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This research includes a laboratory study that deals with the evaluation of compressive
strength for three different asphalt mixtures of hot mix asphalt (HMA). First, traditional
HMA was prepared, and then, two asphalt mixtures were prepared using two different
polymers, namely styrene-butadiene-styrene (SBS) using 5% SBS and reactive
ethylene-butyl acrylate-glycidyl methacrylate terpolymer (Ax) using three
concentrations (1% AX, 2% Ax, and 3% AXx). Polymers are used as additives to enhance
the performance of mixtures by enabling the creation of blends that resist rutting and
cracking. The polymer-asphalt blends and conventional mixes were assessed by
examining their Marshall stability, indirect tensile strength, and compressive strength.
The results indicated that the mixtures modified with Ax exhibited enhanced
mechanical properties, followed by the modified blend with 5% SBS. The modified
asphalt mixtures exhibit superior performance compared with unmodified asphalt, as
they possess greater Marshall stability, indirect tensile strength, and compressive
strength. The relationships were derived for all three asphalt mixtures (traditional HMA
and the two polymer-modified mixtures). These relations were quite strong, as indicated
by the high value of R2. The empirical relations can be used to predict compressive
strength in a mix based on stability and indirect tensile strength data without performing
the compressive strength test. Moreover, the association between compressive strength
and stability proves to be more robust than the correlation between compressive strength
and indirect tensile strength.

1. INTRODUCTION

Compressive strength refers to the ability of a material to
withstand compressive forces directed along its axis [1].
Compressive strength may be defined as a crucial factor in
determining the appropriateness of the mixture for use as a
highway paving material under specific
environmental conditions [2]. Although compressive strength
is not a crucial parameter for pavement performance, it is
frequently specified in concrete road and pavement
specifications. From a structural standpoint, flexural strength
is much more significant than compressive strength, and
permeability is more important for the durability of the
pavement. Despite its relative lack of importance, compressive
strength is still specified for concrete pavements because the
concrete cube tests that determine it are simple, accurate, and
well-understood. In contrast, the flexural strength test is
expensive, demanding, and less accurate.
strength is not important alone, but it correlates with flexural
strength, density, and permeability, making it a useful
indicator. Consequently, compressive strength is still
measured and prescribed in concrete pavements.

Moreover, the compressive strength, in addition to other

loads and

Compressive

physical properties of the mixture, is significantly influenced
by the mixture's physical and chemical characteristics. It is a
crucial factor in determining the appropriateness of the
mixture for use as a highway paving material under specific
loads and environmental conditions [2]. The compressive
strength of the road pavement must be suitable for structural
design and durability requirements. For example, extra
strength can be detrimental to the performance of the concrete
pavement because stronger concrete causes more drying
shrinkage, curling, joint opening, loss of load transmission,
and cracking, which can shorten the pavement's lifetime.
Furthermore, increased traffic on the road, along with
insufficient maintenance, has resulted in accelerated
deterioration of the road structure in recent years. Rutting,
cracking, low-temperature cracking, aging, and stripping are
early signs of degradation. Thus, increased traffic and demand
for greater loads have motivated the development of improved
pavement performance.

There are two primary strategies for making durable
pavement: the first is to utilize thicker asphalt pavement,
which raises construction costs, and the second is to create an
asphalt mixture with modified qualities [3]. Polymers, for
example, are used as additives to enhance the performance of
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mixtures by enabling the creation of blends that resist rutting
and cracking. Traditional asphalt has poor resistance under
high temperatures and increased traffic loads. At the same time,
polymers improve the physical properties of asphalt mixtures
[3]. Bitumen the main component in asphalt concrete mixtures
is a cement-like material with a dark brown to black color,
found naturally or derived from crude oil distillation [4]. By
covering the aggregate, bitumen helps bind the aggregate
together. It also contributes to the road’s strength. However,
its water resistance is low, and thus, it is necessary to employ
anti-stripping chemicals. Road surfaces with neat bitumen can
exhibit bleeding in hot weather, cracking in cold weather,
reduced load-bearing capacity, and can cause major damage
from increased axle load, especially considering the rapid
development of infrastructure. Enhancing the bitumen quality
can be achieved by altering its rheological properties through
the incorporation of synthetic organic polymers like rubber
and plastic. Compared with pure bitumen, a polymer bitumen
blend can have improved ductility, an increased softening
point, and a reduced penetration value, allowing it to withstand
higher temperatures and loads during construction. In
instances where the aggregates are prone to stripping,
modified bitumen also outperforms ordinary bitumen. The
aggregate-bitumen mix coated with a polymer, featuring an
excellent Marshall stability value and an adequate Marshall
coefficient, is mechanically ideal for constructing flexible
pavement surfaces [5].

