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Abstract:

Power stations are widely spread in Arabic Syrian Republic, unlike
most of power stations in the world that work by using coal as the
operating fuel, most of Syrian power stations depend on the heavy fuel
oil to generate electricity. Although there are a lot of studies about use
of the fly ash produced from burning coal, the fly ash resulted by using
heavy fuel oil as an operating material for the power stations had less
attention. This paper aims to study the effect of this type of fly ash on
the geotechnical properties of the clay soil and comparison it with the
effect of fly ash resulted by power stations that use the coal. Two
percentages of heavy oil fuel ash were mixed with the soil 5% and 10%
of the dry soil weight with two curing periods 7 and 28 days. The results
indicated that adding heavy oil fuel ash to the soil will decrease the
cohesion in addition to increase the internal friction angle. There is not
clear effect of the curing periods and the increase in the percentage of
fly ash on the Atterberg limits.
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1. Introduction
The Industrial Revolution made the things that we wouldn't expect to happen
necessary things that we cannot imagine our life without them today. As is well
known, every matter has advantages and disadvantages. The industrial revolution
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that was blessed by human at the beginning of the last century did not only bring
benefit, but also the harm, as factory waste pollutes water, air and soil.
We can define soil pollution by saying: it is entrance of strange materials in the
soil or an increase in the density of one of its natural components, which lead to a
change in its chemical or physical properties or both, and these materials are called
soil pollutants and may be pesticides, chemical fertilizers, acid rain or waste
(industrial, household, radioactive, etc.) and others.
Power stations are widely spread in Syria and they are considered the main source
of the electric power. Although most of countries use coal as the employed fuel of
the power stations [1], most of Syrian power stations depend on the heavy fuel oil to
generate the electric power.
Burning of coal and heavy fuel oil will produce fly and bottom ash. fly ash that
caused by use coal in power stations is different from that caused by use heavy oil
fuel.
Most of the research that studied the effect of fly ash on soils used the fly ash that
caused by burning coal (Fig. 1). Erdal Cocka [2] studied the effect of fly ash
produced from burning of coal on expansive soil and added it to the soil at
percentages from 0% to 25% of the dry soil weight and two curing periods (7, 28)
days, after that the mixtures were subjected to the free and oedometeric swell tests
and their experimental results confirmed that the plastic index and the possibility of
swell decreased with increase the percentage of fly ash and curing period. The
optimum fly ash percentage for reducing swelling potential is 20% of dry soil
weight.
Pandian et.al [3] studied two types of fly ash produced from burning coal, Raichur
fly ash (Class F) and Neyveli Fly Ash (Class C) on the CBR properties of BC soil
(Black Cotton Soil). The percentage of fly ash ranged from 0 to 100% of dry soil
weight and the addition of fly ash to BC soil increased the CBR of the mixture (soil
+ ash) to the first optimum level. Further addition of fly ash more than the first
optimum percentage caused a decrease in the CBR of the mixture by 60% and then
the second optimum level.
Phanikumar and Sharma [4] conducted the same study on the effect of fly ash
produced from burning coal on the geotechnical properties of the expansive soil by
an experimental program. They studied the effect of fly ash on some parameters such
as free swell, swell pressure, plastic index, and unconfined compressive strength.
Fly ash was added at percentages 0, 5, 10, 15, 20 of the dry soil weight and they
concluded.
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•

Increase percentage of fly ash reduced the plastic index and led to a
decrease the free swell by 50% at 20% of fly ash.

•

Increase percentage of fly ash also led to a decrease the optimum moisture
content value (OMC) and an increase the maximum dry density (𝜌𝜌𝑚𝑚𝑚𝑚𝑚𝑚).

•

The undrained shear resistance (S𝑢𝑢) increases with increase percentage of
fly ash mixed with the expansive soil.

Figure 1. Carbon particle in heavy oil fuel ash [2]
Camilleri et al [7] used heavy oil fuel ash with Flowable Fill Concrete and with
Hollow Masonry Units, and they concluded that the use of this type of ash with
replacement percentages of the cement equal to 30% and 20%, respectively is
recommended.
The aim of this paper is to study the effect of Heavy Oil Fuel Ash (fly ash caused
by burning heavy fuel oil) on the geotechnical properties of clay soil, where the
power stations in Arabic Syrian Republic produce large quantities of this type of fly
ash. So, it is important to know the effect of it on the clay soils and the possibility to
find useful utilization in the field of geotechnical engineering and soil stabilization
like fly ash produced by burning coal.

