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Abstract

In recent years, the disposal of sewage sludge has been a major concern worldwide
because of their potential treat in relation with the contamination of ground water and food
chain. Furthermore, their poor mechanical properties don’t allow a possible direct use in
civil engineering applications. For these reasons, it was important to explore more
opportunity to reuse this by-product of sewage treatment. In this frame, the solidification-
stabilisation technique (S-S) which is based on hydraulic binders can improve the
properties of sewage sludge so that it can be used in civil engineering application,
especially in road pavements. In this context, this paper investigates the possibility of
using the solidified sludge in road construction. To achieve this goal, an experimental
protocol was conducted using a several combined binders: combination of Cement/
Limestone filler and Cement/Lime, with different amounts in the target to fix the optimal
mixtures amount. Several tests were conducted to characterise the mechanical and
geotechnical properties of the solidified sludge. The results indicate that the solidified
sludge using a combined mixture of cement and lime allows a possible use as base and
sub-base layer.
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1. INTRODUCTION

Wastewater treatment plants generate by-products called sludge, these residues
contain in their composition organic pollutants, pathogenic microorganisms,
heavy metals, and organic xenobiotics [1,2]. The toxicity of sludge is considered
high for the human life and the environment, it can affect the survival development
and reproduction of plants [3]. If the sludge is dumped without appropriate
treatment, it can contaminate soil, water and can present a danger threat to human
health and environment [4]. The Global world production of sewage sludge has
been estimated at 1.3 billion tons per year, and by the year 2050, this quantity is
expected to reach 2.2 billion tons [5]. To eliminate these wastes, environmentally
friendly treatment methods have been used to absorb the increasing quantities of
sludge produced by wastewater treatment plants [6]. In this context, among the
most used treatment methods there are landfilling, agriculture and
Solidification/Stabilisation (S-S), which was the subject of this study.

The S-S technique attracted a lot of attention in recent years, and it was
considered as an effective solution to be apply [7, 8]. Moreover, this technique
allows reducing the toxicity and the use of these residues instead of their disposal
[8-10]. The S-S technique uses binders and additives such as cement, fly ash, lime
to transform sewage sludge into construction materials that can be used in road
construction [11]. Numerous studies have been focused this method in the field of
civil engineering. Lim et al. [7] studied the stabilization of sludge using
combinations of lime, fly ash and sludge loess. They observed that the unconfined
compressive strength meets the standards for construction materials. Kim et al
[12] used the solidified sludge treated with slag and quicklime as a landfill cover
used the solidified sludge treated with slag and quicklime as a landfill cover. Chen
etal [11] studied the stabilisation of sewage sludge and municipal solid waste with
various binders including Portland cement, Lime, Gypsum and a combination of
some of these binders. They concluded that S-S technique increased the strength
of the sewage sludge and reduced the leachability of toxicity. Lucena et al. [1]
focused on the application of the S-S technique using lime, cement, and bitumen
as additives. They obtained acceptable results for their reuse in road construction;
this method represents an interesting alternative to reduce the environmental
impact resulting from these wastes. Fan et al. [13] studied the geotechnical
properties of sewage sludge solidified with Sulfo-Aluminated cement, the results
show that the strength and hydraulic conductivity of the stabilised sludge was
close to that of the high organic soil. They deduced that the stabilised sludge does
not meet the requirements for landfilling but can be used as a building material.

In addition, several studies have shown that cement is the most used binder in
stabilisation or in sealing works, and often leads to insufficient results due to the
high-water content, the presence of organic matter and heavy metals. For this
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reason, cement is usually supplemented with additives to improve the treatment
results [14, 15].

To our knowledge, few research studies on the stabilisation of raw sludge by
combined binders. Therefore, the aim of this paper is to evaluate the effect of
combined binders (Cement/Lime and Cement/Limestone Filler) with different
amounts on the intrinsic characteristics of the sewage sludge. The target is to find
an optimal binder association in order to assess their use as a road construction
material.

2. MATERIALS

The used sewage sludge was obtained from a wastewater treatment plant of
Constantine district (Algeria). The method of water treatment includes: 1) pre-
treatment; 2) a biological treatment by activated sludge; and 3) a physical
treatment or a secondary decantation. The collected sludge has a black colour and
disagreeable smell due to the presence of organic matter. The samples were
obtained manually in plastic bags to avoid water loss during transport, in order to
measure the natural water content of the sludge. The samples were collected
directly from the drying beds. The sludge sampling and conservation were carried
out according to ISO 5667-13 and ISO 5667- 15, respectively [16 ,17].

