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ABSTRACT

This study explores the mechanical, hygroscopic, and thermal behavior of stabilized and unstabilized compressed
earth blocks (CEB) by incorporating date palm wood chips (DPWC) as a natural fiber additive. The investigation covers
a range of DPWC thicknesses (1 mm, 2 mm, 3 mm) and content variations (0% to 1% by weight), focusing on the
interaction between the bio-based reinforcement and the stabilized soil matrix, which is stabilized with 10% white
Portland cement. The mixtures were compressed at a pressure of 5 MPa using a hydraulic press, providing a detailed
examination of how these parameters impact the structural integrity and functional properties of CEB. The experimental
analysis encompassed a comprehensive set of mechanical tests, including flexural and compressive strength assessments,
to understand the role of DPWC in enhancing structural performance under both dry and wet conditions. Additionally,
the study evaluated total water absorption and thermal conductivity to explore the multifaceted role of DPWC as
a reinforcement. The findings indicate that achieving optimal compressive strength in stabilized blocks necessitated
precise calibration of wood chip thickness according to the reinforcement ratio. The flexural strength was enhanced by
incorporating wood chips of varying thicknesses in specific proportions. Higher reinforcement content correlated with
increased water absorption and reduced thermal conductivity, suggesting potential applications in thermal insulation.

Keywords: Compressed earth block, Date palm wood chips, Fiber, Mechanical properties, Water absorption, Thermal
conductivity

1. Introduction

Throughout history, ancient civilizations utilized
the Earth as a basic building material, employing
various techniques. Even in modern times, a large seg-
ment of the world’s population resides in structures
made from earthen materials [1]. Recognized for its
eco-friendly attributes, Earth exhibits minimal car-
bon emissions, low thermal conductivity, beneficial
hygroscopic properties, and favorable acoustic insu-
lation [2-4]. However, earthen building materials are
often characterized by low compressive and tensile
strength, brittleness, and sensitivity to humidity [5,
6]. These drawbacks have led to a decline in their use

in modern construction for an extended period, where
more durable materials such as fired brick and con-
crete have become predominant alternatives [7-9].

Achieving sustainable development leads us
to search for locally available materials and
construction techniques [10, 11]. Compacted earth
construction, specifically compressed stabilized earth
blocks (CEBs), presents a promising solution. CEBs
are produced by mixing soil with chemical stabilizers
to enhance their mechanical strength and durability
[12]. The method has gained rapid development and
acceptance [14].

Numerous studies have explored various ways to
improve the mechanical properties of CEB, including
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using natural fibers as reinforcement to reduce
shrinkage and enhance tensile strength and ductility
[9]. Natural fibers, widely available locally, allow
for reduced environmental impacts and thermal
conductivity of composite materials [14, 15]. These
fibers exhibit diverse shapes and sizes, making them
versatile for construction [16, 17]. A variety of
natural fibers have been successfully incorporated
into CEB, such as sisal fiber [18], sugar cane bagasse
fiber [19], and jute fiber [20].

Among these natural additives, date palm fibers
have shown potential in enhancing the properties
of compacted earth blocks. Ismail & Yaacob [21]
found that a low proportion of date palm fibers
improved the dry compressive strength of CEBs,
while higher fiber proportions led to a decline in
mechanical performance. The water absorption test
results of CEB demonstrated a positive correlation
between increased palm fiber content and higher wa-
ter absorption rates [22]. Palm fibers have fibrous
tissues characterized by their low cost, durability, and
lightweight [23].

Investigations were conducted to examine how
varying lengths of banana and kenaf fibers affect the
mechanical and thermal properties of CEB. The study
found that using specific lengths improved flexural
and compressive strength [23, 24]. While several
studies have investigated the impact of natural fiber
content and length on the performance of compressed
earth blocks (CEBs), the effect of reinforcement thick-
ness, particularly in the form of wood chips, has
received significantly less attention in the scientific
literature. Most existing research has focused on op-
timizing fiber volume or aspect ratio to improve
strength, shrinkage resistance, or thermal insulation.
However, the thickness of the reinforcement plays a
significant role in the interaction between the bio-
based additive and the soil matrix, influencing com-
paction, adhesion, and porosity. This work thus intro-
duces chip thickness as a new variable, exploring how
differences in this dimension affect both the mechani-
cal properties (compressive and flexural strength) and
hygrothermal performance (water absorption and
conductivity) of stabilized and unstabilized CEBs. By
filling this gap, the research contributes to a complete
understanding of how to alter reinforcement geome-
try for improved CEB performance.

