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Abstract

This paper concerns the durability of male date palm surface fibres (MDPSF) immersed in three alkaline solutions: calcium hydrox-
ide, sodium hydroxide and Lawrence solution with a pH ranging between 12.5 and 12.95. In addition the durability of MDPSF as rein-
forcement in small scale concrete beams has been studied. The concrete specimens were cured for six months in two different ways: 28
days in water followed by curing in wet chamber; and 14 days in water followed by a hot dry environment. The durability of MDPSF is
evaluated by the loss of tensile strength and elongation, occurred over time, of fibres submitted in alkaline solutions using the tension
test. The durability of the fibre-reinforced concrete is estimated by the variation of the first cracking strength, maximum post-cracking
load and the maximum load ratio obtained from bending test. Some scanning electron microscopy (SEM) images of fibres extracted from
alkaline solutions, as well as from the matrix at the fibre-matrix interface, have been examined to characterize the microstructure of the
fibres. The results of the investigation have shown that MDPSF are easily attacked by alkaline solution under both curing conditions.

Hence the durability of MDPSF-reinforced concrete is poor.
© 2008 Published by Elsevier Ltd.
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1. Introduction

The importance of vegetable fibres is in their availability
in many countries with agriculturally based economies.
Several researchers [1-12] confirm that the presence of
fibres in concretes improves their cracking strengths, their
toughness and post-cracking performance. However, the
use of these vegetable fibres in concretes is limited by the
problems of durability in alkaline environment. This has
been revealed in most of the research carried out on several
vegetable fibres: sisal, jute and coir [11-18].
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This research is a part of a global trend concerning the
study of the performance of building materials in the hot
dry climate zones using locally available natural resources.
As an example of a hot dry environment, the temperature
of Ouargla from June to November varies from a minimum
of about 10 °C to a maximum of 43 °C. For the same time
period, the relative humidity varies from 24% to 57% and
the wind speed varies from 8 km/h to 18 km/h [19,20]. In
a former work [19], it has been shown that a direct expo-
sure of palm fibre-reinforced concrete to the hot dry condi-
tions can reduce its mechanical performances.

In this paper, the results of an investigation using the
surface date palm fibres from Ouargla (south of Algeria)
are presented. Several alkaline solutions are used to study
the durability of date palm fibres: calcium hydroxide
(Ca(OH),), sodium hydroxide (NaOH) and Lawrence solu-
tion which is based on a mixture of calcium, potassium and
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sodium hydroxides. In addition, the effect of curing (in wet
and hot dry environments) on concrete durability have also
been examined.

2. Materials and methods
2.1. Materials

The male date palm surface fibres (MDPSF) investi-
gated are pulled out from trunk in a form of nearly rectan-
gular mesh (length 300-500 mm, width 200-300 mm)
formed with three superposed layers as shown in Fig. 1.
It is easy to separate them in water into individual fibres
of 0.2-0.8 mm diameter. Tables 1 and 2 give the physical
and the mechanical properties of MDPSF [19].

CPA-CEM 1 52.5 cement was used with the following
physical properties: fineness = 385 m?/kg, initial setting
time = 200 min and compressive strength ¢ at 28 days =
50 MPa. Table 3 gives the chemical properties of this
cement.

Natural sand and coarse aggregates were used with max-
imum sizes of 5mm and 10 mm, respectively. The bulk
densities of the fine and coarse aggregates were 1660 kg/
m® and 1610 kg/m?, respectively.

2.2. Concrete specimens and curing conditions

2.2.1. Specimens preparation

For the production of flexural concrete specimens of
70 x 70 x 280 mm the method recommended by Lesage
[21] and Gorisse [22] was used. For all fibre-reinforced con-
crete mixes, the masses of cement and sand were the same
as that of simple ordinary concrete. The volume fraction of
fibres was varied (2% and 3%) but the total mass of fibres
plus aggregates was maintained constant. The fibre lengths
were 15 and 60 mm. The water quantity was adjusted to
obtain workability in terms of a VB time equal 20+ 5s
and slump equal to 70 + 10 mm. With the increase of
volume fraction of fibres the amount for water also was

Fig. 1. Typical MDPSF mesh.

