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Abstract
Tensile strains and dynamic modulus are major contributors in determining the fatigue life of asphalt
concrete pavement because they are responsible for fatigue cracking. Therefore, knowledge of strains,
dynamic modulus and their role is of vital importance to the Highway Engineer. However, the focus of
the recent study was to reduce fatigue cracks in flexible pavement through the inclusion of Portland
cement, Quarry dust and Fly-Ash as mineral fillers at varying percentages of filler content. The
methodology involved introducing mineral fillers at the optimum asphalt content of the asphalt concrete
mixtures in order to alter the properties of the concrete. Results revealed that the addition of Portland
cement up to 3% by weight of aggregate reduced tensile strains at the bottom of the asphalt concrete.
While stiffness increased linearly up to 3% Portland cement content. In effect fatigue crack was
drastically reduced at same 3% Port cement content. On the other hand, the addition of fly-ash and quarry
dust produce similar pattern of behavior that is, up to 1.5% and 2.0% addition of both fly-ash and quarry
dust reduced tensile strains, while stiffness increased leading to a drastic reduction in fatigue crack of the
HMA concrete. However, further additions resulted in increased fatigue cracks. This was true for all
categories of loading frequencies considered.
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INTRODUCTION

Wearing course of asphalt pavement (i.e.
flexible pavement), is one of the largest
infrastructural components in some parts of
the developed nations, It has a complex
system that involves multiple layers at
different materials, various combinations of
irregular wheel forces, and diverse
environmental
conditions
such
as
temperature, mixture and oxidation rates
(Igwe et al, 2009). Therefore, a realization
1

pattern of its long-term service life of
asphalts pavements is one of the most
challenging tasks for pavement engineers in
Highway Engineering. It is general
knowledge, among pavement engineers that
the performance of asphalt concrete
pavements (i.e. flexible pavement) is closely
vacated to the performance of asphalt
concrete. Thus, proper evaluation of the
performance, and behavior of asphalt
concrete is of great importance; therefore,
modification for improved performance of
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asphalt concrete provide the links among
various process involved in asphalt mix
design,
pavement
structure,
design,
construction and rehabilitation. Also asphalt
mixture is a composite material of graded
aggregates bound with a mastic motar.
Therefore, if the microstructure of the
asphalt mix can be obtained. Its properties
can be evaluated from the properties of its
constituents and microstructure (Wang et al,
2004; Xiao et al, 2006). Hence,
development of a fundamentally sound
performance model serves two important
purposes for pavement Engineers such a
model can provide accurate information
about the performance of asphalt concrete
under realistic loading to a better assessment
of the service life of a pavement or the
remaining life of an existing pavement for
materials, the performance model founded
on the basic principles of mechanics
provides relationships between material
properties (Chemical or Mechanical) and
model pavements, which can be used for the
selection or design of heater performing
binders or mixtures.

life relating fatigue with the majority of such
materials identified as fillers useful in
concrete (Anthiohos et al, 2005). If these
fillers have pozzolanic properties, the impact
technical advantages to the resulting
concrete and also enable larger quantities of
cement replacement to the achieved
(Hossain, 2003). Appropriate utilization of
these materials brings ecological and
economic benefits cycling waste materials
into useful products has become one of the
most proactive and efficient methods of
saving waste disposal problems (Ahmed,
Ayaman &Ataf, 2006). Many researchers
have been conducted to determine ways of
improving the properties of asphalt concrete
to meet the ever-changing conditions of
loading environment, as well as cost of
construction studies have been conducted to
determine the effects of different types of
mineral filers on asphalt concrete mix
properties. For example, Caheza et al,
(2010) suggested that minerals filter (e.g.
Portland cement, Quarry dust & Fly-ash
etc.) are unique in their ability to porous
materials to become stronger by filling the
ports and void on the surface of such
materials.

