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Abstract: Currently, natural fibers attract the attention of researchers and builders in the construction
industry as they are eco-friendly, cost-effective, lightweight, and renewable resources. The inclusion
of natural fibers in the concrete and mortar will contribute to solving the environmental problems
associated with dumping or burning them and improve the properties and durability of concrete and
mortar. Similar to other natural fibers, Date Palm Fibers (DPF) have been receiving more attention
as construction materials. This paper presents a review on the properties of DPF and its effects on
the physical, mechanical, and thermal properties of concrete and mortar as well as the processing of
DPF and mix design. DPFs can be used in concrete and mortar to improve their properties. However,
some of the properties could be reduced. Even though the conducted studies and investigations are
promising, it is still not enough to introduce DPF concrete and mortar to the construction industry’s
applications.

Keywords: lightweight construction; natural fibers; agricultural waste; concrete; mortar; compressive
strength; thermal conductivity; bending strength

1. Introduction

Cement-based materials (i.e., concrete and mortar) are widely used nowadays in
construction industry. With all-new technologies and scientific research efforts, cement-
based materials could now be produced with ultra-high compressive strength [1]. Cement-
based materials are brittle and become more brittle as their compressive strength increases.
Thus, to overcome this drawback, the scientific community has introduced a wide range
of manufactured fibers that could enhance the ductility and tensile resistance of cement-
based materials [2–6]. Concerning climate issues such as global warming, manufacturing
processes in factories and the construction industry are becoming a serious threat to
environmental stabilization [7–11].

Natural fibers are an alternative environmentally attractive, cost-effective, and renew-
able solution for reinforcing and improving the properties of cement-based materials [12–15].
Jute, sisal, coir, pineapple, hemp, kelp, bamboo, bagasse, coconut, and ramie are some
examples of natural fibers. Studies on utilizing natural fibers as inclusion in concrete and
mortar showed promising results. For example, the flexural strength of mortar containing
kelp, coconut, and jute fibers increases up to 28%, 24%, and 16%, respectively, as compared
to the control mortar [14]. Mortar containing coconut fibers could be used to improve
the thermal insulation in low-income buildings for low-income people, saving up to 16%
of annual energy costs [16]. Fly ash-based alkali-activate containing treated hemp fibers
with sodium hydroxide showed an improvement in compressive strength mortar, as the
sodium hydroxide leads to separation of fiber bundles [17]. Similar to other natural fibers,
Date Palm Fiber (DPF) has attracted the attention of researchers as reinforcing fibers in
cement-based materials. However, even though the conducted studies and investigations
are promising, it is still not enough to introduce DPF concrete and mortar to the construc-
tion industry’s applications. Researchers have investigated the effects of DPF on concrete
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and mortar properties. Their results showed that the properties of concrete and mortar
could be improved when DPF is incorporated into mixtures. However, some properties
could be reduced.

2. Properties of DPF

Date palm (Phoenix dactylifera L.) is one of the high growing varieties, where the
covered area is almost increased twice from 2000 to 2020. Date palm is commonly planted
for a variety of uses [18]. For example, in hot arid areas, such as the middle east and
north Africa, the date palm is considered the most important source of life necessities [19].
According to [20], date palms were used for 360 purposes of life. Date palm is widely
cultivated in 94 countries with about 11.8 million hectares, mostly in Asia (8.18 million
ha.), Africa (1.66 million ha.), and South America (1.01 million ha.) [21]. For example, date
palm trees cover 72% of the permanent crops area in Saudi Arabia [22], with a covered area
of 117,157 ha. and more than 28.5 million date palm trees. Algeria has 17.8 million date
palms [19], with an estimated waste of 1.2 million tons of petioles, 0.41 million tons of leaves,
and 0.3 million tons of bunches [23]. Overall, the date palm waste, generated from seasonal
pruning and trimming can be estimated at an average of 35 kg per tree [24]. Thus, million
tons of waste materials could be produced and dumped in landfills causing environmental
and fire hazards. Figure 1 shows the date palm tree parts. Mesh fibers (also called trunk
fibers, or surface fibers), leaves, bunches, rachis, and petioles are some attractive date palm
fibers that have been investigated as construction and building materials. For example,
petioles, bunches, and rachis of date palm were investigated as inclusion in mortars [25,26].
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Figure 1. Date palm aerial parts [23].

