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Abstract

Saudi Arabia is the largest Arab country and is one of the most prolific producers of oil and energy consumption. The Kingdom uses
heavy oil and diesel to generate electricity and desalinate seawater. This produces large amounts of ash, a toxic substance that is disposed
of by landfill and may cause many environmental problems and contribute to pollution of groundwater, which is one of the most im-
portant sources of drinking water. This paper presents the possibility of using fly ash by-product waste from electric power generation
plants to improve the properties of asphalt mixtures. This study investigates the use of two types of fly ash namely; class C and class F
was used as a filler in two types of bitumen and asphalt material known as AC 40/50 and AC 60/70. The rheological performance of
asphalt with different percentages of fly ash filler ranging from 0% to 10% with an increment of 2% was tested. The rheological
properties of both asphalts modified using both types of ash were determined. The rutting factors of the modified asphalt with fly ash
content were calculated using the rheological properties. The result indicates that rutting resistance of asphalt could be improved by both
types of fly ash which can be lead to reduces the costs of repairing and rehabilitation of asphalt pavement and reduce environmental im-
pacts of a significant amount of toxic waste fly ash. Class F fly ash shows higher rutting factor than class C. Also AC 60/70 asphalt pos-
sess higher rutting factor than AC 40/50 asphalt at both low and high temperature.
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1. Introduction W o

Kingdom of Saudi Arabia (KSA) is one of the largest Arab coun-
tries in West Asia with an area of 2149690 km2 and a population :
of 32.552336 million in 2017[1]. KSA is a high-income nation E

and is part of the Group of Twenty (G20) of major economies. O
According to the average per capita income, KSA ranked on the A S

18th position globally [2-3]. The larger the population of a country
and the higher the income, the higher the demand for electricity,
energy, and transport infrastructure such as roads and highway
which consumes an enormous amount of energy and asphalt mate-
rials[4]. Development of paved and rural roads in the KSA in the
last five years indicate that the number of paved road in year
1432H (2011) was 59143 roads and increased to 64632 roads in
1437H (2016) [5]. KSA is the world's leading oil exporter and
plays a pivotal role in OPEC. The contribution of the oil sector in
the Kingdom constitutes 45% of the annual budget revenues and
GDP and 90% of the export revenues[6]. KSA has a mix of power
and water desalination capacity, with more than 80.5 GW of pow-
er generation. KSA has the most significant installed capacity
(including desalination) among Arab countries, and the total con-
sumption of electric power in KSA during 2016 approximately

(d)Highway asphalt raods in KSA

was 300 terawatt hours [7].

KSA has more than 70 power plants which consumed more than
22 million metric tons of crude and heavy oil. These power plant
produced a vast amount of fly ash waste. The total amount of fly
ash waste in 2008 was about 0.25 million cubic meters, and it is
expected to increase to half million cubic meters by 2016 [8]. This
significant amount of waste ash mostly disposed of in landfill
which contribute to several environmental problems.

(e) Rutting problems in aspalt roads
Fig. 1: Map of KSA and rutting problem in roads and pavement.

KSA also has a very huge of asphalt paved roads and highway.
These asphalt pavement suffer from the rutting problems due to
heavy truck loads and hot, arid weather in KSA. Billions of dollars
spent every year to overcome this problem and repair the asphalt
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pavement roads. Fig. 1 show the map of KSA and rutting problem
in roads.

Fly ash has been used to improve the performance of construction
materials such as concrete [9-11]. Despite the extensive research
conducted to use fly ash in cement concrete industry, limited re-
search conducted to investigate the use of fly ash to enhance as-
phalt material. Several studies conducted to evaluate the effect of
using fly ash in asphalt materials. A sample of these studies in-
cludes improvement of asphalt to moisture resistance[12-13], en-
hancement of mechanical performance of asphalt [14], the effect
of fly ash on the rheological properties[15].

This paper presents the investigation of the use of two types of fly
ash supplied by electricity power plants in KSA to enhance the
rutting resistance of asphalt material. Two types of bitumen AC
40/50 and AC 60/70 were used. The rheological performance and
rutting factors of these types of bitumen incorporated different
percentage of fly ash content were evaluated and reported

2. Material and Test

In this study, two bitumen binder were used. These binders were
AC 40/50, and AC 60/70 and the specification of these binders are
given in Table 1. The binder was mixed with two types of fly ash
class C and class F as filler.

The chemical analysis, X-ray fluorescence (XRF) and scanning
electron microscope (SEM) of each type of fly were conducted,
and the result is presented in the next section.

Table 1: Specification of bitumen asphalt binder AC 40/50 and AC 60/70.

using the two types of ash. The rutting factor was determined from
the rheological properties of the asphalt with and without ash were
compared.

