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properties. EAC is a type of polymer concrete
obtained by adding epoxy resins with a special
hardener to be mixed with asphalt and aggregates.
After curing, the EAC will be beyond the melting
point. According to [3], the thermoset materials
have better resistance to fatigue and rutting that
may affect the pavement of steel bridge decks.
In 2011[4] satisfied the purpose on how
could the EAC serve as a pavement and
improving the following:
1. Skid resistance.
2. Flat riding of surface.
3. Waterproofing of the deck.
4. Durability and resistance to cracking.
5. Resistance to rutting and shoving.

Abstract
Improving the ability of asphalt pavement to
survive the heavily repeated axle loads and
weathering challenges in Iraq has been the subject
of research for many years. The critical need for
such data in the design and construction of more
durable flexible pavement in bridge deck material
is paramount. One of new possible steps is the
epoxy asphalt concrete, which is classified as a
superior asphalt concrete in roads and greatly
imparts the level of design and construction. This
paper describes a study on 40-50 penetration
graded asphalt cement mixed with epoxy to
produce asphalt concrete mixtures. The tests
carried out are the Marshall properties, permanent
deformation, flexural fatigue cracking and
moisture damage. Epoxy asphalt mixes performed
better on resistance to fatigue and permanent
deformation. They also performed significantly
better on low-temperature properties and
resistance to moisture damage. The addition of 30
percent of epoxy (by weight of asphalt cement)
resulted in increase of Marshall stability by 39.8
percent, improve the tensile strength ratio by 22.9
percent, lowering both the rate of permanent
deformation by 26.8 percent and the fatigue
accumulation coefficient by 53.5 percent, in
comparison with control HMA. Based on the
above findings, it is recommended to use epoxy
asphalt mixes as an optimal material for paving
bridges deck in Iraq since it showed good
prospects for this application due to the valuable
performance and durability improvement.
Keywords: Asphalt, Epoxy Asphalt Concrete,
Fatigue, Permanent Deformation.

Epoxy is categorized as thermoplastic
polymer. It exhibits hardness, strength and heat
resistance. Generally, thermoplastic stiffen the
bitumen. Study done by( Downes et al. 1988)
shows that the epoxy modified bitumen is twelve
times the cost of normal bitumen. However, the
performance of the product in terms of fatigue
and permanent deformation would appear to be in
excess of ten times than normal AC.

2. Experimental Work
2.1 Raw Materials
The 40-50 grade asphalt was used in this
study obtained from Aldura refinery located in
south of Baghdad with a penetration of 44 mm at
25oC, softening point of 48 oC and viscosity of
0.34 Pa.s at 135oC.Epoxy asphalt comprises
asphalt binder mixed with epoxy, which is added
and mixed with graded aggregates. The term
epoxy asphalt binder refers to blend of epoxy
resin, curing agent and asphalt cement, while
Epoxy Asphalt Concrete (EAC) is terms to epoxy
asphalt binder and aggregates. Along with this
approach, FOSROC epoxy Nitocote EP 405 was
used as a primary modified agent; the main
characteristic of this material is located in table 1,
it comprises with two different chemical
materials, the first component was Bisphenol-A
(epoxy resin) and the second one aromatic amine
hardener (epoxy base hardener) –B used to
increase the speed of reaction . In this study
epoxy, modified asphalt was produced by adding
the two epoxy components in a mass ratio of A:B

1. Introduction
Epoxy asphalt concrete system was used in
the past decade to enhance the skid resistance of
bridge decks, and to increase the service life span
of pavement by limiting cracking and
deformation. For decks in bridges, higher strains
in asphalt are usually developed [1]. Epoxy
Asphalt Concrete (EAC) is a kind of high strength
and flexible material introducing thermosetting
epoxide resin and solidified agent into asphalt [2].
Characterizations of EAC refer to the ability of
this material to satisfy the function of pavement
on an orthotropic steel deck due to its special

20

NJES, Vol.21 No.1, 2018

Albayati & Al-Azawee, pp.20-27

equal to 85:15, and then adding the blend to the
asphalt cement, the materials thoroughly mixed
by using electrical stirrer until reaching to a
homogeneous mix to ensure good acceptable
repeatable results of tests.
After mixing operation, the asphalt concrete
at temperature of 155oC will become ready for
mixing with epoxy in different ratio of 10%, 20%
and 30% by weight of asphalt cement, which
designated as E10, E20 and E30 for every epoxy
contents.
Then, the epoxy asphalt concrete was mixed
with aggregates to produce the EAC. Moreover,
Aggregate used in this study was brought form
Alnibae quarry located North West of Baghdad
which detailed in Table 3. The thermal-setting
nature of the epoxy asphalt used required curing
of the mixes for 50 min at 120 oC prior to
compaction. After compaction the mixes were
cured for an additional 5 h at 120 oC before
testing. Curing of the mixes is necessary to
mobilize and ensure complete epoxy reaction with
the asphalt and the procedures adopted were
based on curing trends researched previously [5].

