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Abstract

High viscosity asphalt (HVA) is a kind of asphalt modified with styrene-butadiene-styrene, plasticizer, and
crosslinker. HVA is widely used in porous asphalt pavements around the world, especially in China and
Japan. Most previous studies have focused on improving the performance of in-service HVA pavements at
high and low temperatures. There is a need to ensure that HVA can also perform well at high temperature
during construction to improve the workability of the mixture. The purpose of this study was to use warm-
mix additives (WMA) to reduce viscosity during construction and keep acceptable performance at high and
low temperatures. To accomplish this objective, three types of warm-mix additives (RH, EC-120, and
Sasobit) with three different contents (2%, 3%, and, 4%) were mixed with HVA. An HVA without any WMA
was used as a control sample. Physical tests conducted for each sample included viscosity (135°C), motive
viscosity (60°C), penetration (25°C), softening point, ductility (5°C), tenacity (25°C), and toughness (25°C)
before and after short-term ageing (thin film oven test). The test results show that the WMA additives have
a significant effect on reducing viscosity 135°C) of HVA during construction, while substantially improving
motive viscosity (60°C) with the addition of EC-120 and Sasobit. In addition, EC-120 improved toughness
and tenacity. However, WMA had an adverse effect on low-temperature performance due to the reduction
on ductility. The results show that EC-120 is considered as the optimal type among the three WMA and 3%
is suggested as the best content of EC-120 for HVA.

INTRODUCTION

Porous asphalt pavement, an alternative to traditional asphalt, is produced by removing fine aggregates
from the asphalt mixture, whose void space generally ranges from 18% to 22% (Barrett and Shaw 2007).
Porous asphalt pavement is very popular in many countries, especially in Japan and China, due to the
acknowledged benefits of permeability, noise reduction, skid resistance, runoff pollution decrease, and
splash and spray reduction (Takahashi 2013). However, it is recognized that the stripping of asphalt and
the lack of durability are important challenges for porous asphalt pavements (Takahashi 2013).
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Based on practical experiences for many years in Japan, a unique concept "high viscosity asphalt (HVA)"
was proposed to improve long-term performance and durability of porous asphalt pavements. The concept
was accepted by East and Southeast Asian countries and other countries, such as Japan, China, and
Netherlands (Xu 2011). HVA is defined as an asphalt with motive viscosity (60°C)that is higher than 20
000Pa-s, which has better high-temperature performance, strong holding power, and deformation
resistance (Zhang and Hu 2015a). The motive viscosity is a key parameter that plays a vital role in resisting
fluidity and stripping of porous asphalt pavements (Zhongxi and Chi 2002). The higher maotive viscosity, the
longer service life and the better stability of porous asphalt pavements (Zhongxi and Chi 2002). However,
with the increase in viscosity, the poor workability is a challenge that makes it difficult in producing and
compacting asphalt mixtures during construction and hinders the further development of HVA. To improve
the application of HVA, it is necessary to reduce viscosity at 135°C which is used to evaluate the workability
of asphalt mixture during construction.

Warm-mix additives (WMA) is considered to be an effective method to reduce viscosity of HVA during
construction with similar temperature to those of hot-mix asphalt (HMA)(Elsa et al. 2011). The WMA
technology was originally developed to reduce the temperatures during construction in order to promote
energy savings and reduce environmental emissions compared with HMA. To evaluate the performance of
asphalt after adding WMA, several studies were conducted. Hassan and Amir (2016) investigated the
performance of adding WMA (Sasobit) into four types of modified asphalt, including crumb rubber (CR),
anti-stripping agent, polyphosphoric acid, and styrene-butadiene-styrene (SBS). The results indicated that
Sasobit had a significant decrease in stiffness at low temperatures for anti-stripping agent modified asphalt,
while viscosity is reduced. In addition, the CR-Sasobit modified asphalt performed best among the four
types of asphalts, especially at low and intermediate temperatures. Maria et al. (2013) presented a study
on the effect of four types of WMA (Sasobit, Asphaltan A, Asphaltan B and Licomont BS 100) on crumb
rubber modified asphalt (CRMA). The results showed that these WMA successfully reduced viscosity,
improved softening point, and reduced penetration. However, they did not have a clear effect on the elastic
recovery and ductility at 25°C. A number of studies were presented including different types of WMA(e.g.,
organic and chemical WMA) and different types of modified asphalt (Yu and Wang 2013, Silva and Oliveira
2010, Hakseo et al. 2012, Xie et al. 2014, Liu et al. 2011, Wang et al. 2012, Hamzah et al. 2015, Omari et
al. 2016). Previous studies focused more on the properties of rubberized WMA asphalt, but there are very
limited work done on the performance of the combination of WMA and HVA to reduce viscosity during
construction. In addition, it is necessary to investigate and analyze some parameters that are required for
HVA, such as motive viscosity, toughness, and tenacity.