Although commonly referred to as fibers, the rein-
forcing material in this study is wood chips obtained
from date palm rachis after using a wood chipper ma-
chine. The term “chip” is used throughout to ensure
consistency, while “fiber” is used in previous studies.

Furthermore, treating fibers with chemical solu-
tions can degrade their natural strength and sustain-
ability, reducing their inherent biocompatibility and
ability to bond with materials naturally. This study

aims to investigate the effect of date palm wood chip
(DPWCQ) as natural reinforcement without treatment
on the mechanical and thermal properties of CEB.
Due to the difficulty of sorting wood chips according
to different thicknesses in the same context, an easy
and simple technique has been developed to classify
the thickness of wood chips. This technique can be
applied to natural fibers and agricultural waste to
determine the appropriate thickness of the fibers used
in the reinforcement.

The traditional earthen structures are experienc-
ing degradation, mainly mud brick buildings. These
bricks are formed by manually shaping a blend of
Earth, straw, and water inside a wooden frame,
which is left to dry in the sunlight [14]. Next to
these buildings, located in desert areas, disposing of
palm frond residue, which is produced in abundance
annually, is a significant challenge. As summer ap-
proaches, this waste becomes a potential source of
fires, prompting the exploration of new and beneficial
applications for this secondary agricultural material.
In this context, there is a growing interest in utilizing
palm frond fibers to enhance the mechanical proper-
ties of earthen materials [25-28]. Integrating natural
fibers into earthen construction materials aligns with
the development of advanced, multifunctional, and
sustainable materials that meet the mechanical and
structural performance requirements.

This research investigates the effects of incorporat-
ing date palm wood chips of different thicknesses and
contents on the properties of stabilized and unstabi-
lized CEB, utilizing locally available materials such
as soil and date palm wood. The study will first as-
sess the mechanical properties of these heterogeneous
materials, focusing specifically on their compressive
and flexural strength. Additionally, the hygroscopic
and thermal properties of the CEB will be evaluated
through tests measuring total water absorption and
thermal conductivity.

2. Materials
2.1. Soil

The soil origin used in this investigation was from
Moughel, which is situated 50 kilometers southwest
of the state of Bechar, Algeria. The soil grain size
distribution was conducted following the NF EN ISO
14688-1 standards; the results of the experiment are
depicted in Fig. 1. The Atterberg limits determined
following the NF EN ISO 17892-12 resulted in a liquid
limit of 23.17 and a plasticity index of 5.80. The PH
measurement was 7.80, and the methylene blue value
was 0.83, per NF P 18-592 standards. Following the
triangular textural classification of the soil [30], the
results show that the soil was sandy loam, containing
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Table 1. The chemical soil compounds (%).
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Fig. 1. Particle size distribution of the soil analyzed.
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Fig. 2. X-ray diffractograph of the natural soil.

58.02% sand. The absolute and apparent densities
are 2.5 g/cm® and 1.3 g/cm?, respectively.

The elemental composition of the soil, as analyzed
through Epsilon3 XL X-ray fluorescence, is provided
in detail in Table 1. Fig. 2 shows the X-ray
diffractogram of soil tested using the MiniFlex 600
X-ray Diffractometer; the mineralogical properties of
the natural soil were assessed. The radiation was used
in the XRD procedure at 15 mA and 40 kV. The range
of the scan was 2°-80° 26, where 6 stands for Bragg’s
angle. With a step width of 0.026°. The mineralogical

Table 2. Clinker composition (%).

Chemical composition
SO3 MgO Cl LOI

26+06 25+08 <01 11.5+1
Bogue composition

C3S C3A

54+3 10+1

Petiole Rachis Leaflet

Fig. 3. The part used is from date palm leaves.

analysis reveals that the soil comprises 69.1% quartz,
25.4% magnesium silicate, and 5.5% calcite.

2.2. Cement

This study utilized Portland cement CEM II/B-L
42.5 N NA 442. Table 2 shows the chemical and
mineralogical compositions of cement. 10% of white
cement was used as a stabilizer. As highlighted in
several studies, the optimal cement dosage for CEB
is typically 5% to 10% [29-31].

2.3. Water

Potable water with low sulfate content was used
and maintained at 20 4+ 2°C.

