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Abstract—For a sustainable environment, in recent years, the
replacement of natural raw materials with new alternative
materials, which acquire an economic, energetic and
environmental value, has gained more national and international
attention. Recently, water residuals had considered as an
environmental pollutant. This paper investigates the reuse of
water residuals in hot mix asphalt industry to reduce the negative
effect of the residuals on the environment and, if possible,
improve mix properties. Residuals have been obtained from three
Water treatment plants “El-Mansoura water treatment plant,
Meit Fares water treatment plant and Galia water treatment
plant”. The residuals from each plant has been added at different
percent 5, 10 and 15% to the crushers’ sand in the hot mix
asphalt. The Main behavior of residual mixes properties is
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generally having the same trend. It’s noticed that the stability, air
voids and V.MA have increased but the flow, bulk density and
V.F.A have decreased. The studies proved the great value
obtained due to adding residuals to asphalt mixes from the point
of sustainable environment and improving properties of hot mix
asphalt.

I. INTRODUCTION

ATER treatment residuals represent the by-
product produced during the treatment of
potable water. Water treatment residents are
composed of aluminum or iron based salts,
which are used as coagulants to remove color,

turbidity and human substances and high concentration of
suspended solids. Total organic carbon and in organic as well
[1]. Large quantities of water treatment residuals are produced
daily. Traditionally, water residuals have been discharged to
downstream of the water canal. This causes environmental
problems such as aquatic life risk, change the nature of the
water stream (color, suspend solids concentration, turbidity in
organic concentration and cause public health risks [2].
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Current legislation classifies water residuals waste which is
usually dewatered before disposal in landfills or incinerations.

According to the Czech statistics office, the Czech
Republic produces 34,494 tons of water treatment residuals in
2006. Netherlands spent a huge sum of 30-40 million euro per
year for sludge disposal. Portugal estimate the amount of
water residuals produced per year around 66,000 ton.
Therefore, it is of a great importance to find a cost effective
and eco-friendly disposal, regeneration, or reuse option for
water residuals as it becomes a significant environmental
issue.

There are numerous research studies on sewage sludge
utilization [64] but limited information about water residuals
reusing and recycling even in recent literature. Although, there
are some investigations on potential industrial utilization of
water residual success pottery industry, cement production,
dust control on power plants, glass ceramic industry. Water
residuals has been used a soil conditioner in agriculture and
also used for the removing of some pollutant from wastewater
[64].

The waste materials that be used in hot mix asphalt
industry can broadly be categorized as shown in figure (1).
Many studies have been conducting in using waste materials
in hot mix as asphalt and most of there have achieved satisfied
results

The objective of this research is to investigate the use of

water residuals in hot mix asphalt for three water treatment
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plants with varies addition percent from the crushers’ san
ranged from 5 to 15%.

Il. METHODOLOGY

Water treatment residual samples had been obtained from
three different Water treatment plants. EI-Mansoura treatment
plant, Abo Fares treatment plant and Galia treatment plant.
The Residuals had been heated up to 60°C for 24 hours for
dewatering. Afterwards, the residuals had been cooled for 12
hours then, crushed through a crusher and had been sieved on
the sieve number 4.

The three plants are using the conventional system to treat
the potable water. The average dosage of Alum added in the
three water treatment plants in 20 mg/l. The raw water of
Galia, Mansoura and Meit Fares water treatment plants are
Mansouria canal, the Nile River and bahr Tanah canal
respectively. The flow rate of Galia, Mansoura and Meit Fares
are 34,560, 103,000 and 100,000 m3/day respectively. The
turbidity of

The practical percent of Residuals in asphalt mixes must
not exceeding 25% of sand weight replacement [55], the
excess of Residuals percent in mix over that ratio increase the
required asphalt needed for bonding mix components to each
other, and so make the mix becomes nerveless. Figure 2
outlines the experimental work had done in this research.
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Figure 1: waste materials used in hot mix asphalt industry
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Figure 2: The Experimental methodology of the research

The evaluation of this study passed through a series of tests
that can be classified into categories:

1. Material testing evaluation (Coarse aggregates, fine
aggregates, mineral filler and dried Residuals).

2. Trail residuals mixes to determine the approximate
values of replacing sand by dried Residuals. So, Residuals was
added to the gradation at three different percent ratios (0, 5, 10
and 15) instead of an equal amount of sand.