The cement used is CEM 1/A42.5N type, with a density of 3.2 g/cm3 and Blaine
specific surface area of 3500 g/cm2, it meets with the European standard EN 197-
1 [18]. The chemical composition of cement is presented in Table 2.

The lime (CaO) used in this study, has a density of 2 g/cm3 and Blaine specific
surface area of 5000 g/cm2, it conforms to the (NF EN 459) standard [19].

The limestone filler has a density of 2.6 g/cm3 and Blaine specific surface area of
3460 cm2/g, the CaCO3 content is 98%, and it conforms to the NFP 18-508
specifications for construction uses [20].

The physical and chemical properties of all materials are presented in Tables 1,
and 2.
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Table 1. Physical characteristics of Sewage Sludge

Chemical properties Values
Manganese 0.013 mg/l
Copper 0.039 mg/1
Iron 0.021 mg/1
Zinc 0.089 mg/1
Nickel 0.012 mg/1
Cadmium 0.048 mg/1
Chrome 0.158 mg/l
Plomb 0.122 mg/1
Gypsum 41.50 %
Physical properties

Moisture content 66.76%
Liquidity limit 66.44%
Plasticity limit 50.37%
Plasticity index 16.07%
Density 1.71(t/m?)
Value of Blue 1.01

Table 2. Chemical composition of the cement, sludge, and lime

SiOz A1203 F6203 CaO MgO SO3 KzO NaZO Mno P205 Ti02 Cl CaC03

Cement 21.64 398 4.66 6259 1.62 236 0.56 0.18 0.016
Sludge 31.1 942 748 39.6 227 266 144 03 0.16 437 0.76
Lime <25 <1.5 <2 >833 <05 <25 <4,7 <10

3. EXPERIMENTAL PROGRAM

An experimental program was carried out on the sewage sludge treated with the
combined Cement/Lime and Cement/Limestone filler binders, in order to identify
the effect of the binders on the geotechnical and mechanical characteristics of the
sludge, and the optimal mixtures of the solidified sludge. For each combination,
three specimens were made for each test period (14, 28 days). The combination of
binders and their designations are presented in the Table 3.

A series of tests were carried out on the different mixtures: 1) Atterberg limit in
accordance with the NF P 94-051 standard [21] to determine the liquidity limit,
plasticity limit and plasticity index; 2) the Proctor study to determine the dried
density and the optimal water content according to the NF P 94-093 standard [22],
the sludge has been dried, then it is mixed with the different combinations; 3)
Compression and indirect tensile tests, they were carried out on cylindrical
specimens 10x20 c¢cm in accordance with NF P 98-232-1 [23] and NF P 98-232-3
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[24], they were prepared at the optimal water content and tested at 14 and 28 days
of cure. The immediate bearing is carried out in accordance with the standard NF
P 94-078 [25]. This test is recommended to determine the capacity of an
elaborated material, to support the circulation of the machines in the building site.

Table 3. Mixing Design

Combination 1 Designation Combination 2 Designation
2%C +2%L 2C2L 2%C +2%LS 2C2LS
4%C +2%L 4C2L 4%C +2%LS 4C2LS
6%C +2%L 6C2L 6%C +2%LS 6C2LS
2%C +4%L 2C4L 2%C +2%LS 2C4LS
2%C +6%L 2C6L 2%C +2%LS 2C6LS

C: Cement, L: Lime, LS: Limestone filler the numbers in the designation represent the
percentage of the total.

4. RESULTS AND DISCUSSION

4. 1. Atterberg Limits

The Atterberg limit values of sewage sludge stabilised by combined binders
(cement/lime and cement/limestone filler) were presented in Figure 1.