A polymer is a chemical substance or compound mixture
composed of repeating molecules [6-8]. Among the most
essential physical qualities of polymers is a high tensile
strength, and polymers transition from a non-conducting state
to one that is sensitive to thermal expansion in various
quantities and directions. Polymers also have relatively low
permeability. Among the various modifiers, polymer additives
were found to be particularly effective because they
demonstrate enhanced performance by increasing binder
stiffness at elevated temperatures while preserving flexibility
at low temperatures [9-12]. Polymer-modified asphalts exhibit

enhanced resistance to thermal cracking and rutting, as well as
reduced fatigue damage, temperature sensitivity, and stripping
[13, 14]. Furthermore, polymer additives exhibit increased
creep resistance, making them suitable for prolonging the
lifespan of surfaces at high-traffic intersections, bridge decks,
and roundabouts. Owing to their enhanced stiffness modulus,
improved fatigue life, superior creep resistance, and increased
indirect tensile strength (ITS), modified bituminous mixes are
appropriate for wearing courses, binder courses, and overlays
on cracked and heavily trafficked surfaces. Altered binders
find use in diverse crack-sealing applications like stress-
absorbing membranes and stress-absorbing membrane
interlayers, as well as in porous asphalt and stone matrix
asphalt.

In this study, we evaluated the compressive strength of
asphalt mixtures based on their Marshall stability and ITS,
aiming to establish a relationship between these factors and the
compressive strength. Notably, we assessed the performance
of polymer-asphalt blends incorporating different polymers,
namely styrene-butadiene-styrene (SBS) and a novel polymer,
reactive  ethylene-butyl acrylate-glycidyl methacrylate
polymer (Ax).

2. MATERIALS FOR ASPHALT MIXTURE

Asphalt concrete typically consists of three main
components: aggregates, bitumen, and voids. In this study, two
different polymers (SBS and Ax) are added to these
components to improve the overall performance.

2.1 Aggregate

To create the hot mix asphalt specimens in this study, one
type of quartzite aggregate was used. This aggregate’s
gradation has characteristics associated with the central Iraqi
surface layer. Table 1 outlines the aggregate’s physical
properties, and Figure 1 depicts the aggregate gradation.

Table 1. Physical aggregates properties

Property Test Method  Iraqi Standard Limits Test Result
Los Angeles, % ASTM C-131 Maximum 30 22
Soundness Test, % ASTM C-88 Maximum 12 7.5
Flakiness and Elongation Index Combined, % ASTM D-4791 Maximum 10 35
Fractured Particles, % ASTM D-5821 Minimum 90 93
Friable Particles and Clay Lumps % ASTM C-142 Maximum 3 1.1
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Figure 1. The surface layer's aggregate gradation at its
midpoint
2.2 Bitumen

Bitumen, which is a black, viscous, and adhesive liquid or
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semi-solid substance, can be found in natural deposits and is a
byproduct of crude oil fractional distillation. Consisting of
densely packed polycyclic aromatic hydrocarbons, it is made
up of 95% carbon and hydrogen (87% carbon and 8%
hydrogen), with up to 5% sulfur, 1% nitrogen, and 1% oxygen
content, in addition to trace metal concentrations of
approximately 2000 ppm. Furthermore, bitumen is a complex
chemical mixture of 400-2000 components, with an average of
600-800. It has the highest boiling point (525°C) and is the
most prevalent component of crude oil. In bituminous
mixtures, bitumen acts as a binding agent for aggregates.
Bitumen is frequently used in the construction of flexible roads
[15]. In this study, bitumen of grades 40/50 was used. The
physical asphalt properties are presented in Table 2.

