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Abstract

The course of turned of bituminous pavement layers into hot mix asphalt (HMA) layers has been
increasing day by day all over the world. Bituminous surface treatment that contains consirable amount
of aggregate and bitumen, is an important source of recycling that offers a great amount of pavement
materials intead of virgin material usage on pavement consruction.In the study, it was aimed to
investigate the usability of bituminous surface layer treatment in the base layers of the HMA roads by

Anahtar kelimeler mixing with foam bitumen and active filler materials in order to eliminate the potential performance
Bituminous surface degradation that will be encountered when it is recycled due to the low bitumen percentage compared
treatment; Foam to hot mix asphalt and the wear of the aggregate due to climatic conditions and traffic loads over time.
bitumen; Indrect The study conducted that intends to technically evaluate the cold recycling of bituminous surface

treatment of roads with foam bitumen and active filler materials; for 70/100 bitumen grade, 5 different
bitumen mixes were prepared and ideal bitumen percentage was investigated for this bitumen grade.
The effect of bitumen percentage on mixture performance was evaluated with 50/70-100/150-160/220
bitumen grades and mixtures were prepared in single bitumen ratio (2.5%). It was investigated that
active fillers will give suitable results for foam bituminous mixtures by preparing mixtures for three
different active fillers; cement, hydrated lime and fly ash. To evaluate all these productions, ITS,
unconfined compressive strenght, triaxial resilient modulus and asphalt permanent deformation tests
were performed. The results obtained showed that production made using 2% foam bitumen and 1%
was found suitable for moisture sensitivity and structural stability. Recycling of bituminous surface
treatment using foam bitumen and cement is an environmentally and economically beneficial method
by reducing both waste and raw material consumption.

tensile strenght;
Unconfined
compressive strenght;
Resilient Modulus.

Sathi Kaplamali Yollarin Kopiik Bitiimle Soguk Geri Kazaniminin
Arastirilmasi

Oz
Tim diinyada sathi kaplamali yollarin BSK (bitiimli sicak karisim) yollara donistirilme trendi giinden
giine artmaktadir. Omriinii tamamlamis sathi kaplamalar barindirdigi agrega ve bitiim nedeniyle geri
dénisiim igin dnemli bir kaynaktir. Calismada, sathi kaplamalarin bitimli sicak karigimlara gére diistik
bitliim ylzdesiyle Uretilmesi ve icerisinde ki agreganin zaman igerisinde iklimsel sartlar ve trafik yikleri
Keywords nedeniyle yipranmasi nedeniyle geri kazanildiginda karsilagilacak muhtemel performans disikliginin
Sathi kaplama; K8pik  giderilmesi icin kdplk bitim ve aktif filler tirtinlerle karistirilarak, BSK yollarin temel tabakalarinda
bitim; Dolayli gekme kullanilabilirligi arastirilmaya ¢ahsilmistir. Geri kazanilmig sathi kaplamalarin képik bitim ve aktif filler

dayanimi; Serbest malzemelerle soguk geri kazanimini teknik agidan degerlendirebilmek igin yapilan bu ¢calismada; 70/100
basing dayanimi; bitim sinifi i¢in 5 farkl bitim yizdesinde karisimlar hazirlanmis ve bu bitim sinifi igin ideal bitlim
Esneklik Modild. ylizdesi arastirilmistir. 50/70-100/150-160/220 bitim siniflar ile tek bitiim yiizdesinde (2.5%)

hazirlanan karisimlarla da bitim sinifinin karisim performansina etkisi degerlendirilmistir. Cimento,
sonms kireg ve ugucu kiil olmak tzere Ug farkli aktif filler icin karisimlar hazirlanarak hangi aktif fillerin
kopuk bitimli  karisgimlar igin uygun sonug verecegi arastirilmistir. Tim bu dretimleri
degerlendirebilmek amaciyla dolayli ¢cekme modiill, serbest basing dayanimi, ¢ eksenli esneklik
modiil, asfalt kalici deformasyon testleri gergeklestirilmistir.
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Elde edilen sonuglar gdstermistir ki 2% civarinda kdpuk bitiim ve 1% ¢imento kullanilarak yapilan tretim
nem hassasiyeti agisindan ve yapisal stabilite agisindan uygun oldugunu gostermistir. Sathi kaplamalarin
kopuk bitim ve gimento kullanilarak geri kazanilmasi, hem atik hem de hammadde tiiketiminin
azaltilmasi ile gevresel ve ekonomik olarak fayda saglayacak bir yontemdir.

