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As a fact of matter, the aim of this paper is to produce a new ecological mortar based on
recycled aggregates from hollow concrete blocks waste and reinforced with natural Diss
fibers for use in manufacturing filling materials and masonry blocks, for the purpose of
reducing the impact of such waste on the environment on the one hand, and making the
most of the Diss plant, which is abundant in Algeria, on the other. In virtue of which, for
achievement purpose of this work, we partially substituted the crushed-stones sand (CS)
of a mortar reinforced with Diss fibers with recycled sand (RS) from hollow concrete
blocks waste at rates of 15%, 30% and 50%. Besides, the produced mortars were
subjected to density, consistency and air occlusion tests in their fresh state; moreover,
they have alike been subject to compressive strength, flexural tensile strength, water
absorption by immersion and capillary action, chemical resistance to acid and alkali, and
chloride ion penetration tests in the hardened state. As consequence, the results illustrated
improvements in consistency, mechanical strength and resistance to chemical attacks,
with a slight increase in chloride ion penetration.

1. INTRODUCTION

Indeed, filling materials, mortar blocks, solid and hollow
bricks and breeze-blocks are non-load bearing materials
considered to be an older construction technique used in the
construction of external walls or partitions in buildings.
Further, solid infill panels prevent the framework from
deforming freely, whilst masonry walls act as load-bearing
walls that resist horizontal seismic forces in their plan, and
they have shown to be characterized by their ease of use, low
construction costs, low resistance to moisture and poor
environmental credentials [1]. More to the point, reinforcing
these materials with natural fibers, and Diss fibers in particular,
makes it possible to exploit this local resource, reduce the
environmental impact compared with other materials [2],
increase ductility, reduce crack propagation and delay failure
[3, 4], reduce the effect of seismic stress due to its lightness [4,
5], improve tensile strength and reduce conductivity, which
increases thermal insulation capacity [6]. Furthermore, an
improvement in durability in hydrochloric and acetic acid
environments have alike been noticed [7].

Positively, the reuse of construction and demolition waste
generated by the building sector (around 46 million tons of
waste per year) or by concrete block manufacturing factories
in civil engineering materials is the subject of a number of
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researchers [8, 9] because of the reduction in the consumption
of natural aggregate resources together with the reduction in
storage sites while preserving nature [10, 11]. In this respect,
the use of recycled aggregates from construction and
demolition waste in composite materials based on natural
fibers has shown to be a new alternative, since the majority of
researchers have worked either on natural fibers as
reinforcement in composites or on the recycling of waste in
composite materials, there is no previous work on the use of
recycled aggregates in eco materials reinforced with fibers; in
light of which, the aim of this paper is to use this waste as sand
in the formulation of an eco-mortar based on Diss fibers
intended for the manufacture of masonry materials.

Unquestionably, this work, which aims to partially
substitute ordinary sand in a mortar reinforced with Diss fibers
with recycled sand from cinder block (hollow concrete blocks)
waste (Figure 1), stands for the continuation of the study in
2023 [7] by our research group.

Nonetheless, in the study carried out by Abdelouahed et al.
[7], Diss fibers (1/3 of the formulation volume) were
introduced instead of ordinary sand (2/3 of the formulation
volume) for formulation purpose of a composite reinforced
with natural Diss fibers used as filling materials. As
consequence, the results of this study have without a doubt
encouraged us to introduce recycled sand from hollow
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concrete blocks offcuts into the same formulation instead of
ordinary sand at rates of 15, 30 and 50%, along with studying
the modifications brought about by this sand on the fresh
properties (density workability and Occluded air) and
hardened states (compressive and flexural strength), as well as
the durability parameters (Water absorption by immersion and
capillary, chemical attack, and chloride penetration)

Figure 1. Hollow concrete blocks waste

2. USED MATERIALS

The different materials used in this study are:

-CPJ-CEM 1I 42.5 (S-L) cement from the Hdjar Soud
cement plant in the Province of Skikda;

-Diss fibers F (Figure 2) obtained by cutting the Diss plant
into fibers of 2.5 cm long, and then treated with boiling water
for 20 min. Thus, the Diss plant comes from the mountains of
the Province of Skikda, at the eastern part of Algeria;

Figure 3. Sands used

-Quarry sand CS of class 0/4, from the quarry of Ben
Brahim, Province of Constantine, East of Algeria;

- Hollow concrete blocks waste sand (recycled sand RS) is
obtained by crushing and sieving hollow concrete blocks
(cinder block) offcuts (Figure 3). Table 1 gives the properties
of the two sands and these particle size curves are shown in
Figure 4.