Table 1

Physical properties of MDPSF [19]

Property Lower— Mean-CV
upper (%0)

Diameter (mm) 0.1-1.0 0.5-54.4

Bulk density (kg/m?) 512.2- 900-17.6
1088.8

Absolute density (kg/m?) 1300-1450 1383.3-5.5

Natural moisture content (%) 9.5-10.5 10-5

Water absorption after 5 min (%) under 60.1-84.1 74-14

water
Water absorption to saturation (%) 96.8-202.6 132.5-20.6

increased due to water absorption by fibres. No significant
variation of workability was observed for changes in fibre
length. Table 4 gives the mix proportions of the three con-
cretes considered in this research. The volume fraction of
fibres was: Mix 1: 0%; Mix 2: 2%; Mix 3: 3%.

A conventional Zyklos mixer with a horizontal axis and
maximum capacity 100 1 was used to produce the concrete
composites. The fibres were washed with tap water and
dried in air, before being added to the mix. The composite
was produced using the following sequence: the fibres were
initially immersed in 10% of the total volume of water and
kept for 5min, in order to facilitate their separation. At
this stage the rate of saturation of fibres was about 56%.
The sand, coarse aggregates, plus 30% of water were mixed
for 30 s in a running mixer. Then, the fibres were added
together with 30% of the water and mixed for 3 min. This
was done slowly in order to obviate the possible clumping
of fibres. After adding all cement, the remaining water was
added during 2.5 min. The fresh fibre-reinforced concretes
were placed in moulds on two following parts using a con-
ventional vibration table. The time of vibration was 30 s
for each part, according to standards NFP18-409 [23].

The fibre-reinforced concretes are referenced by the fol-
lowing notation N%—L, where N is the volume fraction of
fibres and L is the length (mm) of fibres. Four types of
fibre-reinforced concretes were prepared in addition to
plain unreinforced concrete (2%-15, 3%-15, 2%-60, 3%
60 and 0%-0).

2.2.2. Curing conditions

The specimens were initially cured in the laboratory for
24h under normal climatic conditions: temperature
T =20 4 2 °C, and relative humidity RH = 65 4+ 5%. After
demoulding, they were cured until the date of test in two
types of environment. For the first type of environment
(referenced: wet curing), the test specimens were placed
28 days in water at 20 4 2 °C followed by curing in a wet
chamber at 20 & 2 °C, with the RH = 100%. For the sec-
ond type of environment (referenced: hot dry curing), they
were placed 14 days in water at 20 & 2 °C followed by a hot
dry room at 32 £2°C and RH =28 + 2%. The hot dry
room was used to simulate the mean temperature and
humidity of the environment of Ouargla. The concrete
specimens were tested at 28 and 180 days. Six replicate
specimens were tested for each parameter setting.
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Table 2
Mechanical properties of MDPSF [19]
Fibre length Dry Wet
(mm) Tensile strength Elongation Modulus of elasticity Tensile strength Elongation Modulus of elasticity
(MPa) (%) (GPa) (MPa) (%) (GPa)
100 170 + 40 16 +3 474 +2 175 £ 30 174 +2 378 +£2
60 240 + 30 1242 5.00 +2 250 £+ 25 13+2 325+ 1.5
20 290 + 20 11+2 525+3 300 + 20 1242 3.55+2
Table 3
Chemical properties of cement
SiO, ALO; Fe,O; MgO CaO Na,O SO; K,O Losson
ignition
2029 4.60  2.98 1.66 6524 030 270 0.99 2.80
Table 4
Mix proportions
Materials (kg/m°) Mix 1 Mix 2 Mix 3
Cement 400 400 400
Aggregate 1000 982 973
Sand 750 750 750
Water 240 270 290
MDSF 0 18 27

2.3. Test methods

The mechanical properties (tensile strength, elongation
and the modulus of elasticity) of fibres were determined
in accordance with standards NF EN ISO 5079 [24], at
204+2°C and RH =6542%, in an Instron universal
testing machine at a cross-head speed of 0.5 mm/min.
The tensile test lengths were 20, 60 or 100 mm. Fig. 2 shows
the set-up of the fibres in the tensile test device, in which the
cylinders were used to grip the fibre ends. Thirty fibres were
tested for each parameter setting.

