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Abstract

This study investigated the permanent strain of dense-graded asphalt and porous asphalt
material using uniaxial cyclic compression test with confinement. Based on the test results,
the comparison of the permanent strain was carried out. The results showed that the
permanent strain resistance of porous asphalt material was better than that of the dense-
graded asphalt material. In addition, the use of higher performance-graded asphalt binder
improved remarkably the permanent strain resistance of porous asphalt material. The
analysis of the two prediction models showed that the power model performed better in
prediction of the permanent strain. In future, more studies need to be conducted to
investigate the effect of other factors such as moisture, freeze/thaw cycle on the mechanical
performance of the porous asphalt material.
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1. Introduction

In urban areas where low impact development strategies increase for preserving
the natural hydrologic regime of watershed by managing stormwater as close to its
source as possible, permeable pavement systems have been used widely. In the
permeable pavement systems, the porous asphalt (PA) is often used for the surface layer.
It is designed with a high porosity so that it can allow water to infiltrate through. In
general, the PA material supports the permeable pavement systems not only for load-
bearing capacity but also for the drainage. As a popular and affordable material in
decades, PA material has been used [9]. Under the traffic loads, permanent strain or
rutting of the PA material occurs and is considered as one of the main distresses of
pavement system [6, 10].

Until now, there have been many studies of the permanent strain of PA material.
Afonso et al. (2016) studied the permanent strain of PA material designed with
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cellulosic fibers [1]. The results of permanent strain were provided by wheel tracking tests.
This study pointed out that the addition of cellulosic fibers in the PA material increased
remarkably permanent strain resistance of PA material. In addition, this study figured that
PA material with higher percentage of binder performed better in resistance to permanent
strain. They recommended to use the addition of cellulosic fibers to archieve the better
mechanical performance of PA material.

Another study of Wang et al. (2018) focused on the permanent strain of PA
material in the case of working in summer weather [10]. The results indicated that the
permanent strain of PA material is more sensitive to temperature and traffic load than
the moisture. The authors concluded that PA material showed a good resistance to
permanent strain. Recently, Kusumawardani and Wong (2020) investigated the effect of
aggregate shape on the permanent strain of PA materials [8]. The specimens were
designed with binder PG-76 and fabricated by gyratory compactor. The results showed
that aggregate shape affected significantly the permanent strain of PA material. The
analysis figured that to increase the permanent strain resistance of PA material, the
aggregate with cubical shape was recommended to use.

Literatures showed that the permanent strain of PA material strongly depends on
the binder, material type, aggregate shape and environmental conditions. To investigate
the permanent strain of PA material, laboratory tests were often carried out. Until now,
there are not many studies show a comparison of the permanent strain of the dense-
graded asphalt and PA material. Thus, this study was conducted to fill this gap.

2. Permanent strain of asphalt material

Permanent strain is the most important distress that takes part in failure of
pavement systems. According to [11], in pavement system, permanent strain can appear
in subgrade, subbase, base or even the upper layer due to the values of stress’s
propagation caused by the tire pressure. According to BS EN 12697-25:2016 [4], the
cumulative permanent deformation at n loading cycles as defined in Eq. (1):

un:|ho_hn| (@8]

where u, is the cumulative permanent deformation of the test specimen after n loading
cycles, (mm); ho is the mean vertical position of the upper loading plate as measured by
displacement transducers directly after end of preload of the test specimen, (mm); hy is
the mean vertical position of the upper loading plate as measured by displacement
transducers after n loading, (mm).
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The permanent strain of the test specimen after n loading cycles is determined in
Eq. (2):

u
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n

where en is the cumulative permanent strain of the test specimen after n loading cycles.

3. Materials, Equipment and Test Procedure

The specimen preparations and experiments in this study were conducted in Green
Infrastructure - Low Impact Development Center at Pusan National University, South
Korea. To investigate the permanent strain of the dense-graded asphalt and PA material,
this study experimented on the two asphalt materials. The dense-graded asphalt material
in this study was fabricated based on Korean Standard (KS) F 2349 “Hot mix asphalt
mixture” for WC-3 mixture [7] with asphalt binder PG 64-28 and porosity as 4%. On
the other hand, the PA20 material were fabricated with asphalt binder PG82-34 and
porosity as 20%. The particle size distribution of the two asphalt materials are presented
in Fig. 1.
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Fig. 1. Particle size distribution of WC-3 and PA20

Both mixtures were designed with same binder content as 5%. After finishing
fabricating mixtures, two specimens with diameter as 150 mm and height as 60 mm for
each mixture were prepared for testing.

Permanent deformation tests were carried out with a Material Testing Systems
(MTS) 370.10 servo-hydraulic testing system, in Fig. 2a, which includes a load frame
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rated at 100-kN with 150-mm stroke actuator, 25-kN load cell and a temperature
chamber. While the MTS machine provided the cyclic axial loads to the specimen, the
temperature chamber provided the desired temperature to the specimen. In this study,
the cyclic load and temperature values were applied according to the method A; in the
standard BS EN 12697-25:2016. To record the deformation of the test specimens, two
linear variable differential transformers (LVVDT) were used, in Fig. 2b. For each mixture,
two identical specimens were fabricated and experimented.

