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Objective: Objective: Mud has been one of the oldest materials used in rural Iranian
architecture. However, it suffers from weaknesses such as low tensile strength,
necessitating solutions to overcome these limitations. The present study aims to investigate
the use of polypropylene synthetic fibers to enhance the tensile strength of this material.
Method: This study is based on a laboratory experimental approach. The tensile strength
of mud-based materials was measured under the influence of polypropylene fibers of two
lengths, 6 mm and 12 mm, with varying weight percentages, in order to determine the
optimal fiber content. In the first stage, the fibers were added at weight percentages of 6%,
12%, 18%, 24%, and 30%, and in the second stage, at 1%, 2%, 4%, and 6%. Subsequently,
the tensile strength of the brick samples was measured and analyzed. The fibers used in
this experiment were procured from Negin Roz Company, Isfahan. They were white,
filament-type fibers with a diameter of 17—19 microns.

Results: The results indicated that using 2% polypropylene fibers with a length of 6 mm
could increase the tensile strength of the material by approximately 300% compared to the
control sample (without fibers). Furthermore, it was observed that when the fiber content
exceeded 12% by weight, the tensile strength of the reinforced samples decreased relative
to the control. The findings also showed that fibers of 6 mm length had a greater effect on
enhancing the tensile strength of the reinforced bricks.

Conclusions: Comparison of the results with the control samples clearly demonstrated that
the use of polypropylene fibers can enhance the tensile strength of mud-based materials
such as bricks. This approach allows for the creation of a new, improved composite while
preserving the authenticity of traditional materials. A key achievement of this study is that
polypropylene fibers, when used at appropriate lengths and percentages, can effectively
improve the tensile strength of these materials.
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Introduction
Clay has historically been one of the most widely used construction materials in Iran,

employed in various forms such as cob walls, adobe walls, mortars, and plasters. Its
abundance and low cost have made it a practical choice for builders and designers. However,
earthen materials also suffer from significant drawbacks, with low tensile strength being one
of the most critical limitations. Since antiquity, different strategies—such as the addition of
natural or synthetic materials—have been explored to address this weakness.

The central research question of this study is: What effect does the addition of
polypropylene fibers, in different lengths and weight percentages, have on the tensile strength
of earthen materials?

Method

This research adopts an experimental approach, involving laboratory tests on adobe samples
reinforced with synthetic fibers to evaluate improvements in tensile strength. The tensile
strength of fiber-free adobe samples (the control group) was first measured. Subsequently,
reinforced samples incorporating polypropylene fibers of varying lengths and weight
percentages were prepared and compared with the control group.

Polypropylene fibers were used in two lengths (6 mm and 12 mm) and at weight
percentages of 1, 2, 4, 6, 12, 18, 24, and 30. These white, filament-like fibers had a diameter
of 17-19 microns. The tests were conducted in two phases: the first with fiber contents
ranging from 6% to 30%, and the second with contents between 1% and 6%. Three specimens
were prepared for each fiber length and weight percentage. This two-stage design minimized
the total number of test samples and helped manage the financial constraints of the study.

The soil was first sieved using a 3/8-inch mesh. For each sample, 200 grams of dry soil
were weighed, and polypropylene fibers were added according to the selected weight
percentage. The fibers were thoroughly mixed with the dry soil before water was gradually
added. The prepared soil-fiber mixtures were placed into wooden molds measuring 3 x 10 x 3
cm, chosen to match the dimensional constraints of the testing machine grips. After molding,
the samples were dried under shaded laboratory conditions for 14 days. Tensile strength tests
were then carried out using a 2-ton tensile testing machine (STM-20 model).

Results
Analysis of the first-stage results (samples with 6%, 12%, 18%, 24%, and 30% fiber content)

showed that for both 6 mm and 12 mm fiber lengths, the tensile strength of samples with 6%
and 12% fiber content was higher than that of the control group. However, further increases in
fiber content led to a reduction in tensile strength compared with the control. In other words,
adobe samples containing more than 12% polypropylene fibers demonstrated lower tensile
strength than fiber-free samples.

Another key finding was that for both fiber lengths, samples containing 6% fibers
exhibited the highest tensile strength. Beyond this level, additional fiber content had a
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negative effect, reducing overall tensile strength.

The second-stage results revealed that all fiber-reinforced samples (with both 6 mm and 12
mm fibers) demonstrated higher tensile strength than the control samples. The findings further
indicated that tensile strength increased with fiber content up to 2%, after which additional
fiber content led to a decline in performance. Specifically, a 2% fiber ratio produced the
maximum tensile strength for both fiber lengths.

Comparisons showed that adobe samples reinforced with 2% polypropylene fibers of 6 mm
length exhibited an increase of approximately 300% in tensile strength relative to the control.
By contrast, the same percentage of 12 mm fibers produced an increase of about 240%. These
results confirm that fiber length and content both play critical roles in optimizing tensile
performance.

Conclusions
This study demonstrates that the tensile strength of earthen materials such as adobe can be

significantly enhanced by incorporating polypropylene fibers, while maintaining the
traditional character of these materials and creating an improved composite. The main
findings are as follows:

- The addition of polypropylene fibers (6 mm and 12 mm) at weight percentages between 1%
and 12% improves the tensile strength of adobe compared with fiber-free control samples.

- Polypropylene fibers with a length of 6 mm at a weight ratio of 2% provide the most
substantial improvement, increasing tensile strength by up to 300% compared with
unreinforced adobe.

- When fiber content exceeds 12% by weight, the tensile strength of the reinforced samples
decreases and, in some cases, falls below that of the control.

- Comparative analysis indicates that 6 mm fibers are more effective than 12 mm fibers in
enhancing tensile strength.

- The tensile strength curve of reinforced adobe shows an upward trend up to 2% fiber content
for both fiber lengths, followed by a downward trend with higher fiber additions.
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