A Hitachi S 800 scanning electron microscope was used
to study fibre surface topographies and to examine the sec-
tion of fibres and the fibre-matrix interface. The fibres and
the fibre—matrix samples were attached to conducting silver
plates then were sputter coated with a layer of gold 20—
30 nm thick in a vacuum chamber. The SEM images were
obtained by the secondary electron imaging method, with a
tension of acceleration of the beam of 15 kV.

The flexural strength has been determined using an
Instron universal testing machine and a four-point test con-
figuration, with 210 mm span, and with an experimental
set-up in accordance with the NFP 18-409 standard [23].
The displacements have been measured using two LVDT
displacements transducers and the deflection at mid-span
has been recorded as a function of loading.

2.4. Evaluation of fibre durability in alkaline solutions

The durability of MDPSF is evaluated using two meth-
ods. The first one is related to the loss of tensile strength,
occurred over time, of fibres submitted to two alkaline

Fig. 2. The tensile strength test set-up.

solutions: in a calcium hydroxide (Ca(OH),) and sodium
hydroxide (NaOH), with pH 12.5 for both solutions. The
pH is regularly controlled. The fibres are tested after dura-
tion of immersion in solution of one, two, three and six
months. Sixty fibres of length of 100 mm for each term
and diameter (0.8, 0.6, 0.4 mm) are tested, after having
been dried in the laboratory for 24 h.

The second one is based on some microscopic observa-
tions with a scanning electron micrograph of the fibres
immersed for six months in the following alkaline
solutions:

— Ca(OH), pH 12.5

— NaOH pH 12.5

— Lawrence, with following proportions: Na = 0.22 mol/I,
K=0.061 mol, Ca=0.0065mol/l and pH 1295 at
20 °C.

According to Houget [25], Lawrence solution is among

the best solutions, which simulate experimentally the inter-
stitial pore fluid of ordinary cement composites.

2.5. Evaluation of fibre durability in the concrete

The durability of fibres as reinforcement in the concretes
is estimated by the variation of their flexural properties.
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From the load-deflection curves, the flexural properties
were evaluated using three parameters: (a) the first cracking
strength (FCS); (b) the maximum post-cracking flexural
load carried by the composite after the first cracking
(Pmay); and (c) the maximum load ratio Dy = Pax/Po
where Py is the load at the first visible cracking. It has been
assumed to correspond to the maximum load of the load-
deflection curve in the first elastic part.

Microscopic observations are given for fibres extracted
from concretes kept under wet and hot dry curing condi-
tions for six and 12 months. In addition, other microscopic
observations are also made at the fibre-matrix interface.

3. Results and discussion
3.1. Tensile strength of fibres

Tables 5 and 6 indicate that the MDPSF has poor resis-
tance to alkaline solution attack. The mechanical perfor-
mance (tensile strength and elongation) is affected by
immersion time in alkaline solutions. The loss of the tensile
strength and elongation of fibres in Ca(OH), solution is
higher than that in NaOH solution. The higher alkaline
attack Ca(OH), is associated with crystallisation of lime
in the pores of the fibres. In fact, as a function of time of
immersion in alkaline solutions, the fibres become increas-
ingly brittle in Ca(OH), solution compared to those in
NaOH solution. Moreover, when the diameter of fibres
decreases the mechanical performance decreases. It has
been found that in Ca(OH), solution the MDPSF fibres
retained about 76%, 48% and 33% of their original strength

Table 5
Tensile strength and elongation of MDPSF the length 100 mm immersed
in Ca(OH), solution

Time (months) Tensile strength (MPa) Elongation (%)

Diameter of fibre 0.8 0.6 0.4 0.8 0.6 0.4
(mm):

0 180 +20 160+ 18 60+ 15 20+2 18+2 1243
1 151411 92+13 39415 1942 1643 0942
2 146 £15 83+15 27+14 17+2 15+2 07+2
3 137412 77+£14 204+£07 1542 134+£3 0642
6 125+12 65+£11 05404 1242 08+2 01 =1

Table 6
Tensile strength and elongation of MDPSF the length 100 mm immersed
in NaOH solution

Time Tensile strength (MPa) Elongation (%)
(months) 0.8 0.6 0.4 08 06 04
Diameter of

fibre (mm):

