[ Downloaded from jhre.ir on 2025-08-12 ]

[ DOI: https://doi.org/10.22034/44.189.31 ]

Housing and Rural Environment

Print ISSN: 2008 - 4994 Online ISSN: 2588 - 6215

Homepage: https://jhre.ir

Improvement and renovation of dilapidated rural sidewalks by adding
cellulose Nano-fiber to adobe blocks; case study: the sidewalks of amreh

village in Sari city

Seyed Ali Seyedian'{®), Seyedeh Mahsa Bagheri®®, and Leila Sadat Hamidian

Divkolai®

1. Associate Professor, Department of Art and Architecture, University of Mazandaran, Babolsar, Iran. E-mail:

a_seyedian@umz.ac.ir

2. Corresponding author, PhD in Architecture, Department of Architecture, University of Art, Tehran, Iran. E-mail:

Mahsa.bagheri_1989@yahoo.com

3. Instructor, Department of Architecture and Urban planning, Technical and Vocational university (TVU), Tehran, Iran. E-

mail: Ihamidian56@gmail.com

Article Info

ABSTRACT

Avrticle type:
Research Article

Article history:

Received 13 February 2023

Received in revised form 09
January 2025

Accepted 28 February 2025

Auvailable online 29 March
2025

Keywords:
Dilapidated area,
adobe block,
cellulose Nanofiber,
sidewalk.

Obijective: This study aimed to improve and renovate deteriorated sidewalks in the
northern region of the country by incorporating nano-fiber cellulose into clay blocks.
Given that compressive strength, slip resistance, and water absorption are critical factors
for sidewalk pavements in deteriorated areas with low traffic loads, this research
investigates the performance of clay blocks stabilized with nano-fiber cellulose for use in
paving low-traffic sidewalks in Amreh village. The study also examines the color stability
of the treated blocks.

Method: The research method was based on field observations, environmental surveys,
and experimental-laboratory analyses.

Results: The results showed that increasing the nano-fiber cellulose content to 10%
significantly improved the compressive strength of the samples at all curing ages of 3, 7,
and 28 days. However, increasing the nano-fiber cellulose content to 15% reduced this
improvement rate. The highest compressive strength was achieved in blocks containing
10% nano-fiber cellulose after 28 days of curing, which showed a 69% increase compared
to the control sample of the same age. Furthermore, the compressive strength of all
samples increased with curing time. The average surface friction coefficient and water
absorption of the samples decreased by approximately 11% and 20%, respectively, when
the nano-fiber cellulose content was increased to 15% compared to the control. Moreover,
no noticeable color differences were observed in the nano-fiber cellulose—stabilized blocks
relative to the control.

Conclusions: The findings indicate that nano-fiber cellulose—stabilized adobe blocks can
enhance the performance of adobe pavements and may serve as a viable material for
paving sidewalks with low traffic loads in Amreh village.
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Introduction
In recent years, architecture has witnessed the introduction of a vast array of new materials.

The use of these materials has expanded to the extent that they often serve as inappropriate
substitutes for the indigenous materials of a region. Regrettably, our traditional architectural
materials—which once embodied experience, beauty, cultural identity, and authenticity—are
gradually being forgotten. It is true that traditional materials cannot necessarily be employed
today in exactly the same manner as in the past; however, their properties can be enhanced,
and their undesirable characteristics mitigated through scientific and appropriate methods.

One of the most common indigenous materials in Iran is adobe. However, the use of adobe
blocks—especially in northern parts of the country—has decreased due to their shortcomings.
The main disadvantages of adobe blocks include low compressive, tensile, and flexural
strength, vulnerability to high humidity and water erosion during heavy, sustained rainfall, as
well as susceptibility to cracking and poor adhesion. Similarly, adobe sidewalk pavements
face limitations in terms of compressive and slip resistance and exhibit excessive water
absorption during rain events. These disadvantages have restricted their use in traditional and
modern sidewalks and buildings despite their valuable properties, such as high thermal
capacity, sound insulation, fire resistance, and tolerance to extreme temperatures.
Consequently, asphalt has become the predominant pavement material, despite its lack of
compatibility with the color and character of deteriorated rural sidewalks.

Advancements in nanotechnology offer new opportunities to improve the physical
properties of adobe, including its strength, adhesion, brittleness, and water resistance.
Accordingly, this study aims to assess the performance of clay blocks stabilized with nano-
fiber cellulose for use in paving low-traffic sidewalks in the northern part of the country,
specifically in Amreh village in Sari County. In addition, the research examines the visual and
color stability of these modified blocks. The objectives of this study can be summarized by
the following research questions:

- What is the effect of adding nano-fiber cellulose on the performance of clay blocks,
specifically in terms of compressive strength, slip resistance, and water absorption?

- How does the addition of nano-fiber cellulose influence the color of clay blocks?

- Can nano-fiber cellulose-stabilized clay blocks serve as a suitable material for paving
deteriorated rural sidewalks in Amreh village?

Method
This research employed an experimental method utilizing both laboratory tests and field

observations for data collection. In the experimental phase, nano-fiber cellulose was added to
adobe block samples at concentrations of 5%, 10%, and 15%, making the proportion of nano-
fiber cellulose the independent variable. Following preparation and curing, these adobe blocks
were tested for compressive strength, slip resistance, water absorption rate, and color stability.
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Results
The results showed that increasing the nano-fiber cellulose content to 10% significantly

enhanced the compressive strength of the adobe samples at all curing ages of 3, 7, and 28
days. However, increasing the nano-fiber cellulose content to 15% led to a decrease in the rate
of strength improvement. Specifically, samples containing 10% nano-fiber cellulose, after 28
days of curing, demonstrated a 69% increase in compressive strength compared to the control
sample of the same age. Extended curing time also contributed to strength gains across all
samples.

Additionally, the average surface friction, which reflects slip resistance, decreased as the
nano-fiber cellulose content increased. The lowest surface friction was observed in the
samples with 15% nano-fiber cellulose. Even so, the probability of slipping on pavements
containing any nano-fiber cellulose proportion remained very low.

Water absorption rates also decreased as nano-fiber cellulose content increased. The most
substantial reduction was achieved with the 15% nano-fiber cellulose samples, which showed
a 20% decrease in water absorption relative to the control. Moreover, there was no visible
color difference between the treated and untreated adobe blocks.

Conclusions
In conclusion, adobe blocks stabilized with nano-fiber cellulose significantly improve the

performance of traditional adobe, enhancing compressive strength, water resistance, and color
stability. These findings indicate that nano-fiber cellulose—stabilized adobe blocks can serve
as a practical and durable option for paving low-traffic rural sidewalks in Amreh village.
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