Table 1. Properties of sands used

Properties Quarry Sand CS Recycled sand RS
Apparent density (g/cm?) 1.450 1.104
Absolute density (g/cm?3) 2.620 2.610
Absorption (%) 2.00 3.33
Methylene blue (%) 0.7 0.5
Sand equivalent (%) 61 67
Fineness modulus 2.93 3.47
Cao 55.55 47.49
Al20s3 0.18 1.28
Fe203 0.08 0.72
SiO2 0.13 2.20
MgO 0.25 1.83
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Figure 4. Grain size curve of sands

In the light of the results of the characterizations, we can
conclude that:

-The apparent bulk density of recycled sand is lower than
the one of ordinary sand and the absolute densities are almost
identical;

-The recycled sand is cleaner and absorbs more water than
ordinary sand; however, this high absorption is due to the
presence and attachment of the old mortar to the aggregates
[12].

-The recycled sand has an average regularity of granularity;

-The fineness modulus of both ordinary and recycled sand
is 2.93 and 3.47 respectively, indicating a coarse sand, which
gives high strength at the probable expense of workability;

-The recycled sand is slightly coarser than the ordinary sand;

-The fines content of recycled sand is high compared to the
fines content of ordinary sand;

-The quarry sand has a higher CaO content than recycled
sand, and a high CaO content increases the bond between the
cement paste and the aggregates [10].

3. EXPERIMENTAL PROGRAM
3.1 Mix formulation

The objective of this work is to partially substitute with rates



of 15%, 30% and 50% an ordinary sand of quarry by a sand of
waste of hollow concrete blocks of a mortar reinforced by
natural fibers of the Diss plant. Nonetheless, the reference
formulation was fixed in a work published in 2023 [7], whereat
we substituted 1/3 of the volume of the ordinary sand of this
mortar by 1/3 of volume of Diss fibers. Hence, the fixed
parameters of the different formulations are the cement
content, the water content and the fiber content. In virtue of
which, the used formulations are demonstrated in Table 2.

Table 2. Composition of mixtures

Mortar M0% M15% M30% M50%
Cement 1V v v v
SC  2/3V 85% two 2/3V 70% two 2/3V 50% two 2/3V
F 1/3V 1/3V 1/3V 1/3v
RS 0 15% two 2/3V 30% two 2/3V 50% two 2/3V
W 1V v 1V 1V

Notes: 1. V: Volume
3.2 Tests carried out

Three specimens were tested each test for the different
formulations in the hardened state, these tests are:

-Consistency: Measured by spreading with a mini cone in
accordance with standard NF EN 1015-3.

-Air content: Measured by a mortar hydrometer complying
with the requirements of standard NF EN 1015-3.

-Density: The lower chamber of the hydrometer is used to
measure the density of the fresh mixture in accordance with
standard NF EN 1015-6. Thus, the Figure 5 demonstrates the
different tests in the fresh state.

Figure 6. Compression and flexural tensile strength test

The tests carried out on the different formulations in the
hardened state are as follows:
-Three-point bending tensile strength measured on

prismatic specimens measuring 4x4x16 cm® and compressive
strength on specimens broken in bending tensile tests (Figure
6) are stored in water until the test days (7, 28 and 90 days) in
accordance with the standards NF P18-406 and P18-407,
respectively.

