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Introduction

The location of Qom on marly sediments
has caused this city to always suffer heavy
losses from the problematic behavior of marls.
Reduced shear strength, significant settlements
due to moisture changes, leakage of domestic
sewage, and weathering have been among these
problematic behaviors of marls. On the other
hand, the location of Qom in an area with high
seismic risk has created another dimension of
concern regarding the seismic behavior of this
particular soil. This concern is even more vivid
in the light of reports presented about the
changes in the behavior of marl soil after expe-
riencing seismic loads. Despite the concerns
raised and the possibility of experiencing seis-
mic loads by marl soil contaminated with do-
mestic sewage, no studies have been conducted
in this field so far and no comprehensive
knowledge has been obtained on this issue. This
confirms the need to investigate the seismic and
meta-seismic behavior of marl soil contami-
nated with domestic sewage. For this purpose,
in the present study, an attempt was made to
evaluate the monotonic, cyclic and meta-cyclic
behavior of the contaminated marl by conduct-
ing a series of simple monotonic and mono-
tonic-cyclic shear tests on samples of marl con-
taminated with domestic sewage with different
contamination ratios and under different loads.
The changes in the consolidation and micro-
structural behavior of this soil were also inves-
tigated using consolidation tests and scanning
electron microscopy (SEM).

Methodology

A two-dimensional simple shear apparatus
and a resonant column device were employed
to carry out the test program. The simple shear
apparatus, which was located in the Soil Dy-
namic Center of University of Qom and was ca-
pable of testing cylindrical specimens with 70
mm in diameter and 21 mm in height, was em-
ployed to assess the behavior of the marl speci-
mens under the monotonic and cyclic loading
conditions.

Testing was conducted on the reconsti-
tuted marl specimens that were retrieved from a
depth of 1 m in one test pit. The sewage used in

this study was obtained from a manhole located
in Qods Town, Qom. The pH value of this sam-
ple was 7.35 and all the values of fecal coli-
form, total coliform and e-coli were more than
16 million mpn/100ml. Moreover, a mixture of
dishwashing liquid and water was also used as
a representative of urban wastewater to create
wastewater with controlled compositions.

The samples were prepared in three differ-
ent cases of adding water, sewage, and dish-
washing liquid in three ratios of 8%, 14%, and
20%. Simple shear tests were conducted in
three separate phases. In the first phase, the be-
havior of the specimens before experiencing
cyclic loading was investigated by applying
monotonic loading at a rate of 1. mm/min. In the
second phase, after applying a cyclic load with
a specific strain amplitude, the specimens were
subjected to monotonic loading again to evalu-
ate their post-cyclic behavior. In the third phase
of the tests, a cyclic loading with a variable
strain amplitude from 0.001% to 0.1% was used
to determine the dynamic parameters of the
samples.

Results and discussion

The decrease in shear strength, shear mod-
ulus, and resistance parameters such as internal
friction angle and cohesion under contaminated
conditions, especially with dishwashing liquid
solution, indicates the high vulnerability of the
soil structure to active chemical compounds.
This is consistent with previous studies that
confirmed the negative effect of detergents and
sewage sludge on the mechanical properties of
cohesive soils.

On the other hand, the cyclic loading ex-
perience led to the strengthening of the soil
structure and an increase in shear strength after
loading, which was clearly visible in SEM stud-
ies. This phenomenon could be due to better
particle locking and higher density .In fact, the
interaction of cyclic loading and contamination
creates two opposite trends in soil behavior: one
leads to a decrease in strength and stiffness, and
the other leads to an improvement in strength
parameters.

Also, increasing the strain amplitude at
some moisture contents (14 and 20%) led to an



increase in shear strength, while at lower mois-
ture contents (8%), the opposite effect was ob-
served. This indicates the importance of the role
of moisture in activating or weakening the in-
ternal responses of the soil to applied strains. A
direct relationship between loading conditions
and the post-cyclic behavior of the soil has also
been reported in previous studies.

On the other hand, increasing contamina-
tion, especially at higher concentrations of de-
tergents, led to a significant increase in the
damping ratio. This result indicates an increase
in the energy dissipation capacity of the soil due
to the increase in particle slippage when con-
tamination increases.

Conclusion

The pre-cyclic, cyclic and post-cyclic behaviors
the contaminated marl were evaluated using
a series of strain-controlled cyclic simple
shear tests followed by monotonic ones.
The important results obtained are as fol-
lows:

1- The monotonic behavior of the samples
showed that the contamination of marl with
municipal wastewater and dishwashing lig-
uid solution resulted in a 5 and 25 percent
decrease in maximum shear strength.

2- It was observed that the contamination of
marl soil with dishwashing liquid solution
caused a 48 percent increase in damping ra-
tio and a 9 percent decrease in shear modu-
lus.

3- The results of the cyclic tests showed that an
8% increase in the maximum shear modu-
lus, a decrease in the compression coeffi-
cient, and an increase in the internal friction
angle and the secant modulus could be the
consequences of the cyclic loading experi-
ence in the marl soil. This finding was con-
sistent with the SEM images, which showed
that cyclic loading reduced the pores be-
tween the soil particles and caused better
locking and bonding of the particles.
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