2.4. Date palm wood chips

The wood chips used in this study as reinforcement
were obtained from date palm leaves, specifically
the part called Rachis, after removing the Leaflet and
Petiole (Fig. 3). The literature provides information
on the physical characteristics of different palm wood
parts, as summarized in Table 3. The findings suggest
that the Rachis has the highest bulk density value
and less water absorption than the other parts [32].
The chosen thicknesses (1 mm, 2 mm, and 3 mm)
represent an adequate variety of sieved wood chip
dimensions usually achieved in field-scale sieving
procedures. These parameters were determined based
on prior research on fiber length and the notion that
thickness, like length, might influence interfacial
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Fig. 4. Sorting wood chips according to their thickness using bar sieves.

Table 3. Physical properties of different palm wood parts [32].

Type Water absorption (%)  Absolute density (g/cm®)  Bulk density (g/cm3)
Petiole 146.32 + 20.40 0.995 £ 0.32 0.160 £ 0.54
Rachis 36.88 £ 10.15 0.857 + 0.37 0.635 + 0.22
Bunch 63.25 £+ 5.00 0.838 £ 0.32 0.555 £ 0.11
Fibrillium 115.11 + 15.7 0.976 + 0.33 0.209 £+ 0.31

bonding and mechanical performance. Notably, a
comparative study was conducted between the outer
fibers of palm trees, whose thickness ranges between
0.7 and 4 mm, and wood sawdust [33]. The wood was
chopped using a wood chipper machine. Fig. 4 shows
how we obtain wooden chips with a thickness of 1, 2,
and 3 mm using bar sieves; their lengths vary between
2 cm and 5 cm. The chips were added to the mixture
in different proportions: 0.1, 0.3, 0.5, 0.7, and 1%.

2.5. Samples preparation

Forty-eight mixtures were prepared to study the
influence of wood chip thickness on the properties
of stabilized and unstabilized compressed earth
samples. The following describes all the steps in
sample preparation.

* Soaking and draining the wood chips: The date
palm fibers were treated in several ways; the best
results were by immersing them in water accord-
ing to a study conducted by Abdelghani et al. [26].
The wood chips underwent a 24-hour soaking
in water. At laboratory temperature, to remove
excess water, place the wood chips on a sponge
for 10 minutes before adding them to the mixture.
Dry soil-cement mixing: The dry soil with 10%
white cement is mixed in a blender according to
weight, operating at low speed for 10 seconds.
Table 4 provides details on the contents used in

each combination. According to several studies,
the Proctor compaction test was unsuitable for
defining the optimum moisture content of the
stabilized and unstabilized earth blocks using
static compaction [34, 35]. For this, the optimum
amount of water was extracted by compressing
soil samples using a hydraulic press with
different proportions of water. The ideal water
ratio that achieves maximum density has been
chosen.

Gradual addition of water and drained chips:
After dry blending, the optimum water content
was gradually added to the mixture, while
we continued blending for 2 min. In the next
step, wood chips of different thicknesses (1,
2, and 3 mm) and different ratios (0, 0.1, 0.3,
0.5, 0.7, and 1 mm) were added and mixed
manually.

Molding and compaction: After mixing, the mate-
rial was placed in a mold of (40 x 40 x 160 mm)
and compacted instantly by a hydraulic press; the
compaction pressure was fixed at 5 MPa during
the study. The compaction pressure of 5 MPa was
chosen to imitate field compaction conditions
and guarantee consistency between samples, as
indicated in earlier CEB compaction experiments
[21, 37-39]. Fitzmaurice [13] examined the
molding pressure of earth blocks ranging from 1
to more than 40 MPa, classifying 4 to 6 MPa as
medium pressure.
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Table 4. Details of mixture proportions.
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Unstabilized compositions

Stabilized compositions

Soil (%) 100
Cement (%) 0
Water (%) 12
Wood chips content (%) 0O 01 03 o
Wood chips thickness (mm) 0 1 1 1
0o 2 2 2
0o 3 3 3

100

10

14
07 1 0 01 03 05 07 1
1 1 0 1 1 1 1 1
2 2 0 2 2 2 2 2
3 3 0 3 3 3 3 3

Fig. 5. The CEBs dry after the plastic cover is removed.