In this study, the proposed HVA based on SBS modifier was designed to obtain high motive viscosity, which
is usually used for porous asphalt pavements with high air void (Zhang and Hu 2015a, 2015b).Three kinds
of organic WMA with three contents were incorporated into the proposed HVA to reduce viscosity during
construction while keeping reasonable high and low-temperature performance during the use phase. The
physical properties were investigated to evaluate the performance of HVA with different types and contents
of WMA, including viscosity (135°C), motive viscosity (60°C), softening point, ductility, penetration,
toughness, tenacity. Based on the physical properties, an optimal type and content of WMA was suggested
for future work.

MATERIALS AND EXPERIMENTAL DESIGN

The experimental design of this study is shown in Figure 1. One control HVA sample is made for comparing
the effect of adding WMA, which included SBS, plasticizer and crosslinker. Three types of WMA (RH, EC-
120, and Sasobit) were added into HVA with different contents (2%, 3%, and 4%). Then, nine types of
samples were prepared. For each sample, physical tests were conducted including viscosity measure and
other traditional physical tests. Details of the experimental design are presented in Figure 1.

2.1 Materials

The proposed HVA is made with four types of materials, including Fuzhou-70 paving asphalt, SBS1301,
furfural extract oil and sulfur (Zhang and Hu, 2015a). Fuzhou-70 paving asphalt was obtained from the
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Fuzhou Petroleum Asphalt Factory, China. The physical properties are listed in Table 1. SBS1301 with 30
wt% styrene is a linear polymer and the average molecule weight is 110,000 g/mol. Furfural extract oil is
acted as plasticizer and sulfur is considered as crosslinker, which are chemically pure reagents.
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Figure 1: Details of the experiment design

Table 1: Physical properties of AH-70 asphalt

Properties Unaged After TFOT ageing
Softening Point ('C) 49.8 54.3
Penetration (25°C, dmm) 61 34

Motive Viscosity (60°C, pa-s) 448 865.8
Viscosity (135C, pa-s) 0.77 -

The organic WMA used in this study are RH, EC-120 and Sasobit, which belong to wax-based additives.
This organic WMA is designed to improve the flow properties of the asphalt by lowering its viscosity above
the wax melting point, and also increasing the stiffness of asphalt at a temperature below the melting point
(Silva and Oliveira 2010). RH was developed by the Research Institute of Highway Ministry of Transport,
China. EC-120 was developed by Shenzhen Oceanpower New Materials Technology Co., China and
Sasobit is used widely and developed by Sasol Wax Co., Germany.

2.2 Preparation of samples

The preparation of samples included two steps:

Stepl: The preparation of HVA was used a high shear mixer (made by Qishuang Machine, China). First,
Fuzhou-70 paving asphalt (500 g) was heated until it became fluid in an iron container, then upon
reaching about 180°C, 9% SBS and 6 % furfural extract oil (based on 100 parts asphalt) were
added. The shearing time was 1 h-15min at the shearing speed of 4500 r/min, and then 0.25%
sulfur (based on 100 parts asphalt) was added. Subsequently, the blend was stirred for 1 h-50min
by a mechanical stirrer at 180°C~190°C.
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Step 2: WMA was added and stirred in the iron container for 40 min to ensure full swelling of the additives
in the asphalt.

