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ABSTRACT

Highways play an important role in developing the country. Highways affect directly on the
economy, society, culture and security, so the scientists are looking for developing the performance of
highways and low maintenance cost. The main objective of this study is to modify the bituminous mixed
by utilization of waste industrial materials. , There are many wastes industrial materials can be used in
bitumen. A study has been carried out in this search to illustrate the use of fly ash, (byproduct of
combustion Pulverized coal in power plants , it produced during combustion of coal in bituminous
paving mixes), Silica Fume,( by- product of producing silicon metal or ferro silicon alloys in smelters
using arc furnaces) . For comparison, control mixes with modified bituminous mixes has been
considered. Marshall Test has been conducted for the purpose of mix design as well as appreciation of
paving mixes. It is observed that the mixes with fly ash and silica fume as modifiers modify the
properties compared to control mixes. In this paper Silica Fume and Fly Ash are used as a modifier.
Marshall stability test was conducted according to( ASTM D 6927-06 ). The percentages of modified
mixtures used are 2, 4, 6, 8 and 10 % by bitumen weight. The results showed that the Marshall stability
modified with SF and F.A were increased by 18.4% and 22.3 % respectively. So, we can concluded that
adding SF and FA to asphalt binder success in improving the properties of bituminous mixes for flexible
pavement. Hence, it has been recommended to utilize Silica Fume and Fly Ash wherever available, not
only reducing the cost of construction, but also solve the bituminous mixes properties.
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1. Introduction

Highways are designed to resist cracking, rutting, fatigue and low temperature and
other distress. These distresses reduce the qualification of the pavement and increasing the
cost of maintenance, but we build highways to resist the highway distresses and increase
the services life of the highways with low maintenance. Engineers and researchers are
looking for new materials. It is very interested that a small amount of waste materials has a
strong effect on the mechanical properties of the pavements. The main goal of this paper is
the utilizing of industrial waste materials in highways in order to:

1) Reduce the cost of construction of highways.
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2) Save the nature materials from the extinction.
3) Disposal waste materials.
4) Reduce environment pollution and water pollution.

Nowadays disposal of industrial waste material poses great risks and problems. These
materials (especially non biological) are an essential source of environmental pollution and
water pollution. Utilization of these materials in highway construction based on technical,
economical, and environmental standards. Waste materials like industrial, agriculture,
building and house hold. Industrial materials like Coal Ash, Silica Fume, cement kiln dust,
blast furnace slag, glasses and photogypsum. The objective of using waste materials in
highway constructions and others structure is to reuse waste material in modifying it to
protective to human health and the environment. Pavements divided into two types’ flexible
pavements and rigid pavements. Flexible pavements are surfacing from bituminous
materials, consist of aggregate (fine and coarse), and small amount of asphalt binder
approximately (3.5 — 6) % weight of mix. The performance of pavement depended on the
good bituminous mix to achieve strong , durable , resistance to fatigue and permanent
deformations and it must be safe and friend to environment and economical. To fulfill these
demands we head to bitumen modification. It can be made by using different modifiers.
Therefore, choosing the right type of modifiers in asphalt mixtures improves the properties of
bitumen, thereby enhancing the performance of the mixture. This study encourages the use of
industrial waste to reduce the cost of construction flexible pavements and helps in preserve
nature reserves. The modifying asphalt makes it possible to improve these properties.

Bhanuprasad and Ganesh (2017) said that utilization of the steel industrial waste material
and power plant waste materials in highways reduce the pollution of environment. Utilization of
industrial slag material is very less and we can replace the expansive soil rather than murrum [1].

Patel et al. (2007) utilized copper slag mixed with Fly Ash with (20% , 25 %, 30% , 35%
and 40% ) and approved that the maximum CBR value of 32 for 80% copper slag and 20% Fly
Ash [2]. Havanagi et al. (2007) said that 75% copper slag and 25% Fly Ash with ( 3-9)% cement
modified the maximum angle of friction of 41° and UCS of 5698 kPa for 28 days curing period.
They said that mixing with minimum 3% cement used in the base course of pavements [3].