-On the other hand, water absorption by immersion (NF EN
12390-2) on the test pieces with dimensions (4x4x16 cm?)
kept for 28 days in water then brought to an oven at 105°C
until a constant weight to measure their dry weight W1, then
immerse them completely in water at 20°C for 24 hours to
weigh their wet weight W2, the absorption coefficient (A) is
given by Eq. (1):

w2 - W1
A=————

1
W x 100 (1

- Capillary absorption (NF EN 480-5) measured on 4x4x16
cm? test specimens stored in water for 28 days then brought to
the oven for 72 hours to have a constant weight, the side faces
sealed before being subjected to unidirectional absorption of
water from below for 257 minutes.

-Chemical resistance to acids and alkalis in accordance with
ASTM C- 267-96, obtained on 5x5x5 cm?® cubic test tubes,
these test tubes were kept in water for 28 days to measure the
initial weight. Besides, W0 immersed in solutions of 5% HCL,
5% H,SO04, 5% CH3COOH and 5% NaCL, weight
measurements Wi are measured at 3, 7, 14, 21, 28, 56 and 90
days. Likewise, chemical resistance is assessed by weight loss
W in (%) with Eq. (2):

Wi — W0
W=——

X 2
o 100 2

-Penetration of chloride ions at age 28 days on 4x4x16 cm?
specimens preserved in water for 28 days, then in a 5% NaCL
solution, the specimens were cut into half-prisms and treated
with silver nitrate (Figure 7). The edge of each section changes
color to a white color which represents the penetration depth
of the chlorides. The penetration depth is the average of all the
readings.

Figure 7. Measuring chloride penetration depth

4. RESULTS AND DISCUSSION
4.1 Density

The introduction of waste hollow concrete blocks sand into



the mortar mix (Figure 8) results in an increase in density of
up to 15%. This is due for the most part to the existence of a
greater proportion of hardened cement paste in recycled sand
[13] than in quarry sand, which increases the water content in
the pores due to higher absorption [14]. In a consequence,
these results agree with those found by Fernandez-Ledesma et
al. [15]. Above this rate, the effect reverses to reach a
minimum value of 2.084g/cm? for a rate of 50%. This can be
explained by the fact that the intrinsic densities of the two
sands used are so close and the spatial arrangement of the
grains in the mixture at high substitution rates and to some
extent unfavorable.

In general, the densities marked by the different
formulations have shown to be acceptable compared with the
lower limit of 1.8g/cm? given by the standards [16].
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Figure 8. Variation in density as a function of substitution
rate

4.2 Workability

The partial replacement of quarry sand by recycled sand
(Figure 9) leads to an improvement in the consistency of the
mortar compared with the reference mortar, with the
maximum value recorded by the mortar being 15% of the
substitution rate, which may be due to the arrangement of the
grains in the mortar mix on the one hand, and to the presence
of a large quantity of fines which favours the workability of
the mortar, through facilitating the movement of the sand
particles [12]. Improving workability makes it easier to place
the material in the formwork and reduces the risk of

segregation.
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Figure 9. Variation in consistency as a function of
substitution rate
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4.3 Occluded air

The introduction of waste hollow concrete blocks sand for
replacement purpose of ordinary sand (Figure 10) increases
the air content in the prepared mortars compared with the
control mortar. Thus, such increase reached a value of 6.4% in
the mortar based on 50% recycled sand. Nonetheless, this
result is expected because recycled sand is characterized by a
heterogeneous structure that is more porous and that trap air
bubbles [12]. However, during the vibration phase, the shape
and roughness of the recycled sand prevents the air bubbles
from degassing, which phenomenon can be accentuated in the
event that there would be a large quantity of sand in the mortar.
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Figure 10. Variation in air content as a function of
substitution rate

4.4 Compressive strength

At 7 days (Figure 11), the mortar based on 15% waste
hollow concrete blocks sand shows the best compressive
strength compared to the other formulations, the fact of which
is due to the presence of a greater quantity of fine reactive
particles in the recycled sand. Above and beyond, these fine
particles act as fillers on the one hand and increase cohesion
on the other [17].
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Figure 11. Influence of the substitution rate on compressive
strength

Nevertheless, beyond 15%, the effect of the fineness of the
recycled sand is more marked, which explains the lower
strengths compared with the control. In addition, the recycled
sand improves the compressive strength at 28 days of age of
the control mortar for substitution rates of 15% and 30%. As



consequence, these variations are assessed to 20.12% and
18.49%, respectively. Likewise, this improvement in strength
is explained by the hydration of the anhydrous cement grains
from the recycled sand [12], which have shown to be
reactivated by the crushing process.