2. Methods and materials
This research depends on the comparative experimental approach and carried out
by following these phases.
(a) Study the geotechnical properties of the natural soil.
(b) Study the geotechnical properties of the mixtures (soil + HOFA “Heavy Oil
Fuel Ash”): the soil was mixed with two different percentages of heavy oil
fuel ash (5 and 10) % of the dry soil weight and the mixtures were tested
for two curing periods (7 and 28) days.
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(c) Compare and discuss the results.
2.1. The laboratory work
The following tests were carried out on the natural soil:
•

specific gravity (ASTM D854-98),

•

standard Proctor test (ASTM D 698-91),

•

Unconfined Compressive Strength (ASTM D2166-98a),

•

Direct Shear Test for Soils Under Consolidated Drained Conditions
(ASTM D3080-98),

•

Sieve Grain Size Analysis (ASTM D4318-98),

•

Atterberg limits (ASTM D4318-98),

•

free Swell (ASTM D4546-98).

For the mixture (soil + HOFA), the samples were formed with the same density of
the natural soil and the following tests were carried out.
•

Unconfined Compressive Strength (ASTM D2166-98a).

•

Direct Shear Test for Soils Under Consolidated Drained Conditions
(ASTM D3080-98).

•

Atterberg limits (ASTM D4318-98).

Free swell (ASTM D4546-98). (it was carried out for the mixture after 7 days of
curing) results of laboratory work were combined in Table 1.
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Table 1. Geotechnical properties of the natural soil and the mixtures (soil +
HOFA) for both curing periods.
Parameter

Soil

𝐺𝐺𝑠𝑠

2.79

𝜌𝜌𝑚𝑚𝑚𝑚𝑚𝑚 [𝑘𝑘𝑘𝑘⁄𝑚𝑚3 ]

𝜔𝜔𝑜𝑜𝑜𝑜𝑜𝑜 [%]
Percentage fines
[%]
𝐶𝐶𝑢𝑢 [𝑘𝑘𝑘𝑘𝑘𝑘]
𝐶𝐶 ′ [𝑘𝑘𝑘𝑘𝑘𝑘]
∅′ [°]
Liquid limit [%]
Plastic limit [%]
Plastic Index [%]
Free swell [%]

5%
7 days

5%
28 days

10%
7 days

10%
28 days

174
120
7.3
64.2
32.2
32.0
41.8

124
106
19.2
67.5
33.1
34.4

146
102
25.5
65.8
34.6
31.2
42.5

123
79
27.0
67.9
32.5
35.3

14.8
29.4
66.6
166
55
22
51.8
29.8
22.1
41.3

𝜌𝜌𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑, 𝜔𝜔𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶, 𝐶𝐶𝑢𝑢 = 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒, 𝐶𝐶 , =
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑐𝑐𝑐𝑐ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒, ∅′ = 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎,

According to USCS (Unified Soil Classification System), the soil is classified as Sand
Elastic Silt.

2.2. Mixture (soil + 5% HOFA)
The following statements can be drawn based on Table 1, for the mixture (soil +
5% HOFA).
•

It can be observed a decrease in the value of the drained cohesion of the
mixture (soil+5%HOFA) and an increase in the value of the internal friction
angle by the time.

•

For the undrained shear parameters (𝐶𝐶𝐶𝐶), there is a decrease in the value of
undrained cohesion by the time for the mixture (soil+5%HOFA).

•

For the Atterberg limits, they maintain approximately the same values by
the time.
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2.3. Mixture (soil + 10% HOFA)
The following statements can be drawn based on Table 1, for the mixture (soil +
10% HOFA).
•

Decrease the value of the drained cohesion and slight increase in the value
of the internal friction angle by the time.

•

For the undrained shear parameters (𝐶𝐶𝐶𝐶), there is a decrease in the value of
undrained cohesion by the time.

•

For the Atterberg limits, they maintain approximately the same values by
the time.

2.4. Comparison between the effect of two percentages 5% and 10%
The experimental results of mixtures (soil+5%HOFA) and (soil+10%HOFA) were
compared for the both curing periods (7 and 28) days.
2.4.1. Curing period 7 days
From the date of Table 1 the following statements can be drawn.
•

Decrease in the value of undrained cohesion (𝐶𝐶𝐶𝐶) with an increase of the
percentage of HOFA.