* Demolding and curing mode: The blocks are
immediately and cautiously removed after
demolding. The stabilized earth blocks are cov-
ered by plastic film to avoid rapid drying of sam-
ples and maximize the hydration of cement, and
are conserved at a temperature of 20 + 2 °C for
24 h. According to a study conducted by Benam-
mar et al. [40] on the effect of curing mode on the
properties of compressed stabilized earth blocks,
the covered blocks cured in the oven at 65 degrees
for 7 days had the highest strength compared to
those cured in a laboratory environment and
with natural steam [41]. The plastic cover was
removed, and the CEB was dried in the laboratory
environment as shown in Fig. 5. Finally, the
weight of the blocks was measured in an oven at
60 °C before being submitted to experiments.

3. Experimental methods
3.1. Scanning electron microscopy

A FEI Quanta 650 FEG scanning electron micro-
scope was used to evaluate the morphology and
structure of the samples, wood chips, and earth
masses by scanning electron microscopy (SEM). The
SEM was used in low vacuum mode with an acceler-
ating voltage of 25 kV.

3.2. Dry compressive and flexural strength

This test is performed by continuously loading until
specimens fail, as illustrated in Fig. 6. A double-
chamber automatic press measured the ultimate
charge sustained by the block through the experience
with a capacity load of 300 KN. For the compressive
test, 40 x 40 x 80 mm cubic samples were used,
while the three-point flexural tests were conducted
on samples with dimensions of 40 x 40 x 160 mm.
Tests were conducted at an increased pressure rate of
0.01 MPa/s for compressive strength and 0.2 MPa/s
for the three-point bending test until the specimen
completely ruptured. The mechanical tests were per-
formed after 28 days. Three specimens per condition
were used for all testing. Error bars are displayed in
figures where necessary.

3.3. Wet compressive strength

This test demonstrates how the bricks operate
under harsh conditions. The earthen bricks are
thoroughly soaked in water for two hours before
being retrieved and superficially dried with a rag.
The blocks are stored in laboratory conditions for
48 hours before the test. This process is based on the
XP P 13-901 norm.

3.4. Total water absorption

The samples are submerged in water. Before soak-
ing, their initial dry weights (Wd) are measured.
Subsequently, wet weights (WW) are recorded at var-
ious intervals (1, 2, 3, and 4 days) after removal from
the water. The absorption rate can be determined
using the following equation:

A(%) = (WW — Wd) x 100/Wd @))

3.5. Thermal conductivity

The test results were acquired using Dual-Needle
SH-1 sensors in the KD2-PRO thermal analyzer. Two
small parallel holes at least 1.5 cm deep are made in
the samples using a drill to insert the sensor. The SH-1
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Fig. 6. Failure and crack pattern of samples under three-point flexure and compressive test.

sensors give off a heat pulse and accurately measure
most solid and granular materials.

4. Results and discussion
4.1. Morphology composition

The SEM images provide a detailed insight into the
microstructure morphology of DPWC, as depicted
in Fig. 7. The SEM of the natural DPWC used in
the reinforcement of the earthen blocks is displayed
in Fig. 7a at a 100 um scale, which exposes the
typical roughness and holes on its surface. Fig. 7b
displays scanning electron micrographs of wood with
a cross-section at a scale of 100 um. The cavities
are microscopic channels of different diameters. This
can explain the plastic behavior of the compressed
earth blocks after hydraulic decompression when
the mold is removed during the sample preparation
stage. Fig. 7c and Fig. 7d show SEM images of fibers
taken from stabilized and unstabilized earth blocks,
respectively. The concave surface nature of the
DPWC may assist an adhesive bond between the fiber
used and the soil matrix, which explains the presence
of residual in the soil matrix in diverse dimensions
and forms on this surface. Fig. 7e and Fig. 7f show
the matrix-fiber interface, which indicates that filling
pores on the surface of wood chips with matrix
particles can contribute to increasing matrix-fiber
cohesion.um scale, which exposes the typical rough-
ness and holes on its surface. Fig. 7b displays scanning
electron micrographs of wood with a cross-section
at a scale of 100 um. The cavities are microscopic
channels of different diameters. This can explain
the plastic behavior of the compressed earth blocks
after hydraulic decompression when the mold is
removed during the sample preparation stage. Fig. 7c
and Fig. 7d show SEM images of fibers taken from
stabilized and unstabilized earth blocks, respectively.