Generally, pavement response synonymous,
with performance of asphalt concrete can be
categorized into two major types of distress;
fatigue cracking which is directly associated
with pavement stiffness and rutting
deformation. Other researchers have shown
that cracking and rutting of asphalt concrete
can be caused by a number of factors such
as mechanical loading from repetitive traffic
and/or thermal loading from changes in
temperature, voids in mixes and evaluation.
In a similar trend substance (organic and
non-organic) has been incorporated into
bituminous concrete for improved service

The aim of this paper shall be to extend
fatigue life of flexible pavement by
elimination of excessive fatigue cracks
through tensile strain reduction using void
fillers (Fly-ash; Quarry dust and Portland).
Sangiorgi et al, (2017) defines mineral filler
as those mineral particles which when
suspended in bitumen, alter its consistency,
and ultimately the character of the
pavement. It is generally considered that the
number 200 sieve (75 Micron) can be used
2
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as the dividing line between filler, and
aggregates particles. In asphalt concretes, as
in cement concretes, fillers are the finest
particles among the aggregates & their
inclusion in bituminous and non-bituminous
binders and in aggregate mixtures confers
special characteristics to these mixtures,
fillers play a major role in the production of
asphalt; in terms of the composition of the
mixtures and their physical and mechanical
properties (Kandhal & Parker, 1998). In
general, fillers reduce the voids and increase
the density, at ability and toughness of the
concrete mixes. As filler content increase,
the brittleness and tendency to crack in
service also increase (Al-Saffa, 2013;
Grabowski &Wilanowicz, 2008).

Mastic, while also ensuring that the
rheological behavior of the latter is optimal
at the various operating temperatures
(Alvares, Ovalles, & Caro, 2012); these are
generally properties of commonly used
fillers, such as slaked lime, Portland cement,
Fly-ash, Quarry dust and calcium carbonate
powder (Little and Paterson, 2005).

2.0
MATERIALS AND METHOD
Sample Collection
The materials used for this study were flyash, Portland cement, Quarry dust, Bitumen,
Coarse and fine aggregates. The mineral
fillers were gotten from building materials,
Mile III market Port Harcourt while the
bitumen used was collected from the Federal
Ministry of Works in Rivers State.

Despite being widely utilized in the
production of asphalt, it is still difficult to
propose a general classification describing,
all the functions carried out by fillers used in
mixtures. Fillers are the finest part in asphalt
concrete
mixtures,
completing
the
granulometry, thereby helping to reduce the
voids in the mixture (Harris & Stuart, 1995;
Huang, Shu & Chen, 2007). Various studies
and experimental applications have shown
that fillers can also perform other important
functions, diminishing the asphalt concretes,
thermal susceptibility and regulating the
thickness and mechanical properties of the
film of mastic covering the stone-based
aggregates (Zulkati, Diew &Delai, 2012).
Fillers must have certain physical and
chemical properties that encourage and
strengthen binding between aggregates and
bituminous.

Commercial aggregates were, however,
used. After sampling of the materials,
laboratory tests-specific gravity of bitumen
and gives analysis of the aggregates used for
mix-proportioning by straight line method
were carried out.
2.1
Sample Preparation
Samples were prepared using Design
procedures for asphalt concrete mixed as
presented in Asphalt Instituted (1981),
National Asphalt Pavement, Association
(1982) and Robert et al, (1996).
The procedures involved the preparation of a
series of test specimens for a range of
asphalt (bitumen) contents such that test data
curves showed well defined optimum
values. Tests were scheduled on the bases of
0.5%. Increments of asphalt content with at
3
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least 3 – asphalt content above and below
the optimum asphalt content. In order to
provide adequate data, three replicate test
specimens were prepared for each set of
asphalt content used. During the preparation
of the unmodified asphalt concrete samples,
the aggregates were first heated for about 5
minutes before bitumen was added to allow
for absorption into the aggregates. After
which the mix was poured into a mold and
compacted on both faces with 75 blows
using a 6.5kg rammer falling freely from a
height of 450mm compacted specimens
were subjected to bulk specific gravity test,
stability and flow, density and voids analysis
at a temperature of 60oc and frequencies of
0.1 and 1.0 Hz respectively as specified by
design Guide (2002). The results obtained
were used to determine the optimum asphalt
content of the pure asphalt concrete.
Portland cement, fly-ash and quarry dust
was added at varying amounts (0.5 – 3.0%)
to the samples at optimum asphalt content
and then redesigned using the same marginal
design procedure already stated above to
produce asphalt concretes having varying
mix design properties particularly air voids
content which greatly affects dynamic
modules. The tensile strain (Et) were
obtained by measurements at various
frequencies of loading at varying mineral
content at the point of failure of the asphalt
concretes under loading from the
Stabilometer machine. On the other hand,
dynamic modulus (E*) were obtained by
applying the asphalt institute model.