•

Decrease in the value of the drained cohesion and an increase in the value
of the internal friction angle with an increase of the percentage of HOFA.

•

The liquid and plastic limits were almost the same when increasing the
percentage of HOFA, resulting in approximately the same value for the
plastic index.

•

The free swell also increased slightly with an increase in the percentage of
HOFA added to the soil.

2.4.2. Curing period 28 days
The authors summarize their statements based on Table 1.
•

The value of undrained cohesion (𝐶𝐶𝐶𝐶) is approximately same for the two
mixtures.

•

Decrease in the value of the drained cohesion and an increase in the value
of the internal friction angle with an increase of the percentage of HOFA.

•

The liquid and plastic limits were the same when increasing the percentage
of HOFA, resulting in the same value for the plastic index.
275

R. Ousta and A. Tawalo – Acta Technica Jaurinensis, Vol. 14, No. 3, pp. 270-280, 2021

2.5. Comparison between the mixture (soil+5%HOFA), mixture
(soil+10%HOFA) and the natural soil
Since the samples of the mixture (soil+5% HOFA) and the mixture (soil+10%
HOFA) were formed depending on the laboratory density and moisture (the same
density and moisture for natural soil), while standard proctor was carried out to
determine the density and optimum moisture for natural soil, thus the comparison
can only for some of the studied parameters:
•

Liquid limit (LL).

•

Plastic limit (PL).

•

Plastic index (PI).

•

Free swell.

Fig. 2 shows the change of Liquid Limit, Plastic Limit and Plasticity Index as the
HOFA percentage increases, where we observe the followings:
•

Increase the liquid limit for the mixture (soil+5%HOFA) compared with
natural soil and it maintains approximately the same value for the mixture
(soil+10%HOFA).

•

The plastic limit increases slightly for the mixture (soil+5%HOFA)
compared with natural soil and it maintains approximately the same value
for the mixture (soil+10% HOFA).

•

Increase the plasticity index at the percentage 5% of HOFA mixed with the
soil, and this value being almost constant for the percentage 10%.

Fig. 3 shows the change of the free swell value with an increase the percentage of
HOFA mixed with the soil. There are not large changes in the value of the free
swell by increase of the HOFA.
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Figure 2. Change of Liquid Limit, Plastic Limit and Plasticity Index with an
increase in the percentage of HOFA mixed with the soil
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Figure 3. Change of the value of free swell with an increase in the percentage of
HOFA mixed with the soil
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3. Conclusions
This paper presented an experimental study of the effect of the fly ash that
produced at power station of Banias city in Syria which operates by using heavy fuel
oil on the geotechnical properties of clay soil. This paper was carried out by mix soil
with two different percentages of Heavy Oil Fly Ash (5% and 10%) and by using
two different curing periods (7 and 28) days. The main conclusions drawn may be
summarized in the following:
•

Unlike Fly Ash that caused by burning coal, HOFA chemically inert. Where
lack of clear change when comparing the mixture (soil+5% HOFA) with
mixture (soil+10% HOFA) for Atterberg Limits and Free Swell in addition
to absence of clear effect of the curing period on the Atterberg Limits
confirm that this type of ash chemically inert and tend to behave as a fill
material.

•

The increase in the values of the Atterberg Limits that appears at percentage
of HOFA equal to 5% indicates that this type of ash is very voracious for
water, and this is due to the very high specific surface area and the high
level of carbon as well which had spongy shape and high porosity [1].

•

The increase in the value of the friction angle (∅′) with the increase in the
percentage of HOFA mixed with the soil can be explained by the fact that
the fuel ash granules fill the pores between the soil particles and this
naturally leads to an increase in friction when the two percentages are
compared (5%) and (10%).

•

Unlike fly ash produced by burning coal, increase of percentage of HOFA
caused decrease mixture cohesion. The decrease in cohesion ((𝐶𝐶𝐶𝐶) and (𝐶𝐶′))
with an increase in the percentage of HOFA mixed with the soil can be
explained by the low cohesion between the heavy oil fuel ash particles.

•

The decrease in cohesion ((𝐶𝐶𝐶𝐶) and (𝐶𝐶′)) by the time can be explained by
the carbon particles absorbs the soil particles moisture.
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