The concave surface nature of the DPWC may assist
an adhesive bond between the fiber used and the soil
matrix, which explains the presence of residual in
the soil matrix in diverse dimensions and forms on
this surface. Fig. 7e and Fig. 7f show the matrix-fiber
interface, which indicates that filling pores on the
surface of wood chips with matrix particles can
contribute to increasing matrix-fiber cohesion.

4.2. Dry compressive strength (DCS)

Several factors can affect the compressive strength
of the stabilized and unstabilized CEB, including
the stabilizer proportion, the type and content of
reinforcement, and the length and thickness of
the reinforcement. Fig. 8 illustrates the dry com-
pressive strength of the stabilized and unstabilized
compressed earth blocks reinforced with different
thicknesses and proportions of date palm wood chips.

Including stabilizers, such as white cement,
significantly impacts the compressive strength of
the CEB. Incorporating 10% white Portland cement
increased the compressive strength to 17.45 MPa,
compared to 3.95 MPa for unstabilized blocks. These
results are consistent with previous studies, which
attribute this effectiveness to cement hydration.
This process produces bonds and solid chemical
compounds that fill the pores of the soil mixture
particles and bind them together [36-40], thereby
increasing the strength of the blocks.

An increase in wood chip proportion reduced the
DCS of stabilized blocks when analyzing the effect of
varying wood chip content. This decrease in strength
was more pronounced with thicker wood chips, show-
ing reductions of 54.06%, 51.39%, and 16.78% for
3 mm, 2 mm, and 1 mm thicknesses, respectively,
as wood chip content increased from 0.1% to 1%.
These findings suggest that while wood chips can
contribute to reinforcement, an excessive proportion
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Fig. 7. SEM micrographs: (a) DPWC surface at 100 xm scale; (b) cross-section of DPWC at 100 m scale; (c) residual stabilized earth on
DPWG; (d) residual unstabilized Earth on DPWC; (e) and (f) matrix-fiber interfaces.
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Fig. 8. Compressive strength of stabilized and unstabilized CEB as a function of wood chips thickness and content.

can adversely affect the strength due to the com-
paction process, which causes the mixture to expand
and become more elastic after unloading, thus en-
larging the pore network and reducing compressive
strength. Similar findings were reported in studies on

sisal, coconut, Juncus, and date palm fibers in CEB
[15, 20, 41, 42], where increased fiber incorporation
led to lower dry compressive strength.

Different behaviors were observed in samples
reinforced with wood chips of varying thicknesses.
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Fig. 9. Flexural strength of stabilized and unstabilized CEB as a function of wood chips thickness and content.

Thinner chips (1 mm) enhanced the compressive
strength of unstabilized blocks by 37.17% compared
to unreinforced blocks. However, using 2 mm and
3 mm thick chips did not improve the compressive
strength of unstabilized blocks. Higher compressive
strength was recorded for stabilized blocks with
three mm-thick wood chips at 0.1% reinforcement,
reaching 17.79 MPa, compared to thinner chips
at lower reinforcement contents (0.1%, 0.3%, and
0.5%). Stabilized blocks with cement showed greater
stiffness than unstabilized blocks. The improvement
in compressive strength with 1 mm chips may
be due to their better adhesion with the soil
matrix, while their tensile strength complements
the lower rigidity of unstabilized samples. This
suggests thicker wood chips (3 mm) perform better
in rigid, cement-stabilized matrices.

4.3. Flexural strength

The outcome depicted in Fig. 9 represents the dry
flexural strength DTS of stabilized and unstabilized
compressed blocks reinforced with different thick-
nesses and percentages of date palm wood chips.

It was observed that stabilized blocks generally ex-
hibited higher flexural strength compared to unstabi-
lized blocks. The flexural strength value without rein-
forcement was 3.76 MPa and 0.99 MPa for stabilized
and unstabilized specimens, respectively. Stabilizers
enhance the bonding and filling of the voids between
the soil particles, increasing the tensile strength.

The flexural strength of stabilized and reinforced
specimens ranged between 1.82 MPa and 4.74 MPa,

depending on the thickness and proportion of wood
chips. Specimens reinforced with 1 mm wood chips
improved flexural strength by 1%. However, at
lower contents (0.1% and 0.3%), the highest flexural
strength values were achieved with 3 mm chips com-
pared to 1 mm. No improvement in flexural strength
was recorded with 0.5% reinforcement, but two mm-
thick wood chips performed better than 1 mm and
3 mm chips at this content. These results disagree
with those of Ismail & Yaacob [21], where it was
found that increasing proportions of date palm fibers
decrease the tensile strength of CEBs.

