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1 Riycyclic Aromatic Hydrocarbons (PAHSs)
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1 Uifined Soil Classification System (USCS)
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Properties Amount
Normal Consistency 244 %

Initial Setting Time 108 (min)
Final Setting Time 180 (min)
Compressive Strength (7 days) 23 (MPa)
Compressive Strength (28 days) 34 (MPa)

Table 2. Physical and Mechanical Properties of the Cement
Used
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Properties Values
Viscosity (240°C) (cp) 0.602
Dielectric Constant 2.35
Molar Mass (g/mol) 178.23
Density (20°C) (g/cm?) 1.25
Melting Point (°C) 218
Boiling Point (°C) 340
Solubility in Water (mg/L) 0.075

Table 3. Physical Properties of the Anthracene
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Properties Values
Specific Gravity (Gs) 2.7
Sand (%) 2
Silt (%) 45
Clay (%) 53
Liquid Limit LL (%) 48
Plastic Limit PL (%) 26
Plasticity Index PI (%) 22

Table 1. Physical Properties of the Soil
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Fig 1. Grain size distribution curve
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1 BEnvironmental Protection Agency (EPA)
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0,
(%) (kN /m?) (%)
17.9 17.75 0
=
17.7 19.3 10 3
17.85 18.8 15 3
18.0 18.0 20
19.7 17.0 0
187 17.0 5 3
5=
17.2 175 10 .E g
= 3
16.9 17.8 15 £
3
16.5 17.8 20

Table 4. Compaction Parameters for Soil, Soil-Cement and
Contaminated Soil-Cement
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Fig. 2. Atterberg Limit curve for all specimens
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Fig 4. Variation of Compressive Strength with different Cement Content for (a)3, (b)7. (c)14, (d)28 days Curing Time
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Abstract:
Pollution of the soil by hydrocarbon is a significant Geo-Environmental problem that may affect the
environmental quality of soil, groundwater and air. Soil can be contaminated by organic materials attributable
to leakage from underground or aboveground storage tanks and accidental spills. The response of soil to the
contaminants not only depends on the local environment but also is influenced by factors such as particle size,
bonding characteristics among particles, and ion exchange capacity. The transport of contaminant components
from soil into groundwater can cause serious problems. Use of contaminated soil and its stabilization can be
considered in earthworks such as embankments, backfills, and roads where there is no pathway for leaching
of contaminants to underground water or if the contaminants pose no risk to the public and the environment.
In some areas, the native soil is contaminated with hydrocarbon substances. For performing projects in such
areas, use of local soil is dictated for construction as a result of haulage distance and economic considerations.
Thus, the treatment and stabilization of local soil must be considered. On the other hand, in the areas where
the soil has been contaminated and the treatment is not economical, effects of the contaminating substance on
the soil behavior should be evaluated for the design of the projects. Therefore, understanding the mechanical
behavior of contaminated soils and their treatment is important. Improving the mechanical behavior of clay
soils by stabilization is a means of fulfilling geotechnical design criteria.
An investigation on the behavior of a contaminated clay soil with Anthracene and its treatment is carried out
through an experimental program. Anthracene is arepresentative of a group of hydrocarbon, which are called
PAHs (Poly Aromatic Hydrocarbons). PAHs are created due to incomplete combustion of fossil fuels or
wastes.
In order to investigate the effect of cement on the stabilization of clay contaminated soil with Anthracene,
several specimens are prepared by static compaction method at maximum dry density and optimum moisture.
The specimens are of natural clay soil, contaminated soil with Anthracene, soil-cement and Anthracene-
contaminated stabilized with different percentage of cement (5, 10, 15 and 20%) in different curing times (3,
7, 14 and 28 days). Atterberg limits and Unconfined compressive strength (UCS) tests are conducted on the
specimens. The results of the experimental work show that adding Anthracene to clay soil, changes the
compaction parameters. As an example, the dry specific weight of soil is reduced and the optimum water
content is increased. Although, adding cement to the Anthracene-contaminated soil improves the compaction
of soil, it increases the dry specific weight and reduces the optimum water content. In addition, adding the
Anthracene may change the unconfined compressive strength of soil and will reduce the strength of soil. The
strength of the contaminated soil is increased by adding cement. The amount of increase in the strength is
depended on the percentage of cement and curing (type or time). The results show that Atterberg limits are
increased by adding Anthracene to the clay soil, but are reduced by adding Anthracene or cement to soil-
cement. The results indicate that adding the Anthracene to the soil, changes its structure to flocculated shape,
but decrease of friction between soil particles due to adding Anthracene, may lead the soil particles to move
easily together. By the way, the results of this research show that the cement could stabilize contaminated soil
with Antracene.

Keywords: Atterberg limits, Curing time, Flocculation, Elastic modulus
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