2.3 Ageing of modified asphalt

The short-term aging of asphalt was performed using the thin-film oven test (TFOT, ASTM D 2872) which
simulates manufacturing and placement ageing for the physical properties testing. In this study, the
softening point, ductility, penetration, toughness, tenacity were conducted to evaluate the performance after
short-term ageing.

2.3 Physical properties test

To evaluate the physical properties of HVA after adding WMA, the following tests were conducted:
viscosity (135°C), motive viscosity (60°C), softening point, ductility(5°C),penetration(25°C),
toughness(25°C), tenacity(25°C), based on ASTM D2171, D2196, D36, D5, D113,D5801, respectively.

RESULTS AND DISCUSSION
3.1 Viscosity (135C)

The workability of asphalt is represented by the viscosity at 135°C, which was tested using Brookfield
viscometer. Figure 2 shows the effect of type and content of WMA on viscosity (135°C). It can be seen that
the three types of WMA produced a significant decrease on viscosity (135°C), where the greatest reduction
was more than 26% when the addition of EC-120 was 4%. The results show that the workability of samples
was improved apparently by the addition of RH, EC-120, and Sasobit. Comparing the three types of WMA,
EC-120 performed best, followed by Sasobit and RH, which have similar reductions. In addition, as the
three types of WMA increase, the viscosity at 135°C uniformly continued to decrease by different extents.
The viscosity reduction in this study is due to the organic WMA melted at the test temperature (135°C) and
promoted to the flow properties of modified asphalt which showed a decrease in viscosity.

3.2 Motive viscosity (60C)

The motive viscosity at 60°Cis a key parameter for evaluating high-temperature performance of HVA. The
results for the sample are shown in Figure 3. As noted, RH warm additive produced a significant decrease
in motive viscosity, which was reduced by nearly 30% compared to control HVA. For the samples involving
EC-120 and Sasobit, motive viscosity was improved compared to control HVA. The reason is that the test
temperature for the motive viscosity, which did not reach the melt temperature of these two wax-based
additives ranged from 90°C to110°C (Silva and Oliveira 2010).The higher motive viscosity resulted from the
interaction of HVA and WMA which improved the structure characterization of this modified asphalt. In
addition, with the increase in WMA content (from 2% to 3%), the motive viscosity improved. However, the
viscosity is reduced greatly when the content of EC-120 and Sasobit changed from 3% to 4%. This result
shows that the excessive and unreacted WMA might have an adverse effect on motive viscosity. When
comparing different types and contents of WMA, it can be found that Sasobit with 3% content has optimal
effect on motive viscosity for HVA.
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Figure 2: Effect of WMA on dynamic viscosity Figure 3: Effect of WMA on motive viscosity

3.3Softening point

The softening point test establishes the temperature at which the asphalt softens, which is a parameter that
represents high-temperature performance for asphalt. The softening points of the samples were as follows:
98.8°C, 98.2°C, 99.2°C, 100°C, 99.1°C, 100°C, 100°C, 100°C, and 100°C, respectively for 2%, 3%, and 4% of
RH, EC-120 and Sasobit, respectively, where the control HVA is 97.75 °C. It is observed that the softening
points increased slightly after adding WMA and changed little by different contents. The high softening
points occurred due to the presence of SBS and organic WMA which acted as stabilisers.

To evaluate the ageing performance, the softening point difference was calculated as follows,
[1]AS = SP, — SP,
where

AS = softening point difference
SPy, = softening point before aging
SP, = softening point after aging.

The results of the softening point difference are shown in Figure 4. A lower AS means a better ageing
resistance. It can be seen from the figure that the ageing resistance was improved for all the samples with
WMA compared to control HVA. In addition, by varying the content of WMA from 2% to 3%, AS substantially
declined, while the values increased for contents of 3% and 4%. It indicates that 3% is the optimal content
of WMA for ageing resistance on high-temperature performance due to the complete reaction of WMA and
HVA with this content after short-term ageing.

