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Abstract. In road construction projects, due to the high volume of soil materials, 
the costs of supplying and transporting high-quality materials are very high, 
they may also include the crossing between different geotechnical lands 
with different types of soils and soil stabilization used to modify resistance 
characteristics of soil materials in different layers of the road. Addition of a 
stabilizing agent can improve the properties of aggregates and subgrade soils. 
In this study, the effect caused by the combined action of polymer-mineral 
composition “Nicoflok” and cement stabilization on the strength characteristics 
and durability of local materials, adopted from under-construction Ilkhchi 
highway project, was investigated. In addition, the effects of stabilizers on the 
recycled asphalt materials was studied to assess the possibility of using them 
in the pavement structure. Samples with 0, 0.5, 0.9 and 1.3 percent of Nicoflok 
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combined with varying percentages of cement content were made and CBR tests 
were conducted after curing. Strength degradation of samples under 50 cycles 
of freeze-thaw was also investigated. The results show that addition of cement-
Nicoflok admixture to the subgrade soil considerably increases CBR values, 
which leads to reduction of the required material amount. The efficiency of this 
polymer with Portland cement depends on several factors, such as the amount 
of cement, curing time, size and shape of soil grains. The optimum dosage of 
Nicoflok was 0.9% mixed with 1% cement. Stabilizing the base and recycled 
asphalt materials with cement and Nicoflok also improves the long-term 
performance of the pavement.  

Keywords: Stabilization, Nicoflok, Portland cement, CBR, recycled asphalt 
material, freeze-thaw cycles. 

Introduction

Nowadays, such challenges as extension of transport infrastructures, 
increased number of vehicles together with increasing transportation load 
and intensity are countered by a considerable growth in the development 
of technologies increasing pavement-bearing capacity and improving 
pavement performance. Pavement performance is very responsive to 
the characteristics of road embankment materials. Also, poor subgrade 
soil conditions can result in inadequate pavement support and reduce 
pavement life. In some locations, the use of  inappropriate land and soil 
materials is inevitable due to the linearity of road construction projects, 
road plan requirements and/or lack of good quality aggregates. One of 
the most effective solutions to this problem is the use of strengthened 
loose grounds, which cannot be used in pavement layer construction or 
as a subgrade if they are not strengthened and which are located in close 
proximity to the place of road construction.

Granular soils are commonly used as road embankment layers, which 
constitute a considerable part of road construction costs. The thickness 
of these pavement layers is very much dependent on the resistance of 
the material used and the quality of subgrade soils, over which they are 
going to be laid. Weaker materials essentially require thicker layers, 
whereas stronger ones go well with thinner pavement layers. Therefore, 
the increase in resistance of the subgrade and road structure materials 
leads to the decrease in the amount of required materials. This is 
especially important where high quality aggregates of high quality are 
not available. In order to improve the properties of the aggregates and 
subgrade soils, a wide variety of soil improvement methods are used 
(Han, 2015). In a comprehensive study conducted within the US Strategic 
Highway Research Study Program (SHRP), a total of 46 different ways of 
improving the soil quality were studied (Schaefer et al., 2009). 
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Stabilization is modification of the physical and mechanical 
properties of the soil to achieve preset goals (Dejong et al., 2013). 
Stabilization in road construction is used to improve the mechanical 
properties of materials in order to turn the existing materials with 
inappropriate properties into materials suitable for different layers 
of road pavement and to improve the engineering performance of 
subgrades. Chemical stabilization of the soil is one of the most commonly 
used stabilization methods. Addition of a stabilizing agents can 
improve the properties of soils and aggregates. Chemical stabilizers are 
categorized as either traditional or nontraditional. Traditional additives 
include cement, lime, fly ash, and bituminous materials, whereas 
nontraditional additives include enzymes, liquid polymers, resins, acids, 
silicates, ions, and lignin derivatives. Nowadays, other additives, such as 
Cement Kiln Dust (CKD), Lime Kiln Dust (LKD), and Iron Furnace Slag 
Cement (GGBS) are also used (Kirsch & Bell, 2013; Joe & Button, 2003).