0 180+20 160+18 60+15 20+2 18+2 12+3
1 159+14 106+12 58+16 194+2 17+3 10+2
2 1534+£12 95415 52415 18+2 16+2 08+3
3 149+13 88413 25413 1742 14+3 06+2
6 137+£16 74+18 10+£06 13+£2 10+2 02+2

for the diameters 0.8, 0.6 and 0.4 mm, respectively, at three
months, whereas, they retained only 69%, 40% and less
then 10% at six months. In NaOH solution they retained
about 83%, 55% and 40% at three months and 76%, 46%,
and 16% at six months for the diameters 0.8, 0.6 and
0.4 mm, respectively.

These results are in concordance with those reported by
Lewis and Premalal [4] and Aziz et al. [7], Bentur and
Akers [14], and Tolédo Filho et al. [15,16]. As an example:
Tolédo Filho et al. [15] reported that the sisal and coconut
fibres are highly sensitive to the Ca(OH), and NaOH solu-
tions of pH 12 and 11, respectively. Lewis and Premalal [4]
reported, about the tensile strength of some vegetable fibres
immersed in Ca(OH), solution with pH 10, that elephant
grass fibres retained nearly 91% of their original strength
at three months, and then followed by a constant rate of
reduction, water reed fibres retained nearly 57% and 14%
of their original strength at three and six months,
respectively.

From that it has been thought that the durability of
MDPSF in Portland cement may be affected, due to cal-
cium hydroxide release during the hydration process.
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Fig. 3. Load-defection curves of MDPSF-concretes in hot dry condi-
tions: (a) at 28 days, (b) at 180 days.
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3.2. Flexural properties of fibre-reinforced concretes

Fig. 3 presents the mean bending load—deflection curves
of MDPSF-reinforced concrete maintained 28 and 180
days in hot dry conditions. The load—deflection curves for
specimens under wet conditions are similar to those for
the hot dry conditions. The beams behaved elastically up
until the first cracking strength (FCS). Beyond the FCS
the recorded at a deflection of about 0.04 mm, the initiated
cracking exhibited instable growth leading either to separa-
tion of the body into parts when there is no fibre, or to a
macro-cracked beam with a deflection around 0.5 mm
when the fibres could stop the cracking growth. After that
the load became nearly constant with the increasing bend-
ing deflection.

Table 7

Table 7 provides the mean and the coefficient of varia-
tion (CV) of the first cracking strength (FCS), the maxi-
mum post-cracking flexural load (Pn.) and the
maximum load ratio (D,,4), in wet and hot dry conditions.
The results show that, for both type of curing and for each
concrete type, the FCS continues to increase with ageing.
However, when the length and the volume fraction of fibres
increases the FCS decreases.

The examination of the P, and Dy, show that for
each age (28 or 180 days) the Py.x, and D,.x increase with
increasing length and volume fraction of fibres. For each
concrete type, the P, and Dy, decrease with ageing
due to loss of tensile strength of fibres in the alkaline envi-
ronment, because failure of the bend test specimens is
caused by fibre rupture.

FCS, Pnax and D, of MDPSF-concretes as function of time and curing conditions

Flexural properties Ageing conditions Ageing time (days)

Concretes type

0%-0 2%-15 3%-15 2%-60 3%-60

FCS (CV) (MPa) (%)  Wet 28 760 (7.11) 647 (11.59)  5.50 (14.54)  6.02(10.82)  5.34 (12.47)
Wet 180 8.35(5.98)  7.40 (8.78) 6.30 (11.11)  6.82 (8.95) 6.21 (12.86)
Hot dry 28 790 (7.28)  6.74 (4.68) 5.80 (5.60) 6.30 (4.92) 5.60 (6.81)
Hot dry 180 8.70 (3.08)  7.60 (4.15) 6.50 (3.54) 7.22 (6.12) 6.40 (2.66)

P (CV) (KN) (%) Wet 28 - 0.80 (19.32)  1.69(11.77)  1.18 (11.06)  2.96 (2.57)
Wet 180 070 (26.67) 140 (11.14)  0.99 (29.69)  2.02 (19.04)
Hot dry 28 059 (25.22)  1.50(25.62)  1.15(17.84)  2.23(20.15)
Hot dry 180 049 (23.19)  1.20(12.35) 096 (17.03)  1.50 (13.37)