[ Jo%
[ 2%
[ 3%
104 97 97 9.7 4%
i 8.65 8.52
8 -
i
S 6-
g 475 48
Qo
£ 4 35
Q
o 2.6
2 -
0 T
EC-120 Sasobit

Figure 4: Softeningpoint difference before and after ageing
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3.4 Penetration

Penetration is a parameter that represents the stiffness of asphalt. It is observed in Figure 5 that the
penetration was improved for the RH samples and was reduced by the addition of EC-120 and Sasobit
which made HVA stiffer. Compared to EC-120 and Sasobit, the physiochemical reactions occurred between
HVA and WMA, and the structural properties were formed by the reaction. It has a stable structure since
EC-120 and Sasobit did not fuse, a phenomenon that occurs at temperatures greater than 90°C (Silva and
Oliveira 2010), while the penetration test was performed at 25°C. When comparing different types of WMA,
the sample with Sasobit was the stiffest and the combination of RH and HVA was the softest.

The penetration ageing index was used to compare the penetration variation before and after short-term
ageing in this study. The index was calculated as follows,
Pq

[2] PAI=100:2

b

95 —=—RH
—e—EC-120
—A— Sasobit
- CJo% —
%0 82 [ J2% & 904
80 ] I 3% x
4% (3}
1 70.3 2
70 —p6.5 =
9 1 615 [ 61.560.655 759.6 61.5 g 854
E 60 525 S
% 50 5.745.6 <é
heA 1 S 80
= o
§ 401 g
£ 30+ 2
Q B O 754
c a
o 204
[ SBN
104
] 70 T T T T
0 0% 2% 3% 4%

T T T T
RH EC-120 Sasobit Content of warm additives

Figure 5: Effect of WMA on penetration of HVA Figure 6: Effect of WMA on penetration ageing index
where

PAI = penetration ageing index (%)
P.= penetration after aging
Py, = penetration before aging.

The results of the penetration aging index are shown in Figure 6. It is noted that PAI decreased by the
addition of the WMA compared to the control HVA and reached the lowest value for the 2% content of EC-
120.

3.5 Ductility

Ductility is a traditional parameter for evaluating low-temperature performance for asphalt, which represents
the crack resistance for pavement at low temperature. The higher value of ductility means the better crack
resistance. The results of ductility are shown in Figure 7. It is noted that ductility was reduced greatly for
most of the samples after adding WMA. Comparing the effect of different types of WMA, Sasobit had the
greatest decrease of ductility, followed by EC-120, while RH had lowest effect on low-temperature
performance among the three types of additives. In addition, with the higher contents of WMA, ductility did
not show a significant difference.

To evaluate the low performance after ageing, the ductility decrease rate was calculated, based on the
reduction in ductility before and after ageing, as follows

[3] DDR = 100 (1 - g—b)
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where

DDR = ductility decrease rate (%)
Da = ductility after aging
Dy = ductility before aging

Figure 7 shows that the ductility of each sample was reduced after short-term ageing, especially for Sasobit
where the biggest DDR was nearly 50%. With the increase in WMA content, the effect of ageing on ductility
was increased continuously. It is noted in Figures 6 and 7 that the addition of RH, EC-120, and Sasobit had
an adverse effect on low-temperature performance of HVA since organic WMA made HVA more brittle at
low temperature.
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Figure 7: Effect of WMA on ductility of HVA Figure 8: Ductility decrease rate before and after ageing
3.6Toughness and tenacity

Toughness and tenacity represent the holding power of asphalt to aggregate, which are important
parameters for porous asphalt pavements with high-air void. The test was designed to investigate the effect
of WMA on toughness and tenacity of HVA. Table 2 shows that toughness and tenacity of HVA was reduced
with the addition of RH. Both toughness and tenacity increased by the additives of EC-120, and the values
did not substantially change when the content changed from 2% to 4%. For the samples of HVA with
Sasobit, both toughness and tenacity declined compared to control HVA. In addition, the higher values of
toughness and tenacity occurred with the higher content of Sasobit.