At 90 days, mortars containing recycled sand demonstrate
the best compressive strengths compared with the reference
mortar, and the maximum value is recorded in the mortar with
a 30% substitution rate. In virtue of which, there are several
reasons for these results:

-The high absorption of recycled sand due to the presence
of a hardened cement paste adhered or not to the sand grain,
which reduces the effective W/C ratio;

-The re-hydration of grains of anhydrous cement containing
recycled sand [18];

-In addition, the new old mortar-cement paste interface is
stronger [19] than the cement paste-quarry sand interface, the
fact of which has a positive impact on compressive strength.

In light of the facts set out above, all the formulations
demonstrate compressive strengths at 28 days of age that are
acceptable for use as masonry materials in case we compare
them with the minimum value of 5SMPa given by the standard
[16] and ASTM-C129 2017 [20] and can be used for the
structural applications.

4.5 Flexural tensile strength

On the whole, the flexural tensile behaviour has shown to
be the same as in compression, particularly at early age (7 days)
and in the medium term (28days) (Figure 12). However, at 28
days conservation in water, the partial replacement of quarry
sand by recycled sand gives a gain in flexural tensile strength
to the order of 56%, 55% and 54% for mortars with 15%, 30%
and 50% substitution rates.

u0% u15% 30% H50%

Flexural tensile strength (MPa)

7days

28days

90days

Figure 12. Influence of the substitution rate on flexural
tensile strength

Above and beyond, these increases in strength can be
explained on the one hand by the high fineness of the recycled
sand and on the other hand by the reaction of the cement
particles adhering to the recycled sand, which are activated
during the crushing to obtain this kind of sand. In the long term,
the same trends were not observed. The flexural strength of
mortars made from the waste hollow concrete blocks sand
increases with the increase of the substitution rate, whilst the
mortar containing 50% recycled sand becomes of best
performance, with a 32% increase in flexural strength. As a
fact of matter, tensile strength increases when porosity
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decreases due to the re-hydration of the particles and grains of
anhydrous cement present in the mixes. Likewise, it appears
that the surface condition of the recycled sand plays an
important role in the tensile strength and that the roughness of
the recycled aggregate is very important, which improved the
paste-sand adhesion [21].

4.6 Water absorption by immersion

In accordance with Figure 13, it can be noticed that the
introduction of increasing rates of waste hollow concrete
blocks sand in partial substitution of crushed quarry sand
results in a decrease in water absorption values compared to
the value illustrated by the control mortar. Besides, the 30%
(RS) mix has the lowest absorption, which differs from that of
the control by 31.11%. On the other hand, the 50% (RS) mix
shows an absorption equivalent to the one of the reference
compositions. In this respect, this indicates that although the
fact that the absorption coefficient of waste hollow concrete
blocks sand is 66% higher than that of quarry sand due to the
presence of the porous residual mortar attached to the core of
the initial aggregate, the quantity of fine particles contained in
the recycled sand, which is greater than that existing in the
quarry sand, has contributed to filling the available voids in a
favourable manner and consequently reducing the porosity of
the mortars [22], which results in mixes with better
compactness. The absorption value equivalent to the one of the
control recorded by the mortar based on 50% hollow concrete
blocks sand indicates the presence of a high residual mortar
content compared with the mixes containing 15 and 30%
recycled sand, which has relatively increased the porosity of
the mortar and absorption is therefore greater because the
physical effect of the fines is not predominant. In fact, the
water absorption by immersion is related to the porosity of the
mortar [18].
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Figure 13. Change in absorption as a function of substitution
rate