The results show that, increasing the amount of combination binders leads to an
increase in the plasticity limit (PL) in both cases. On the other hand, the limit of
liquidity (LL) increases in the case of cement/limestone filler and decreases
significantly in the case of cement/lime. As a result, the decrease in the plasticity
index (PI) is evident. The decrease in the plasticity index can be explained by the
hydration of the added binders, which causes the flocculation of the slurry
particles and leads to an improvement in their compactness, which results in an
increase in the plasticity limit accompanied by a slight increase in the liquidity
limit. Several research works attribute changes in the technical properties of soil
or sediment mixed with cement, lime and limestone filler to cation exchange,
particle flocculation, agglomeration and pozzolanic reactions [32]. Therefore, it
can be deduced that the effect of the binders in stabilising the sludge is greater. A
rapid formation of physical bonding between the particles causes an increase in
Atterberg limits and a decrease in their plasticity.
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Fig. 1. The Atterberg limit results for all mixtures

4.2 Proctor Compaction test

The compaction curves for different mixtures of the sewage sludge stabilised by
the binders are shown in Figures 2 (cement/lime) and Figure 3 (cement/limestone
filler), and the variation of the maximum dry density and optimum water content
of the different mixtures are presented in Figure 4.

The results show that the optimal dry density decreases with the addition of the
binders but is not significant in the case of high cement content. For the optimal
water content, it is increased especially in the case of lime and limestone filler.
For example, the dry density decreases from 1.47 t/m3 to 1.36 t/m3 in the case of
cement/lime and the water content increases from 13.95% to 21.78%. The same
observations in the case of cement/limestone filler. The increase in the optimum
water content is caused by the increase in the specific surface area of the particles
in the mixture compared to the reference sludge due to the addition of fine
materials. Moreover, the higher density in mixtures with high cement amount
compared to lime and limestone filler may be due to the optimal water content
required for the hydration of these binders which is less important in cement [26,
28, 29]. Previous research has attributed the change in maximum dry soil density
to both the grain size distribution and the specific densities of grains and stabilisers
[30].

In terms of increasing the optimum water content, the binders help to increase the
specific surface area of the particles in the mixture compared to the reference
sludge by adding fine materials. Indeed, these binders contribute to the
enlargement of flocculated particles and their coefficient of friction thus
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penalising the rearrangement of the grains during compaction, resulting in a
decrease in the optimal dry density, these observations confirm the results of Al
Amoudi et al. [31] on soil stabilization by cement and lime and the research of
Wang et al. [32] on sediment stabilization by cement and lime.
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Fig. 2. Variation of dry density with moisture content, the case of cement/lime
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Fig. 4. Variation of the maximum dry density and optimum water content

4.3 Mechanical properties

Figure 5 outlines the variation of the unconfined compressive strength of the
studied mixes as a function of the hardening time. The results indicate that the
compressive strength increases continuously over time due to the continuation of
the pozzolanic reaction [13]. The results show the effect of the combination of
cement and lime which gives the best outcomes. In addition, the results show that
the compressive strength increases with the cement amount; they represent 30 %
for 4C2L and 55 % for 6C2L. In the case of rising the amount of Lime the results
show that the optimal amount is 4 %, rising this amount to 6% leads to a decrease
of 11 % of the strength at 28 days. In addition, these results show the effect of
varying the rate of the combined cement/limestone filler binders. The results
indicate that the compressive strength is not linked to the content of the two
binders, but the highest strengths were always recorded in the case of high cement
dosages compared to those of the limestone filler. Additionally, the results shown
that the compressive strength at 28 days increased by 32.51% for 4C2LS, 46.45%
for 6C2LS, and 21.02% for 2C4LS except for the 2C6LS mix which decreased by
21.75% compared to the 2C2LS mix.

The development of compressive strength is mainly attributed to the formation of
an amount of C-S-H gel. The C-S-H gel with cementations properties could not
only fill the void space, but also effectively bind the sludge particles, which is
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consistent with previous research on sludge stabilisation with hydraulic binders
[1, 11, and 26]. On the other hand, the addition of lime and 6% limestone filler
with cement slightly decreases the compressive strength, which explains the
disadvantageous role of these high-dosage binders in inhibiting the hydration
reaction and the formation of hydrated calcium silicates, which is confirmed by
other research studies such as Farooq et al. [27], these authors observed that the
compressive strength was increased by adding lime until the content reached 4%
and then decreased for higher proportions. The difference in compressive strength
between the sludge stabilising binders, which is lower in the case of
cement/limestone filler than in the other case of cement/limestone, may be due to
the different chemical reaction mechanisms between the sludge and these
stabilising binders.