Abdel-Wahed et al. (2016) said that utilization of cement dust or Portland cement as
filler in hot mix asphalt improved the properties of bituminous mixes. The Marshall
stability increased with increment of 16% and 25%respectively, the unit weight increased
by 3.51% , 4.3% respectively and the flow decreased by 14% and 18%. Utilization cement
dust improve the properties of bituminous mixes and it also a cleaner environment [4].

Sharma et al. (2010) showed that Fly Ash which has high calcium oxide is an
important modifier dominated the strength qualifications of bituminous mixes and can be
used up to percentage 7 % as a filler [5].

Beeghly (2003) gave an experiment-based observation that LFA (lime and Fly Ash)
could reduce the cost of materials by up to 50% compared to Portland cement [6].

Khodary (2016) examined that using S.F in highways construction improve the
properties of base-course and improve the strength and stability of the soil. CBR test was
increased from (54 — 94.5)% by modified the base course soil with S.F [7].

Al-Taher et al. (2018) studied the performance of modified asphalt mixtures using
different traditional and Nano additives and comparative the results. They reported that
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Silica Fume is the best material that gave the best performance with median cost increase
approximately (14%), and they showed that Lime, LDPE and rubber improved the
mechanical and physical properties of asphalt mixes [8].

Chauhan et al. (2016) Stated that adding micro silica, lime and F.A to the black cotton soil improved
the properties of the soil , the optimum percentages of F.A, micro silica and lime are 3%, 5% and 3% .
Soaked CBR increased to 6.5 times and un-soaked CBR to 1.5 times of unmodified soil [9].

Abd EI-Aziz et al. (2004) stabilized the clayey soil by using lime and S.F, and the
swelling potential was reduced from 19% to 16% and the plasticity index was reduced , the
optimum percentage was examined that lime and S.F (11% and 15%) respectively [10].

Negi et al. (2013) showed the effect of modifying the clayey soil with S.F and the potential
swelling decreased and the optimum percentage of S.F was 20% , and CBR improved with 72% [11].

Azzawi et al. (2012) studied the change in the properties of silty clayey soils after mixing silica
fume. They concluded that the swelling pressure and compressive strength of stabilized samples
with silica fume, increasing in percentage of Silica Fume, the permeability of soil increased the
surfaced cracks of compacted clay samples reduced by 75% with adding of silica fume [12].

2. Materials and methodology
2.1. Materials

2.1.1. Asphalt binder

Asphalt binder used was asphalt cement grade (60 -70). It was brought from Suez City
with specific gravity 1.02 which is used in roads construction in Egypt. Table (1) shows
the physical properties of asphalt binder.

Table 1.
Properties of bitumen
Property AASHTO Designation No. Fesult
Penetration value T-49 66
Softening point (°C) T-33 52
Kinematic viscosity T-201 325
Flash point T-48 231

2.1.2. Coarse and fine aggregates

The properties of used aggregates are shown in Table (2). Coarse aggregates are filled
by the fine aggregates. So the function of fine aggregates is to fill the voids of coarse
aggregates. Coarse aggregate that retained on sieve No.4 but fine aggregates that passing
sieve No.4 and retained on sieve N0.200. The aggregates gradation was selected according
to type (3D) which is one of the commonly used gradations of the Egyptian code for
highway. The gradation of used aggregate showed in Table (3)

Table 2.
e properties of used ag gragat
prop properties g9 %?Agg_ Coa.rzpe})Agg. Fine Agg. limits
Los Ang eEes Abrasm?l value after 255 26.17 40 Max
500 revolution
Bulk Specific Gravity 2.56 2.55 265
Saturated Ia.nd Dry ISu.rface 26 259
Specific Gravity )
Apparent Specific Gravity 2.68 2.65
Water absorption (%o) 1.71% 1.49% 5 Max
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Table 3.
The gradation of the Agg
Type Coarse aggregate Fine Agg. gadaﬂon_of Mts of
Age (1) Az (D) design mix Specification
S“E:d"l’;ze Pa ;2“5 31% Pa;zng 410 | P2 zf:ng 28%
lin 100 il 100 41 100 28 100 (100
3/din 09.73 30.93 100 41 100 28 00.03 (75-100)
1/2in 4195 13 100 41 100 28 82 (----- )]
3/8in 1221 3.78 86.68 33353 100 28 6732 (45-70)
No 4 1.12 034 105 43 003 278 3243 (30-50)
No 8 0 0 0.63 02583 9326 26.67 2693 (20-35)
No 30 0 0 04 0.164 61.88 17.32 1749 5-20)
No 50 0 0 0 0 3333 0.89 089 (3-12)
No 100 0 0 0 0 12.53 35 35 (2-8)
No 200 0 0 0 0 42 1.76 1.176 (0-4)