Numerous studies related to stabilization of road construction 
materials with fly ash, and fly ash in combination with other 
stabilizers have been conducted (e.g. Choudhary et al., 2017; Sahu et al., 
2017; Kolias et al., 2005). Lime as one of the common and inexpensive 
stabilizers for stabilization of clayey subgrades (Mishra, 2012) and 
construction of forest roads (Pereira et al., 2018) has also been 
extensively studied. Cement has hydration abilities, as well as ability 
to cause pozzolanic reaction and cation exchange, which provide solid 
chemical bondings. Therefore, the geotechnical characteristics of 
soils will be improved in terms of plasticity, strength, stiffness, and 
durability (Petry & Little, 2002). Cement-stabilized subgrades have 
been extensively used to improve the engineering performance of 
pavement structures (Wang et al., 2018). Nontraditional additives have 
been widely used in recent years. Use of Polypropylene Homopolymer 
(H030SG) improves the properties of clay in road embankments 
(Azzam, 2014). The effects of addition of a carboxylated styrene–
butadiene emulsion (Tylac 4190) and Portland cement on the long-term 
performance of road base, crushed granite aggregates from the Kajang 
Rock Quarry in Malaysia, were studied by Shojaei Baghini et al.  (2016). 

A polymer-mineral composition Nicoflok, which is commonly 
used in combination with cement, is one of the additives that has been 
introduced and successfully used in recent years. However, in the course 
of literature review it has been discovered that only a few studies have 
been conducted on the effects of this polymeric material on cement-
stabilized soils, and thus supplementary studies seem necessary. 
Based on the studies conducted in Russia, using Nicoflok mineral 
polymer (NMP) with Portland cement could improve the ductility 
and strength of stabilized materials (Gusev & Nekhoroshkov, 2013). 
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Gusev & Nekhoroshkov reported that the aggregates of three different 
roads in Russia were successfully stabilized with about 5% cement and 
0.5%  NMP. The compressive strength of the improved materials was 
about 6.5–7.7 MPa. The introduction of the polymer-mineral composition 
into the cement improves cement properties, such as beginning of setting 
and strength characteristics. The resulting composite cement belongs 
to a higher class of cement used in the strengthening the soil, which has 
a positive impact on the quality of the stabilized subgrade materials 
(Gridchin & Zolotykh, 2018). Increasing the amount of Portland cement 
in materials stabilized by NMP with Portland cement increases the 
compressive strength and tensile strength of the samples made of desert 
sand and coastal sand. By increasing the amount of Portland cement and 
NMP, compressive strength of coastal sand under freeze-thaw cycles 
increases, but compressive strength of desert sands decreases (Rezaie 
Moghaddam et al., 2020). Gavrilina & Bondar (2018) also performed 
uniaxial compressive strength test on road base materials, which 
contain Portland cement and 8–10 percent of NMP. They reported that 
Nicoflok additive increases the compressive strength and bending 
strength of the samples by 20%. The conducted laboratory studies of soil 
stabilization with Nicoflok additive as the basis for asphalt-concrete and 
cement-concrete coats suggest that the use of Nicoflok  polymer additive 
allows replacing stone materials in the road base with polymer-cement-
soil (Gavrilina & Bondar, 2018). 

Resource saving is one of the most important issues pertaining to 
increasing economic efficiency. Natural resources are the main source 
of raw materials for road building materials, therefore, an integrated 
approach to their use is required. Significant results in resource saving 
in road construction can be achieved using recycled material. Recycled 
asphalt pavement (RAP) has increasingly been used as a base material 
for highway construction as a sustainable solution. Due to the existence 
of asphalt, 100  % RAP typically has low strength and high potential of 
creep and permanent deformations (Thakur & Han, 2015). Also, due to 
the chemical properties of bituminous aggregates, accumulation and 
maintaining asphalt materials, which have been extracted from the 
surface layer of old roads, are harmful to the environment. Therefore, 
considering the economic and environmental benefits of using RAP 
materials, it is important to find a new way to reuse these materials in 
different layers of the road. In order to ensure efficient reuse of recycled 
asphalt aggregates, their resistance properties should be improved, 
so establishing an appropriate method to stabilize these materials is 
important. As it has been already mentioned, a range of stabilizers has 
been used in stabilization of RAP, and many research projects on various 
properties of these materials have been implemented. Mechanical 
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and volumetric properties of foamed bitumen mixtures containing 
different percentages of reclaimed asphalt pavement and bitumens were 
investigated by Kar et al. (2018). By comparing some of the physical 
properties of recycled asphalt aggregates and recycled concrete materials, 
it can be inferred that these materials are a suitable alternative to those 
commonly used in pavement layers. Their application may reduce 
construction costs and lead to reductions in greenhouse gas emissions 
(Edil, 2018). In this regard, Dołżycki, Jaczewski & Szydłowski (2018) 
studied the impact of long-time chemical bonds on the stiffness modulus of 
mineral-cement-emulsion mixtures in the cold in-place recycling method.

