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In urban areas of Iran, including Tabriz city and especially Nasr neighborhood,
urban development has been challenged. On the other hand, the widespread use
of cement as the most common soil stabilization material is associated with
significant environmental consequences such as increased carbon dioxide
emissions, energy consumption, and destruction of natural resources. In this
study, the possibility of using Portland cement and waste tile powder as a
construction waste simultaneously was investigated with the aim of improving
the mechanical properties of marl soil and reducing environmental impacts. For
this purpose, marl soil samples were prepared with different percentages of
cement equal to 3, 5, and 7 percent and waste tile powder equal to 5, 7, 10, and
20 percent, and uniaxial compression and compressive strength tests were
performed on them after 28 days of curing. The results showed that adding tile
waste powder to an optimum amount of about 5% increases the dry specific
gravity and compressive strength of the soil, while increasing it excessively
reduces the strength due to dilution of the soil load-bearing skeleton. Also,
increasing the percentage of cement significantly increased the compressive
strength and soil hardness, but it was accompanied by an increase in the brittle
behavior of the samples. In total, a mixture of 5% tile waste powder and 5 to
7% cement is recommended as the optimum mixture.
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Introduction

The rapid pace of urban development in
Tabriz has intensified the need for soil
stabilization, particularly for the region's
moisture-sensitive marly deposits. While
Portland cement is traditionally employed to
meet  geotechnical  requirements,  its
substantial environmental footprint
necessitates a transition toward more
sustainable  alternatives. = This  study
investigates the potential of utilizing ceramic
and tile waste as eco-friendly stabilizers,
aligning with the principles of the circular
economy. By conducting a comparative
analysis of the environmental efficiency of
waste-based versus cement-based
stabilization, the research addresses a critical
gap in sustainable urban planning, offering a
scientific framework to balance technical
performance with the preservation of natural
ecosystems in construction practices

Methodology
This study adopts an applied and
experimental-laboratory approach to

comparatively evaluate the efficacy of waste
tile powder and Type Il Portland cement in
stabilizing marly soils. The soil samples,
classified as high-plasticity clay (CH), were
extracted from a depth of 8 meters in the
Nasr district of Tabriz. The additives
included Type II Portland cement and waste
tile powder, which was prepared by grinding
and passing through a No. 4 sieve. The
experimental design involved mixing soil
with varying percentages of waste tile (0%,
5%, 7%, 10%, and 20%) and cement (0%,
3%, 5%, and 7%) by dry weight. Specimens
were prepared at their optimum moisture
content and cured for 28 days in a moist
room environment according to ASTM
D1632. To assess the geotechnical and
mechanical behavior, a series of standardized
tests were performed, including grain size
analysis, Atterberg limits, Proctor
compaction (ASTM D698), and Unconfined
Compressive ~ Strength  (UCS) (ASTM
D2166). To ensure reliability and data
precision, each test was replicated three
times, and the average results were reported
after removing outliers.

Results and Discussion
The compaction test results indicate that the
addition of waste tile powder and Portland

cement  significantly  influences  the
compaction behavior of marly soil. Analysis
of the Maximum Dry Density (MDD) reveals
that increasing the tile powder content up to
approximately 10% leads to a gradual
enhancement in MDD. However, further
increments up to 20% reverse this trend,
resulting in a subsequent decrease in dry
density. This behavior suggests an optimum
threshold for tile powder utilization to
improve the compactability of marly soil. At
lower concentrations, the fine tile particles
act as physical fillers, occupying the voids
between marl particles, thereby reducing
porosity and enhancing effective inter-
particle contacts. This process optimizes
grain arrangement during compaction.
Conversely, beyond the optimum content, the
excessive replacement of the marly phase
with relatively lighter and non-cohesive tile
particles weakens the soil skeleton's
continuity and increases effective porosity,
thus lowering the MDD. Furthermore,
increasing the cement percentage
consistently elevated the MDD across all
mixtures, which is attributed to the formation
of cementitious hydration products and the
development of cohesive bonds between soil
and tile particles. Notably, the reinforcing
effect of cement is more pronounced at low
to moderate tile powder levels; at higher
concentrations, the "over-filling" effect tends
to diminish the efficacy of cement in
enhancing soil density.

Conclusion

The findings of this study demonstrate that
stabilizing marly soils in Tabriz’s Nasr
district using a combination of Portland
cement and waste tile powder serves as a
dual-purpose  strategy, addressing both
geotechnical requirements and environmental
management challenges. By transitioning
from "waste disposal” to "functional
recycling," this approach repurposes non-
biodegradable construction waste into a
valuable resource, effectively reducing the
environmental burden on urban landfills and
promoting a circular economy. The results
indicate that an optimum mixture of 5%
waste tile powder and 7% cement achieves
maximum compressive strength  while
significantly decreasing the carbon footprint
associated with traditional cement-intensive
stabilization. However, it is crucial to adhere
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to these optimal proportions, as excessive
waste content can weaken the soil skeleton
and increase cement dependency. Despite
these promising laboratory results, the study
is limited by its controlled scale and the
absence of long-term durability assessments,
particularly regarding the wet-dry and freeze-
thaw cycles prevalent in Tabriz’s climate.
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