(b)

Fig. 2. Test setup for the permanent deformation

Before the test, specimens were conditioned in the temperature chamber at 35°C
for one day. This process was operated to ensure that all the specimens could have the
same testing condition. After that, WC-3 specimens were tested first, and then the PA20
specimens. During the experiment, values of cyclic loads, LVDT signals, and
temperature were recorded continuously.

4. Results and Discussion

For each asphalt material, two identical specimens were tested. The permanent
strain results for each material were the average of them. The comparison of permanent
strain results for the two asphalt materials at 35°C are shown in Fig. 3. Based on the
results, it can be seen that the permanent strain of WC-3 specimen is consistently higher

than that of the PA20 specimen. This behavior is similar with that in previous studies of
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[9-11]. It could be attributed to the use of binder. While the WC-3 mixture used the
binder as performance-graded asphalt binder (PG) 64-28, the PA20 mixture used PG
82-34. Therefore, the WC-3 mixture has a lower permanent strain resistance than the
PA20 mixture does at high temperature. It can be concluded that asphalt material
designed with higher PG may provide better permanent strain resistance. It is consistent
with the conclusion of [1].

In addition, due to the use of open-graded aggregate material in the mixture, PA20
mixture itself obtains the load bearing-capacity from particle to particle contact.
Therefore, PA20 mixture may provide a high permanent strain resistance.
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Fig. 3. Permanent strain results for the two mixtures

To determine the model parameters, two models were used in this study, the linear
and power model. These two models are presented in the standard BS EN 12697-
25:2016 [4], which is shown in Eqg. (3) and (4). Based on these models, the model
parameters were determined by least square fitting curve method.
g, =A+B.n 3)
where A1 and B; are the regression coefficients.
g, =An® (4)
where A and B are the regression coefficients.
The permanent strain of test data and predicted data for the two materials in the

first and second model are displayed in Fig. 4, 5, 6 and 7 below.
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Fig. 4. Predicted and test data of permanent strain for WC-3 mixture in the first model
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Fig. 5. Predicted and test data of permanent strain for PA20 mixture in the first model
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Fig. 6. Predicted and test data of permanent strain for WC-3 mixture in the second model
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Fig. 7. Predicted and test data of permanent strain for PA20 mixture in the second model

Based on the results, it can be seen that the permanent strain predictions of the
first model did not compare well with the test data. In contrast, those of the second
model compared well with the test data. The finding in this study is that the second
model perform better to predict the permanent strain for the asphalt concrete mixtures.
The model parameters of the two models are given in the Table 1 below.

Table 1. Model parameters for the two materials

BS EN 12697-25:2016 model
Material First Second
A1 B R? A B R?
WC-3 0.01057 7.4e-6 0.63 3.93e-3 0.254 0.99
PA20 0.0067e-6 1.58e-6 0.83 0.152e-3 | 0.410 0.98

5. Conclusion

This study investigated the permanent strain of dense-graded asphalt WC-3 and
porous asphalt PA20 materials using uniaxial cyclic compression test with confinement.
Based on the test and analysis results, the following conclusions were drawn:

The permanent strain resistance of PA20 mixture is better than that of the WC-3
asphalt material. It could be attributed to the use of higher performance-graded asphalt
binder. The finding is that the use of higher performance-graded asphalt binder
improved remarkably the permanent strain resistance of PA material.
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This study used two models in the standard BS EN 12697-25:2016 [4] to predict

the permanent strain of the two asphalt materials. The model parameters were
determined by least square fitting curve method. The analysis showed that between the
two models used to predict the permanent strain of asphalt materials, the power model
performed better.

In future, more studies need to be conducted to investigate the effect of other factors

such as moisture, freeze/thaw cycle on the mechanical performance of the PA material.
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NGHIEN CUU BIEN DANG KHONG HOI PHUC CUA BE TONG
NHUA CHAT VA BE TONG NHUA RONG BANG THI NGHIEM NEN
DOC TRUC TAI TRONG LAP HAN CHE NO HONG

T6m tat: Nghién cizu nay khdo sat bien dang khong hoi phuc cia vat lidu bé tong nhyra
chat va bé téng nhura réng bang thi nghiém nén doc truc tdi trong ldp han ché né héng. Dya
vao két qud thi nghiém, sy so sanh cua bién dang khéng hoi phuc dwoc thuc hién. Két qua
nghién cizu thirc nghiém cho thay, kha ndng chong bién dang khong hai phuc cuia bé tong nhira
réng tot hon bé tong nhwa chat. Ngoai ra, viéc sir dung cdp PG cao hon Cdi thién ddng ké kha
ndng chong bién dang khdng hoi phuc cua bé tdng nhyra réng. Keét qua phan tich hai mé hinh due
dodn bién dang khong héi phuc cho thdy, mé hinh ham mii cho két qud du dodn tét hon. Trong
twong lai, nhiéu nghién citu cdn duwoc thuc hién d@é khao sat sw anh hwong cia cac nhan té khac
nhw d¢ am, thoi tiér dén tinh chat co hoc cua bé tong nhyra réng.

Tir khoa: Bé tong nhya chat; bé tong nhya rdng; bién dang khéng hdi phuc.
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