After short-term ageing, toughness and tenacity of each sample contained WMA considerably improved
compared to homologous un-aged sample. However, this result did not occur in control HVA sample where
toughness and tenacity were reduced slightly after short-term ageing. The results show that the addition of
RH, EC-120, and Sasobit is beneficial for toughness and tenacity and improve the cohesive force of asphalt
and aggregates after short-term ageing.

Table 2: Effect of WMA on toughness and tenacity of HVA

Toughness (25°C) Tenacity (25°C)

Sample Before Aging After TFOT Ageing Before Aging  After TFOT Ageing

(N-m) (N-m) (N-m) (N-m)
HVA 22.75 21.85 15.48 15.42
HVA+2%RH 14.81 21.45 11.37 16.02
HVA+3%RH 19.45 20.89 13.14 13.27
HVA+4%RH 17.47 20.92 12.51 13.71
HVA+2%EC-120 23.28 33.05 17.20 27.11
HVA+3%EC-120 23.78 27.26 16.83 17.84
HVA+4%EC-120 23.03 26.65 16.36 22.02
HVA+2%Sasobit 18.98 32.29 11.25 24.41
HVA+3%Sasobit 20.41 29.94 11.47 18.66
HVA+4%Sasobit 21.21 29.71 11.94 13.41
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CONCLUSIONS

The objective of this study was to use WMA to reduce viscosity during construction and keep acceptable
performance at high and low temperatures. Three types of organic WMA (RH, EC-120, and Sasobit) with
three different contents (2%, 3%, and, 4%) were mixed with HVA. Based on this study, the following
conclusions are offered:

1. This study has shown that the addition of the three organic WMA has a significant effect on reducing
viscosity (135°C) of HVA during construction. The greatest reduction in viscosity occurred with 4%
EC-120.

2. To evaluate the high-temperature performance of HVA after adding WMA, motive viscosity and
softening point were conducted. The results show that RH has an adverse effect on motive viscosity,
which was improved by the other two WMA (EC-120 and Sasobit). The 3% Sasobit produced the
highest value of motive viscosity, followed closely by 3% EC-120. The softening point of each
sample after adding WMA was slightly improved. Penetration was reduced for most of the samples
by the addition of WMA which made HVA stiffer. Ductility, performed to evaluate the low-temperature
performance, showed a significant decrease after adding the three types of additives, especially for
EC-120 and Sasobit. The results show that EC-120 improve toughness and tenacity which did not
substantially change for different contents of EC-120. However, these parameters declined by the
addition of RH and Sasobit.

3. The softening point, penetration, ductility, toughness, and tenacity were tested after short-term
ageing. The results show that softening point, penetration, ductility were reduced by different
extents, whereas tenacity and toughness were substantially improved after short-term ageing.

4. According to the preceding physical properties, EC-120 is considered as the optimal type among
the three WMA and 3% is suggested as the best content of EC-120 for HVA. Further research will
be conducted to analyze the rheological properties and structural characteristics using the optimal
WMA.

ACKNOWLEDGEMENTS

The project was financially supported by the Science and Technology Project of Education Department of
Fujian Province, China: Microstructure and mechanical behavior of high viscosity modified on porous
asphalt pavement (JAT160165) and the project of Fujian Agriculture and Forestry University, China:
Mechanical behavior of nanometer modified asphalt mortar on porous pavement (113-61201401802).

REFERENCES

Arega, Z. et al. 2011. Influence of Warm-Mix Additives and Reduced Aging on the Rheology of Asphalt
Binders with Different Natural Wax Contents. Journal of Materials in Civil Engineering, 23(10): 1453-
1459.