3.1. Fly Ash Material

This research was conducted to investigate the use of two types of
fly ash. The two samples of fly ash were taken from power plants
of Saudi Electricity Company in KSA. The chemical composition
of both samples of fly ash is shown in Table 2. The results indi-
cate that fly ash used in this study could be classified as class F fly
ash and class C fly ash according to the ASTM 618 standards
requirements. The analysis shows that class F fly ash has more Si
and Al content compared to class C fly ash.

Table 2: The chemical composition of the two fly ash samples

. . Fly ash type

Chemical composition Class C Class F
SiO, 20.5 55.17
Fe,0; 32.1 11.27
Al,O; 9.11 24.82
CaO 26.9 1.42
K0 2.61 1.71
Na,O 1.10 1.48
SO; 1.50 0.14
MgO 2.16 0.29
LOI 2.95 5.13

Sy |
Density ASDT7M 101-1.06 | 1.01-1.06
Penetration @25°C, 10/mm ASDLM 40-50 60-70
Softening Point ( °C) AS;’éVI 52-60 49-56
Ductility at 25°C (cm) AI‘Dsl?gl Min 100 Min 100
Flash Point ( °C) A1 Min250 | Min 250
Solubility in Disulfide % wt ASIM | Minges | Minges
Strain Test AAISO';TO Negative Negative
Weight Loss by Heating % wt ASD-EM Max 0.2 Max 0.2
Penetration Loss by Heating % ASD-I;M Max 20 Max 20

Sample from each binder (AC 40/50 and AC 60/70 ) was used to
prepare asphalt with 0%, 2%, 4%, 6%, 8%, and 10% from each
type of fly ash (class C and class F) by weight. Both binder and
ash were mixed using a standard mixer for 6 min at temperature
160°C.

The mixing procedure was repeated three times to produce a ho-
mogeneous product of original and modified asphalt. To evaluate
the rheological properties of the modified asphalt was determined
using AASHTO T315 standard.

The complex modulus (G*)and phase angle (3) was calculated
from the rheological results such as the maximum applied stress,
the resulting maximum strain, and the time lag between these.
Rutting factor of each asphalt sample was calculated by:

Rutting Factor = &* /(sind) @)

3. Results and Discussion

The result obtained in this study are presented in the next two sub-
sections. The first section includes the properties of fly ash sam-
ples used in this study while the second section explains the result
obtained from the rheological test of modified asphalt material

(b) Class F fly ash
Fig. 2: SEM of the two types of fly ash, (a) class C fly ash and (b) class F
fly ash.

The SEM and XRF were used to determine the chemical composi-
tion of both fly ash types. Figures 2 and 3 shows the result of XRF
and SEM respectively.

The results of SEM indicate that there are no significant differ-
ences in morphology and elements between class C and class F fly
ashes. The particle shape of both fly ash is amorphous sphere and
sleek which have over 50% chemical proportions of aluminum
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(Al), silica (Si) and oxygen (O) which they are in strong signal
intensities. Therefore both ashes is called amorphous alumina
silicate sphere.

® ®
o ®® @
(a) Class Cfly ash
®

(b) Class F fly ash

Fig. 3: XRF test of the two types of fly a, . (a) class C fly ash and (b) class
F fly ash.

3.2. Rheological Result and Rutting Factor

The result of rheology and rutting factor for the two types of bitu-
men AC 60/70 and AC 40/50 with two type of filler fly ash class
C and fly ash class F at various filler content tested at two temper-
ature 60°C and 70°C are shown in Fig. 4 and Fig. 5.

The result indicates clearly that both types of fly ash improve the
rutting factor. Rutting factor increase with increasing fly ash con-
tent in asphalt material. This may lead to improve the performance
of road in KSA and reduce deterioration problems result from
rutting and could save a significant amount of money every year.
Class F fly ash show a high rutting factor in compare with fly ash
class C. Also, the rate of improving rutting factor of asphalt incor-
porated class F fly ash is higher than the rate of improvement ob-
served for class C fly ash. The result also indicates that bitumen
AC 60/70 has higher rutting factors than bitumen AC 40/50 at
both testing temperatures. The results obtained and presented is in
good agreement with the research conducted by other researchers
in the literature[15-17].

A regression analysis shows that a linear model could be used to
determine the rutting factor of asphalt material for all fly ash type
and at temperature 60°C and 70°C. The linear model with the
corresponding correlation factor is given in Fig. 4 and Fig 5.