NMP is one of the newest products for chemical stabilization, which 
can improve resistance specifications and durability of materials 
stabilized by Portland cement. There are few previous studies on the 
performance of NMP. In this study, the effect caused by the combined 
action of polymer-mineral composition “Nicoflok” and cement 
stabilization on the strength characteristics and durability of local 
materials, adopted from under-construction Ilkhchi highway project, 
was investigated. In addition, the effects of stabilizers on recycled 
asphalt materials were studied to assess the possibility of using them 
in the pavement structure. Due to the application of CBR results in 
the design of pavement layers, the CBR test was used in the present 
study. CBR test is one of the rapid and most common ways to evaluate 
the performance and strength of non-cohesive soils and aggregates 
stabilized with cement. Samples with 0, 0.5, 0.9 and 1.3 percent of 
Nicoflok combined with varying percentages of 0, 0.5, 1, 1.5, 2 and 
5 cement content were made and CBR tests were conducted after curing. 
In addition, the strength degradation of samples under 50 cycles of 
freeze-thaw was investigated. Thus, this study aims to improve the CBR 
values of in-situ loose subgrade soil as well as resistance and long-term 
performance of road embankment materials.

1.	 Materials

The physical and mechanical properties of all used materials are 
described in the the following sections 1.1.–1.2.

1.1.	 Subgrade, subbase, base and Recycled Asphalt 
Pavement (RAP)

Ilkhchi is located in the south east of Tabriz, the capital city of 
East Azerbaijan Province, Iran. As shown in Figure 1, the Ilkhchi 
highway project about 10 km in length is under construction. In 
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this study, the stabilization of in-situ materials within this project, 
including 2 subgrade soils (Soil 1 and Soil 2), subbase layer materials 
(Soil 3), and base aggregate (Soil 4) using NMP with Portland cement 
was investigated. The subgrade soil samples were selected from 
two different points with different geotechnical characteristics. In 
some parts of the route, the subgrade soils were originally used for 
agricultural purposes and the top 100 mm of the soil was removed 
to clear the grass, roots and other organic materials. In addition, 
considering the economic and environmental benefits of using RAP, 
the effects of stabilizers on the recycled asphalt materials prepared 

Figure 1. Locations of the Ilkhchi and Pasdaran highway projects



100

THE BALTIC JOURNAL 
OF ROAD 

AND BRIDGE 
ENGINEERING

2020/15(5)

0

10

20

30

40

50

60

70

80

90

100

0 1 10 100

P
er

ce
n

ta
g

e 
P

as
si

n
g

Grain Size Distribution Semi-Log, mm

Soil 1

Soil 2

Soil 3

Soil 4

Soil 5

Figure 2. Materials grain size distribution curve (semi-log curve)

Table 1. Material Properties

ProjectSECBRCuCc
pp. 200, 

%
pp. 10, 

%
Soil 

classification
Material 

type

Ilkhchi 
highway

89.4047.759.250.551.963SPsubgradeSoil 1

Ilkhchi 
highway

53.875.013.951.124.892SPsubgradeSoil 2

Ilkhchi 
highway

65.3135.6652.50.83.637GPsubbaseSoil 3

Ilkhchi 
highway

56.2777.1440.541.044.840SWbaseSoil 4

Pasdaran 
highway 
repair 
project

–107.441.45–15GWRAPSoil 5

from the Pasdaran highway repair project in Tabriz (Soil 5) were 
studied to assess the possibility of using them in the pavement 
structure. Figure 1 shows the location of these projects. 
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Figure 3. Material compaction curves