aggregates and preparation of specimens
which was representation of asphalt concrete
pavement under investigation, the testes
carried out on binder includes:
 Specific Gravity Test of Asphalt Cement

For the binder (asphalt cement) the
pycnometer method was used to obtain the
weight of a given volume of the binder and
used to obtain the weight of an equal volume
of water. The results of the specific gravity
of the binder used are as shown on table 2.
 Penetration Test of Asphalt Cement
The test involved the determination of the
extent to which a standard needle penetrated
a well-prepared sample of the asphalt
cement under specified condition of
temperature load and time. See result in
table 2.
 Viscosity of the Asphalt Cement
The viscosity of the asphalt cement was
measured using the say–bolt furol
viscometer in order to obtain the resistance
to flow of the asphalt cement. See result in
table 2.
 Softening point of Asphalt Cement
The softening point test involved the placing
of a steel ball on a mass of the asphalt
cement contained in a brass ring and heated
in a water bath until the temperature at
which the ball dropped was recorded as the
softening point of the bitumen, see result on
table
 Aggregate Gradation / Sieve Analysis
Sieve analysis of the aggregates both coarse
and fine aggregates were carried out and the
results recorded, with their corresponding
particle size distribution based on graphical
plot, see table 1.
 Specific Gravity of Modifiers Used
For the modifiers the pycnometer method
was used to obtain the weight of a given

2.2
Laboratory Test Conducted
Laboratory test carried out includes
classification of materials used, blending of
4
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volume of each modifier and also used to
obtain the weight of an equal volume of
water. The results of the stated materials
used are shown in table 2.

was determined. The average values of Bulk
Specific Gravity, Stability Flow, Air voids,
VMA and VFB obtained were plotted
values. The OBC for the HMA mixture are
determined by taking the average value of
the following three (3) bitumen contents
found from the graph plotted:
Binder content corresponding to max
stability (x)
Binder content corresponding to max bulk
specific gravity (y)
Binder content corresponding to the medium
of designed limit of percent air voids (z).

The fillers used are Portland cement (PC),
Fly-ash (FA) and Quarry dust (QD),
obtained from the local materials market in
Diobu, Port Harcourt, and Eleme PetroChemical all in Rivers State, Nigeria.
specific gravity test was carried out on the
three (3) Pozzolans used.

2.3

Asphalt Concrete Sample
Preparation
The asphalt concrete sample were prepared
using the marshal design procedures for
asphalt concrete mixes as presented by the
national asphalt pavement association
(1982).
 Blending of Asphalt Concrete
To ensure that specification requirements of
aggregates gradations are met, the graphical
plot by straight line method of aggregate
combination was used which involved
plotting on a straight line the percent passing
on each sieve size with the corresponding
sieve size for both aggregates on the same
graph. The specification limits are provided
in accordance with ASYM (1951:C136). See
table 3.
 Determination of Optimum Binder
Content (OBC)
Vital to asphalt concrete mix design the
determination of Optimum Binder Content
(OBC) because it set a basis for the
comparison whether a particular mix design
should be accepted or rejected based on the
minimum requirements as per design
specification. It is on this basis that the OBC

By applying the formula, the stability value,
flow value, density and air voids were then
checked for.
 Determination
of
Mix
Design
Properties
Apart from stability – flow test the
properties that are of interest include
theoretical specific gravity, bulk modulus
(CIMO), Bulk density (D), effective specific
gravity (GSe), voids in mineral aggregate
(VMA), and voids filled with asphalt (Vfb).
The dynamic modulus for the mix design
was obtained using The Asphalt Institute
Model (1993) as presented in Huang’s
pavement analysis and design textbook
(1993). The model is as shown below;
1
3

(𝑋𝑋 + 𝑌𝑌 + 2) ___________ Equation (1)

2.4 Determination of Dynamic
Modulus and Fatigue
 Dynamic Modulus
The dynamic modulus was obtained using
the asphalt institute model (1993) as
presented in Huang’s pavement analysis and
design textbook (1993). The model is as
shown below:
E* = 100,000(10β1)
(2)
5
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β1 = β2 + 0.000005 β2 – 0.00189 β2ƒ-11
β2= β40.5Tβ5
β3 = 0.553833 + 0.028829 (P200ƒ-0.1703) –
003476Va + 0.07037 λ+ 0.931757ƒ0.2774
β4 =0.483Vb
β5=1.3 + 0.49825 log
λ = 29,508.2 (P77oF)-2.1939

(3)
(4)

height by applying 75 blows on each face as
per ASTM procedure (ASTM D1559, 2004).
Those specimens were varied from 0.5% 3.0% by weight of aggregates.