2.3 Polymers as modifiers

Modifiers or additives are often employed to reduce the



voids present between aggregates, which improves the
qualities of bituminous concrete mixes. Modifiers also bind
the particles together, preventing bitumen bleeding. In this
study, SBS (with a concentration of 5%) and Ax (with three
different concentrations: 1% Ax, 2% Ax, and 3% AXx) as
shown in Figure 2 were employed as modifiers. When used as
bitumen modifiers, the selected polymers should have the
following properties [15]:

e Bitumen compatibility

e Maintain stability at mixing temperatures

e Can be processed with normal mixing and laying

equipment

e Determine the covering viscosity at the temperatures
involved

e Retain high qualities while storing, applying, and
using

e Capable of producing a uniform bitumen blend

Table 2. The physical asphalt properties

Asphalt Cement Classified According to Viscosity

. Test I_tem
Properties Result Requirements
A-40
Viscosity at 60°C, Poise 3800 40004800
Viscosity at 135°C, centistoke 420 Minimum 400
Penetration 25°C, 100 g, 5 sec
(1/10) mm 49 40-50
Flash point, °C 240 232
Ductility, cm, 25°C, 5 cm/min 103 <100
Solubility in Tr_|chloroethylene 99.3 Minimum 99
Solution, %
Asphalt Cement Classified According to Penetration
. Test Item
Properties Result Requirements
50/40
Penetration 25°C,
100 g, 5 sec (1/10) mm 49 40-50
Ductility, cm, 25 °C, 5 cm/min 103 <100
Flash point, °C 240 <232
Solubility in Tr_|chloroethylene 99.3 <99
Solution, %
Tests of the Remaining (After the Loss)
Remaining p_en_etratlon, (% of 84 <55
original)
Ductility, cm, 25°C, 5 cm/min 88 <25

SBS is a commonly utilized polymer in bitumen
modification, as its styrene-butadiene molecular composition
provides outstanding rigidity and elasticity across a wide range
of temperatures. Predominantly, the interaction between SBS
and bitumen is physical in nature. Bitumen's smaller aromatic
components penetrate SBS molecules, causing their volume to
expand by approximately 3-5 times their original size. At

adequate concentrations, SBS forms a 3D network that greatly
improves the load-bearing capability of the modified bitumen.
Additional polymers used in bitumen modification include
styrene-butadiene rubber, elvaloy, ethylene vinyl acetate, and
ethylene glycyl acrylate, among others. However, SBS-
modified bitumen remains the leading choice in the polymer-
modified bitumen market because of its superior properties
and performance [16-20].

Reactive Ethylene-Butyl Acrylate-
Glycidyl Methacrylate terpolymer

Reactive Ethylene-Butyl Acrylate-
Glycidyl Methacrylate terpolymer

SBS polymer
Figure 2. Polymers utilized in the study

Table 3. Physical properties of SBS

Physical Properties Metric
Density (g/cm?) 0.92
Tensile Strength (MPa) 10
Flexural Modulus (GPa) 0.007
Elongation at Break (%) 1000
Max. Operation Temp (°C) 50
Viscosity (cSt) 12-24
Molecular Weight (g/mol) 110-162000
Linear Mold Shrinkage (cm/cm) 0.000-0.027
Melt Flow (g/10min) 0.0100-180
Ash 0.0900-6.00%
Linear Mold Shrinkage, Transverse 0.0140-0.0200
(cm/cm)

Table 4. Physical properties of Ax

Physical Properties Value

Butyl Acrylate Content (%-wt) 25
Glycidyl Methacrylate Content (%-wt) 5
Melt Index (g/10min) 12

Melting Point (°C) 72

Density (g/cmd) 0.93

Vicat Softening Point Temperature (°C) <40
Flexural Modulus (MPa) 11

Elongation at Break% 860
Tensile Strength at Break (MPa) 4

Table 5. The properties of modified bitumen

Styrene-Butadiene

Reactive Ethylene-Butyl Acrylate-Glycidyl Methacrylate

Svrne (55 S5 ey
Penetration 25°C, 100 g, 5 sec (1/10) mm 25 301915
Flash point, °C 240 240 240 240
Ductility, cm, 25°C, 5 cm/min 45 108 90 88
Solubility in trichloroethylene, % 99 9999 99
Tests of the Remaining Candidates
Remaining penetration (% of original) 90 92 90 90

Ductility, cm, 25°C, 5 cm/min 30 95 80 75




The physical polymer properties that use in this study are
presented in Tables 3 and 4.

In order to improve the modified bitumen, an elastomer,
Styrene Butadiene Styrene (SBS), was utilized. As a base
bitumen, bitumen 40/50 was applied then 5% of SBS was
added by weight of bitumen, most of the researchers deduced
that 4 to 5% SBS is the best-adding rate [21-23].