4.7 Water absorption by capillary

In general, the curves in Figure 14 demonstrate similar
absorption trends for all the mortars containing the waste
hollow concrete blocks sand. Furthermore, the capillary water
absorption of the control mortar demonstrated higher results
than the mortars based on recycled sand. In fact, replacing
quarry sand with recycled sand reduces capillary water
absorption by around 10% in mortars with 15 and 30% (RS),
and by 11% in mortar containing 50% (RS). The presence of



old mortar whose water porosity is higher than that of quarry
sand results in a greater quantity of water being absorbed by
the recycled sand. This in turn reduces the W/C ratio [23] and
consequently the quantity of water penetrating the capillary
pores. Similarly, this may alike be due to inadequate stacking
of the aggregates, which has led to the interconnectivity of the
pores [24].
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Figure 14. Variation in water absorption by capillarity as a
function of substitution rate

4.8 Resistance to chemical attack

4.8.1 Attack by sulfuric acid (H2SO4)

From Figure 15, it can be observed that the weight loss is
presented in all mortars immersed in sulfuric acid (H2SOs).
The control mortar presents the highest loss in all ages because
of the highest amount of calcium oxide (CaO), the fact of
which increases the capacity of mortars to react with
aggressions [25].
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Figure 15. Loss of mass as a function of immersion period in
5% H2SO4

The weight loss results of specimens 0% and 15% increase
as a function of time. On the other hand, the weight loss of
specimens 30% and 50% decrease as a function of the time
until 56 days, the fact of which has shown to be due to the

amount of hollow concrete blocks waste being important in 30%

and 50%, which contains a high silica content (S;O>), as it
forms an additional C-S-H, by the effect of the pozzolanic
reaction [12], according to the formula (Eq. (3)):

Si02 + Ca(OH)2 + H20 - C—S—H 3)
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In H»,SO4 medium, there was secondary precipitation of
gypsum and ettringite, which was alike dependent on the
composition of the binder, the chemical reactions are
described (Eq. (4) and Eq. (5)):

H2S04+Ca0(H)2— CaS04-2H20 (gypsum) 4)
3CaS04+ 3Ca0 Al203-6H20 + 5)
26H20-3Ca0 Alz03-3CaS02:2H20 (ettringite)

4.8.2 Attack by hydrochloric acid (HCL)

In the light of the results of weight loss test (Figure 16), it
can be noticed that the weight loss is illustrated in all mortars
immersed in hydrochloric acid. Besides, the control mortar
(0%) has an important loss in all ages compared to other
specimens. The weight loss of the specimens (15%) and (30%)
are identical, whereat mortar (50%) presents the best chemical
resistance to hydrochloric acid. Calcium chloride (CaCly)
causes dissolution of cement through the reaction between
Ca(OH), (Portlandite) and HCL medium, the reaction was
expressed in Eq.(6).
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Figure 16. Loss of mass as a function of immersion period in
5% HCL

Ca(OH)z+ 2HCl — CaCl2+ 2 H20 (6)
By comparison between the results, it can be noticed that
the weight loss in H>SOys is very important to that in HCL.

4.8.3 Attack by acetic acid (CH;COOH)

The partial replacement of quarry sand by recycled sand
from hollow concrete blocks waste (Figure 17) leads to an
improvement in the chemical resistance of mortars in the
CH3;COOH medium; this resistance decreasing as a function
of the immersion time of the samples to reach maximum losses
at age 90 days. Besides, the reference mortar demonstrates the
maximum loss, which can be explained by the dissolution of
the hydrates formed, leading to more porous mortars [12].
Further, the positive effect of existing fines in the recycled
sand is particularly visible in the mortar based on 15% hollow
concrete blocks waste sand, which displays the maximum
strength compared to the other mortars, these results agree
with those found by Benamar et al. [26]. The good chemical
resistance against chemical attack by acetic acid allows this
material to be used in exterior facades exposed to bad weather.
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Figure 17. Loss of mass as a function of immersion period in
5% CH;COOH

4.8.4 Attack by sodium chloride (NaCl)

All the mortars show gains in mass (Figure 18) with little
variation as a function of age and the mortar with 15%
substitution rate demonstrates the highest resistance to the
saline environment. Besides, this resistance is due to the
consumption of the fines existing in the sand recycled with
Ca(OH), to generate more C-S-H gels and C-A-S-H gels and
improves resistance [27].