2.1.3. Silica fume

The silica fume as shown in figure (1) was used. It is produced by EFACO (Egyptian Ferro-
Alloys Company). S.F: is a by- product of producing silicon metal or ferro silicon alloys in
smeleters using arc furnaces. S.F contain silicon dioxide about (92-97) % . Its particles are very
fine and spherical glassy. Its specific gravity is 2.15. It obtained from Sika Company - 1st
Industrial Zone (A) - El Obour City - Cairo — Egypt. The physical and chemical properties of the
silica fume supplies from Egyptian Ferro-Alloys Company (EFACO) showed in Table (4) ,[7].

Table 4.
The physical and chemical properties of the silica fume,[7]

Property | Measured values | Limitations
Physical properties:
Color Light grav -
Specific gravity 215 -
Bulk density 340 250-450 Ka/'m®
Chemical properties:
5102 97 % 90 % min
C 0.5 % 1% max
Fea0s 0.5% 1.5 % max
AlLOs 02% 1 % max
Ca0 02% 1 % max
MgO 0.5 % 1.5 % max
E:0 0.3% 1.5 % max
Na:0 02% 0.5 % max
503 0.15% 0.2 % max
Cl =<0.01% 0.05 % max
H:0 0.5% 0.8 % max
PH 6% =1 % max

e From the Egyptian Ferroalloys Company (EFACO)
- 5 "_L ' '--'»‘.'

m

ig. 1. Sample of Silica Fume



377
Eman Abdel-Sabour et al., Utilization of industrial waste material in highway construction

2.1.4. Fly ash

It is a byproduct of combustion Pulverized coal in power plants. Fly Ash produced
during combustion of coal. F.A Specific gravity is 2.0. The properties of the used F.A
minerals are shown in Tables (5). Figure (2) shows F.A shape. Fly Ash gets from Sika
Company - 1st Industrial Zone (A) - El Obouka_i\ty - Cairo — Egypt.

Table 5.

Chemical properties of Fly Ash, [13]

B Doe =

Oxide Percent %o ASTM Requirement C618 (%)
5102 61%s |
FeaOs 267 |
ALOs §.4 38 I —
8102+ FeaQs +A20: 0344 70.0 min.
Nay0s 026 1.5 max.
Ca0 pge
MgzO 034 50 max
30 <007 3 0 max
LOI 0.86 6.0 max

2.1. Preparation of Marshall specimens

Marshall Specimens were prepared according as (ASTM D 6927-06). Fine and course
aggregates approximately (1100 gm) were put in the pan. The aggregates were heated to
temperature (160) °C. The compaction mold assembly were cleaned and pre-heated in the
oven. Asphalt binder (60-70) was heated to (150) °C. The asphalt binder was added to the
heated aggregates and mixed rapidly. The paper with the form number was placed below the
mold. The mixture was placed in the mold and stirred by spatula for (15) time around the
surrounding and (10) times over the interior carefully. The spatula was removed and the
surface was smoothed, then the paper with the number of form was placed above the mixture
in the mold. The mold was compacted with 75 blows on the two sides. Next the samples
were moved to smooth table at room temperature for a night. The specimens were taken out
of the mold. The specimens were weighted in air, and were placed in water for 2 minutes and
weighted and finally weighted in basket to calculate bulk density, as shown in figure (3).

o Preparation of plain specimens : three unmodified specimens were prepared for
various asphalt content (3.5,4,4.5,5,55)%

o Preparation of modified specimens : in this study modified specimens were
prepared with S.F and F.A . The percentage of modifier were added (2,4 ,6,8, 10
)% by the weight of asphalt binder as shown in Table (6)
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Table 6.
Weights of AC and F.S in the Mixes of First Group (AC 3 .5%)

Percentage of

Total weight of modified

modifier Asphalt cement { g) Modifier ( gm ) AC
2% 37.753 0.77 383
4% 36.96 1.54 383
6% 36.19 231 383
8% 3342 3.08 383
10% 3468 3.82 383

Five groups of modified samples were prepared with various asphalt content. Every
group contained three specimens. For this method 75 modified specimens with Silica Fume
were prepared and 75 modified specimens with Fly Ash.