Three ratios of the second additive (Ax), (1%Ax, 2%Ax,
3%Ax) have been suggested by the researchers for the purpose
of completing the study requirements.

The mix was used to study the basic properties of bitumen
as in Table 5.

3. LABORATORY TEST RESULT AND DISCUSSION
3.1 Experimental testing program

The experimental program was conducted in two phases.
Initially, the Marshall stability and ITS of the asphalt mixtures
without polymers were characterized to determine the baseline
relationship with compressive strength. Subsequently, the
modified asphalt mixtures were assessed. In this research two
types of additives were used. The first one is styrene-
butadiene-styrene (SBS) and the second one is reactive
ethylene-butyl acrylate-glycidyl methacrylate terpolymer (Ax)
it was added to asphalt as in dose from the total weight of
asphalt. In the lab, mixing was done with a high-shear mixer
that could control stirring speed and maintain temperature. For
one hour the asphalt binder was heated to 150°C while the
mixer's speed was kept at 200 rpm. Following that, mixing was
done for 1.5 hours at a speed of 500 rpm as well [24].

3.1.1 Compressive strength tests

The maximum amount of compressive stress that a material
can withstand without fracturing is known as compressive
strength [15]. To determine the compressive strength of the
mixtures, a compression load is applied to the circular face of
a circular specimen until it fails. The following equation can
be used to determine the compressive strength:

oc=(4 p max)/(n D?) (1)

In this case, oc denotes the unconfined compressive strength,
p max stands for the maximum applied compressive load, and
D refers to the diameter of the sample.

To measure the compressive strength of compacted
bituminous mixtures, cylinders with a diameter of 101.6 mm
and a height ranging from 99.1 to 104.1 mm were used. The
specimen’s size has an impact on the results of the
compressive strength test. Prior to incorporating the bitumen
binder, the aggregate was heated to a temperature slightly
higher than the required mixing temperature for the dry
blending. The blending temperature never surpassed 175°C.
To maintain the suitable temperature after dry mixing, the
bowl and aggregate batch were preheated in an oven to a
temperature that meets the aggregate specifications.
Subsequently, we poured the specified amount of hot bitumen
onto the heated aggregate within the bowl and promptly

incorporated the bitumen into the aggregate by mixing. While
blending the materials, the process was finished within a 90 to
120 second timeframe, during which the temperature was
approximately 3 to 5°C above the initial mixing temperature
to allow for compaction, enabling it to start immediately. In
the case of stabilized mixtures, the additives were introduced
to the heated aggregate before combining with the heated
bitumen [25]. To ensure consistency throughout the study, an
optimal bitumen content of 5.1% (by weight of the total mix)
was used in the preparation of all stabilized mixes, as
determined by the Marshall control mix design. Marshall
specimens were prepared for unmodified and modified
mixtures with different percentages of additives. The
compressive test specimens were prepared by applying a layer
and compacting it with 35 blows and then applying the second
layer and compacting it with 75 blows After that, the specimen
was turned on the other side and compacted with 75 more
blows. After taking the test samples out of the oven, they were
allowed to cool down to room temperature for at least 2 hours
before proceeding. Next, the specimens underwent axial
compression at a consistent vertical deformation rate of 3.2
mm/min. The compressive strength is calculated by dividing
the highest vertical load achieved during deformation at the
specified rate by the initial cross-sectional area of the
specimen, following the ASTM D 1074-09 [25]. The average
compressive strength values were determined from three
individual specimens in each case. Examples of the
compressive strength samples are shown in Figures 3 and 4.
The relationship between the type of asphalt and
Compressive (kN) and the relationship between the type of
asphalt and Compressive (mPa) are shown in Figures 5 and 6.