Initially 24 Marshall Samples were
produced having 4.8 percent bitumen content for
the types (HMA, E10, E20 and E30) of the
samples. The samples were then sub-divided in
two groups of 12 mixes. The average specific
gravity in each group was equal. The first group
was immersed in water at 60 oC for 30 min and
then tested up to failure using concaved steel
loadings plates. The ratio of stability to flow,
which is the Marshall quotient (M1) was obtained
and hence an indication of the stiffness was
obtained.
It should be noted that the MQ is a measure
of mix resistance to shear and permanent
deformation and hence rutting [6]. The second
group of samples was immersed in water at 60 oC
for 24 hrs. The samples were then tested up to
failure. The ratio of M2 of stability to flow was
obtained. The retained Marshall stability (MSR)
was obtained by using the average stability of
each group:
MScond

MSR =
× 100
(1)
MSuncond
Where:
MSR: is the Marshall retained stability.
MScond : is the average Marshall stability for
conditioned samples (kN) .
MSuncond : is the average Marshall stability for
unconditioned samples (kN).

Table 1: Asphalt Test Results (Highway Material lab,
University of Baghdad)
Penetration, Softening
Sample
mm
point oC
40/50 pen.
44
48
Epoxy binder Based (part B)

236

36

Epoxy Asphalt (part A and B)

211

40

The ratio of stabilities for conditioned and
unconditioned cases can be considered as the
criterion for moisture susceptibility of the mix.
[6].
In the present study, a crushed limestone was
used. Table 3 gives the physical properties of this
aggregate and Table 4 and Fig 2 give the wearing
course gradation. The Marshall stability of HMA
and EAC prepared by E10, E20 and E30 were
measured and the results obtained are shown in
Fig. 5, the results indicate that the lowest marshall
stability corresponds to HMA mix. The highest
result corresponds to the 30 percent epoxy
modified asphalt. The mixes E20 and E30 have
highest and lowest flow values respectively.
Approximately all mixes have similar Marshall
Quotients with a maximum difference of 5%.

Table 2 Detailed Information for Epoxy (Highway
Material lab, University of Baghdad)
Typical Values
Component A
Properties
Component B
(aromatic
(Bisphenol)
amine)
Appearances
Viscous
Liquid
Mass ratio of
85.0%
15.0%
mixing
o
Viscosity @ 25 C
6342 MPa.s
359 MPa.s
Density @ 25 oC
1.41 gm/cm3
1.01 gm/cm3
Color
Black
White

2.2Marshall Properties

Table 3: Alnibae Aggregate Properties (Highway Material lab, University of Baghdad)
Alnibae Aggregate
Property
Coarse
Fine
SCRB/R9,2003 [10]
Aggregate Aggregate
Bulk Specific gravity (g/cm3) (ASTMC127 and C128)
Apparent Specific gravity (g/cm3) (ASTM C127 and C128)
Percent water absorption (ASTM C127 and C128)
(Los-Angeles Abrasion) Percent wear (ASTM C131)
Fractured pieces, %
Sand Equivalent(ASTM D 2419)
Soundness loss by sodium sulfate solution,% ( C-88)

21

2.646
2.656
0.14
19.69
98
3.4

2.63
2.667
0.523

55
-------

------------30 Max
90 Min
45 Min*.Superpave (SP-2),
12 Max
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Figure 1 FOSROC Epoxy Nitocote EP 405
Table 4 Gradation of Aggregate
Sieve size (in)

3/4

1/2

3/8

No.4

No.8

No.50

No.200

Selected gradation,
Passing (%)