——0% —-15% ——30% —50%

14

S

=B

@ 1

g e
0.8 /

0 - T T T T
3days  7days 14days 2ldays

28days 56days 90days
Time (days)

Figure 18. Gain of mass as a function of immersion period in
5% NaCl

4.9 Chloride penetration

It is clear from Figure 19 that the depth of penetration
increases when quarry sand is substituted by recycled sand.
However, there does not appear to be a significant difference
in chlorine ion penetration for replacement rates of 15, 30 and
50%. Further, this increase in chlorine ion penetration is linked
to the greater porosity of the cementitious matrix [28]
containing recycled sand, the majority of which is composed
of hardened old mortar. In addition, the new interfacial
transition zone between the old hardened mortar and the new
cementitious paste provides an easier path for chemical attack
[29].

In matter of fact, whatever the percentage of replacement,
resistance to chloride ion penetration tends to become similar
and mortars based on recycled sand have revealed their low
resistance to chloride ion diffusion.
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Figure 19. Variation in chloride penetration depth as a
function of substitution rate

5. CONCLUSIONS

Taking into account the results obtained and their analyses,
it was noted that the use of Dis fibers in the development of an
eco-mortar; confirms the added value of this natural resource
and the quality of inherited biodegradable material. A respect
for nature through its non-polluting and non-waste
characteristics on the one hand, the reuse of construction
demolition waste and in particular concrete block scraps as
sand in the formulation of an eco-mortar reinforced by this
type of fiber makes it possible to produce an openable,
resistant and environmentally friendly eco-material, the main
conclusions drawn from this study are:

-The partial replacement of ordinary sand by recycled sand
from waste hollow concrete blocks in the formulation of
mortars reinforced with Diss fibers gives densities acceptable
by the standards, an improvement in workability whatever the
rate of replacement which is advantageous for the
implementation; on the other hand, it generates an increase in
the content of occluded air;

-The compressive strengths of the various mortars at 28
days are higher than the values recommended by the standard;

-The compressive strength increases with age, reaching a
maximum value of 19.06MPa for mortar with a 30%
substitution rate. The hydration of the cement fines in the old
mortar plays a very important role in increasing strength with
recycled sand, this material can be used as a filler material and
for structural applications;

-The reaction of the cement particles adhered to the recycled
sand, which are activated during the crushing process to obtain
this sand, promotes an increase in flexural tensile strength over
the medium and long term;

-The mortar made with 30% recycled sand gives the lowest
absorption by immersion;

-The partial replacement of ordinary sand with recycled
sand reduces water absorption by capillary action and makes
the mortar more durable;

-The introduction of recycled sand as a substitute for
ordinary sand in the formulation of mortar reinforced with
Diss fiber increases the chemical resistance of this mortar to
acid solutions, which allows this material to be used in
aggressive environments;

-The mortar with 50% substitution rate gives the best
resistance against alkaline solution;



-The mortars based on recycled sand demonstrate greater
penetration depths for chloride ions compared with the
reference mortar.

In the light of the facts set out in this study, we can conclude
that the recycling waste hollow concrete blocks as sand to
partially replace quarry sand in the composition of a Diss
fiber-reinforced mortar, intended for filling materials and
masonry blocks, and has shown to be beneficial and
encourages research in this field through the development of
in-depth studies such as:

- The study of dimensional variation,

-The study of long-term durability (more than 90 days),

-Go deeper into the behavior of this material from a
sustainability point of view for the following parameters:

-Study of thermal characteristics,

-Study of durability with regard to corrosion,

-Study of resistance to freeze/thaw,

-Study of long-term durability (more than 90 days),

-Study of the characteristics of the microstructure,

-Extend the research theme to other types of fibers.
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