Dinax (CV) (%) Wet 28 0.08 (2.85) 0.19 (27.58)  0.10 (12.63)  0.34 (14.57)
Wet 180 0.06 (11.19)  0.14 (11.25)  0.09 (24.30)  0.20 (8.36)
Hot dry 28 0.05(1627)  0.15(13.15)  0.11 (9.17) 0.24 (11.38)
Hot dry 180 0.03(27.14)  0.11(17.04)  0.07 (15.39)  0.14 (10.22)

Fig. 4. SEM images of typical natural MDPSF.
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3.3. Microscopic observations of fibres

To examine the effect of alkaline attack, Fig. 4 presents
SEM images of typical natural MDPSF before their
immersion in alkaline solution. The surface of fibres is
irregular with many filaments and cells, allowing for good
adhesion between the fibre and matrix. Figs. 5-7 present
the SEM images of typical fibres immersed during
six months in Ca(OH),, NaOH and Lawrence alkaline

solutions, respectively. Fig. 5 shows the mechanism of cal-
cium hydroxide attack, the uniform deposition of this last
on all fibre surface and its penetration into the cells and
pores of the fibres can be distinguished, and hence the
mineralization of fibres. In fact Fig. 5b shows clearly the
deposition of portlandite (P) at the fibre surface. This
helps explain the drop in their resistance and their elastic-
ity. The deterioration of the filaments of the fibres is also
evident.

Fig. 6. SEM images of typical MDPSF immersed during six months in NaOH solution.
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In addition, Fig. 6 visualizes the mechanism of NaOH
attack. Contrary to the mechanism of calcium hydroxide
attack, NaOH attack is characterized by a local penetra-
tion of sodium hydroxide into the cells and pores of the
fibre while burning, continuously, the organic matter. This
leaves local holes that appear like bird nests in Fig. 6b and
the fibres become increasingly fine and porous (Fig. 6a).
That explains the decease in fibre resistances and their sec-
tion area as a function of immersion time.

Thus, the mechanism of Ca(OH), attack is diffuse,
whereas, the mechanism of NaOH attack is local. For the
crystallisation of lime in the pores of the fibres in Ca(OH),
solution the flexibility of fibres was reduced. That is a prob-
able explanation for why the tensile strength and elonga-
tion of fibres in Ca(OH) solution are lower than those in
NaOH solution. It appears that rate of degradation of
fibres in Ca(OH), solution is about ten times greater than
that in NaOH solution.

Fig. 8. SEM images of typical MDPSF extracted from fibre concretes conserved in wet conditions for 12 months; P: portlandite, E: ettringite.
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Fig. 7 shows the mechanism of attack due to exposure to
Lawrence’s solution. The previous mechanism of Ca(OH),
and NaOH attack are both active. Indeed, the mechanism
of Ca(OH), attack by uniform deposition can be distin-
guished, as well as the penetration of calcium hydroxide
in several pores of fibre and the mechanism of the local
attack of NaOH solution (Fig. 7b). That is logical since this
solution is composed, of alkalis of calcium, sodium and
potassium (Table 2).

Fig. 8 presents a SEM image of a typical fibres extracted
from the concretes after 12 months in wet conditions. The

Fig. 9a. SEM images of typical MDPSF extracted from fibre concretes
conserved in wet conditions for six months.

Fig. 9b. SEM images of typical MDPSF-matrix interface of fibre
concretes after six months in wet conditions.

penetration of the calcium hydroxide and the local sodium
hydroxide attack can be observed (Fig. 8a). The formation
of portlandite (P) and needles of ettringite (E) at the fibre
surface (Fig. 8b) are also evident. The mechanism of attack
is similar to that due to Lawrence solution exposure. That
helps confirm the similitude between the Lawrence solution
and the interstitial composition of the cement matrix, and
secondly it explains the loss of durability in wet conditions.

Figs. 9 and 10 present SEM images of the fibres
extracted from concrete and of fibre—matrix interface after

Fig. 10a. SEM images of typical MDPSF extracted from fibre concretes
conserved in hot dry condition for six months.

