70mm) is applied
every night due to the slower cooling of a thick asphalt layer.
However, with this strategy several drawbacks could occur,
including the increase of transverse joint and the need for
interface treatment and tack coating, and there are certain to
be time penalties in addressing these.

The results in Table 13 also highlight the importance of
selecting traffic opening temperature on reducing the number
of pavement construction nights. As an illustration, it was
found that 14 nights could be saved, for a 100mm overlay of
HMA, by raising traffic opening temperature, from 65°C to
80°C. The construction time (night) saving is greater for those
cases with greater overlay thickness and multi lift operation.

Overall, the findings of this study suggest that the mixtures
containing polymer modified bitumen (PMB) and WMA
additives could be beneficial to accelerate the airfield
pavement construction. It provides double advantages: (1)
shortening the cooling time of the newly laid asphalt pavement
due to its lower initial temperature, and (2) enabling asphalt
opening to traffic at a significantly higher temperature than
existing constructions specification due to its better rutting
resistance

Moreover, the opening of runway overlay to traffic does not
depend only on the time of asphalt to cool but also depends on
the time of restoring the lighting system and line marking at
the end of each night. In the case when the time for restoring
the line marking and lighting is greater than the cooling time,
the use of WMA would be pointless in terms of its benefit of
rapid construction. For example, it can be seen from Table 13,
for T1, the overall project period of WMA-30 + opening at
80°C is the same with WMA-30 + opening at 65°C. This is
because, although the cooling time of WMA-30 + 80°C is 17
minutes, the assumed restoration time: 60 minutes, is used as
the determining factor.

Table 13. Overall construction time HMA and WMA during night-time construction

Expected overall project time on a-3600 x 60 m runway overlay (nights) for

WMA savings (nights), compared to HMA for traffic

Overlay thicLlfr:ess asphalt mixtures and different traffic opening temp.: opening temp.:
Strategy (mm) 65°C 80°C 65°C 80°C
HMA WMA-20 WMA-30 HMA WMA-20 WMA-30 WMA-20 WMA-30 WMA-20 WMA-30
T1 70 35 33 31 31 31 31 2 4 - -
T2 100 58 55 48 44 42 42 3 10 2 2
T3 70+70 181 153 130 95 89 81 28 51 6 14
T4 100+50 221 152 115 101 93 82 69 106 8 19
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5. Summary and Conclusions

In this study, the use of WMA in nighttime airfield
rehabilitation, compared to HMA, was investigated. Two
different WMA technologies (organic and chemical) were
investigated through a series of laboratory tests to see the
WMA rutting performance at high temperatures when the
newly laid asphalt overlay is opened to traffic. Furthermore, a
validated finite element (FE) solution for one-dimensional
transient heat-transfer model is employed to analyze the effect
of the use of WMA on shortening the cooling time and overall
overlay project time.

The laboratory tests presented in this study indicate that,
in the general, the WMAs have a rutting performance at high
temperatures during the opening to traffic similar to, or better
than HMA. It was found that, compared to HMA, WMA-
Sasobit showed excellent rutting resistance at high
temperature, enabling the pavement to be opened to traffic at
a higher temperature. Furthermore, the cooling analysis
presented in this study showed that, in comparison to HMA,
the use of WMA could shorten the closure time of airport
during the night time construction by 8-67 minutes,
depending on the asphalt overlay thickness, specified traffic
opening temperature and WMA production temperature. The
use of WMA could also reduce the overall construction period
by 2-16 nights for a single lift overlay, for the cases studied —
which would represent a shortening of the overlay period by 4-
24%.
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