Figure 6 displays the evolution of tensile strength for the two studied mixtures
cement/lime and cement/limestone filler at 14 and 28 days of curing. According
to the results, the tensile strength increases with time and their scaling with binder
dosage are similar to the results of compressive strength. In the case of
cement/lime, the tensile strength increases by 12.95% for 4C2L, 25.32% for
6C2L, 5.73% for 2C4L and decreases to 13.5% for 2C6L and in the case of
cement/limestone filler, the tensile strength increases to 8.19% for 4C2LS,
22.36% for 6C2LS, 4.36% for 2C4LS and decreases to 19.02% for 2C6LS
compared to 2C2LS.

The increasing trend of compressive and tensile strength with the amount of binder
is observed, although the gain in tensile strength is not significant when compared
with the gains in compressive strength. The comparison between the results
recorded shows that the strengths of the second mix (cement/limestone filler) are
lower than those of the first mix (cement/lime), revealing that cement and lime
were potential stabilisers for improving the strength of the solidified sludge.
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Fig. 6. Tensile strength of the studied mixtures

4.4 Immediate bearing index (IBI)

The immediate bearing index (IBI) measured on all the mixtures studied is shown
in Figures 7 and 8. The comparison of the variation the IBI index and the optimum
water content of different mixtures is presented in Figure 9.
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The results show that all the values vary between 16.32% and 24.02% in the case
of cement/limestone. For cement/limestone filler samples, the values vary
between 13.17% and 19.07%. In the case of mixtures 4C2L, 6C2L and 2C6L the
values reach the minimum value set by the GTS [36] for reuse in the pavement
shape layer, which is equal to 20. In addition, the results show that the
improvement in the bearing capacity of the treated sludge (increase in IBI) is
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related to the reduction in the volume of voids in the particles of the constituted
mixture which could be due to their right distribution.
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Fig. 9. Variation of IBI index and the optimum water content of different mixtures.

4.5 Macroscopic monitoring

The evaluation of crack conditions due to the presence of expansive minerals in
soils is considered as a key parameter in road construction, for this reason the
assessment of this factor through macroscopic monitoring is essential [34,35,37].
For this reason, figures 10 and 11 show the typical crack evolution of different
mixes studied at 7 and 28 days of hardening for cement/lime and cement/limestone
filler. It is noticed that in the first days of hardening the solidified sewage sludge
separated from the cutting ring due to drying shrinkage and small cracks also
appeared at the edge of the samples. The sludge sample shrunk further after 7 days
of drying, and cracks extended from the edge to the centre, although this was not
very evident in the case of cement/limestone filler mixtures. Contrary to
cement/limestone filler mixtures, which were more significant, and many cracks
appeared with greater widths and depths.

This macroscopic observation confirms the low mechanical properties in the high
amounts of lime and filler and the less important role of limestone filler in this
study (Figure 12).



CHARACTERIZATION OF STABILISED SEWAGE SLUDGE FOR REUSE 213
IN ROAD PAVEMENT

B, - o ] = R!
%C +2 %L 2%C +4 %L
i3 5

w2

C +6%L

x LN
2% C +2%LS 4% C +2%L S 6% C +2%LS
g v . X

28 days 5

wd vl

2%C +2%LS

Fig. 11. Macroscopic monitoring of samples stabilised by cement/limestone filler



214 Saber MEDAOUD, Larbi MOKRANI, Samy MEZHOUD, Sami ZIANE

o 202 022
- 4C2L
e —A—6C2L 0.20
| maries Fa-20a1
o8 o 0184 Lo e
- 602LS
__0.074 —0.164 Y- 20418
== == 2068
=< 0061 o 0141
= 0,054 = 012
= 20401
= 0,044 =
= = (.08
<0031 ()
(.06
0.024 m
0.014 0024
W=———T—T T e e A N AN
0 5 10 15 20 2% Rl 0 5 10 15 20 25 R
Age (days) Age (days)

Fig. 12. Evolution of cracking of the studied mixtures

5. CONCLUSION

Based on the above experimental results, the following conclusions can be pointed
out:

The incorporation of combined cement/lime and cement/limestone filler
binders into the raw sludge results in a decrease in the dried density and an
increase in the water content. This change is considered an indication of the
improved mechanical characteristics of the sludge stabilized with these
binders.

The results of the Atterberg limit test of Sewage Sludge treated with
cement/lime and cement/limestone filler show a decrease in the plasticity
index which gives a better workability to the stabilized sludge allowing a
longer from the period of on-site work to the wet seasons.

