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1. Silica Fume
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Introduction

In general, the waste of industrial activities causes
irreparable damage to the environment, including
drilling cuttings in the oil industry, which are the most
important waste of well drilling. If the drilling cuttings
are not managed properly, severe soil and groundwater
pollution will be caused [ 1,2].

For concrete structures, it is generally assumed that
concrete is homogeneous, while contains various
components such as cement paste, aggregate, sand and
air. The existence of these components is particularly
important in determining the behavior of concrete. In
the initial models, concrete has two phases including
aggregate and cement paste, but studies have shown
the existence of a transition zone in concrete (between
cement paste and aggregate). As a result, concrete
should be considered as a mixture consisting of three
phases, and the presence of a transition zone has a
significant effect on the permeability and strength of
concrete [3].

Recently, studies have shown that if concrete has high
compressive strength, it will not necessarily have high
durability under environmental operational conditions.
In fact, for proper concrete design, both parameters of
durability and compressive strength of concrete should
be considered simultaneously.

Materials and Methods

The cement used for sampling is Portland cement type
1- 425 (Hegmatan). Also, Abdi sand with a modulus
of 3.61, bulk density of 2.61 and water absorption of
0.5 % was used. Metosak sand with a maximum size
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of 9.5 mm, bulk density of 2.63 and water absorption
of 1.8 % was used. Fly ash is one of the residual by-
products of pulverized coal combustion in thermal
power plants, including silica (Si0O,), alumina (Al, O,),
iron oxide (Fe,O,) and calcium oxide (CaO).

Sampling

First, sand and cement are mixed for 5 minutes. By
adding coarse aggregate, mixing is done for another 9
minutes. It should be noted that in the designs including
fly ash and silica fume, it is mixed with water and then
with the mixture. In general, the samples were tested in
5 categories of concrete including a control sample and
4 mixtures containing different percentages of drilling
cuttings, fly ash, silica fume and a mixture of silica
fume and ash. Drilling cuttings separated from the
drilling site (Figure 1a) are first dried in a greenhouse
at 100 °C for 24 hours and then passed through mesh
100. The concrete mixture is designed according to the
American Concrete Institute (ACI).

In this study, type I Portland cement was used. Drilling
cuttings and cement are completely mixed and a
uniform mixture is prepared. In Figure 1(b) concrete
is poured into a cylindrical mold with a height of 20
cm (8 inches) and a diameter of 10 cm (4 inches).
The reported resistance values represent the mean
resistance of three samples. Then, the samples were
placed in water at room temperature for 7 days. The
composition ratio of the components is shown in Table
1. To compensate for the lost compressive strength,
different percentages of silica fume and fly ash have
been added as additives to the mixture.
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(b)
@)
Fig. 1 a) Drilling shards b) Prepared concrete sample.
Table 1 Chemical analysis and physical properties of cement, fly ash and silica fume.
fly ash Silica fume Portland Cement parameter
60.9 87.63 22.17 SiO,
391 0.63 5.01 AlLO,
5.16 1.25 3.67 Fe,O,
13.1 _ 64.69 CaO
_ _ 1.78 MgO
1.35 _ 0.97 K0
0.96 0.91 0.51 Na,O
2.67 _ 2.73 SO,
2.39 2.69 1.36 LOI
_ _ 53.96 C;S
_ _ 10.16 C,;S
_ _ 7.26 CA
_ _ 12.27 CAF
_ _ _ ons
411 28300 326 (m%kg) Special Surface

Results and Discussion

In order to investigate the effect of drilling cuttings on
the compressive strength of concrete samples, different
amounts of drilling cuttings have been replaced with
cement. Compared to the control sample, the samples
containing 5, 20 and 35% of drilling cuttings reduced
the compressive strength of the samples by 17, 31 and
61%, respectively. The test results showed that replacing
15, 20 and 25% of cement with drilling cuttings had no
significant effect on the compressive strength of the
prepared samples. In other words, use of 25% drilling
cuttings reduced the compressive strength by 34%,
which is reported as desired. In order to improve the
compressive strength of the samples, various amounts
of fly ash have been added to the concrete samples
containing 25% of the drilling cuttings. Compressive
strength of specimens containing different amounts of
drilling logs is shown in Figure 2. In general, fly ash
improves the efficiency, cohesion and final strength of
samples [4, 5]. As shown in Figure 3, adding fly ash
to concrete has increased the compressive strength of

the samples. In this test, different amounts of fly ash
(5, 10, 15, 20 and 25%) were used. Adding 25% of
fly ash to concrete samples containing 25% of drilling
cuttings significantly reduces the compressive strength.
In addition to saving energy, the use of fly ash improves
the properties of concrete. Also, by adding fly ash, the
heat of hydration of concrete reduces [6-7].

Figure 4 shows the effect of silica fume on the compressive
strength of concrete samples containing 25% of drilling
cuttings. Different percentages of silica fume (5, 10, 15
and 20%) have been added to the concrete samples. It
should be noted that optimally adding 15% of fly ash and
5% of silica fume increases the compressive strength of
the samples containing 25% of the drilling cuttings by 41
and 8%, respectively. Figure 5 shows the effect of adding
fly ash/silica fume mixture to concrete samples containing
25% of drilling cuttings. As shown, by increasing the
percentage of fly ash / silica fume, an increase in the
compressive strength of the samples is observed. 15% of
additives (5.7% fly ash / 7.5% silica fume) increases the
compressive strength by 50% [&].
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Conclusions

* Use of drilling cuttings as a substitute for part of the
cement in concrete led to a reduction in the compressive
strength of the samples. Compared to the control
samples, replacing 15, 20 and 25% of cement with
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drilling cuttings, on average, reduces the compressive
strength of the samples by 33%. Substituting larger
amounts of cement with drilling cuttings caused a
sharp drop in the resistance of the samples against
pressure. Therefore, replacing 25% of cement with
drilling cuttings has been reported as desired.
 Laboratory tests showed that adding 5% of silica
fume increased the compressive strength of concrete
samples containing 25% of drilling cuttings by 8%.
However, increasing the silica fume concentration
to more than 5% does not improve the compressive
strength of the samples.

* According to the laboratory results, the maximum
compressive strength of the samples containing 25%
of the drilling cuttings was obtained from adding a
mixture of fly ash and silica fume. The results showed
that the addition of 7.5% of fly ash and 7.5% of
silica fume increased the compressive strength of the
samples by 49%.
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