Table 2. Compaction Properties

AASHTO T99CAASHTO T180D

ωopt, %γdmax, kN/m3ωopt, %γdmax, kN/m3

9.418.967.519.58Soil 1

15.2517.57––Soil 2

9.819.255.819.85Soil 3

9.919.16.220.64Soil 4
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Firstly, the tests aimed at measurement of engineering parameters of 
soil layers were conducted on the prepared project samples. The grain 
size distribution curve of the tested material is shown in Figure 2. Soil 
classification based on the Unified Soil Classification System (USCS), 
coefficient of curvature (Cc) and uniformity coefficient (Cu) values are 
summarized in Table 1. CBR tests were conducted according to ASTM 
D1883-7 standard and the Sand Equivalent Value test (ASTM D2419) 
was performed to further identify the nature of the soils (Table 1). Also, 
Percentage of Fractured Particles test was done for aggregates of Soil 4 
using ASTM D5821 method, which resulted in 91.29 percent of fractured 
coarse grains. 
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Compaction tests according to AASHTO T180D and AASHTO T99C 
methods were carried out to identify the compaction properties of 
materials used in different pavement layers. The results of compaction 
tests are shown in Table 2 and Figure 3. Because of the hydrophobicity of 
asphaltic materials, the compaction test was not performed on them and 
the moisture content used in the experiments was fixed at 5% by weight 
of the basic RAP materials.

1.2.	 Stabilizers: NMP Mineral Polymer (NMP) and Portland 
cement

In the present study, the Portland cement type I-425 (M500) 
manufactured by Soufian Cement Company was used for stabilization. 
The density of the used cement was 3160 kg/m3, and 3, 7 and 28 days 
compressive strength of the samples was equal to 260, 386 and 
520  kg/ cm2, respectively. NMP is a gray-colored powder that was 
presented by Nickel Co. in 2005, as shown in Figure 4. NMP has a density 
of 800 to 1200 kg/m3 and moisture content of less than 2%. More 
than 90% of these materials pass through sieve 0.315. The XRF test 
according to ASTM E1621 was conducted on NMP. The obtained results 
are presented in Table 3. The chemical composition of the used Portland 
cement is shown in Table 3.  

Figure 4. Nicoflok mineral polymer (NMP)

Table 3. Chemical composition of NMP and Portland cement

Materials
Composition percent, %

CaO SiO2 Al2O3 Fe2O3 MgO F SO3 Other

Portland cement 
type I-425

63.25 21.24 4.70 3.64 2.38 1.13 2.06 1.6

NMP 43.08 44.78 1.29 1.12 1.45 4.74 – 3.54
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2.	 CBR tests results

In this study, after grading and compacting tests with obtained 
moisture ratios, compacted samples stabilized with cement were 
made according to ASTMD558. All samples were compacted with the 
optimum moisture content obtained from the standard AASHTO T99-C 
test. Samples with 0, 0.5, 0.9 and 1.3 percent of Nicoflok combined with 
varying percentages of 0, 0.5, 1, 1.5, 2 and 5 cement content were made 
and CBR tests were conducted according to ASTM D1883-7 standard 
after curing. The used material percentages are based on the weight of 
the raw materials (subgrade, subbase, base and RAP material). It should 
be noted that all experiments were performed twice and their mean 
values were reported, and the maximum observed difference between 
experiments with the same specification was about 3%. In Figure 5, CBR 
test machine and a specimen after CBR test are shown. The results of 
these experiments will be presented in the following sections 2.1.–2.4.

Figure 5. A: CBR test machine, B: A specimen after CBR test

a) b)

2.1.	 Subgrade soils

Figure 6 represents the CBR values of the stabilized subgrade soils 
with respect to NMP percentage for samples with 0.5 and 1 percent 
cement. As illustrated, for Soil 1 with 1% cement, after one day,  the 
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Figure 6. Effect of NMP on the subgrade material after 1 and 3 days 
of curing
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presence of NMP reduces the CBR values. But after three days of curing, 
the CBR of the samples began to increase slightly as NMP content 
increased. According to the Figure, adding NMP to Soil 2 stabilized 
samples has a positive effect on CBR. Also, when the percentage of 
Portland cement and the duration of curing is increased, the samples show 
higher CBR values. This is due to the starting of the hardening process of 
NMP and Portland cement. It seems that at the first stage of the hardening 
process, the amount of CBR in the samples stabilized with this polymer 
and Portland cement reduces. This is consistent with previous studies that 
the increase in the amount of non-applied fine particles in the samples and 
the nature of the NMP polymeric mineral content are considered possible 
reasons for the delay in the cementing process (Gusev & Nekhoroshkov, 
2013; Gridchin & Zolotykh, 2018). According to Figure 2, most particles of 
Soil 2 have passed through sieve #10 (2 mm) and it seems that in soils with 
finer grain distribution, Portland cement with NMP demonstrates better 
performance in stabilizing samples.