Fig. 10b. SEM images of typical MDPSF-matrix interface of fibre
concretes after six months in hot dry conditions.
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six months in wet and hot dry conditions, respectively.
Figs. 9a and 10a present the SEM of typical fibres extracted
from fibre concrete conserved in wet and hot dry condi-
tions, respectively, after six months. Figs. 9b and 10b pres-
ent some SEM of typical fibre-matrix interface of fibre
concretes after six months in wet and hot dry conditions,
respectively. The fibres extracted from the concrete con-
served in hot dry conditions are less affected compared to
those conserved in wet conditions (Figs. 9a and 10a). In
the same way, at the broken surface, and at the fibre—
matrix interface, Figs. 9b and 10b show that, the cracks
around some fibres are relatively smaller for the concrete
in hot dry conditions. It is thus confirmed that the quantity
of alkaline hydration products in hot dry conditions is
greater than that in wet conditions. This may also explain
why the post-cracking flexural properties of MDPSF-rein-
forced concretes, after the first cracking, in hot dry condi-
tions are slightly lower than that in wet conditions
condition.

4. Conclusion

Experimental work was conducted to study the resis-
tance of male date palm surface fibres (MDPSF) to highly
alkaline solutions. The durability of these fibres was also
studied through flexural testing of the fibre-reinforced con-
crete specimens kept under either wet or hot dry curing
conditions. The following conclusions can be made:

(a) Like more common vegetable fibres, the MDPSF are
severely affected by the alkaline solutions (calcium
hydroxide and sodium hydroxide with pH 12.5, and
Lawrence solution with pH 12.95). The results show
that after six months in Ca(OH), solution the
MDPSF retained about 69%, 40% and less than
10%, and in NaOH solution they retained about
76%, 46%, and 16% of their original strength, for
the diameters 0.8, 0.6 and 0.4 mm, respectively.

(b) The mechanism of Ca(OH), attack is diffuse and rel-
atively uniform, whereas the mechanism of NaOH
attack is localized. The degradation of fibres in the
Lawrence solution is similar to that of fibres exposed
to interstitial fluids of the cement matrix.

(¢) The MDPSF extracted from concrete conserved in
the hot dry conditions is slightly more affected than
that cured under wet conditions. This may be attrib-
uted to greater effects of the hydration products in the
hot dry conditions.

(d) For both curing conditions and for each concrete
type, the first cracking strength continues to increase
with ageing. For each testing age (28 or 180 days),
however, the first cracking strength of conventional
concrete is greater than that of the fibre-reinforced
concretes.

(e) The results show that peak load (P,.x), and load
ratio (Dpax) Increase with increasing length and
volume fraction of fibres. For each concrete type,

however, Pp.x, and D, decrease with ageing, which
is caused by the loss of tensile strength of fibres in
alkaline cement products.

(f) The hot dry environment has a beneficial effect on the
performance of fibre concretes at early age. For the
longer term, however, it has a beneficial effect only
on the first cracking strength. Some other treatments
of MDPSF and cement-matrix are then necessary to
improve their durability, especially after the first
cracking.

Acknowledgements

The authors are grateful to Prof. R.N. Swamy of
Department of Mechanical Engineering, University of
Sheffield for his guidance and contribution in the choice
of this research subject. They are also indebted to the Head
and the technicians of laboratories: URGC-Structures and
URGC-Materials INSA of Lyon, Civil Engineering
Department of the University of Ouargla, LCE of E.N.P.
and LTPS Ouargla for their help on the experimental
program research.

References

[1] Dunstan I. Fibre reinforced cement and concrete research into
practice. In: Third RILEM international symposium on development
in fibre reinforced cement and concrete, UK, 14-17 July 1986.

[2] Coutts RSP. From forest to factory to fabrication. Fibre reinforced
cement and concrete, In: Swamy RN, editor. RILEM; 1992. p. 31—
47.

[3] Beaudoin JJ. Béton renforcé de fibres. Institut de Recherche en
Construction (IRC), Conseil National de Recherche, Canada; 1982.
p- 07.

[4] Lewis G, Premalal M. Naturel vegetable fibres as reinforcement in
cement sheets. Mag Concr Res 1979;107(31):104-8.

[5] Cook DJ. Concrete and cement composites reinforced with natural
fibres. Proc Symp Fibrous Concr. Construction Press Ltd.; 1980. p.
99-114.