The chemical composition and structure of DPF fibers could be affected by climate
exposure, age, and the degradation process [27]. Water is considered the main chemical
component of a living date palm tree. However, as a dry cell, date palm cell walls consist
mainly of cellulose, hemicellulose, and lignin, and with a lower amount of extractives,
protein, starch, and inorganics [27]. The composition of DPF fibers shown in Table 1 varies



Fibers 2022, 10, 35 3 of 10

depending on their type either mesh fibers or leaves. The structure of the date palm plant
at the cellular level is similar to other agricultural fibers such as Bamboo and Coir [28].

Table 1. Chemical composition of DPF.

Ref. Fiber Type Cellulose (%) Hemicellulose (%) Lignin (%) Ash (%) Other (%)

[29] DPF mesh 34 ± 0.7 28.9 ± 1.8 18.2 ± 0.7 12.3 ± 0.2 2.5
[29] DPF leaves 29.7 ± 1.3 23.3 ± 1.2 11.6 ± 1.3 9.2 ± 0.4 16.5
[30] DPF mesh 45.1 ± 3.4 27.7 ± 1.5 16.9 ± 0.3 1.7 ± 0.1 8.6

[28]
Bamboo 36.1–54.6 11.4–16.6 20.5–28.5 - -

Coir 32–43.4 3.3 40–45.8 - -

Mesh fibers surrounding trunks were investigated as addition to mortar by different
researchers [1,19,31–34]. Kriker et al. [35] studied four types of date palm mesh fibers. The
mesh fibers were extracted from the tree and manually separated into individual fibers of
0.2–0.8 mm diameter. With different lengths of fibers (i.e., 100 mm, 60 mm, and 20 mm),
and with different moisture contents (i.e., dry and wet conditions), Kriker et al. [35] tested
the mechanical properties of the mesh fibers. They concluded that with shorter fibers, the
tensile strength and modulus of elasticity increase while elongation decreases. However,
the difference in the moisture content of DPF fibers has a marginal effect on the wet fibers.
Kriker et al. [33], tested DPF mesh fibers pretreated with alkalis, namely calcium hydroxide
Ca(OH)2 and sodium hydroxide Na(OH) to study the effects of alkalis on the mechanical
properties of DPF. They concluded that the pretreated DPF fibers lose their tensile strength
and elongation up to 30% and 40% for DPF fibers treated with Ca(OH)2, and 24% and
35% for DPF fibers treated with Na(OH), respectively. In addition, they concluded that
the reduction in the tensile strength and elongation of the pretreated DPF fibers become
higher with longer immersion time and smaller diameter. With the fact that the concrete
and mortar are alkaline environments, DPF fibers may lose their strength with aging and
hence, affecting the strength and durability of the concrete and mortar. The mechanical
properties of DPF fibers are summarized in Table 2.

Table 2. Mechanical properties of DPF compared to other agricultural fibers.

Ref. Fiber Type Length (mm) Tensile Strength (MPa) Elongation (%) Modulus of Elasticity (GPa)

[1,33–36] DPF (Mesh)
100 170 ± 40 16 ± 3 4 ± 2
60 240 ± 30 12 ± 2 5 ± 2
20 290 ± 20 11 ± 2 5 ± 3

[37] DPF (Leaves) 60 39.10 1.06 6.4

[27]
Hemp - 690 1.6 70
Sisal - 511–635 1.5 9.4–22

Oil Palm - 400–627 14.5 1.44

The physical properties of DPF were investigated by [1,32,34,35,37] and summarized
in Table 3. Kriker et al. [35] conducted a scanning electron micrograph test on DPF mesh
fiber as shown in Figure 2. As Figure 2a,b shows, the DPF mesh has a small canal with
huge numbers of little pores. This confirms the porosity structure of the DPF mesh, which
explains its ultra-high absorption capacity. It was concluded that DPF fibers can absorb
up to 3 times their dry weight [26,29]. It has been proven that many factors can affect
the absorption behavior of natural fibers such as the size of fibers, chemical composition,
specific surface, and time of exposure to water [26,38–40]. For the longitudinal view of the
DPF mesh (Figure 2c), the irregularity of the surface with the absence of filaments could
allow for good bonding with the concrete matrix. it is worth mentioning that even though
the bonding between fibers and matrix is very important to be understood. However, there
are no published studies yet that explain the mechanism of this bonding.
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Table 3. Physical properties of DPF compared to other agricultural fibers.