(5)
(6)
(7)
(8)

The mixing and compaction temperatures
are kept at 165oC and 150oC respectively.
After compaction, the samples were cured in
air before Marshall stability test were
conducted on them.

Where;
[E*] = asphalt mix complex modulus in psi;
λ = bitumen viscosity, in 106 poise;
ƒ = load frequency, in Hz;
Va = percent air voids in the mix, by volume
Vb = percent bitumen content, by volume
T = temperature (oF)
P200 = percent passing No. 200 sieve, by
total aggregate weight.

2.6

Determination of Mix Design
Properties
In this study, apart from stability-flow test,
the properties that are of interest include
theoretical specific gravity, Bulk Modulus
(Gmb), Bulk Density (ƿ), Effective specific
gravity (GSe), voids in mineral aggregate
(VMA), and voids filled with Asphalt
(VFB).

- FATIGUE
The asphalt institute predictive model used
for the study in which fatigue life under
varying
loading
frequencies
were
determined is as presented below:
Nƒ= 0.0796(Ɛt)-3.291 (E)-0.845 (9)
Where;
NF= is the number of load repetitions to
failure,
E = is the stiffness modulus and

Theoretical specific gravity of the mix.
The theoretical specific gravity (Gt) is the
specific gravity without considering air
voids and was obtained by applying known
models = 1
( x + y + z)
3
(10)
3.0 RESULTS (Tables and Figures)

εt=

is the horizontal tensile strain at the
bottom of the asphalt bound layer.

Table 1:
Particle Size Distribution
Gradation of Sand (Sample Size = 1200g)

2.5

Modified HMA Concrete
Preparation
The procedure adopted for the preparation of
the modified Marshall Specimen is the same
as that used in the control mixtures
described above. Marshall Stability test is
conducted on the stabilized HMA in all
samples of 100mm diameter and 65.5mm

Sieve No.
(mm)
25.4
19
13.2
9.5
6.7
4.75

6
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Mass
Retained
0
0
115
586
208
86

Percentage
on Sieve
0
0
8.9
47.8
26.5
8.3

Percentag
e Passing
100
100
91.1
43.3
16.8
8.6
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3.35
2.36
1.18
0.425
0.3
0.075
Sum

48
30
24
15
15
27
1193.1

418

5.1
0.4
0.4
0.9
0
13
99.9

3.5
3.1
2.7
1.8
1.8
0.6
99.4

Table 2
Laboratory Test Result of
Stated Materials
Materials
Specific
gravity

Asphalt
1.02

Sand
2.5

Gravel
2.78

PC
3.15

FA
2.35

QD
2.65

Penetration

66.7
50
49.5
60/70

-

-

-

-

-

Viscosity
Softening
Gravel of
Binder

Table 3:
Schedule
used for Blending

of

Sieve
No.
(mm)
25.4
19
13.2
9.5
6.7
4.75
3.35
2.36
1.18
0.425
0.3
0.075

Specifica
tion
Limit
100
90-100
70-75
50-75
40-60
35-55
30-50
26-48
22-40
19-30
9-19
3-7

Aggregate
A (Gravel)
98.9
97.6
95.2
91.3
83
61.4
21.8
13
3
0.9
0.2
0.1

Aggregate
B
(Sand)
100
100
91.1
43.3
16.8
8.6
3.5
3.1
2.7
1.8
1.8
0.8

Aggregates
Mix
Proportion
(0.62A+0.38B)
99.32
98.51
73.64
73.06
57.84
41.85
14.85
9.24
2.89
1.24
0.80
0.29

Table 4: Mix design properties for
Unmodified Asphalt Concrete
Binder
%

Gmb

Stability
(N)

Density
(kg/m3)

Flow
(mm)

Gmm

VMA
(%)

Air Void
(%)