——

(b) The mold of
compression

(a) The specimen of
compression

Figure 3. The compressive sample

Figure 4. The sample after failure

Table 6. The value of Marshall stability (kN)

Type of Asphalt  40\50 5% SBS

1% Ax 2% Ax 3% Ax

Stability kN) 105 125

12 13.7 13.5




Compressive (Kn)

40-50 5%SBS 1%Ax 2%AxX 3%AX
Type of Asphalt

Figure 5. The relationship between the type of asphalt and

compressive (kN)
' ‘ 3%Ax
Figure 6. The relationship between the type of asphalt and

40-50 5%SBS 1%Ax 2%Ax
compressive (mPa)

Compressive (Mpa)

Type of Asphalt

3.1.2 Marshall stability results

To calculate the optimum binder content (OBC), the
Marshall technique of the mix design was used on all mixes,
following ASTM D 1559 [26]. For this study, 100 mm
diameter and 63.5 mm tall samples were created. Each side of
the specimens received 75 strikes. According to the Asphalt
Institute MS-2 series (Seventh Edition), the OBC was
consistent with bitumen containing 4.0% voids. The OBC of
the surface layer in this study was 5.1%. We concluded that
the modifiers did not significantly affect the OBC. HMA
specimens before and after stability test are shown in Figure 7.

(¢) Specimen after stability test

Figure 7. Marshall test
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The Marshall stability values of the five mixes were
calculated and is presented in Table 6 and shown in Figure 8.

40-50 5%SBS 1%AX 2%AX 3%Ax
Type of Asphalt

Stability(Kn)

Figure 8. The relationship between the type of asphalt and
stability (kN)

3.1.3 Indirect tensile strength (ITS) test

The ITS was evaluated to determine the fatigue cracking
resistance of the mixtures. In this test, the samples were
subjected to a consistent deformation rate of 50 mm/min by
vertical ram movement. Loading persisted until the specimens
experienced failure, while the maximum load was monitored
and recorded throughout the process [15, 27]. The ITS was
calculated using the following equation:

ITS=2 P)(nDt) 2)

where,

P represents the peak load, expressed in kN.

D denotes the diameter of the specimen, measured in cm.

t refers to the thickness of the specimen, measured in cm.

The ITS values of the five mixes were calculated using Eq.
(2), which are presented in Table 7. Figures 9 and 10 show the
results of laboratory testing.

Table 7. The value of compressive strength

5% 1% 2% 3%
Type of Asphalt  40\50 SBS Ax Ax Ax
Compressive
(kN) 12.8 144 13.5 15.1 14.1
Compressive 463 183 172 192 182
(mPa)

3.2 Results presentation and discussion

Tables 6 to 8 and Figures 5 to 9 indicated that the
performance of mixtures prepared with polymer modified
better than those of mixtures prepared without polymer, this
fact is because the viscosity of the asphalt plays a significant
effect on shear and compressive strength. Duggi [27] and
Wayne et al. [28] also reported that binder with high viscosity
has higher indirect tensile strength value. As well as it has been
noticed that the mix that was modified with the polymer
Reactive Ethylene-Butyl Acrylate-Glycidyl Methacrylate
(Ax) with a percentile of 2% gives the maximum stability
(13.7 kN) as shown in Figure 8 and Table 6, maximum
compressive strength (15.1 kN) as shown in Figure 5 and
Table 7, and highest comparison of the indirect tensile strength
(12.8 kN) compared with other mixes then mixture prepared
with the polymer styrene-butadiene-styrene (SBS) with a
percentile of 5% as shown in Figure 9 and Table 8. Singh [29]
reported that mixes prepared with (5% SBS) polymer has



better than those of mixtures prepared without modified
bitumen. At the same time, the ITS test for modified and
unmodified asphalt concrete mixtures is calculated based on
Eq. (2) and presented in Figures 9 and 10. It can be seen that
the ITS of the mixture modified with 3% Ax has a higher value
when compared with other mixes. From these values, we
concluded that the improvement of asphalt mixtures in terms
of compaction and stability in the case of using the (Ax)
additive is better than the (SBS) additive. This is due to the
difference in the physical properties of both additives, which
are shown in Tables 3 and 4. Figures 11 to 16 show the
relations between the asphalt types and the Marshall stability,
compressive strength, and ITS.