Ref. Fiber Type Diameter (mm) Bulk Density (kg/m3) Absolute Density (kg/m3)
Absorption

(%)

[33–36,41,42] DPF Mesh 0.1–0.8 512–1088 1300–1450 96–202
[37] DPF Leaves - 1277.27 ± 15 - 94.74 ± 3.15

[27]
Hemp - 1480 - 9
Sisal - 1500 - 11

Pineapple - 800–1600 - 13
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3. Properties of Concrete and Mortar with DPF Fibers

DPF concrete and mortar behave differently from the conventional mortar. Some of the
characteristics of DPF concrete and mortar that they are lightweight, have low density, better
absorption rate, and have low thermal conductivity. Table 4 summarizes the standard codes
and methods used for testing the DPF concretes and mortars in previous studies. The various
properties of DPF concrete and mortar are discussed further in the sub-sections below.

Table 4. Summary of standard codes and methods used for testing DPF concrete/mortar.

Ref.
DPF Properties DPF Concrete/Mortar

Density Water
Absorption Density Water

Absorption
Compressive

Strength Flexural Strength Thermal
Conductivity

[35] NF EN ISO
1973

ASTM
C127/1988

NF EN12390-4
(2000) NFP 18-409 (1993)

[26] NF EN196-1 hot wire
method

[38] Equation (1) Equation (2) Equation (2) Two boxes
method

[1] UNI EN
1015-10 (2007) UNI EN 96-1

[43] ASTM C1403
(2012) ASTM C109 (2012) ASTM C293 (2010)

[31] Moroccan standard:
NM 10.1.005

Moroccan standard:
NM 10.1.005

Two boxes
method

[19] Equation (2) ASTM C39/C39M
-2016 ASTM C78-2002 hot wire

method

[37] ASTM
C127-2014

ASTM
C127-2014

ASTM
C642-1997

ASTM
C642-1997 ASTM C109

Equation (1) : dry mass
saturated mass−saturated mass(in water) ∗ 1000

Equation (2) : saturated mass−dry mass
dry mass
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3.1. Mixing Method

The DPF fibers are usually collected from date palm farms and then cleaned, dried,
manually separated, and cut to desired lengths. The separation of the date palm mesh
fibers could be easily facilitated by immersing them in the water. Figure 3 shows the date
palm mesh fibers after pulling them off from the tree.
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The content and size of DPF fibers play a very important role in the concrete and mortar.
Therefore, researchers have investigated such effects on the concrete and mortar by testing
different contents of fibers starting from 1% to 60% by volume, and different lengths of fibers
starting from 3 mm to 100 mm [1,19,26,34,37,38,41,43,44]. In fact, when the content of DPF
increases, the water demand is also increased due to the high DPF absorption capacity [35].
Thus, to minimize the water absorption of DPF fibers in the mixture, the DPF fibers are
submerged in water before adding them to the mixture [34,35,41]. According to [37], the
sand was first mixed with DPF fibers and the cement to ensure the equal distribution of the
fibers among the mixture before gradually adding the mixing water. The mixing process
is usually carried out slowly to avoid the probability of fibers clumping [34,41]. Table 5
shows some examples of the mixing proportions of concretes and mortars containing DPF
fibers.

Table 5. Mix proportions of mortars and concretes containing DPF fibers.

Ref. Mixture
Type

w/c
(%)

DPF
(%)

Cement
(kg/m3)

Sand
(kg/m3)

Aggregate
(kg/m3)

[33,35] concrete
0.6 0 400 750 1000

0.675 2 (by volume) 400 750 982
0.725 3 (by volume) 400 750 973

[43] Mortar

0.485 0 400 1197 -
0.515 0.5 (by weight) 400 1173 -
0.540 1 (by weight) 400 1157 -
0.550 2 (by weight) 400 1127 -

3.2. Density

The use of DPF fibers as inclusion to the mortar and concrete leads to lowering of
the density since they are lighter, porous, and generate voids in the matrix. Vantadori
et al. [1], concluded that a slight decrease ranging from 1% to 8% can be noticed in the
density due to changing the content of DPF mesh fibers from 2% to 10% by volume,
respectively. Bamaga [37] tested the density of mortar containing DPF leaves; the results
showed an insignificant decrease in the density as a function of the length and content.
However, for large volumes of DPF inclusion, a significant reduction in the density could
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be observed. Several researchers [19,26,38,45] tested mortars containing high volumes of
DPF mesh fibers. For example, the results showed that the density of mortars decreases
up to 16% and 39% corresponding mortars containing 21% to 51% of DPF mesh fibers,
respectively [31]. The lower density of DPF mortar leads to lighter construction materials
with very favorable thermal properties which are very welcomed in green and smart
construction. Table 6 shows some physical, mechanical, and thermal properties of concretes
and mortars containing DPF fibers.