The value of the immediate bearing index shows us that the mixtures 4C2L,
6C2L and 2C6L reach the minimum value set by the GTS for reuse in the
pavement shape layer

The mechanical properties of the sludge stabilized by the combined binders
(cement/lime and cement/limestone filler) increase with the hardening time
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and the cement dosage. The opposite is true for high dosage of lime and
limestone filler, which could not be improved considerably. The mechanical
performance of the sludge solidified by the cement/lime combination is much
higher than that of the cement/limestone filler.

Cracks have been observed with the naked eye in the samples have high
amounts of limestone filler and lime combined with cement which confirms
the mechanical behaviour of these binders to stabilize the sewage sludge.
Macroscopic observation also shows cracks of great depth for the sludge
stabilized by the cement/limestone filler combination. This shows the
negative effect of limestone filler during hydration process.

REFERENCES

L.

10.

Lucena, LCDFL, Juca, JFT, Soares, JB and MarinhoFilho, PGT 2014. Use of
wastewater sludge for base and subbase of road pavements. Transportation
Research Part D: Transport and Environment 33, 210-219.

Dionisi, D, Bertin, L, Bornoroni, L, Capodicasa, S, Papini, MP and Fava, F
2006. Removal of organic xenobiotics in activated sludges under aerobic
conditions and anaerobic digestion of the adsorbed species. Journal of
Chemical Technology & Biotechnology: International Research in Process,
Environmental & Clean Technology 81(9), 1496-1505.

Helander, M, Saloniemi, I and Saikkonen, K 2012. Glyphosate in northern
ecosystems. Trends in plant science 17(10), 569-574.

Rai, CL, Struenkmann, G, Mueller, J and Rao, PG 2004. Influence of
ultrasonic disintegration on sludge growth reduction and its estimation by
respirometry. Environmental science & technology 38(21), 5779-5785.
Hoornweg, D and Bhada-Tata, P 2012. What a waste: a global review of solid
waste management.

Na, W 2013. Effect of slag-based solidification material on the solidification
and stabilization of sewage sludge. Science Asia 39(1), 67-72.

Lim, S, Jeon, W, Lee, J, Lee, K and Kim, N 2002. Engineering properties of
water/wastewater-treatment sludge modified by hydrated lime, fly ash and
loess. Water research 36(17), 4177-4184.

Lin, C, Zhu, W and Han, J 2013. Strength and leachability of solidified sewage
sludge with different additives. Journal of Materials in Civil Engineering
25(11), 1594-1601.

Valls, M, Atrian, S, de Lorenzo, V and Fernandez, L. A 2000. Engineering a
mouse metallothionein on the cell surface of Ralstoniacutropha CH34 for
immobilization of heavy metals in soil. Nature biotechnology, 18(6), 661-665.
Dassekpo, JBM, Ning, J and Zha, X 2018. Potential solidification/stabilization
of clay-waste using green geopolymer remediation technologies. Process
Safety and Environmental Protection 117, 684-693.



216

Saber MEDAOUD, Larbi MOKRANI, Samy MEZHOUD, Sami ZIANE

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Chen, P, Feng, B, Lin, Y and Lin, C 2019. Solidification and stabilization of
sewage sludge and MSWI bottom ash for beneficial use as construction
materials. Journal of Materials in Civil Engineering 31(1), 04018351.

Kim, EH, Cho, JK and Yim, S 2005. Digested sewage sludge solidification
by converter slag for landfill cover. Chemosphere 59(3), 387-395.

Fan, X, Xu, H, Wang, S, Shu, S, Lin, N and Qian, Y 2019. Geotechnical
properties of sewage sludge solidified with Sulphoaluminate cement. EDP
Sciences. In E3S Web of Conferences Vol. 81, p. 01015.

Mezhoud, S, Clastres, P, Houari, H and Belachia, M 2018. Field investigations
on injection method for sealing longitudinal reflective cracks. Journal of
Performance of Constructed Facilities 32(4), 04018041.

Mezhoud, S, Houari, H and Boubaker, F 2017. Valorisation des fraisat routiers
et produits de démolition pour la fabrication de mélanges granulaires traites
aux liants hydrauliques. Algerian Journal of Environmental Science and
Technology 3(3).