100

95

88

65

39

14

5

100
Selected Gradation

% Passing

80

Specification Limits

60
40

19.0 mm

Sieve Size

12.5 mm

3/8

4.75 mm

0.3 mm

0.075 um

0

2.36 mm

20

Figure 2 Aggregate Gradation Plot

Totally, 24 samples were made for each group of
mix, three unconditioned (dry) and three
conditioned (wet) samples were tested. The Wet
samples were subjected to successive cycles of
freezing and thawing. Each cycle including 16
hours at (-18 oC) freezing followed by immersing
in water bath at 60 oC for 24 hrs. The dry
samples were placed in water for one hour at (25
0C) before testing. The ratio (TSR) is defined as:

3. Mixture Tests
3.1 Indirect Tensile Strength Test:
In this test (ITS), cylindrical samples were
tested using a similar test assembly as that for
concrete cylindrical in splitting test but using the
Marshall loading testing machine. The samples
fails by splitting along the loaded plane. The
maximum load carried by a sample at failure is P
and the splitting tensile strength is ITS:
ITS =

2P

πLD

TSR =

(2)

Pcond

Puncond

× 100

(3)

Where: Pcond and Puncond are the failure loads
for the conditioned and unconditioned samples
respectively. According to ASTM D4867, the
TSR must be higher than 80%.

Where: L:is the cylinder length (m); D:is the
cylinder diameter (m).
The ITS values is a measure of moisture
susceptibility of the asphalt mix, ASTM D 4867.
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rest of 0.9 second to determine the permanent
deformation characteristics of paving materials.
In this study, permanent axial deformation
properties of the pavement. The deformation was
measured using Linear Variable Differential
Transformer (LVDT) as shown in Fig. 3.The
permanent strain (𝜖𝜖𝑃𝑃 ) is:

3.2 Permanent Deformation
The Pneumatic Repeated load (PRLS) can be
considered as a rutting measure of EAC mixes[9],
cylindrical specimens dimension 101.6mm (4 in)
diameter × 203.2mm (8 in) height were used.
The specimens produced for this study needed
approximately 3650 grams of mixture each in
order to fabricate one specimen that according to
mix design formula. The mix design method uses
volumetric optimum asphalt content for each
EAC contents. The specimens used in the
Permanent Deformation were prepared using the
Superpave Gyratory Compactor.
The test was performed at single deviator
stress level of 138 kPa (20 psi) and temperature
of 40 0C. the test consist of applying 10,000
compressive load cycles. Each cycle consist of
0.1-second rectangular wave load followed by a

𝑃𝑃 ×106

𝜖𝜖𝑃𝑃 = 𝑑𝑑
(4)
ℎ
Where: 𝑃𝑃𝑑𝑑 = permanent axial deformation,
h= sample thickness
The resilient strain in the sample is:
Δr
𝜖𝜖𝑟𝑟 =
(5)
h
Where:
Δr = resilient deformation = Δrh – Δrl ,Δrh = high
reading of LVDT, Δrl = low reading of LVDT.
𝜖𝜖𝑜𝑜 =

𝜎𝜎 × (1 + 3𝜈𝜈)
× 1000
𝐸𝐸𝑜𝑜

(7)

Where
𝜖𝜖0 : is the stiffness modulus corresponding to
stress 𝜎𝜎𝑜𝑜 .All tests were carried out at temperature
of 20 ℃

Figure 3 Permanent Deformation Specimens during the
Test (Highway Material lab, University of Baghdad)

3.3 Fatigue Cracking
A sample of dimeter 150 mm and of
thickness 50 mm (150 ×50 mm) has subjected to
a vertical load along its vertical diametral axis and
the horizontal deformations were measured using
two axis is measured by two Linear Variable
Differential transducers (LVDTs).The fatigue
strength was obtained by means of Indirect
Tensile Fatigue Test (ITFT) (BS DD AFB: 2002).
The sample repeated compressive forces along its
vertical dimetral axis its vertical dimetral axis. At
fatigue failure the samples cracks vertical. The
maximum tensile stress in the sample is:
2𝑃𝑃
𝜎𝜎𝑜𝑜 =
(6)
𝜋𝜋×𝑑𝑑×𝑡𝑡
Where:
𝜎𝜎𝑜𝑜 = maximum stress (tensile) (kPa); d = sample
diameter (mm); and the terms (P) and (t) are
defined earlier. The fatigue life is considered to be
the number of cycles (𝑁𝑁𝑓𝑓 ) that causes a complete
failure of the sample, Fig. 4 when vertical
displacement reaches 9 mm.
For the (ITS) test, the initial tensile strain 𝜖𝜖𝑜𝑜
at the center of the sample is:

Figure 4 IDT Fatigue Test
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epoxy content has increased the Marshall
Stability and the stiffness of binder.
The Marshall Stability has been increased
by 7.9% , 25.3% and 39.8% corresponding to
10%,20% and 30% of epoxy contents
respectively. The above increments in stability
values were 11.2 ,21.1, and 35.9% for same
epoxy asphalt. These findings indicate that the
EAC mixes are more resilient to moisture.