Table 6. Physical, mechanical, and thermal properties of concretes and mortars containing DPF fibers.

Ref. Mixture
Type DPF Type DPF Content (%) DPF Length

(mm)
Density
(kg/m3)

Water
Absorption

(%)

Compressive
Strength

(MPa)

Flexural
Strength

(MPa)

Thermal
Conductivity

(W/m.K)

[1] mortar mesh
2 (by volume) 7–10 2618.89 - - ' 5.6 -
6 (by volume) 7–10 2544.67 - - ' 3.9 -
10 (by volume) 7–10 2470.45 - - ' 3 -

[26] mortar
Mix of

Petiole and
rachis

5 (by weight) 3 1476 '6 2.75 - 0.39
6 1427 '6 2.82 - 0.63

10 (by weight) 3 1374 '7 1.83 - 0.24
6 1356 '8.5 2.56 - 0.43

15 (by weight) 3 984 '15 1.44 - 0.14
6 1254 '22 2.67 - 0.22

[31] mortar mesh
21 (by volume) 20–50 1671 - '6 '3.7 '0.58
35 (by volume) 20–50 1448 - '5 '1.5 '0.41
51 (by volume) 20–50 1217 - '3.5 '1.35 '0.26

[35] Concrete mesh
2 (by volume) 15 - '29 - -

60 - '24 - -

3 (by volume) 15 - '24.5 - -
60 - '18.5 - -

[43] mortar leave
0.5 (by weight) 100 - '6.1 ' 3.5 '10.5 -
1.0 (by weight) 100 - '5.7 '24 '10 -
2.0 (by weight) 100 - '4.6 '20 '8.3 -

3.3. Porosity and Water Absorption

As mentioned earlier, the DPF fibers have a porous structure, and thus, the mortars
containing them are expected to have more voids and pores. Kareche et al. [45] investigated
the porosity and water absorption of three mortars containing 5%, 10%, and 15% by weight
DPF fibers. The DPF fibers used were composite of petiole and rachis with a maximum
length of 50 mm and 3 mm diameter. As a function of DPF content, the porosity and water
absorption of mortars increase up to 24% and 25%, respectively, for mortar containing 15%
of DPF fibers, as compared to the control mortar. This behavior could be attributed to the
fiber porosity and the inter-particle spaces created between fibers and into the matrix [46].
Similar results were reported by [37], and the results showed that the water absorption
of mortars is proportional to the length and content of DPF leave fibers. For example,
the water absorption of mortars containing 1% and 3% by weight of DPF leaves (with
50 mm length) increased by 26.95% and 74.06%, respectively, as compared to the control
mortar. However, this behavior of mortars containing DPF fibers could be reversed by
using alkali pre-treatment DPF fibers. Ozerkan et al. [43], conducted water absorption tests
for mortars containing Ca(OH)2 pretreated DPF leave fibers with a length of 100 mm and
width of 0.7–4 mm. The authors concluded that the mortars containing the pretreated DPF
leaves behaved differently as compared to untreated DPF fibers. For example, the mortar
containing 2% by weight of the pretreated DPF leaves showed a reduction of 32% for water
absorption as compared to the mortar containing 0.5% by weight. Such results are explained
by the effects of the alkali pretreatment that reduces the water absorption capacity of DPF
leaves by removing hemicellulose and lignin or by imparting hydrophobicity. The water
absorption rate of DPF mortar was studied by [37]. The results showed an extremely lower
water absorption rate for mortars containing fibers with lengths of 10 mm and 20 mm. This
behavior could be explained by the ability of DPF fibers to retain some of the mixing water
inside their pores due to their high absorption capacity.
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3.4. Compressive and Flexural Strength