In order to study the effect of adding only cement, the CBR of Soil 2 
stabilized samples with various cement percentages are presented in 
Figure 7. Regarding the test results of subgrade materials, the use of 
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cement only for stabilization caused significant CBR improvement in 
Soil 2 (which is the weaker one), so that CBR of the specimens with 0.5%, 
1% and 1.5% cement content increased from 5 (in specimens without 
cement and NMP) to 8, 24 and 63, respectively. As the cement content 
increases, the CBR values of the stabilized samples increase.

2.2.	 Subbase material

The effects of NMP percentage on the CBR values of the stabilized 
subbase material are shown in Figure 8. As shown, with the increase 
of NMP percentage, the CBR of the samples reduces. It seems that with 
the increase in the amount of NMP, as the amount of not activated 
mineral polymer increases due to the lack of reactive cement and 
low number of particles smaller than 2 mm (about 37%, the smallest 
amount among the materials analysed in this study), we observe the 
inappropriate effect of NMP – sample load capacity decreases. This 
reductive effect for the samples with shorter curing times is more 
considerable. For the 3-day cured samples, the use of NMP with 
Portland cement reduces the CBR of the samples by 8.68% compared 
to the cement only stabilized sample.

Figure 7. CBR variation in Soil 2 by increasing Portland cement content 
with 1 day of curing and without any NMP
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Also, given the fact that the subbase granules have rounded corners 
as compared to the base granules, and also because of the fact that in 
cement-stabilized mixtures, particles with sharper corners function 
better than those with the rounded corners, it can be inferred that soils 
which contain sharp corner granules will also demonstrate a better 
performance in the mixtures stabilized with NMP and Portland cement. 

2.3.	 Base material

The results of the CBR tests on the base materials are illustrated in 
Figure 9. Considering the grain size distribution in Figure 2, the base 
material has more particles under 2mm than subbase materials. It can be 
seen from Figure 9 that soil bearing capacity of the stabilized aggregate 
increased at 0.9% NMP (5.74% relative to the samples without any 
NMP and containing Portland cement only) and then decreased. Firstly, 
this is due to the late start of the hardening process in the samples that 
were stabilized, and secondly, this is due to the nature of the polymer 
modifying the ductility properties of the samples stabilized by NMP and 
Portland cement. The base and the subbase materials have almost the 
same grain size, but demonstrate different behavior in the CBR under the 
influence of Portland cement and NMP. This is the reason why the base 
material has more granules with sharp edges than subbase materials 
and also more particles smaller than 2 mm (about 40%).

Figure 8. Effect of NMP on the subbase material after 1 and 3 days of curing
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Figure 9. Effect of NMP on the base material after 3 days of curing
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2.4.	 RAP material

In order to retain sustainability of the stabilized RAP material 
samples with regard of their bituminous nature, the amount of 
Portland cement in these samples inevitably increases to 3%. These 
specimens are mixed with optimum value of 5% moisture content 
and compacted by AASHTO T99-C standard method. The results of 

Figure 10. Effect of NMP on the RAP material after 1 and 3 days of curing
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the CBR tests are shown in Figure 10 for recycled asphalt samples 
stabilized by NMP polymer and Portland cement. As shown, with the 
increase of NMP percentage up to 0.9%, an increase in the load capacity 
of the stabilized RAP material is observed (24.78% compared to the 
specimens without any NMP and containing Portland cement only). 
It seems that this observed trend may be explained by RAP materials 
gradation (about 85% of recycled asphalt particles have a size between 
0.6 mm and 19 mm), as well as a higher percentage of Portland cement 
in the recycled asphalt (3%) compared to other materials used in this 
study. At constant cement content, when the amount of NMP increases 
to more than 0.9% and reaches 1.3%, the CBR values reduce slightly. 
This probably is due to the increase in the amount of not reacted NMP 
particles that act as ineffective fine grains of the stabilized specimens.

3.	 Durability tests results

For testing the durability of RAP and base material samples stabilized 
by NMP and Portland cement, after three days of curing (ASTM C-192), 
CBR cylindrical specimens were removed from the molds. Samples 
after 3 day curing underwent 50 freeze-thaw (F-T) cycles according 
to ASTM-C666 standard. The temperature was varying between 4°C 
for thawing to −18 °C for freezing. Each freeze-thaw cycle lasted about 
5 hours and each complete F-T cycle test lasted 14 days (including curing 
days). In order to investigate strength degradation under 50 cycles of 
freeze-thaw, the samples were embedded in their specified mold and 
undergone the CBR test. In Figure 11, F-T cycles simulating equipment, as 
well as specimens before and after the tests are shown.