4.Results and Discussion:
4.1 Test on HMA and EAC mixes:
The test result for Marshall Stability and
flow are given in Table 5 for each mix, the values
were averaged and shown in Fig. 5 and Fig. 4
shows the variation of Marshall Stability and the
mix types. Fig. 6 shows the effect sample
conditioning on the MQ values as related to the
type of mix. It is evident that increasing the
Fig. 6 indicates that the unconditioned samples
shows higher MQ values for any epoxy
percentage. Samples containing lime have higher

stiffness and hence higher MQ values. The higher
values of Indicate a better shear resistance, less
permanent deformation and less rutting.

Stabiality , (kN)

Unconditond

Conditiond

15
10
5
0
HMA

E10

E20

E30

Mixtures
Figure 5 Marshall Stability Result for HMA and EAC Mixtures

100

Conditiond

5

95

4

90
MSR , %

MQ (kN/mm)

Unconditond

3
2

85
80
75

1

70

0

65
HMA

E10
E20
Mixtures

E30

HMA

Figure 6 MQ Result for HMA and EAC Mixtures

Mixtures

Flow,F1
(mm)

HMA
E10
E20
E30

9.47
10.28
12.84
15.72

2.76
3.05
3.24
3.86

E30

Figure 7 Effect of EAC on Retained Marshall
Stability

Table 5 Mixture properties for Marshall test.
MQ1
Stability,
Flow,F2
𝐌𝐌𝐌𝐌
(kN/mm)
M2
(mm)
𝐅𝐅𝐅𝐅

Stability,
M1

E10
E20
Mixtures

3.34
3.37
3.85
4.07

7.25
7.95
10.57
13.87

2.44
2.55
3.11
3.58

𝐌𝐌𝐌𝐌
𝐅𝐅𝐅𝐅

MQ2
(kN/mm)

2.97
3.11
3.39
3.87

MSR
M2/M1 (%)

76.55
77.33
82.32
88.23

thawing is higher when the mixture is without
epoxy. The TSR values increase as the epoxy
content increases.
The decrease in the tensile strength is due to
the decrease in mixture adhesion and binder
cohesion. Adding epoxy to asphalt will enhance
both adhesion and cohesion.

4.2 Effect of Epoxy Concrete and Freezing
and Thawing on the Indirect Tensile
Strength Test:
Figure 8 shows the variation of TSR values
with epoxy content for samples that have been
subjected to one cycle of freezing and thawing.
The reduction in tensile strength of freezing and
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The permanent strain as related to number of
cycles N is::
(8)
𝜖𝜖𝑝𝑝 =aNb
Where: a and b are intercept and slope
coefficients and N is the load repetition.
Where: a and b are intercept and slope
coefficients and N is the load repetition.
As shown in Fig.9 the EAC mixtures showed
superior effect toward the negative impact of
repeated loading at moderate temperature of 40oC,
hence E20 and E30 exhibited more flatter curve
with lower slope trend of 0.328 and 0.306 which
yield decrease by 21.4 and 26.8% in the rate of
permanent deformation curve due to the control
mixture and this reason may be attributed to the
increase of asphalt stiffens which contributed to
reduce the permanent deformation effect as well
as the intercept value and shows an increase in
number of repetition to failure .Another possible
aspect could be considered that the EAC mixtures
showed lower permanent stain at 1000 repetition
that represent the beginning of territory zone of
permanent
deformation, the EAC mixtures
indicted a lower 𝜖𝜖p especially for E20 and E30
and this behavior could be useful in preventing
the early stage of damage after construction
period. [9]
The test results indicate that the dynamic
stability of EAC is better than that of
conventional asphalt mixes. In addition, the
accumulated deformation for E30is higher than
those of EAC and HMA mixes. This finding is an
evidence that EAC is a stabilized paving material
at high temperature and can be used for paving
steel bridge decks. Table 6 gives the permanent
deformation modals for all mixes.