Class F fly ash shows higher rutting factor than class C. Also AC
60/70 asphalt possess higher rutting factor than AC 40/50 asphalt
at both low and high temperature.
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4. Conclusion

Based on the results obtained from this study the following

conclusion could be made:

(1) A significant amount of fly ash by-product waste could be
used to enhance the performance of asphalt material which
leads to sustainable development and green environment,

(2) Both types of fly ash class C and class F could be used as a
filler in the asphalt material and pavement design which could
help in reducing road problem such as rutting,

(3) Both fly ash types could be used for enhancing the rheological
performance of asphalt material,

(4) Class F fly ash shows higher rutting factor than class C fly ash,
and

(5) AC 60/70 asphalt type possess higher rutting factor than AC
40/50 asphalt type at both low (60°C) and high temperature
(70°C).

Acknowledgment

The author thanks King Khalid University, Ministry of Higher
Education, and Saudi Arabia for supporting this research. Also,
the author extends his thanks to the electrical power plant for
providing the fly ash material. Appreciation and thanks for all
staff in Faculty of engineering and especially civil engineering
department for allowing the use of the highway lab for testing

References

[1] General Authority for Statistic, (2016), Statistical year book 52,
2016 (1437H/1438H).

[2] Ministry of Interior, (2010), The Statistical Report for the Year of
1431H. General Administration of Traffic, Kingdom of Saudi Ara-
bia.

[3] World Bank, (2016). World Development Indicators. Washington,
DC. License: Creative Commons Attribution CC BY 3.0 IGO. doi:
http://dx.doi.org/10.1596/978-1-4648-0163-1.

[4] Phetkeo Poumanyvong, Shinji Kaneko, and Shobhakar Dhakal, Im-
pacts of urbanization on national transport and road energy use: Ev-
idence from low, middle and high-income countries, Energy Policy
46 (2012) 268-277.

[5] Central Department of Statistics, Information, (2016). Initial Popu-
lation Census for the Year of 1437H. Central Department of Statis-
tics and Information, Kingdom of Saudi Arabia.

[6] Ashwin Matabadal, (2012), Country report SAUDI ARABIA, Ra-
bobank Economic Research Department, Rabobank Nederland, Oc-
tober 2012,1-7.

[7]1 https://economics.rabobank.com/PageFiles/591/SaudiArabia-
201210.pdf

[8] Wogan D, Pradhan S, & Albardi S, (20170, GCC Energy System
Overview — 2017, King Abdullah Petroleum Studies and Research
Center (KAPSARC), October 2017 / KS-2017--MP04.

[9]1 Parvez MA, Al-Abdul Wahhab HI, Shawabkeh RA & Hussein 1A,
(2014), Asphalt modification using acid treated waste oil fly ash,
Construction and Building Materials 70 , 201-209.

[10] Hardjito D & Rangan BV, (2005), Development and Properties of
Low-Calcium Fly Ash-Based Geopolymer Concrete, Research Re-
port GC1, Faculty of Engineering, Curtin University of Technology,
Perth.

[11] Chindaprasirt P, Chareerat T & Sirivivatnanon V, (2007), Worka-
bility and strength of coarse high calcium fly ash geopolymer, Ce-
ment and Concrete Compososite 29 (3), 224-229.

[12] Laskar Al & Bhattacharjee R, (2013), Effect of plasticizer and su-
perplasticizer on rheology of fly-ash-based geopolyrner concrete,
ACI Material Journal 110 (5), 513-518.

[13] Xiao F, Shivaprasad P & Amirkhanian S, (2012), Low-volume road
wma mixtures: moisture susceptibility of mixtures containing coal
ash and roofing shingle with moist aggregate. Journal Material Civ-
il Engineering 24(1), 48-56.

[14] Zimmer FV, (1970), Fly ash as bituminous filler. Washington (DC):
United States Department of Interior, Bureau of Mines.

[15] Jeffry SNA, Ramadhansyah PJ, Abdul Hassan N, Yaacob H, &
Mohd Satar MKI, (2018), Mechanical performance of asphalt mix-

ture containing nano-charcoal coconut shell ash, Construction and
Building Materials 173, 40-48.

[16] Sobolev K, Vivian IF, Saha R, Wasiuddin NM, & Saltibus NE,
(2014), The effect of fly ash on the rheological properties of bitu-
minous materials, Fuel 116, 471-477.

[17] Lee SH, Kim HJ, Sakai E & Daimon M, (2003), Effect of particle
size distribution of fly ash-cement system on the fluidity of cement
pastes. Cement and Concrete Research 33(6), 763-8.

[18] Cabrera JG 7 Zoorob S, (1994), Design of low energy hot rolled
asphalt. United Kingdom: The Civil Engineering Materials Unit,
Department of Civil Engineering, University of Leeds.


http://dx.doi.org/10.1596/978-1-4648–0163-1
https://economics.rabobank.com/PageFiles/591/SaudiArabia-201210.pdf
https://economics.rabobank.com/PageFiles/591/SaudiArabia-201210.pdf