1. Introduction

Due to rapidly developing industry and the
expectation of more comfort and more load
carrying capacity from the road, the roads with
Bituminous Surface treatment, which are old type
flexible pavements (seal coat), turn into hot mix
asphalt (HMA) roads. In the meantime, recycling of
Bituminous Surface treatment on roads has been
made mandatory aplications of pavement mix
design considering the storage of scraped old
pavement material, the need for reconstruction,
and the environmental impacts during hot mix
preparation.

Asphalt industry that could make a great
contribution to asphalt production, paving and
sustainable transportation in many different
applications (Int Kyn 1, Almeida et al. 2016,
Zaumanis et al. 2016). The greatest contribution to
sustainability by reducing the environmental impact
of the asphalt industry will undoubtedly be achieved
by recycling old asphalt pavements. In addition, it is
possible to use this recycled material in all
pavement layers from subbase to wearing course,
even in different proportions (Int Kyn 2, Hasan et al.
2022). Among the different pavement recycling
methods, cold recycling undoubtedly stands out due
to its environmental advantages (Turk et al. 2016,
Woszuk 2017). The in situ and cold recycling method
is a very important gains achieved in terms of energy
consumption (Turk et al. 2016, Dong et al. 2017).

In the foam bitumen method (Muthen 2018,
Kumrawat and Deulkar 2019), in which the surface
area of the bitumen is increased helps to prepare
the cold mixes more homogeneously and the
bitumen is foamed by injecting a small amount of
water and air into an expansion chamber (Jenkins
2000, Pitawala et al. 2022).

The foam bituminous mixtures in which bitumen is
foamed and added to the mixture are slightly
different from the hot mixtures in terms of the
microstructure and bituminous role in the mixture
(Jenkins 2000) and consist of large aggregates
partially coated with mastic droplets (Jenkins 2000,
Fu et al. 2009). Foam bitumen is generally dispersed
into fine particles in the mixture (lwanski and
Kowalska 2013). Therefore, these materials are not
sensitive to temperature (Asphalt Academy 2009,

© Afyon Kocatepe Universitesi
Saleh and Gaspar 2021), they are sensitive to
moisture due to their high void contents (Fu et al.
2009) for homogeneous dispersion of the foamed
bitumen into the mixture.
Another product that affects the performance of
foam bituminous mixtures are materials that are
characterized as active fillers (Fadmoro et al. 2022).
These products increase the density of the mixture
(Wirtgen 2012), helping to increase strength (Brown
and Needham 2000, Wirtgen 2012, Dolzycki et al.
2017, Graziani et al. 2018, Erten et al. 2020, lwanski
et al. 2022, Pitawala et al. 2022).
In addition, active fillers help homogeneous
distribution of bitumen in the mixture of materials
(Wirtgen 2012).
In foam bituminous mixtures, like other cold
mixtures, heating is not used for workability
(Mondal and Kuna, 2022); water is used instead
(Graziani et al. 2016). The excessive use of mixing
water and preserving the material after
compression results in cohesion deficiency
(Valentova et al. 2016) and loss of strength (Fu et al.
2010).
The development of the physical structure over

time in cold mixtures is called curing. The curing
event helps to develop expected strength
properties (Cardone et al. 2014, Graziani et al.
2016, Graziani et al. 2018) (Figure 1).

Agaregate

Mastic
Mastic Droplets
Droplets

Aggregate

Figure 1. Foam bituminous cold mixture curing
process
In order to evaluate the moisture sensitivity of foam
bituminous mixtures with high void content (Fu et
al. 2009, lwanski and Kowalska 2013), ITSDRY (Dry
Indirect Tensile Strenght) before conditioning and
ITSWET (Wet Indirect Tensile Strenght) after
conditioning (Wirtgen 2012, Arguelles et al. 2015,
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Diab and Enieb 2018) were used. ITSWET value of at
least 100 kPa and ITSDRY value of at least 225 kPa
are recommended by Wirtgen (2012). These limit
values are used for optimum bitumen percentages.
The purpose of the design of foam bituminous
mixtures is to optimize the mix strength properties
under the worst (wetted) conditions (Muthen
1998). Khosravifar (2012) stated that most
moisture-sensitive bonds disappear under wet
conditions, so the performance of foam bituminous
mixtures will be better understood in wetted
condition.