100
95
90
TSR %

85
80
75
70
HMA

E10
E20
Mixtures

E30

Figure 8 TSR Values for HMA and EAC Mixtures
Under One (F-T cycle)

The tensile strength for all samples decreases
after subjecting to the freezing a% epoxy content
has the higher TSR value which is 0.94 at the end
of the cycle thawing cycle. It can be concluded
that EAC serve better against the detrimental
effect of moisture damage, hence TSR increase by
11.2, 17.2 and 22.9% with respect to the
increment of epoxy content. As a result, the
tensile strength ratio value of the locally
developed epoxy asphalt mix is higher than that
of HMA mixtures, indicating that the locally
developed epoxy asphalt mix is less susceptible to
moisture damage and could satisfy the minimum
requirement of TSR of 80 percent.

4.3 Permanent deformation
The tests were conducted on epoxy asphalt
mixes at 40 oC, Fig.9 demonstrated the effect of
adding epoxy to the asphalt with varying contents.
In this study, the power model was used to fit
the accumulation of permanent deformation
curve.
The slope and intercept of this model are
indicators of rutting resistance [7].
HMA

E10

E20

E30

Permananet Microstrain

10000
1000
100
10
1

10

100

1000

Log Nf
Figure 9: Permanent Deformation for HMA and EAC mixtures at 40 oC
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Table 6: Permanent Deformation Models for All Mixtures

Mixture type

Model

R2

HMA
E10
E20
E30

𝜖𝜖𝑃𝑃 =138.4N0.4125
𝜖𝜖𝑃𝑃 =100.57N0.3581
𝜖𝜖𝑃𝑃 =90.34N0.3287
𝜖𝜖𝑃𝑃 =70.113N0.3064

0.9937
0.9792
0.9586
0.9511

𝝐𝝐𝑷𝑷 at 1000 rep.(microstain)
2730
1197.9
735.87
418.71

with the regression constant R2. The k2 value
represents the susceptibility of the mix to strain.
The mix E 30 was less susceptible to strain than
the others. Furthermore, R2 values for the E 30
were lower than those E10 and E30 as well as
HMA mixtures. These differences were due to the
size effect. Two criteria were followed, one was
based on 𝜖𝜖𝑜𝑜 at 106 cycles and the other was based
on the number of cycles at 200 macrostrain
(N200). The calculated 𝜖𝜖𝑜𝑜 and N200 values are
given in Table 7. It is evident that the two criteria
agreed well.
As result of fatigue test, it can be seen that the
fatigue life of the locally developed epoxy asphalt
mix with E30 is more than approximately by three
times greater than that of HMA mixtures.

4.4 Fatigue Cracking

The fatigue life 𝑁𝑁𝑓𝑓 is related to the initial
tensile strain as follows [8]:
1
𝑁𝑁𝑓𝑓 =K1( )K2
(9)
𝜖𝜖𝑜𝑜

Where: K1 and K2 are constants related to the
material type and test condition.Fig. 10 relates the
initial tensile strain to the fatigue life (𝑁𝑁𝑓𝑓 )
It is evident that E30 shows higher endurance
and fatigue life then that of the other two contents
E1 and E20 with respect to HMA mixture. This
behavior has been mainly attributed to the
stiffness provided by epoxy content that could be
influenced on fatigue life by increasing the
number of repetition to fracture as well as
The initial tensile stress. The contents k1 and
k2 of equation 9 are given in Table 7 together
HMA

E30

E20

E10

Strain

1000

No. of
repetition
6425
8427
10,000
10,000

100
1000

Mixture

10000
Log Nf
Figure 10: Relationship between fatigue life and initial strain

K1

Table 7: Material constant and fatigue failure result
K2
R2
Fatigue function
𝝐𝝐𝒐𝒐 (µm/m)
𝟏𝟏

N 200 cycles

HMA

5.10062E-09

3.597

0.8595

Nf=5.10062E-09 ( )3.597

65

10295

E10

9.90701E-11

4.273

0.9579

Nf=9.90701E-11 ( )4.273

80

17926

E20

2.39713E-12

4.926

0.9057

Nf=2.39713E-12 ( )4.926

95

21157

E30

6.93654E-14

5.524

0.889

Nf=6.93654E-14 ( )5.524

115

29229

𝛜𝛜𝐨𝐨
𝟏𝟏

𝜖𝜖𝑜𝑜
𝟏𝟏
𝜖𝜖𝑜𝑜
𝟏𝟏
𝜖𝜖𝑜𝑜

and 35.9% for the same epoxy contents
respectively.
2. The EAC mixtures have resisted moisture
more than those without epoxy and the
unconditioned samples containing E20 and E30
are of the highest MQ value.