4

2.181

20360

2181.3

5.95

2.313

20.66086

5.706874

4.5

2.259

29505

2258.9

8.05

2.389

17.82342

5.441607

5

2.274

31815

2274

9.45

2.405

17.27776

5.446985

5.5

2.290

36730

2290.4

9.45

2.413

16.69572

5.097389

6

2.194

27145

2194

10.5

2.3

20.18795

4.608696

7
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Table 5: Mix Design Properties of Asphalt
Concrete Modified with Mineral Fillers
@ Optimum Asphalt content for heavy
traffic

Void
Fillers
(%)

PC

Stability (N)
GD

FA

PC

0.0
0.5
1.0
1.5
2.0
2.5
3.0

8315.02
12049.8
12993.2
13531.3
14343.4
15777.8
17355.5

8315.02
9072.14
11697.9
12613.7
14520.4
10977.4
8768.9

8,315.02
11,606
12,514.23
13,447.52
11,677.32
10,019.21
9,096.82

12.132
9.189
8.1
7.83
7.133
7.062
6.85

Flow (0.25mm)
GD
FA
12.132
10.9188
10.5188
8.8748
10.8771
10.8988
12.132

12.132
10.81296
9.282598
6.86105
10.10774
10.2003
11.0021

PC

Density (kg/m3)
GD

FA

2002.107
2306.337
2321.754
2338.498
2340.074
2402.112
2522.031

2002.107
2200.884
2279.18
2294.416
2360.963
2213.698
2010.243

2002.107
2179.18
2384.416
2409.63
2213.698
2110.243
2010.987

Table 6: Summary of Results for
Dynamic Modulus, Tensile Strain and
Fatigue @ Frequency of 0.1 Hz.
Modifier
(%)

Dynamic Moduli
PC
QD

(N/mm2)
FA

Tensile Strain (ɛt)
PC
(ɛt)x10-5

0.00
0.50
1.00
1.50
2.00
2.50
3.00

1,010.34
1,026.29
1,080.73
1,121.58
1,143.79
1,171.59
1,182.90

1,010.34
1,017.12
1,029.94
1,099.88
1,137.40
1,067.60
1,010.05

1,010.34
1,030.76
1,090.71
1,138.31
1,093.45
1,057.51
1,010.81

18.9942
16.9844
16.0396
14.9466
12.9232
10.9154
8.8998

QD
(ɛt)x10-4
18.9942
15.8064
13.7636
10.9506
8.9222
9.9174
14.9076

Load Cycles to Failure (Nf)
PC
QD
FA

FA
(ɛt)x10-4
18.9942
16.9468
14.9424
13.9302
14.7244
16.0154
16.9712

11,983,650
12,999,450
13,010,720
13,026,690
13,059,820
13,063,430
14,004,180

11,983,650
12,600,000
12,400,000
12,600,000
14,100,000
11,200,000
9,600,000

11,983,650
12,500,000
12,850,000
13,700,000
12,600,000
12,100,000
11,200,000

Table 7: Summary of Results for
Dynamic Modulus, Tensile Strain and
Fatigue @ Frequency of 1.0 Hz.
Modifier
(%)
0.00
0.50
1.00
1.50
2.00
2.50
3.00

Dynamic Moduli (N/mm2), (E*)
PC
QD
FA
1,010.34
1,010.34
1,010.34
1,096.29
1,007.12
1,030.76
1,124.73
1,029.94
1,040.71
1,135.58
1,039.88
1,138.31
1,143.79
1,137.40
1,063.45
1,171.59
1,067.60
1,057.51
1,182.90
1,060.05
1,055.81

Tensile Strain (ɛt)x10-5
PC
QD
FA
14.660
14.660
14.660
13.821
13.806
14.468
12.761
12.763
14.024
11.433
10.950
11.724
10.022
9.922
13.530
09.915
11.717
14.915
08.999
12.907
16.971

8
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Load Cycles to Failure (Nf)
PC
QD
FA
10.9994510
10,9994510
10.9994510
12.9836225
11,8700366
11,2205978
13.4301072
12,9903356
13,0106305
13.6102669
13,1002006
13,6304869
13.9205982
14,2108840
13,2008257
14.0006343
13,1109680
12,4909864
14,5108418
11,0110001
11,5113749
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Figure 4: Variation of Dynamic Moduli
(Stiffness) against Filler Content (%) for
0.1Hz