Compressive strength is a key property for construction materials. All other properties
could be related to the compressive strength. The performance of date palm concrete and
mortar can vary as a function of the size and content of DPF fibers. According to [31],
in contrast with other vegetal fibers, DPF mesh has very interesting effects on the failure
mode of the mortar (Figure 4), where a ductile behavior can be observed as compared to
the brittle behavior of DPF-free mortar. The ductility of DPF mortar increases with the
increase of DPF content. Such behavior is mainly related to the ability of DPF fibers to bond
and convey the stresses across the crack surfaces [41].
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The compressive and flexural strengths decrease with DPF content
increase [26,31,33,35,41,43]. For example, a decrease up to 82.5% and 63% in compres-
sive strength and flexural strength, respectively, for mortars containing 51% by volume of
DPF mesh fibers [31]. The reduction is due to (a) the increase of porosity with the DPF con-
tent, caused by the inclusion of air during mixing and casting, limited wettability of fibers,
and low ability of fibers to compact [31,41,47], and (b) the fact that DPFs lose their dura-
bility and strength due to calcium hydroxide releasing during the hydration process [33].
However, with a small inclusion of 0.5% by weight in the mortar, a marginal improvement
in the compressive strength and flexural strength could be observed [43]. Such improve-
ment could be attributed to the high compaction between the fibers and the cement matrix
that is likely be achieved leading to good homogeneity [43,48]. However, there are no
solid conclusions confirming that the mentioned improvements are statistically significant.
Kriker et al. [35] presented proof that the compressive strength and flexural strength can
be negatively affected if the DPF concretes are cured in hot dry environments. The effects
of DPF length on compressive strength were studied by [25,35,37]. They concluded that
concrete and mortar reinforced with shorter DPF fibers yield higher compressive strength.
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3.5. Thermal Conductivity

Thermal conductivity is one of the important properties of construction materials. It
has been proven that palm date fibers (DPF) could be classified among the best construc-
tion materials in terms of thermal insulation [19,25,26,31,38,49,50]. Boumhaout et al. [31]
conducted experimental works to investigate the thermo-mechanical properties of mortar
containing DPF. Mesh fibers with lengths of 20 mm to 50 mm and a diameter of 0.7 mm
were used. DPFs were found to have very interesting thermo-physical properties that could
classify them as heat-insulating materials. Six mortar mixtures with different DPF ratios
were used. DPF inclusions of 21%, 27%, 31%, 35%, 48% and 51% by volume were used.
Thermal conductivity, diffusivity, and effusivity of DPF mortar were improved up to 70%,
52%, and 56% respectively, for mortar with 51% PDF inclusion, as compared to the control
specimen. This result can be attributed to the matrix porosity of DPF mortar, the inclusion
of air, and the lower thermal conductivity of DPF fibers. Similar results were obtained
by [38], where a reduction in the thermal conductivity up to 75% is observed for 51% DPF
inclusion. Moreover, Boukhattem et al. [38], concluded that the thermal conductivity of
DPF mortar increases as a function of the volumetric water content due to the fact that the
thermal conductivity of water is greater than the one of air. Mortars containing composite
DPF fibers of petiole and rachis showed a reduction in the thermal conductivity up to
almost 80% for DPF inclusion of 30% [26]. These authors noticed that with DPF inclusion
of less than 15%, the shorter size of fibers (with a length of 3 mm) has significant effects
on the thermal conductivity. However, for larger DPF inclusions (more than 15%), these
effects become negligible. This is due to the difficulty of aligning and packing the shorter
fibers as compared to the larger ones [51].

4. Conclusions

From the above discussion, it can be concluded that DPF fibers have very good proper-
ties that make them an ideal candidate for construction materials. The reviewed literature
shows that DPF concrete and mortar have the potential to positively affect the environment
by eliminating the date palm waste hazards and improving the properties and behavior of
concrete and mortar. The inclusion of DPF fibers in concrete and mortar produces lower
density, lower thermal conductivity, higher ductility, and good environmental credentials.
However, it is obvious that the compressive strength and flexural strength of DPF concrete
and mortar have been substantially reduced. Therefore, the author suggests that DPF
concrete and mortar containing chemical and mineral admixtures may be investigated to
reduce the effects of DPF on mechanical properties. In addition, other forms of construction
elements such as concrete blocks and bricks containing DPF fibers may be explored and
studied.
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