5. Conclusions
Based on the experimental results, the following
conclusions are given:
1. The Marshall was increased by 7.9%, 25.3%
and 39.8% for the epoxy contents of 10%, 20%
and 30% respectively. For the conditioned
samples, those increments were 11.2%, 21.1%
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3. Adding epoxy to the asphalt, has enhanced
adhesion and cohesion of the asphalt mix and
improved the asphalt –aggregate bonding even in
the presence of water.
4. After freezing and thawing, the tensile
strength ratio decreases and also the TSR values
increases as the epoxy content increases.The
‘‘E30” mix has a TSR value of 0.94 at the end of
the first cycle. It can be concluded that the EAC
serves better against the dimetral effect of
moisture damage and hence the TSR increases by
11.2, 17.2 and 22.9% with respect to the
increment of epoxy content.(10%,20% and 30%).
5. Adding 30 percent of epoxy to the asphalt
greatly enhanced the stability. The accumulated
deformation for E 30 mix is much less than those
of E 10, E20 and HMA mixes. This indicates that
EAC is highly stabilized in hot climates and can
be in a good performance for pavement on steel
bridge decks.
6. Fatigue life of the locally developed epoxy
asphalt mix with E30 is more than approximately
by three times greater than that of HMA mixtures.
7. Finally, adding 30 percent epoxy by weight of
asphalt could be one of the possible steps to
increase the endurance of HMA mixtures for
bridge deck pavement.
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ﺧﺻﺎﺋص ﺧرﺳﺎﻧﺔ اﻟﺗﺑﻠﯾط ﻧوع اﻹﺳﻔﻠت اﯾﺑوﻛﺳﻲ ﻟرﺻﻔﺔ اﻟﺟﺳر
اﺳراء ﺛﺎﻣر اﻟﻌزاوي