Thicker wood chips, 3 mm and 1 mm, were found to
be more efficient in ameliorating the flexural strength
of stabilized blocks compared to thinner chips, 2 mm.
The highest bending values recorded were 4.74 MPa
for 3 mm chips at 0.3%, 3.34 MPa for 2 mm chips
at 0.5%, and 4.14 MPa for 1 mm chips at 1%. Com-
pared to stabilized samples without reinforcement,
the improvements in flexural strength for CEBs rein-
forced with 3 mm and 1 mm chips were 26.06% and
10.10%, respectively. Although the tensile strength
of mm-thick wood chips may be weaker than that
of 2 mm and 3 mm chips, increasing their numerical
density improves the flexural strength of the samples.
The unstabilized samples showed an order in flexural
strength values of the blocks reinforced with different
thicknesses, with better results recorded for 1 mm
wood chips. This behavior can be attributed to the
compatibility of the fiber strength with the dirt ma-
trix. According to Millogo et al. [48], reinforcing the
CEB with natural fibers reduces shrinkage cracks and
enhances durability and mechanical performance.
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Fig. 10. Wood chip thickness and content on the wet compressive strength of stabilized samples.

Bogas et al. [49] demonstrated that fiber-reinforced
blocks have greater bending strength values than un-
reinforced ones. Furthermore, they noted that this
enhancement likely results from the fibers’ sub-
stantial tensile strength and even distribution and
adhesion within the clay matrix.

4.4. Wet compressive strength

Fig. 10 illustrates how varying the thickness of date
palm wood chips in different proportions impacts the
wet compressive strength of CEBs.

The presence of stabilizers, such as white cement,
affects the WCS of the CEBs. Despite the addition of
a stabilizer, the WCS decreased as the percentage of
wood chips increased, while the stabilizer effectively
maintained the cohesion of the soil matrix, in contrast
to the unstabilized samples that showed sensitivity
and significant damage after being immersed in wa-
ter, which is consistent with earlier findings [44-48].
These results are in the same context as previous work
by other researchers, which suggests that a higher
stabilizer proportion improves the wet compressive
strength of the blocks [54]. The same tendency was
reported by Bastian [43]. WCS of unfilled CEBs values
increased from 1.30 MPa to 2.25 MPa, increasing
cement contents from 4% to 12%, respectively.

Similar to the results obtained from the dry com-
pressive strength test, the percentage of wood chips
in CEB also influences the wet compressive strength.
As the proportion of wood chips increased, the WCS
of all tested samples decreased compared to the
unreinforced blocks. The WCS of samples reinforced
with 1 mm, 2 mm, and 3 mm chips decreased by
28%, 30.29%, and 71.19%, respectively, when the
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Fig. 11. Dry-to-wet compressive strength ratio of stabilized speci-
mens for wood chips thickness and content.

reinforcement content was raised from 0.1% to 1%.
Ismail & Yaacob [21] Observations indicate that
higher palm fiber proportion was accompanied by
decreased WCS. This decrease can be attributed
to the hydrophilic nature of the fibers, which
increases water infiltration and moisture content
in the samples, thereby affecting WCS [55].

The findings of this study suggest that the thickness
of wood chips is an essential element in influencing
the wet compressive strength of CEB. Thicker wood
chips of 3 mm were found to be more effective in
enhancing WCS than thinner chips of 1 mm at lower
wood chip proportions. Fig. 11 illustrates the rela-
tionship between the dry-to-wet compressive strength
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Fig. 12. Effect of wood chips thickness and content on the total water absorption of the stabilized CEB with immersion time.

ratio, wood chips’ thickness, and their content in the
compressed earthen blocks.

The highest recorded value was 3.08 for 1% wood
chips with a thickness of 3 mm. However, the highest
DCS/WCS ratio exceeded the recommended limit of
two, as proposed by Yusriah et al. [56]. This discrep-
ancy is likely due to differences in the tested specimen
dimensions, as water takes longer to infiltrate larger
samples than smaller ones. The influence of the lumen
size of natural fibers on water uptake was also high-
lighted, with larger lumen structures allowing fibers
to absorb more water [50-52].