Barrett, M.E and Shaw, C. B. 2007.Benefits of Porous Asphalt Overlay on Storm Water Quality.
Transportation Research Record: Journal of the Transportation Research Board,2015: 127-134.
Dondi, G. et al. 2016. Evaluation of Different Short Term Aging Procedures with Neat, Warm and Modified

Binders. Construction and Building Materials,106: 282-289.

Elsa, S. et al. 2011.Evaluation of Compactability and Mechanical Properties of Bituminous Mixes with WMA.
Construction and Building Materials, 23:2304-2311.

Hakseo, K. et al. 2012. Influence of Warm Mix Additives on PMA Mixture Properties. Journal of
Transportation Engineering, 138(8): 991-997.

Hamzah, M. et al. 2015. Evaluation of Rediset for Use in Warm-mix Asphalt: A Review of the Literatures.
International Journal of Pavement Engineering,16(9): 809-831.

Hassan, F. and Amir, A. 2016. Rheological Properties of Bitumen Modified with a Combination of FT
Paraffin Wax (Sasobit®) and Other Additives. Journal of Civil Engineering and Management, 2: 135-
145.

GENO010-8



Japan Road Association.1996.Technical Manual of Porous Asphalt Pavement. Tokyo: Wanshan Kabushiki
Kaisha:10-25.(in Japanese)

Liu, J. et al. 2011. Laboratory Evaluation of Sasobit-Modified Warm-Mix Asphalt for Alaskan Conditions.
Journal of Materials in Civil Engineering, 23(11): 1498-1505.

Maria, A,Alloza, R., et al. 2013. Study of the Effect of Four Warm Mix Asphalt Additives on Bitumen Modified
with 15% Crumb Rubber. Construction and Building Materials, 43:300-308.

Omari, |. et al. 2016. Investigation of two Warm Mix Asphalt additives. International Journal of Pavement
Research and Technology,9: 83-88

Silva, M. and Oliveira, J. 2010.Optimization of Warm Mix Asphalts using Different Blends of Binders and
Synthetic Paraffin Wax Contents. Construction and Building Materials, 24:1621-1631.

Standard Test Methods for Bitumen and Bituminous Mixture for Highway Engineering. 2000.
Communication ministry of PR China.

Takahashi, S. 2013.Comprehensive Study on the Porous Asphalt Effects on Expressways in Japan: Based
on Field Data Analysis in the Last Decade. Road Materials and Pavement Design,14(2): 239-255.

Wang, H. et al. 2012. Effect of Warm Mixture Asphalt (WMA) Additives on High Failure Temperature
Properties for Crumb Rubber Modified (CRM) Binders. Construction and Building Materials, 35:281-
288.

Xie, Z. et al. 2014.Laboratory Investigation of the Effect of Warm Mix Asphalt(WMA) Additives on the
Properties of WMA Used in China. Journal of Testing and Evaluation, 42(5): 1-8.

Xu, B. 2011. Theory and Practices of Porous Asphalts, 1st ed., People Communication Press, Beijing,
China.

Yu, X. and Wang, Y. 2013. Effects of Types and Content of Warm-Mix Additives on CRMA. Journal of
Materials in Civil Engineering,25(7): 939-945.

Zhongxi, H. and CHI, S. 2002. Study on Improvement in Durability of Function for Porous Asphalt
Pavement. Guang-xi Communication Science and Technology, 27(4):7-12 (in Chinese)

Zhang, F. and Hu, C. 2015(a). Preparation and Properties of High Viscosity Modified Asphalt. Polymer
Composites, in press. DOI:10.1002/pc.23655.

Zhang, F. and Hu, C. 2015(b). The Composition and Ageing of High-viscosity and Elasticity Asphalts.
Polymer Composites, in press. DOI:10.1002/pc.23841.

GENO010-9



	Abstract
	2.1 Materials
	2.2 Preparation of samples
	2.3 Ageing of modified asphalt
	2.3 Physical properties test
	3.1 Viscosity (135℃)
	3.2 Motive viscosity (60℃)
	3.3Softening point
	3.4 Penetration
	3.5 Ductility
	3.6Toughness and tenacity