Structural layer coefficient of the pavement layer to
be formed with FBSM is estimated using the
Resillience modulus value defined as the resistance
of the pavement materials to flexible deformation
under applied loads (Tia and Wood 1983, Fu et al.
2009, Schwartz and Khosravifar 2013, Romanoschi
et al. 2013). For resilient modulus detection, in the
dynamic triaxial experiment, the load is applied to
the sample with a loading time of 0.1s and a rest
time of 0.9s, to represent the actual wheel load
(Huang 2003, AASHTO 2012).

Irreversible small deformations occurring in the
material due to the applied dynamic loads cause
permanent deformation over time (Sunarjono
2008). Especially in foam bituminous mixtures with
a bitumen content of more than 3%, bitumen
reduces the friction angle by making a lubricating
effect between aggregates. The resulting
permanent deformation (Wirtgen 2012, Khosravifar
et al. 2015) is considered as main deterioration
mechanism for FBSM (Asphalt Academy 2009).
According to Khosla (Khosla et al. 2012), the binder
in RAP material is expected to increase the rutting
performance of the mixture since it is aging and
hard.

The active filler used in foam bituminous mixtures is
used as another evaluation criterion because of the
rigidity that the materials add to the mixture (Shao-
Peng et al. 2006, Wirtgen 2012, Erten 2020).

The resilient modulus, defined as the slope of the
stress-strain curve in the linear elastic region,
determined during the UCS experiment (Patel et al.
2008), is a measure of the rigidity of the materials
(Int Kyn 3).

While the experimental studies were carried out in
accordance with the material percentages
frequently used in the literature for foamed
bituminous mixtures, it was investigated whether
the reclaimed asphalt obtained from the surface
treatment of roads is suitable for use in the
pavement layers. The experimental methods used
to evaluate the performance of foamed bituminous

mixtures have been investigated how the
percentage of foamed bitumen used in the mixture
and the percentage of active filler affect on the
structural performance of the mixture. In addition,
it has been observed how important properties such
as compactibility/workability and curing for foamed
bituminous mixtures are affected by variables such
as material used and time.

2. Materials and Method

The gradation of the material taken from a 15 cm
scraping depth from a double bituminous surface
treatment road is given in Table 1. This gradation
has been called Type A and has been studied with
this type of gradation in all productions. The
percentage of bitumen in the material was
determined as 3.18%. The effects of RAP (reclaimed
asphalt pavement) materials with different bitumen
percentage on production were investigated by
producing a recycled HMA material with 4.17%
bitumen percentage for the same gradation in only
one production (2.5A100C1-B).

Table 1. Material gradation used in the study

Sieve Size
Gradation

mm inch-no

37,5 1% 100,0
25 1 96,0
19 % 90,5
12,5 % 78,9
9,5 3/8 70,6
4,75 No.4 61,1
2 No.10 37,2
0,425 No.40 51
0,18 No.80 1,4
0,075 No.20 0,4

In the mixtures made using different materials or
different ratios of the same materials, the effect of
the materials on the compactibility of the mixture
was tried to be determined by volume specific
gravity and produced briquettes heights.

Although generally, cement is used as active filler in
the productions, the effect of the active filler type
was investigated in productions using hydrated lime
(HL) and fly ash (FA). Similarly, mostly 70/100
bitumen grades were produced, and in order to see
the effect of bitumen grade on productions,
productions were made using 50/70-100/150-
160/220 grade bitumen.

For the 70/100 bitumen grade, the production of
1.9-2.2-2.5-2.8-3.1 bitumen percentages was made
and the effects of the bitumen percentage change
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were observed. For other bitumen grades, 2.5% was
used as a percentage of bitumen.