ISO, E. (2011). 5667-13: 2011. Water Quality—Sampling—Guidance on
Sampling of Sludges. International Organization for Standardization: Geneva,
Switzerland.

ISO 5667-15/1999: Water Quality-Sampling-Part 15: Guidance on
preservation and handling of sludge and sediment samples.

NF EN 197-1 (2000). Cement - part 1: Compositions. Specifications and
conformity criteria for common cement. Brussels: European Committee for
Standardization.

NF EN 459-3 (2002). Construction lime - Part 3: Conformity assessment,
European Standard.

NF P 18-508 (1995). Additions for concrete, limestone additions —
specification and conformity criteria, French standard, AFNOR.

NF P 94-051 (1993). Soil: investigation and testing — determination of
Atterberg’s limits — liquid limit test using Casagrande apparatus — plastic limit
test on rolled thread, Association Francaise de Normalisation.

NF P 94-093 (1993). Determination of soil compaction characteristics: normal
Proctor test modified Proctor test, French standard, AFNOR.

NF P 98 232-1 (1991). Tests relating to pavements — determination of the
mechanical characteristics on material bound with hydraulic binders — Part 1:
unconfined compression test, Association Francaise de Normalisation.

NF P 98-232-3 (2001).Tests relating to pavements — determination of the
mechanical characteristics material bound with hydraulic binders — Part 3:
Diametral compression test on hydraulic and pozzolanic binder bound
materials, Association Francaise de Normalisation.

NF P94-078 (1997). Sols: reconnaissances et essais — Indice CBR aprés
immersion. Indice CBR immédiat. Indice portant immédiat — Mesure sur
¢chantillons compactés dans le moule CBR, Norme frangaise, AFNOR.



CHARACTERIZATION OF STABILISED SEWAGE SLUDGE FOR REUSE 217
IN ROAD PAVEMENT

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

de Figueirédo Lopes Lucena, LC ,ThoméJuca, JF, Soares, J. B and Portela,
MG 2014. Potential uses of sewage sludge in highway construction. Journal
of Materials in Civil Engineering 26(9), 04014051.

Farooq, SM, Rouf, MA, Hoque, SMA and Ashad, SMA 2011. Effect of lime
and curing period on unconfined compressive strength of Gazipur soil,
Bangladesh. In 4th Annual Paper Meet and 1st Civil Engineering Congress
(pp- 22-24).

Hossain, KMA, Lachemi, M and Easa, S 2007. Stabilized soils for
construction applications incorporating natural resources of Papua New
Guinea. Resources, Conservation and Recycling 51(4), 711-731.

Mitchell, JK and Hooper, DR 1961. Influence of time between mixing and
compaction on properties of a lime-stabilized expansive clay. Highway
Research Board Bulletin 304 .

Rahman, MA 1987. Effects of cement-lime mixes on lateritic soils for use in
highway construction. Building and Environment 22(2), 141-145.
Al-Amoudi, OSB, Khan, K and Al-Kahtani, NS 2010. Stabilization of a Saudi
calcareous marl soil. Construction and Building Materials 24(10), 1848-1854.
Wang, DX, Abriak, NE, Zentar, R and Xu, W 2012.
Solidification/stabilization of dredged marine sediments for road construction.
Environmental technology 33(1), 95-101.

Okagbue, CO and Yakubu, JA 2000. Limestone ash waste as a substitute for
lime in soil improvement for engineering construction. Bulletin of engineering
Geology and the Environment 58(2), 107-113.

Mezhoud, S, Clastres, P, Houari, H and Belachia, M 2017. Forensic
investigation of causes of premature longitudinal cracking in a newly
constructed highway with a composite pavement system. Journal of
Performance of Constructed Facilities 31(2), 04016095.

Samy, M, Besma, M, Saber, M and Sami, Z 2019. Cartographie Géotechnique,
des Risques de Gonflement des Argiles Dans la Wilaya de Mila. In st
International congress on advances in geotechnical engineering and
construction management ICAGECM (Vol. 19).

LCPC-SETRA (2000). Soils treatment with lime or/and hydraulic binders-
carthworks and subgrade layer]. France: SETRA Editions.

Mezhoud, S, Clastres, P and Houari, H 2016. Investigation in situ d’une
méthode d’injection pour la réparation des fissures de chaussées semi-rigides.
Academic Journal of Civil Engineering 34(1), 849-857.

Editor received the manuscript: 12.12.2021