Figure 11. A: F-T cycles simulating equipment, B: specimens after 
50 F-T cycles (before CBR tests) and C: specimens after 50 F-T cycle  
process and CBR tests

a) b) c)
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Figure 12 presents the effect of 50 F-T cycles on the CBR values of the 
stabilized base materials with 1% cement and various NMP percentage. 
It can be seen that after F-T cycles, the CBR values of the samples with 
0, 0.5, 0.9 and 1.3 percent of NMP were reduced by 39.72%, 32.42%, 
27.03% and 57.39%, respectively. Adding the stabilizer NMP up to 0.9% 
improves the durability of specimens and base materials stabilized 
by Portland cement and NMP. They demonstrate lower strength 
degradation under 50 freeze-thaw cycles, in comparison with base 
materials stabilized by cement only. This attests the proper functioning 
of the NMP polymer. However, higher amount of NMP affects ductility 
of the samples and increases the number of fine grains, which leads to 
increased CBR degradation under 50 freeze-thaw cycles. As a general 
rule, F-T cycles decrease CBR values of all stabilized base materials. The 
observed general trend concerning the effect of NMP content is similar to 
the CBR results of the stabilized material without F-T cycles.

The resulting CBR values of the stabilized RAP materials with 3% 
cement and NMP after 50 F-T cycles are illustrated in Figure 13. As it can 
be noticed, after F-T cycles, the CBR values of the samples with 0, 0.5 and 
1.3 percent of NMP were reduced approximately by 14%, 18% and 2%, 
respectively. For the stabilized samples with 0.9% NMP, the obtained CBR 
value after F-T cycles increased by about 15% compared to the samples 
after three days of curing and without subjecting to subsequent F-T cycles. 

Figure 12. Stabilized base material CBR test results under 
successive F-T cycles
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It seems that due to higher percentage of cement in the stabilized RAP 
materials, NMP additive was more effective, even under 50 successive 
F-T cycles. Thanks to an increase of specimen age in days, the hardening 
process takes longer time, and CBR values show an increase. NMP 
improves the durability of the stabilized RAP materials so that adding 
0.9% NMP to the stabilized samples with 3% cement leads to 67.7% of 
the increase in CBR compared to the samples containing Portland cement 
only. This implies that the specimens that were stabilized by appropriate 
content of NMP and Portland cement demonstrate better performance in 
terms of successive F-T cycles than the specimens, which were stabilized 
just by Portland cement. Also, in comparison with the stabilized base 
materials, the degradation of strength after F-C cycles was lower than in 
the stabilized RAP materials. Moreover, stabilization was more successful 
and effective in these materials. 

In order to determine the percentage of volume loss and weight 
loss, the weight and volume of each sample were measured before 
and after 50 successive F-T cycles. As shown in Figure 14, as a general 
rule, with the increase of NMP content for both Soil 4 and Soil 5, 
weight loss increases in comparison with the samples without any 
NMP. This is likely because of the loss of water content as a result 
of NMP and Portland cement hardening process. The percentage 

Figure 13. Stabilized RAP material CBR tests result under successive 
F-T cycles
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of weight loss in the stabilized base material is more than the loss 
that occurred in the stabilized RAP material. It should be taken into 
consideration that the nature of this materials is different, Soil 5 has 
a bituminous nature and is characterized by better thermal insulation 
properties. Regarding the volume loss, due to different nature, Soil 
4 and Soil 5 demonstrate a reverse performance in volume loss test. 
So it can be inferred that the use of NMP could have caused inflation 
in the stabilized base material and contraction in the stabilized RAP 
materials.

4.	 Conclusion

NMP is one of the newest products for chemical stabilization, 
which used together with Portland cement, can improve resistance 
specifications and durability of materials stabilized by Portland cement. 
In the present study, the effect caused by the combined action of polymer-
mineral composition “Nicoflok” and cement stabilization on the strength 
characteristics and durability of local materials, adopted from under-
construction Ilkhchi highway project, were investigated. In addition, 

Figure 14. Weight and volume loss results. Volume loss of the stabilized 
materials: A. Soil 4, B. Soil 5, and weight loss of the stabilized materials: 
C. Soil 4, D. Soil 5
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the effects of stabilizers on CBR and durability of the stabilized recycled 
asphalt materials was studied to assess the possibility of using them in the 
pavement structure. The main results of this study are as follows:

	• Based on the obtained results, 0.9 percent of NMP is the optimal 
amount for the studied materials.