In case of using the old pavement as recycled
materials, as stated by Yan et al. (2014); the
presence of aged bitumen in RAP material can
reduce the stress-strain concentration in the
aggregate and bitumen interface phase. Thus, it also
helps to reduce the bitumen need in the mix.

In addition, CBR values of mixtures produced for all
active filler types were determined and evaluated.
The aim of the wet CBR experiment applied in the
study is to determine the lowest bearing capacity
where the voids are completely filled with water
(General Directorate of Highways, 2003).

ITSDRY, ITSWET, volume specific gravity, briquette
height, unconfined compressive strength, elastic

@ercemage: 1.9,2.2,25,28,3.1

1.9A70C1

modulus, resilient modulus and asphalt permanent
deformation parameters were used as the
evaluation criteria of productions. Especially since
the ITS evaluation determines the optimum amount
of bitumen, is the priority criterion for foam
bituminous mixtures. In the evaluation, the bitumen
percentage that meets the ITS limit values given in
the first chapter is accepted as appropriate, but in
case there is more than one bitumen percentage
that meets these conditions, it is appropriate to
make a choice considering the layer coefficient and
economy. In the study, the procedure
recommended by Wirtgen (2002) was used for the
production of foam bituminous mix. As seen in
Figure 2, sample coding was determined.

Active Filler Percentage:)

Gradation Type: A

v
@enGrade: 50, 70, 100, 160 @iller Type: C, HL, FA

Figure 2. Sample codings related to production

2.1. Indirect Tensile Strenght

Primarily, the ideal foaming values for the bitumen
grades used in the study were determined by the
Wirtgen (2002) procedure, for the determination of
the ITSDRY and ITSWET values of the productions.
(Table 2).

Table 2. Optimum foaming temperature and
optimum foaming water values determined for each
bitumen

Bltumen. Optimum Optimum Water Percent
Penetration Foamed (%)

Grade Temp.(°C)

50/70 170 3

70/100 170 2

100/150 170 2

160/220 160 2

The optimum amount of compaction water required
for the productions was determined with the help of
the modified proctor test (ASTM D1557).

9 standard Marshall briquettes (4 inch diameter)
were prepared for each production. The briquettes
removed from the molds after 24 hours were kept
in a drying oven at 40°C for 72 hours. Necessary
measurements of briquettes whose drying process
was completed were taken and ITSDRY values were

determined by breaking 3 briquettes for each
production. After the other 6 briquettes were kept
in a 25°C water bath for 24 hours, the volume
specific gravity of the mixtures were determined
with the help of Equation (1). ITS values are
determined by Equation (2).

Sample weight (in air)

Dp =
SSSDW—SWIW

(1)

Where;

Dp: volume specific gravity

SSSDW: sample saturated surface dry weight
SWIW: sample weight in water.

6* *
ITs = 2 2P (2)
mxhx*xd
Where;

P: Maximum load (kN)
h: Briquette height (mm)
d: Briquette diameter (mm)

2.2. Resilient Modulus
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152mm diameter and 315mm height samples were
prepared with a vibrating compaction hammer.
Samples were kept in a drying oven at 60°C for 24
hours and then broken. In the test carried out with
the AASHTO T 307-99 method, the haversine was
loaded with the help of a triaxial cell for 0.1 s loading
and 0.9s rest periods. According to the method;
first, 1.000 conditioning loads are made, followed by
1.500 loads. At this stage, the resilient modulus
value is determined for every 100 loads (95 preload
+5 resilient modulus loading) (Figure 3).

Figure 3. Resilient modulus test

Resilient modulus values for each 100 loads
(sequence) are calculated by the formula (3). The
confining stress and deviatoric stress values applied
to the sample in each sequence and the bulk
stresses according to the formula (4) are calculated.
According to the relationship between the mean
resilient modulus results of all sequences and the
bulk stress, the k-8 model of each production is
produced. Resilient modulus is calculated with the
help of the model.

Mg = 2 (3)

Er

Where;

Mk : Resilient modulus
04 : Deviatoric stress

& : Resilient strain (axial)

© = 01+02+03= 01+203 = 303+0¢4 (4)

Mg = K1.(8)¥? (5)

Where;
© (bulk stress), in which K; and K; are experimentally
derived constants (Huang 2003).