[6] Ramaswamy HS, Ahuja BM, Krishnamoorthy S. Behaviour of
concrete reinforced with jute, coir and bamboo fibres. Int J Cement
Compos Lightweight Concr 1983;1(5):3-13.

[7]1 Aziz MA, Paramasivam P, Lee SL. Prospects for natural fibre
reinforced concrete in construction. Int J Cement Compos Light-
weight Concr 1981;2(3):123-32.

[8] Nilson L. Reinforced of concrete with sisal and other vegetable fibre.
Swedish Council for Building Research, Document D 14; 1975.

[9] Ayyar TSR, Mirihagalla PK. Elephant grass fibres as reinforcing
fibre. Mag Concr Res 1976;96(28):162-7.

[10] Coutts RSP. Flax fibre as a reinforcement in cement mortar. Int J
Cement Compos Lightweight Concr 1983;4(5):257-62.

[11] Swamy RN. New reinforced concrete. In: Swamy RN, editor. Concr
Technol Des. 2. Surrey University Press; 1984. p. 288.

[12] Swamy RN. Natural fibre reinforced cement and concrete. In: Swamy
RN, editor. Concr Technol Des, 5. Surrey University Press; 1988. p.
288.

[13] Mokhtari F. Contribution a I’étude de composites a base de liant
pouzzolaniques et de bamboo. These de doctorat. France, INSA de
Lyon; 1991. p. 161.

[14] Bentur A, Akers SAS. The microstructure and ageing of cellulose
fibre reinforced cement composites cured in normal environment. Int
J Cement Compos Lightweight Concr 1989;2(11):99-109.



648 A. Kriker et al. | Cement & Concrete Composites 30 (2008) 639-648

[15] Tolédo Filho RD, Scrivener K, England GL, Ghavami K. Durability
of alkali-sensitive sisal and coconut fibres in cement mortar compos-
ites. Cement Concr Compos 2000;22(6):127-43.

[16] Tolédo Filho RD, Ghavami K, England GL, Scrivener K. Develop-
ment of vegetable fibre-mortar composites of improved durability.
Cement Concr Compos 2003;25(2):185-96.

[17] Savastano Jr H, Agopyan V. Transition zone studies of vegetable—
cement paste composites. Cement Concr Compos 1999;21:49-57.

[18] Gram HE. Durability of natural fibres in concrete. Swedish Cement
and Concrete Research Institute, Research Fo. 1:83, Stockholm;
1983. p. s255.

[19] Kriker A, Debicki G, Bali A, Khenfer MM, Chabannet M.
Mechanical properties of date palm fibres and reinforced date palm
fibre concrete in hot-dry climate. Cement Concr Compos 2005;27:
554-64.

[20] Agence Nationale des Ressources Hydrauliques (ANRH). Rapport
Climatologique Annuel. Ouargla Algerie; 2001.

[21] Lesage R. Etude expérimentale de la mise en place du béton frais.
Rapport de recherche no. 37, Laboratoire Central des Ponts et
Chaussés; 1974.

[22] Gorisse F. Essais et controle des bétons. Edition Eyrolles; 1978.

[23] Normalisation Frangaise P 18-409. Béton avec fibres métalliques —
Essai de Flexion. AFNOR, France; 1993. p. 8.

[24] Norme Européenne NF EN ISO 5079. Fibres textiles — détermination
de la force de rupture et de l'allongement de rupture des fibres
individuelles. AFNOR, France; 1996. p. 20.

[25] Houget V. Etude des caracteristiques mecaniques et physico-chimi-
ques de composites ciments—fibres organiques. These de doctorat.
France, INSA de Lyon; 1992. p. 175.



	Durability of date palm fibres and their use as reinforcement in hot dry climates
	Introduction
	Materials and methods
	Materials
	Concrete specimens and curing conditions
	Specimens preparation
	Curing conditions

	Test methods
	Evaluation of fibre durability in alkaline solutions
	Evaluation of fibre durability in the concrete

	Results and discussion
	Tensile strength of fibres
	Flexural properties of fibre-reinforced concretes
	Microscopic observations of fibres

	Conclusion
	Acknowledgements
	References