4.5. Total water absorption

The total water absorption (TWA) test results
during four days of immersion as a function of
different contents and thicknesses of date palm
wood chips are illustrated in Fig. 12. It can be seen
that unreinforced CEB has less absorption than the
reinforced samples during water immersion. Accord-
ing to earlier findings, samples that absorb essential
moisture tend to degrade rapidly [53, 54]. The values
of this test vary from 9.01% to 11.70%. The TWA
increased by 8.81%, 13.79%, and 21.03% when the

wood content increased from 0% to 1% for all wood
chip thicknesses used in this study, respectively.

The reinforced block with wood chips of 3 mm
thickness exhibited less water absorption at wood
contents of 0.1% and 0.3%. In contrast, blocks with
1 mm chips and a 1% content showed less water
absorption than other thicknesses. These results may
be related to the numerical density and distribution of
wood chips with different thicknesses in the samples,
where a decrease in chip thickness leads to an in-
crease in numerical density. It was observed that all of
the unstabilized samples disintegrated during testing,
consistent with previous works, which attribute this
to the weak cohesion of unstabilized blocks [45, 47,
55-57]. The findings suggest that water absorption
experiences a modest rise as the palm wood content
increases during the first to fourth day of immer-
sion. The heightened water absorption of the fibers is
attributed to their elevated capillarity, porous struc-
ture, and hydrophilic characteristics [58-62].

4.6. Thermal conductivity

The thermal conductivity property was studied due
to its importance for building insulation, especially
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Fig. 13. Effect of DPWC thickness and proportion on stabilized block (CEBs) and unstabilized block (CEB) thermal conductivity.

in hot climates. Fig. 13 presents the thermal con-
ductivity of stabilized (CEBs) and unstabilized (CEB)
earth blocks as a function of wood chips content with
different thicknesses. The obtained results showed
that the thermal conductivity decreased by 6.68%,
9.62%, and 11.21% reinforced with 1% wood chips
and thicknesses of 1 mm, 2 mm, and 3 mm, respec-
tively, compared to the unreinforced stabilized earth
samples. Presents the thermal conductivity of stabi-
lized (CEBs) and unstabilized (CEB) earth blocks as a
function of wood chips content with different thick-
nesses. The obtained results showed that the thermal
conductivity decreased by 6.68%, 9.62%, and 11.21%
reinforced with 1% wood chips and thicknesses of
1 mm, 2 mm, and 3 mm, respectively, compared to
the unreinforced stabilized earth samples.

It can be seen that raising the content of rein-
forcement minimizes the thermal conductivity value,
which was attributed to the lower conductance of
the date palm wood chips compared to the soil ma-
trix. According to Sorea et al. [63], and in line
with the results of our research, the presence of the
wood, which contains microscopic conduits as shown
above, increases porosity while simultaneously re-
ducing the density of compressed earth samples. The
thermal conductivity rates vary from 0.71 W/m- K
to 0.60 W/m-K for the reinforced and unstabilized
samples, where the conductivity of the stabilized and
reinforced CEB with different content of wood chips
varies between 0.88 W/m-K and 0.78 W/m-K. The un-
stabilized samples had a lower thermal conductivity
than the stabilized samples when cement was used

as a soil stabilizer. These findings are consistent with
Bogas et al. [49].

5. Conclusion

This study examined the mechanical, hygroscopic,
and thermal properties of stabilized and unstabi-
lized compressed earth blocks (CEBs) reinforced with
different thicknesses and ratios of untreated date
palm wood chips (DPWC), using chip thickness as a
new variable. The findings revealed that 1 mm and
3 mm thick chips significantly enhanced the flexural
strength of stabilized blocks at ideal concentrations
of 1% and 0.3%, respectively. In contrast, increas-
ing DPWC percentage reduced compressive strength,
particularly with larger chips, whereas thinner chips
performed better at higher reinforcement levels. Wa-
ter absorption increased with higher chip content due
to the porous, hydrophilic character of the reinforce-
ment, while thermal conductivity reduced, highlight-
ing the potential application of DPWC as a thermal
insulator. The interior structure of wood chips con-
tributed to enhanced porosity and fluid transport
channels, influencing moisture uptake and heat trans-
fer. These findings indicate that adding 0.3-0.5% of
1 mm or 3 mm chips effectively balances strength and
insulation for non-load-bearing or thermally efficient
applications in hot areas. Future studies should focus
on environmental durability, the combined influence
of chip geometry, and field-scale validation to support
long-term and practical application.
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