Layer coefficients of FBSM productions were
determined by using Equation (6) according to the
calculated resilient modulus (Schwartz and
Khosravifar 2003, AASHTO 1993).

a = 0.249xlog Egs-0.977 (6)

Where;
Egs, resilient modulus value in psi.

2.3. Unconfined Compressive Strenght Test

The test was carried out in accordance with ASTM
1074-09 standard. The samples used for the
unconfined compressive strength test are the same
as those used in the resilient modulus test. Since the
resilient modulus test is a non-destructive test, the
same samples were taken into the unconfined
compressive strength test after the resilient
modulus test. The test was carried out uniaxially and
with a constant loading of 5.08 mm/min. Maximum
deformation is limited to 5mm.

Figure 4. Unconfined compressive strength samples

The unconfined compressive strength is found with
the following Equation:

4y qx
UCs = 10%x4eP (7)

T*d?

Where;
UCS: Unconfined compressive strenght (kPa)
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P: Maximum applied load (kN)
d: Diameter of sample (cm) (Asphalt Academy,
2009).

With the help of Equation (8), Elastic modulus value
of the productions was obtained for the region
where the stress-strain graph in which the material
behaves in accordance with the Hook law is linear.

E= = (8)

Where;
o: maximum stress at elastic region
€: maximum strain at elastic region

2.4. Triaxial cyclic compression test

Permanent deformation control for the 2.5A70C1
sample was made according to the TS EN 12697-25
standard. With the help of Gyratory compactor,
10cm diameter and 15cm height test samples were
cut in 10cm diameter and 10cm height dimensions.
The test was carried out in three axial at a
temperature of 40°C (Figure 5). As in the resilient
modulus test, samples were applied in the
waveform of the heversine. The applied axial stress
is 300 kPa and the environmental stress is 100kPa.
Permanent strain value was obtained by loading
10000.

Figure 5. Triaxial cyclic compression test for foam
bituminous mixture

3. Results and Discussion

According to the results obtained in the
experimental studies, the graphs below were
prepared and interpreted.

As seen in Figure 6, along with the increase in
bitumen percentage, briquette height increased and
volume specific gravity values also showed a
decrease trend. The increase in the bitumen
percentage is an indication that the material is
getting harder to compaction. Because when foam
bitumen is used above its optimum value, as stated
in Erten (2020), instead of coating the course
aggregate, it starts to clump together and the
mixture becomes inhomogeneous, which affects
compaction and material strength.

7 6.20 6.25 6.25

Numerical Results
O R N W b UT O N
1

1.9A70C1 2.2A70C1 2.5A70C1 2.8A70C1 3.1A70C1
Production Codes

6.27 6.29
H Briquette

Heigh (cm)

H Volume
specific
gravity
(gr/cm3)

231

Figure 6. Comparison of briquette height and volume specific gravity values for different bitumen

percentages

It was stated by Erten (2020) that the volume
specific gravity of foam bituminous mixtures

ranged from 2.10 to 2.20.
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500 -
400 -
300 -
200

ITS Results

100

280
261
240 213 242 I233

0

288 247
.268 .229

® ITSDRY (kPa)
® ITSWET (kPa)

1.9A70C1 2.2A70C1 2.5A70C1

Production Codes

2.8A70C1 3.1A70C1

Figure 7. Comparison of ITSDRY and ITSWET values for different bitumen percentages

As seen in Figure 7, ITSDRY values for all bitumen
percentages are higher than the Ilimit values
recommended in Section 1 (Introduction) and
ITSWET results are

quite high. This indicates that the moisture
sensitivity of the mixtures is low.

500 -

400 -
% 263 270754 313287
2 300 - 239
& 200 - m ITSDRY (kPa)
=

100 - W ITSWET (kPa)

O i T T
2.5A50C1 2.5A70C1 2.5A100C1 2.5A160C1
Production Codes

Figure 8. Comparison of ITSDRY and ITSWET values for different bitumen grades

As seen in Figure 8, the increase in bitumen
penetration value show not a clear trend, but it had
an increasing effect on ITSDRY and ITSWET values.
ITS values for all bitumen grades exceeded the
minimum criteria. Especially, the highest level of ITS
values in 160/220 grade bitumen shows that soft
bitumen is distributed more homogeneously in the
mixture compared to viscous bitumen and affects
the results.