أﻣﺟد ﺣﻣد اﻟﺑﯾﺎﺗﻲ

ﻗﺳم اﻟﮭﻧدﺳﺔ اﻟﻣدﻧﯾﺔ
ﻛﻠﯾﺔ اﻟﻣﻧﺻور اﻟﺟﺎﻣﻌﺔ

ﻗﺳم اﻟﮭﻧدﺳﺔ اﻟﻣدﻧﯾﺔ
ﺟﺎﻣﻌﺔ ﺑﻐداد

:اﻟﺧﻼﺻﺔ

أن ﺗﺣﺳﯾن ﺧﺻﺎﺋص اﻟﺧرﺳﺎﻧﺔ اﻻﺳﻔﻠﺗﯾﺔ ﻟﻣﻘﺎوﻣﺔ ﺗﻛرار اﻟﺣﻣوﻻت اﻟﻣﺣورﯾﺔ اﻟﻌﺎﻟﯾﺔ ﻟﻠﻣرﻛﺑﺎت و اﻟظروف اﻟﺟوﯾﺔ واﺣدة ﻣن اﻟﻣواﺿﯾﻊ
 ﺗﻌﺗﺑر,اذ.  وﺗظﮭر اﻟﺣﺎﺟﺔ ﺟﻠﯾﺎ ً ﻟﻠﺧﻠطﺎت اﻟﺧرﺳﺎﻧﯾﺔ ذات اﻟدﯾﻣوﻣﺔ اﻟﻌﺎﻟﯾﺔ ﻓﻲ ﻣﻧﺎطق رﺻﻔﺔاﻟﺟﺳور.اﻟﻣﮭﻣﺔ ﻗﯾد اﻟﺑﺣث ﻓﻲ اﻟﻌراق ﻟﻌدة ﺳﻧوات
. اﻟﺧرﺳﺎﻧﺔ اﻻﺳﻔﻠﺗﯾﺔ ﻧوع اﻻﯾﺑوﻛﺳﻲ اﺳﻔﻠت واﺣد ﻣن ھذه اﻟﺧﻠطﺎت و اﻟﺗﻲ ﺗﻣﺗﺎز ﺑﺄداء ﻓﺎﺋق اﻟﺟودة ﻓﻲ ﻣﺟﺎل ھﻧدﺳﺔ اﻟطرق
 و اﻟﻣﺣﺳﻧﺔ ﺑﺎﺳﺗﺧدام ﻧﺳب ﻣﺧﺗﻠﻔﺔ ﻣن50-40 ﯾدرس ھذا اﻟﺑﺣث ﺧﺻﺎﺋص اﻟﺧرﺳﺎﻧﺔ اﻻﺳﻔﻠﺗﯾﺔ اﻟﻣﻌدة ﺑﺎﺳﻔﻠت ﺳﻣﻧت ذو اﺧﺗراق
 اذ,  اﻟﻛﻠل و اﻟﺗﺄﺛﯾر اﻟﻣﺧرب ﻟﻠﻣﺎء,  اﻟﺗﺷوھﺎت اﻟداﺋﻣﯾﺔ, اﻻﯾﺑوﻛﺳﻲ وﻟﮭذا اﻟﻐرض ﺗم ﺗﮭﯾﺋﺔ ﻧﻣﺎذج ﻣﺧﺗﺑرﯾﺔ وإﺟراء ﻓﺣوﺻﺎت ﻣﺎرﺷﺎل
أوﺿﺣت ﻧﺗﺎﺋﺞ اﻟﻔﺣوﺻﺎت اﻟﻣﺧﺗﺑرﯾﺔ إن ھذا اﻟﻧوع ﻣن اﻟﺧﻠطﺎت اﻟﺧرﺳﺎﻧﯾﺔ ﯾﻣﺗﺎز ﺑﺄداء وﻣﻘﺎوﻣﺔ أﻓﺿل ﻟﻠﺗﺷوھﺎت اﻟداﺋﻣﯾﺔ و اﻟﻛﻠل وﻛذﻟك
. ﯾﻌطﻲ ﻣﻘﺎوﻣﺔ أﻓﺿل ﻟﻠﺿرر ﻧﺗﯾﺟﺔ اﻟدور اﻟﻣﺧرب ﻟﻠﻣﺎء
, %39.8  ﻣ����ن اﻻﯾﺑوﻛﺳ����ﻲ )ﻣ����ن وزن اﻻﺳ����ﻔﻠت اﻟﺳ����ﻣﻧﺗﻲ ( ﯾ����ؤدي إﻟ����ﻰ ﺗﺣﺳ����ﯾن ﺛﺑوﺗﯾ����ﺔ ﻣﺎرﺷ����ﺎل ﺑﻧﺳ����ﺑﺔ%30 أن إﺿ����ﺎﻓﺔ ﻧﺳ����ﺑﺔ
26.8  وﺗﻘﻠﯾ���ل ﻛ���ﻼ ﻣ���ن ﻧﺳ���ﺑﺔ ﺗ���راﻛم اﻟﺗﺷ���وھﺎت اﻟداﺋﻣﯾ���ﺔ وﻧﺳ���ﺑﺔ ﺗ���راﻛم ﻓﺷ���ل اﻟﻛﻠ���ل ب% 22.9 ﺗﺣﺳ���ﯾن ﻧﺳ���ﺑﺔ ﺧﺻ���ﺎﺋص اﻟﺷ���د ﺑﻧﺳ���ﺑﺔ
 وﺑﻧ���ﺎءاً ﻋﻠ���ﻰ اﻟﻧﺗ���ﺎﺋﺞ أﻋ���ﻼه ﻧوﺻ���ﻲ ﺑﺎﺳ���ﺗﺧدام ھ���ذا اﻟﻧ���وع,  ﻋﻠ���ﻰ اﻟﺗ���واﻟﻲ ﺑﺎﻟﻣﻘﺎرﻧ���ﺔ ﻣ���ﻊ اﻟﺧرﺳ���ﺎﻧﺔ اﻹﺳ���ﻔﻠﺗﯾﺔ اﻟﺗﻘﻠﯾدﯾ���ﺔ, %53.5  و%
.ﻣن اﻟﺧرﺳﺎﻧﺔ اﻻﺳﻔﻠﺗﯾﺔ ﻛﻣﺎدة ﻣﺛﺎﻟﯾﺔ ﻻﻋﻣﺎل ﺗﺑﻠﯾط رﺻﻔﺔ اﻟﺟﺳور
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