Figure 1: Variation in Dynamic Moduli
(Stiffness) Against Filler Content (%) for
0.1Hz

Figure 2: Variation in Tensile Strain
against Filler Content (%) for 0.1Hz

Figure 5: Variation in Tensile Strain
against Filler Content (%) for 1.0Hz

Figure 3: Variation of No. of Load Cycle
to failure against Filler Content (%) for
0.1Hz

Figure 6: Variation of No. of Load cycle
to failure against Filler Content (%) for
1.0Hz

9
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1.5% and 2.0%, further addition increased
tensile strain at the bottom of the HMA
concrete, causing the HMA concrete to loss
stability and stiffness as a result of fillers
being more than the aggregate bearing
load.(see Table 6 and Figure 2).

4.0
DISCUSSION
• Dynamic Modulus
 For Portland cement (PC) it is observed
that upon the addition of Portland
cement filler content unto the HMA
concrete, it increases the dynamic
modulus/stiffness of the HMA concrete,
also at the same time the material gain
density and also increase stability of the
HMA (see Table 6 and Figure 1).

• Fatigue Crack
 From Table 6 and Figure 6, it is evident
that the repetition of load cycle to failure
(Nf) of the asphalt concrete showed
different character, of set values for the
various fillers. Fatigue expressed as
number of load repetitions to failure
increased with increasing Portland
cement (PC) content up to 3.0%.

 For quarry dust and fly-ash
Dynamic modulus/stiffness increases upon
the addition of both filler content up to 1.5%
and 2.0% respectively by weight of
aggregate. However, further addition of the
mineral filler content reduces stiffness of the
HMA. This is because the filler content
became move than the aggregate bearing
load causing it to loss stability and stiffness
of the HMA concrete (see Table 6 and
Figure 1).
• Tensile Strain
 Studies have shown that tensile strains
negatively affect fatigue life of hot mix
asphalt concretes. Therefore, increased
levels of tensile strain will automatically
reduce the pavement life during use.
From the foregoing, results show that the
introduction of Portland cement (PC) at
varying amounts of filler,0.5% – 3.0%
into the asphalt concrete mixtures
reduced the tensile strains linearly from
0.5% to 3.0% at loading frequency of 0.1
Hz (see Table 6 and Figure 2). That is to
say, the Portland cement filler content
keep reducing the void in the HMA
concrete, ensuring that no crack is
initiated at the bottom of the HMA
concrete making the HMA to gain
stiffness and stability.
 For Quarry Dust and Fly-ash
Upon addition of both filler content, reduce
void in the HMA concrete up to a peak of

However, for Quarry Dust (QD) and FlyAsh (FA) fatigue life increased with
increasing filler content to a maximum peak
of 2.0% QD filler content and 1.5% Fly-Ash
filler content, eventually starts to decrease
upon addition of 2.0%, 2.5% and 3.0% for
both filler content. The same trend was
observed for 1.0Hz frequency.
5.0
CONCLUSIONS
The conclusions from the study are as
follows:
i.
The dynamic modulus/stiffness
obtained from the modified HMA concrete
significantly improved upon addition of
Portland Cement (PC), Quarry Dust (QD)
and Fly-Ash (FA) filler content.
ii.
For tensile strain, upon the addition
of Portland Cement (PC) content cause a
reduction in tensile strain levels, thereby
causing an increase in fatigue life of the
pavement synonymous with HMA concrete.
While that of quarry dust and fly-ash
behaves similar to that of PC up to a peak of
1.5% and 2.0% filler content respectively.
iii.
For fatigue crack upon addition of
Portland cement (PC) filler content,
10

GSJ© 2021
www.globalscientificjournal.com

GSJ: Volume 9, Issue 10, October 2021
ISSN 2320-9186

422

increases the fatigue life of the pavement.
Quarry Dust and fly-ash increases fatigue
life of the pavement to a peak of 1.5% and
2.0% both filler content. However, further
addition of the fillers increases fatigue crack
of the pavement.

Igwe, E.A. (2016) Comparative Study of
Asphalt Institute – Witzak 1-40D
Dynamic Moduli for Polythene Bag
Modified HMA Concrete Using
Predictive
Models
International
Journal of Innovative Science,
Engineering & Technology, 3(5).
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