The production of 2.5A100C1 was re-manufactured
with recycled HMA material (2.5A100C1-B) using
the same gradation, same cement and foam
bitumen percentage, and it was tried to observe
what kind of differences there might be between
the recycled surface treatment and HMA.

1 634 6.73

M Briquette
Heigh
(cm)

H Volume
specific
gravity
(gr/cm3)

Numerical Results

o = N w > v (o)} ~N
1

2.5A100C1

Production Codes

2.5A100C1-B

Figure 9. Comparison of briquette height and
volume specific gravity values for
different RAP materials

As can be seen from Figure 9, the recycled HMA
material increased the briquette height and
decreased the volume specific gravity value. This
indicates that excessive bitumen-coated aggregate
in the mixture negatively affects the compaction of
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the material. As seen in Figure 10, where the ITS
values of the same productions are compared, the
excess of the old bituminous aggregate decreased
the ITSDRY value and increased the ITSWET value.
The presence of old bitumen reduced the moisture
sensitivity of the material.

500 -

400 -
@ 307  MITSDRY
S 300 - 270 754 (kPa)
2 193

200 -
2 W [TSWET
- 100 - (kPa)

0 .
2.5A100C1  2.5A100C1-B
Production Codes

Figure 10. Comparison of ITSDRY and ITSWET values
for different RAP materials

500 - 487137
400
2
3300
& 200 ® ITSDRY
(7))
[ (kPa)
100
®ITSWET
0 (kPa)

Production Codes

Figure 11. Comparison of ITSDRY and ITSWET values
for different cement percentages

In Figure 11, where different cement percentages
are compared, it is seen that the increase in cement
percentage has a positive effect on both ITSDRY and
ITSWET values. Similar studies are encountered in
some studies in the literature (Wahhab et al. 2012).
This situation, which is caused by the hydration
effect that develops with the increase in cement
percentage, increases the risk of shrinkage cracks in
the material (Wirtgen 2012).

500 -
400 -
= 280 M ITSDRY
> .
3300 233 y06,9s 236 (kPa)
& 200 -
v mITSWET
=100 - 47 (kPa)
0 -
2.5A70C1 2.5A70HL1 2.5A70FA1
Production Codes

Figure 12. Comparison of ITSDRY and ITSWET values
for different active fillers materials

In Figure 12, where different types of active fillers
are compared, it is seen that cement is the active
filler that has the most positive effect on ITS values.
Hydrated lime reduced humidity sensitivity and
increased ITSWET compared to fly ash. Hydrated
lime is an important product that reduces moisture
sensitivity (Zou et al. 2013).

8 7.02
2
_3 6 4.60
4 [ | Unconfingd
35 Compressive
=) Strenght

0 T T 1 (MPa)

2.5A70C1 2.5A70C2
Production Codes

Figure 13. Comparison of unconfined compressive
srength values for different cement
percentages

In Figure 13, when the unconfined compressive
strenght values of 1% and 2% cemented productions
are compared, the increase in the percentage of
cement reflected positively on the results. In the
literature, Taha et al. (2002) and Cizkova et al.
(2016) also mentioned the similar situation.

g %0 130801
% 1300 -
% 1250 - 1,220.22 B Elastic
% 1200 - . Modulus
b (MPa)
1150 T ]
2.5A70C1 2.5A70C2
Production Codes

Figure 14. Comparison of elastic modulus values for
different cement percentages
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In Figure 14, for cement percentages %1 (2.5A70C1)
and %2 (2.5A70C2), comparing the Elastic module
for the among these productions, the increase in the
percentage of cement in production caused a
decrease in contrast to UCS results in Figure 13. It
can be understood from this that while the increase
in cement increases the strength in the dry sample,
it indicates that the load carried in the elastic region
decreases, that is, the majority of the load is carried
after the elastic region.