3. Design of asphalt mixes (dense graded mix “4-C”) for
both conventional and residual mixes.

4. Testing the conventional asphalt mixes using “Marshal
test at 60°C curing temperature”.

5. Testing asphalt mixes with the Residuals samples from
the three water treatment plants using ‘“Marshal Test at 60°C
curing temperature”.

In producing hot mix asphalt, aggregate is dried and heated
up to a temperature equals 150°C. Asphalt cement (Bitumen)
is also heated to reach a viscosity of 280+30 stocks then mix
of aggregate and asphalt prepared.

Based upon that, a mixing temperature of approximately
150° is specified by different road agencies specifications such
as the American Association for state highway and
transportation (ASHTOO), The American society for testing
and materials (ASTM) and the Egyptian roads and bridges
authority (EBRA). This mixing temperature is considered the
most suitable to produce a mix with the required properties
[59].

In drying process, all free water evaporates as the
temperature reaches 110°C [59]. As temperature increases
more than 110°C part of the mechanical bond water evaporates
also. Evaporating the free water from aggregates particles
gives the asphalt cement the chance to bind them. In the case
of highly absorptive aggregate, Goshorn and Williams [60]
showed that absorbed asphalt increased with the increase of
mixing temperature.

To find the optimum percent of Bitumen for the asphalt
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mix it should be making sieve analysis for the aggregates in
the automatic sieve analysis to find the perfect percent for
every component of the hot mix and it foud as shown in table
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2 and plotted in figure 3

TABLE 2
%Passing
Sieve opening Agg. Agg. Sand Sand Mineral . . o
Size 2 Sizel (natural) (crushers) Filler Design Mix Specs. limits
1.0” 96.01 100 100 100 100 99.1 100
3/4" 78.17 100 100 100 100 95.2 80-100
3/8” 2.3 91.95 98 100 100 75.5 60-80
#4 0 34 89.84 99.46 100 48.8 48-65
#8 0 0 74.8 94,51 100 40.4 35-50
#30 0 0 45.1 52.32 100 25.6 19-36
#50 0 0 30.5 13.93 100 18.3 13-23
#100 0 0 17.1 1.06 96.84 115 7-15
#200 0 0 6.36 0.33 80.4 5.6 3-8
% mix ratio 25 20 15 37 3 100
Aggregate Blending Gradation for (4-C) Asphalt mix
120
100
80
60
I
40
20
0
1.0" 3/4" 3/8" #4 H8 #30 #50 #100 #200

w——lin Specs. Limits

— %, Passing

e Max specs limits

Figure 3

I1l. RESULTS & DISCUSSION

3.1 Effect of both Residuals and asphalt content on Mixes
stability:

Figure 4 shows the stability of the conventional mix and
the residuals mixes with various concentrations. The Main
behavior of residual mixes stability of the three water
treatment plants is generally having the same trend. It’s
noticed that the stability has increased from 1121 kg for
conventional mix to 1288, 1660 and 1709 Kg after adding 5,
10 and 15% of Galia’s Residuals from sand. The stability
increased by 14, 48 and 52% after adding Galia’s plant

Residuals by 5, 10 and 15% respectively as shown in figure 4.
It is noticed that the stability has increased from 1121 kg for
conventional mix to 1338, 1638 and 1724 Kg after adding 5,
10 and 15% of Mansoura’s plant Residuals from sand so the
stability increased by 19, 46 and 53% after adding Mansoura’s
plant Residuals as shown in figure 4. It’s noticed that the
stability has increased from 1121 kg for conventional mix to
1301, 1436 and 1578 Kg after adding 5, 10 and 15% of Meit’s
Fares Residuals from sand so the stability increased by 16, 28
and 41% after adding Meit’s Fares plant Residuals 5, 10 and
15%.
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Figure.4 the stability of asphalt mixes

It’s observed that stability in asphalt mixes with added
Residuals are in specifications limits according to “The
Egyptian code for Highways”.