	• Regarding the results of subgrade materials tests, using only 
cement for stabilization caused significant CBR improvement 
in Soil 2, which is the weaker one. The CBR of specimens with 
0.5% and 1% cement content increased from 5 (in the specimens 
without cement and NMP) to 8 and 24, respectively. As a general 
trend, the NMP stabilizer improves the resistance properties of 
the studied subgrade soils. By adding 0.9% NMP with one-day 
curing and low cement values (0.5%), CBR increased by 74% in 
comparison with the specimens stabilized by cement only. In 
the specimens cured for 3 days with 1% cement, the CBR value 
increased by about 14%. In general, along with increasing curing 
time, the mixture of cement and NMP shows better performance. 

	• In subbase and base materials that were stabilized with only 1% 
cement, cement tripled CBR of specimens, but the addition of NMP 
to the stabilized subbase materials had a reductive effect, while 
the CBR values of the stabilized base materials slightly increased. 
This difference in performance can be due to the difference in the 
amount of finer grains (less than 2 mm), as well as the sharp edges 
of the base material granules.

	• In the case of RAP materials, the best NMP performance is 
related to 0.9% of NMP, which increased CBR up to 49% and 25% 
compared to the specimens stabilized with cement only, in 1 and 
3 days curing, respectively. Stabilized RAP materials can be used 
as a road-building material that leads to resource-saving in road 
construction and economic and environmental benefits. 

	• In general, adding NMP up to 0.9% has made RAP and base 
materials more durable, so that the RAP and base materials with 
0.9% NMP and cement after 50 successive F-T cycles have by 67% 
and 16% more CBR, respectively, than the samples stabilized 
with cement only. While samples stabilized with cement only 
have demonstrated a reduction in CBR after 50 cycles of F-T. 
Based on the results of this study and studies conducted by other 
researchers, NMP is more effective in combination with high 
percentages of cement content (3% and more). 

	• Finally, in terms of increasing CBR, adding NMP additive to 
the stabilized material with cement has a better impact on the 
performance of subgrade materials rather than on the subbase 
and base materials.
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Appendix

Table A. The CBR test results

CBR, %Cement, %NMP, %Water, %Curing, 
daysSoil

47.75009.40Soil #1

78.09109.41Soil #1

48.0910.59.41Soil #1

60.9510.99.41Soil #1

62.8611.39.41Soil #1

95.13109.43Soil #1

96.1210.59.43Soil #1
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101.0910.99.43Soil #1

91.3111.39.43Soil #1

5.520015.20Soil #2

8.860.5015.21Soil #2

24.391015.21Soil #2

63.161.5015.21Soil #2

115.672015.21Soil #2

160.735015.21Soil #2

21.4110.515.21Soil #2

22.910.915.21Soil #2

23.2311.315.21Soil #2

8.660.50.515.21Soil #2

15.440.50.915.21Soil #2

11.710.51.315.21Soil #2

71.441015.23Soil #2

75.0810.515.23Soil #2

81.3810.915.23Soil #2

89.9911.315.23Soil #2

35.66009.80Soil #3

114.28109.81Soil #3

91.4310.59.81Soil #3

76.1910.99.81Soil #3

82.8611.39.81Soil #3

231.89109.83Soil #3

223.6910.59.83Soil #3

21410.99.83Soil #3

211.7511.39.83Soil #3

77.14009.90Soil #4

233.39109.93Soil #4

238.3610.59.93Soil #4

246.810.99.93Soil #4

242.8311.39.93Soil #4

100050Soil #5

19.093051Soil #5

25.2430.551Soil #5

28.0930.951Soil #5

20.4231.351Soil #5
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40.793053Soil #5

49.5730.553Soil #5

50.930.953Soil #5

46.6631.353Soil #5

Table B. After Freeze-thaw cycles CBR results

CBR, %NMP, %Cement, %Water, %Soil

34.99035Soil #5

40.460.535Soil #5

58.680.935Soil #5

45.711.335Soil #5

167.04019.9Soil #4

1800.519.9Soil #4

194.280.919.9Soil #4

154.281.319.9Soil #4
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