500 -

412.79
9 400 - 343.12
3 300 -
o
S 200 -
£ 100 - "\:ARP
= a
z o | (MPa)
= 2.5A70C1 2.5A70C2

Production Codes

Figure 15. Comparison of resilient modulus values
for different cement percentages

As with the elastic modulus value, a decrease in the
percentage of cement is observed in the elastic
modulus values of these productions.

Table 3. Change of CBR value according to active
filler type and effect of extended curing time on
ITSDRY value for different bitumen grade and active

filler types
Production CBR % ITSDRY ITSDRY (kPa) (28
Code (kPa) Days)
2.5A50C1 262.78 428.19
2.5A70C1 113.400 280.38 595.50
2.5A100C1 269.841 495.53
2.5A160C1 313.26 532.82
2.5A70HL1 69.200 206.39 530.56
2.5A70FA1 71.500 235.52 485.25

Table 3 shows the CBR test for some samples and
the change of ITS value in the samples curing for 28
days. The ITSDRY value increased for all cured
samples. This shows that active filler materials are
very important for ITS. The CBR value of cemented
production was quite high compared to HL and FA
productions. With the calculation for Equation 6, a
layer coefficient value of 0.21 was obtained for the
production of 2.5A70C1 and 0.19 for the production
of 2.5A70C2.

Although these values are somewhat higher than
0.18 (Romanoschi et al. 2003) encountered in the
literature, they are lower than the values of 0.25-

0.40 (Tia and Wood 1983), 0.28-0.35 (Wirtgen
2002), and 0.3-0.35 (Schwartz and Khosravifar
2003); production with 1% cement has been found
to be very suitable for the base course of HMA roads
in terms of structural and low risk of cracking.
Khosravifar et al. (2015) stated that a properly
designed foam bitumen stabilized layer will be
located between the granular aggregate base and
hot mix asphalt, and Wirtgen (2002) can be used
safely instead of bituminous base course.

As a result of asphalt permanent deformation test
applied to 2.5A70C1 sample, permanent
deformation value was obtained as 0.255 mm. The
low level of this value indicates that the material
shows a rigid behavior rather than a hot mixture.

4, Conclusions

The study that using recycled bituminous surface
treatment material have been evaluated by the test
methods such as ITS, unconfined compressive
strength and triaxial resilient modulus tests have
been performed for foam bituminous samples
created with different variables such as bitumen
grade, active filler material type and bitumen
percentage of the results are summarized below.

It has been observed that increasing the bitumen
percentage has a hardening effect on the
compaction of foam bituminous mixtures.

ITSDRY and ITSWET values are suitable for all
bitumen percentages. For this reason, choosing a
low bitumen percentage in the application will not
be a obstacle in terms of moisture sensitivity and
will also be positive in terms of compaction.
Increasing bitumen penetration value increases ITS
values.

In one production, instead of bituminous surface
treatment material, recycled hot mix asphalt
material was used in the same gradation. This
change negatively affected the compaction of the
material and decreased the volume specific gravity
value. However, increasing the amount of old
bitumen in the mixture decreased the moisture
sensitivity of the mixture.

In production with cement, higher ITSDRY, ITSWET
and CBR values were obtained compared to
productions with hydrated lime and fly ash.

Curing the mixtures for a longer period increased
the ITSDRY values.

Increasing the percentage of cement in the mixture
increased ITSDRY, ITSWET and unconfined
compressive srength values. However, elastic
modulus and resilient modulus values decreased
with increasing cement percentage.
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As a result; the use of 1% cement as active filler for
bituminous surface treatment materials stabilized
with foam bitumen increases the performance of
the mixtures. It is also appropriate to take the
bitumen percentage around 2%. Although there is
not much difference in mixtures for the bitumen
grade, it is recommended to look at the results of
the resilient modulus in the future studies as the
bitumen grade evaluation for the recycled
bituminous surface treatment is made only for the
ITS test. Although it shows that the material behaves
rigidly as a result of permanent deformation and it
is recommended to investigate different production
combinations.

In the light of the results obtained; the layer
coefficient and ITS values of the foam bitumen
stabilized bituminous surface treatment have been
found suitable for the foam bituminous mixtures
recommended in the literature and are considered
technically feasible on the road. This application
offers both economic and environmental
advantages.
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