11

40-50 5%SBS 1%Ax 2%Ax 3%AX
Type of Asphalt
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Figure 9. The relationship between the type of asphalt and

indirect tensile (kN)
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40-50 5%5BS 1%AX 2%Ax 3%AX
Type of Asphalt

Figure 10. The relationship between the type of asphalt and
indirect tensile strength (mPa)

Table 8. The value indirect tensile strength test

Type of 40\50 5% 1% 2% 3%
Asphalt SBS Ax Ax Ax
Indirect

Tensile (kN) 5.5 12 9.5 12.8 14.3
Indirect
Tensile
Strength
(mPa)

0.55 1.2 0.95 1.27 1.42

16.0

0 40150 B 5%sBs W 1%Ax 0O 2%Ax B 3%Ax
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10.50 12.50 12.00 13.65 13.50
Stability(Kn)

Figure 11. The relationship between compressive (kN) and
Marshall stability (kN) for each type of asphalt
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Figure 12. The relationship between compressive (mPa) and
Marshall stability (kN) for each type of asphalt
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Figure 13. The relationship between indirect tensile (kN) and
Marshall stability (kN) each of type of asphalt
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Figure 14. The relationship between indirect tensile strength
(mPa) and Marshall stability (kN) for each type of asphalt
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Figure 15. The relationship between indirect tensile (kN) and
compressive (kN) and for each type of asphalt
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and compressive (mPa) for each type of asphalt



3.3 Empirical relationships

Figures 11 and 12 present the relationships between
Marshall stability and compressive strength for each type of
asphalt. The mixture modified with 2% Ax showed the highest
values. The 3% Ax mixture showed the highest values for the
relationship between Marshall stability and ITS and the
relationship between compressive strength and ITS, as
illustrated in Figures 13 to 16.

Figures 17 and 18 show the plots obtained for the stability
test at 60°C, ITS at 25°C, and compressive strength. The
findings reveal a strong correlation between stability, ITS, and
compressive strength. As stability and ITS rise, compressive
strength also increases. The following relationships were
revealed.

CS=-0.01(S)™+0.8511(S)+4.9496, (R> = 0.81) 3)

CS=-0.0205(ITS)*+0.6118(ITS)+9.9543, (R = 0.74) “)
where, CS is compressive strength in kN at 25°C, S is stability
in kN at 60°C, and ITS is indirect tensile strength in kN at 25°C.
The empirical relations in Eqs. (3)-(4) are relatively accurate,
as indicated by the high value of R2. These relations can be
used to predict compressive strength in a mix based on
stability and ITS data without actually doing the compressive
strength  test. Additionally, the correlation between
compressive strength and stability is more accurate compared
with the correlation between compressive strength and ITS.

16 v — 0.01x2 + 0.8511x + 4.9496
o i 2 —
2% R® = 0.8071
F=
& B
g _812
S &
10

8 85 9 951010.51111.51212.51313.514
Stability (kN)

Figure 17. The relationship between stability and
compressive strength

16 ¥= -0.0205x2 + 0.6118x + 9.9543
15 R2=0.7367
£ 1 —
g 13 —
0 ~12
[:¥]
5 811
ug-‘ 10 T T T T T T T T T T T
g 345 6 7 8 9101112131415
S Indirect Tensile Strength (kN)

Figure 18. The relationship between indirect tensile and
compressive strength

4. CONCLUSIONS AND RECOMMENDATIONS

This study aimed to evaluate the compressive strength of
modified asphalt mixtures utilizing polymer additives. The
impact on the properties of hot mix asphalt by adding two
different polymers was investigated. Specifically, the Marshall
stability, ITS, and compressive strength of each sample were
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experimentally determined. The addition of modifiers to pure
bitumen improves its characteristics, enabling evaluation of
the asphalt mixtures depending on their compressive strength,
and ultimately, revealing a relationship between the
compressive strength and Marshall stability. From the results
and analysis, the following conclusions were determined:

a) The stability, ITS, and compressive strength values for
1% Ax, 2% Ax, 3% Ax, and 5% SBS-modified asphalt
concrete mixtures were higher than the values for
unmodified asphalt concrete mixtures.

The mix prepared with 2% Ax showed higher stability
and compressive strength than other mixes but the mix
prepared with 3% Ax showed higher indirect tensile
strength than other mixes.

The empirical relations can be used to predict
compressive strength in a mix based on stability and
ITS data without physically performing the
compressive strength test.

According to this study and other researches, Polymer-
modified asphalt binders are a significant effect on
improved rheological properties of asphalt, such as
increased stiffness, reduced deformation, and enhanced
durability then reduced cost of maintenance.

It is recommended to study the effect of the long-term
performance of modified asphalt mixtures on this type
of model.

The models developed in this study at 25°C for surface
layer aggregate gradation, it is recommended to
compare these models with other models at different
temperatures and different aggregate gradations.

b)

©)

d)
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