It’s was noticed that as the turbidity of the source canal
increased. The increase in stability may be related to the
increase of the turbidity. This increasing in stability for
Galia’s residual mixes may be due to the closure porosity
voids which increase dry density from 2.38 ton/m3 to 2.452,
2.435 and 2.417 ton/m? so it increased by 3, 2 and 1% after
adding Galia’s planet Residuals. This increasing in stability
may be due to the closure porosity voids which increase dry
density from 2.38 ton/m? to 2.444, 2.416 and 2.392 ton/m3so it
increased by 2, 1.5 and 0.51% after adding Mansoura’s planet
Residuals. This increasing in stability may be due to the
closure porosity voids which increase dry density from 2.38
ton/md to 2.452, 2.410 and 2.383 ton/msso it increased by 3, 2
and 1% after adding Meit’s Fares planet Residuals.

3.2 Effect of both Residuals and asphalt content on Mixes
flow:

Figure 5 shows the flow of the conventional mix versus the
residual mixes with various concentrations. The Main
behavior of residual mixes flow is generally has the same
trend. It’s noticed that the flow has decreased from 2.7 mm for
conventional mix to 2.4, 2.6 and 2.6 mm after adding 5, 10
and 15% of Galia’s Residuals from sand so the flow decreased
by 12, 3 and 3% after adding Galia’s plant Residuals by 5, 10
and 15% respectively. It is noticed that the flow has decreased
from 2.7 mm for conventional mix to 2.4, 2.6 and 2.6 mm
after adding 5, 10 and 15% of Mansoura’s plant Residuals
from sand so the flow decreased by 12, 3 and 3% after adding
Mansoura’s plant Residuals 5, 10 and 15% respectively. It is
noticed that the flow has decreased from 2.7 mm for
conventional mix to 2.4, 2.4 and 2.5 mm after adding 5, 10
and 15% of Meit’s Fares Residuals from sand so the flow
decreased by 12, 12 and 8% after adding Meit’s Fares plant
Residuals 5, 10 and 15% respectivel
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Figure.5 the flow of asphalt mixes

It’s observed that flow in asphalt mixes with added
Residuals are in specifications limits according to “The
Egyptian code for Highways”.

This decreasing in flow may be due to the closure porosity
voids which increase dry density from 2.38 ton/m?3 to 2.452,
2.435 and 2.417 ton/m3. It increased by 3, 2 and 1% after
adding Galia’s planet Residuals. This decreasing if flow may
be due to the closure porosity voids which increase dry density
from 2.38 ton/m3 to 2.444, 2.416 and 2.392 ton/md. It
increased by 0.02, 0.015 and 0.0051% after adding Mansoura’s
planet Residuals. This decreasing in flow may be due to the
closure porosity voids which increase dry density from 2.38
ton/m3 to 2.452, 2.410 and 2.383 ton/m3. It increased by 3, 2
and 1% after adding Meit’s Fares planet Residuals