2.2. Marshall test

The specimens were submerged in a bath of water of (60) °C for period 30 minutes. Then
the specimens were removed from the bath and placed in Marshall Stability test at maximum
time 30 seconds from the time removing the samples from the bath water. Three specimens for
each combination were prepared and average results are reportepl as shown in figure (3).

F =

s ﬂ 8 o Al -
v . 3 : r
o k g {2

z]‘ /‘L; B

3 ‘ v O
Fig. 3. Marshall Procedure

3. Results and discussion

Mixtures with five different asphalt binder content (3.5, 4, 4.5, 5, 5.5) were prepared
and tested. The properties such as Bulk density, air voids, VMA, Marshall Stability and
Flow value were analyzed for Silica Fume and Fly Ash as modified bitumen in various
proportions (2%, 4%, 6%, 8%, 10%) for 3.5%, 4%, 4.5%, 5% and 5.5% bitumen content.
The results of using Silica Fume were showed in figures (4) to (8). Also, the results of
using Fly Ash were showed in figures (9) to (13).
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Fig. 4. Variation of unit weight with AC % modified by S.F
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As shown from figures (4) to (8) it observed that when the percentage of Silica Fume
increases the stability and Bulk density increased till 4% S.F and then decreased. Unlike,
adding Silica fume to the asphalt mixture leads to decrease the flow, AV % and VMA%.
The max. Stability recorded as 1902.9 Kg for 4% Silica Fume at 4% AC and the max. bulk
density recorded as 2.314 f025m4% Silica Fume at 4.5 % AC.
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Fig. 9. Variation of Marshall Stability with AC % modified by F.A
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Fig. 13. Variation of Air voids% with AC % modified by F.A

As shown from figures (9) to (13) it observed that when the percentage of Fly Ash
increases the stability and Bulk density increased till 4% Fly Ash and then decreased.

Unlike, adding Fly Ash to the asphalt mixture leads to decrease the flow, AV % and
VMA%. The max. Stability recorded as 1856.4 Kg for 6% Fly Ash at 4% AC and the max.
bulk density recorded as 2.306 for 4% Fly Ash at 4.5 % AC.

Comparison between the results of Silica Fume and Fly Ash as a modifier:

As shown from Figure (14), the comparison between control mix and the optimum of
each Silica Fume and Fly Ash were conducted. It noticed that, using Fly Ash or silica fume
as a modifier increased markedly either Marshall Stability or unit weight. On the other hand,
VMA% and AV were decreased and the flow still keeping within the acceptable limits.
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3. Conclusions and recommendations
3.1. The following conclusions can be drawn from the study:

1) Utilizing waste materials in highway enhance the performances of pavements

2) Silica Fume and Fly Ash can be used in bituminous mixes modifier they improve
the qualifications of Marshall test

3) Adding S.F to asphalt binder increases Marshall stability to about 18.4%

4) Modifying asphalt binder by using Fly Ash increases Marshall Stability to about 22.3 %.

5) O.A.Cis 4.5 %, Optimum Fly Ash modifier content at 4% by weight of asphalt binder.

6) Results of Marshall Test showed that the modified specimens prepared based on
4% Silica Fume gave a good results compared to other various percentage.

7) Modification of the bituminous concrete mixture has led to maximum stability
with a lower bitumen content, which solves the global oil crisis

3.2. Recommendations

1) Itis recommended to study the performances of modifying bitumen by Super-pave mix design
2) It is recommended to mix Fly Ash with Silica Fume to get a new modifier for
asphalt binder

3) Itisrecommended to modify bitumen by another types of modifier such as crumb, fiber and tires
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