3.3 Effect of both Residuals and asphalt content on Mixes
Density:

Figure 6 shows the bulk density of the conventional mix
and the residual mixes with various concentrations. The Main
behavior of residual mixes density is generally has the same
trend. It is noticed that the density has decreased from 2.345
kg/cm3 for conventional mix to 2.314, 2.303 and 2.284 Kg/cm?3
after adding 5, 10 and 15% of Galia’s Residuals from sand the
density decreased by 1, 2 and 3% after adding Galia’s plant
Residuals 5, 10 and 15% respectively. It is noticed that the
density has decreased from 2.345 kg/cm3 for conventional mix
to 2.323, 2.299 and 2.291 Kg after adding 5, 10 and 15% of
Mansoura’s plant Residuals from sand the density decreased
by 1, 2 and 2.3% after adding Mansoura’s plant Residuals 5,
10 and 15% respectively. It is noticed that the density has
increased from 2.345 kg/cm? for conventional mix to 2.334,
2.291 and 2.265 Kg/cm? after adding 5, 10 and 15% of Meit’s
Fares Residuals from sand the density decreased by 0.4, 2.3
and 3.5% after adding Meit’s Fares plant Residuals 5, 10 and
15% respectively.
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Figure.6 The density of asphalt mixes

It’s observed that flow in asphalt mixes with added
Residuals are in specifications limits according to “The
Egyptian code for Highways”.

This increasing in density may be due to the closure
porosity voids which increase dry density from 2.38 ton/m3 to
2.452, 2.435 and 2.417 ton/m3. It increased by 3, 2 and 1%
after adding Galia’s planet Residuals. This increasing in
density may be due to the closure porosity voids which
increase dry density from 2.38 ton/m3 to 2.444, 2.416 and
2.392 ton/m3. It increased by 0.02, 0.015 and 0.0051% after
adding Mansoura’s planet Residuals. This increasing in
stability may be due to the closure porosity voids which
increase dry density from 2.38 ton/m3 to 2.452, 2.410 and
2.383 ton/m3. It increased by 0.03, 0.02 and 0.01% after
adding Meit’s Fares planet Residuals

3.4 Effect of both Residuals and asphalt content on Mixes air
voids

The Main behavior of residual mixes air voids is generally
has the same trend. It’s noticed that the air voids has increased
from 1.5% for conventional mix to 5.2, 4.5 and 4% after
adding 5, 10 and 15% of Galia’s Residuals from sand so the
air voids increased by 346, 300 and 266% after adding Galia’s
plant Residuals 5, 10 and 15% respectively. It is noticed that
the air voids has increased from 1.5% for conventional mix to
5.1, 3.9 and 3.2% after adding 5, 10 and 15% of Mansoura’s
plant Residuals from sand so the air voids increased by 340,
260 and 206% after adding Mansoura’s plant Residuals 5, 10
and 15% respectively. It is noticed that the air voids has
increased from 1.5% for conventional mix to 4.7, 3.5 and 2.8
Kg after adding 5, 10 and 15% of Meit’s Fares Residuals from
sand so the air voids increased by 480, 233 and 186% after
adding Meit’s Fares plant Residuals 5, 10 and 15%
respectively

AWED, M. ABD EL-HAKIM, H. EL-ETRIBY AND M. EL-SHABRAWY
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Figure.7 The air voids of asphalt mixes

It’s observed that air voids in asphalt mixes for Galia and
Mansoura and were 5.2, 5.1, at 5% Residuals were over
specifications and this may be due to the replacement of
Residuals instead of filler which for 10% and 15% it was

within the specification.

3.5 Effect of both Residuals and asphalt content on Mixes
VMA:

Figure 8 shows the stability of the conventional mix and
the residual mixes with various concentrations. The Main
behavior of residual mixes V.M.A is generally has the same
trend. It’s noticed that the V.M.A has increased from 12.3%
for conventional mix to 13.8, 14.2 and 14.6% after adding 5,
10 and 15% of Galia’s Residuals from sand so the V.M.A
increased by 12, 13 and 16% after adding Galia’s plant
Residuals 5, 10 and 15% respectively. It is noticed that the
V.M.A has increased from 12.3 kg for conventional mix to
142, 144 and 14.7% after adding 5, 10 and 15% of
Mansoura’s plant Residuals from sand so the V.M.A
increased by 15, 17 and 20% after adding Mansoura’s plant
Residuals 5, 10 and 15% respectively. It is noticed that the
V.M.A has increased from 12.3 kg for conventional mix to
14.6, 14.7 and 14.9% after adding 5, 10 and 15% of Meit’s
Fares plant Residuals from sand so the V.M.A increased by
19, 20 and 21% after adding Meit’s Fares plant Residuals 5,
10 and 15% respectively.
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Figure.8 The V.M.A. for asphalt mixes
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It’s observed that V.M.A in asphalt mixes with added
Residuals are in specifications limits according to “The
Egyptian code for Highways”.

3.6 Effect of both Residuals and asphalt content on Mixes
V.F.A:

Figure 9 shows the V.F.A of the conventional mix and the
residual mixes with various concentrations. The Main
behavior of residual mixes V.F.A is generally having the same
trend. It’s noticed that the V.F.A has decreased from 88% for
conventional mix to 62.5, 68.1 and 72.5% after adding 5, 10
and 15% of Galia’s Residuals from sand so the V.F.A
decreased by 29, 23 and 18% after adding Galia’s plant
Residuals 5, 10 and 15% respectively. It is noticed that the
V.F.A has decreased from 88% for conventional mix to 58.6,
66.8 and 77.9% after adding 5, 10 and 15% of Mansoura’s
Residuals from sand so the V.F.A decreased by 33, 24 and
12% after adding Mansoura’s plant Residuals 5, 10 and 15%
respectively. It is noticed that the V.F.A has decreased from
88% for conventional mix to 53.9, 78.3 and 81% after adding
5, 10 and 15% of Meit’s Fares Residuals from sand so the
V.F.A decreased by 39, 11 and 8% after adding Mansoura’s
plant Residuals 5, 10 and 15% respectively

mS.C=0.0%
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_ mSC=10%
mS.C=15%

90 -

80

70

60

% Voids Filled with Bitumen
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Galia plant
Mansoura plant
Meit Fares plant

% Additive S.C

Figure.9 The V.F.A. for asphalt mixes

It’s observed that V.F.A in asphalt mixes with added
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Residuals are in specifications limits according to “The
Egyptian code for Highways”.

1V. CONCLUSION

This research achieve the use of water treatment residuals
in asphalt mix which solve the problem of solid waste disposal
produced from water treatment industry, That is a significant
environmental issue. As the residual percentage increased the
asphalt mix.

Increased, also it is noticed as the stability of the source
canal increased that the stability increased. It was noticed that
the residual percentage in the asphalt mix is directly
proportionally to the stability, air voids and V.M.A and
inversely proportionally to the flow, bulk density and V.F.A.
All the properties are in the specification limits according to
“The Egyptian code for Highways.

REFERENCES

[1] Lara P. Rodriguesa and José Nilson F. Holandaa, Group of Ceramic
Materials, Northern Fluminense State University,, Campos dos
Goytacazes-RJ, Brazil, February 2015.

[2] Daniel Golparian and Magnus Unemo,
Biotechnology Information, U.S.A, Feb 2015.

[3] Egyptian Highway standard specifications code for construction and
material.

[4] Warren, Jim, "The Use of Waste Materials in Hot Mix Asphalt." NAPA
Special Report 152, June 25, 1991.

[5] Gerald Huber, P.E., History of asphalt mix design in North America,
The Asphalt Institute, Heritage Research Group, USA. November 2014.

[6] Johnson Drive, "How water plants work", City of industry, CA 91745,
USA, November 2000.

[7] Ormsby, W.C. and D.G. Fobs, "Use of Waste and By-Products in
Highway Construction." Paper presented at the Annual Meeting of TRB,
January 1991.

[8] Goshron j. H. and F. M. Williams 'Absorption of bituminous Materials
by Aggregate" Proceedings of Association of Asphalt technologists,
1992.

[9] S. El-hamrawy 'Selection of Performance Graded Asphalt Binder in
Egypt", (1998)

National Center for



	Design and Environmental Effect of Residual of Water Purification Plants on Asphalt Mix Design by Marshall Method.
	Recommended Citation

	/var/tmp/StampPDF/86Sm0keGQy/tmp.1671720843.pdf.fD0RO

