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EFFECT OF HARDENED CEMENT WASTE AND FRESH CEMENT
IN THE TREATMENT OF EXPANSIVE SOIL

Purpose. To study the effect of hardened cement waste and compare it to the effect of fresh cement in the treatment of expan-
sive soil.

Methodology. To show the performance of hardened cement waste compared to that of fresh cement, an experimental study is
conducted concerning a swelling clay soil in the Mila region of eastern Algeria. The study involves a series of soil treatment tests with
fresh cement and hardened cement waste (with reasonable proportion) for each type of cement. Finally, a comparison of the influ-
ence of the addition of hardened cement waste and the addition of fresh cement on the physical and mechanical behavior of the soil.

Findings. Treatment with fresh cement provides a good improvement in certain properties, and in this work we show that the
use of hardened cement waste could also improve the physical and mechanical characteristics of the treated soil.

Originality. The originality of this work is to replace fresh cement with the waste of hardened cement in the treatment of clay
soils in general and swelling soils in exceptional cases to minimize the cost of treatment with fresh cement and protect the environ-
ment from waste of the cement.

Practical value. This study shows that the results obtained by adding 6 % of fresh cement and 6 % of hardened cement waste
changed the physical and mechanical properties of the soil (plasticity, bearing capacity, swelling and settlement). Comparison of the
results obtained shows that the performance of hardened cement waste represents 90 to 98 % of the performance of fresh cement. The
convergence of the treatment results indicates the possibility of replacing fresh cement with hardened waste cement in soil stabilization.

Keywords: treatment, expansive soil, plasticity, hardened cement waste, fresh cement

Introduction. Soil improvement is a solution to avoid the
consequences of the behavior of poor sandy or clayey soils. Fine
sandy soils are loose sands with the presence of other factors
such as water flow and seismic action cause the phenomenon of
liquefaction of soils, this phenomenon of liquefaction causes
instability of the soil followed by movement in the ground
which leads to significant damage to structures built on this type
of'soil. Clayey soils are the soils most encountered in construc-
tion in general and in geotechnical works in particular. Swelling
clay soils are some of the unstable soils, these clays are known
by the phenomenon of shrinkage-swelling, this phenomenon is
caused by the mineralogical structure of the soil with the pres-
ence or absence of water. In the design of construction materials
resulting from the stabilization of disturbed soils, the choice of
stabilizer and the stabilization process are decisive. Improve-
ment methods have been developed in recent years: mechani-
cal, thermal, and chemical [1, 2]. Binders used in soil treatment
have proven their effectiveness in improving mechanical, physi-
cal, and chemical |3, 4] properties such as: cement, lime, ce-
ment, and lime [5], lime and pozzolans [6] and salts [7, 8].

The first attempt at stabilization with cement was made in
the United States in 1915 in the road sector, the setting and
hardening of the cement introduced into a concrete floor pro-
vides it with the cohesion necessary to ensure stability. The
addition of cement also reduces the swelling of the finest par-
ticles. Soils treated in this way are called “Cement Soil”.

Portland cement is most commonly used in stabilization.
Recently, studies have shown that all standardized cements are
suitable in principle for soil stabilization, some authors have
given preference to low class cements because it is not necessary
to have great resistance. On the other hand, others proposed us-
ing CLK or CPA cements with a class greater than 30 and others
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recommended the use of cement rich in C3S and C2S with a
class greater than 30. Almost all floors can be stabilized with ce-
ment. Certain orientation criteria make it possible to see which
soils are likely to be economically stabilized with cement. They
are mainly based on particle size characteristics and Atterberg
limits. Stabilization with chemical binders is ensured by several
mechanisms such as cation exchange, flocculation, grain ag-
glomeration, hydration, pozolanic reaction and carbonation.
Each mechanism has a role in improving soil properties.

In recent years [9], researchers are oriented towards the
exploitation of waste in soil treatment such as fly ash, plastic
waste, tire rubber, glass waste, marble waste, tiles, brick waste
[10]. Recently, studies have focused on the cost of carrying out
the treatment and environmental protection. Certain wastes
have demonstrated their performance in soil stabilization.

This study is part of the stabilization of the expansive from
the region of Mila city located in the northeast of Algeria. This
region has suffered great damage to the construction of hous-
es, roads, and bridges due to the saturation of the swelling clay
type soil plus severe seismic action. The addition of the treat-
ment used is hardened cement waste, the exploitation of waste
from factories and construction sites has become a topical sub-
ject, they are used in several areas, particularly in geotechnics,
such as the stabilization of soils with bad behavior.

The objective of this work is to study the effectiveness of
the hardened cement waste in the treatment of the soil and to
evaluate the rate of influence of the hardened cement com-
pared to the influence of the fresh cement which is known by
its effectiveness in soil stabilization.

The work focuses on carrying out a series of experimental
tests (plasticity tests, compaction tests, puncture test, shear
test and oedometric test) to assess the influence of a variation
in the percentage of fresh cement and the hardened cement
waste (2, 4, 6 %) on the physical and mechanical properties
of the soil.
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Methods and materials. Preliminary tests are carried out
for the identification of the soil object of the study (physical,
chemical, and mechanical) and the main tests carried out on
the treated soil (physical: plasticity, Proctor compaction and
mechanical such as compressibility and swelling oedometric,
CBR and shear strength).

The materials used in this work are:

Soil used for stabilization. The soil used in this work is clay
soil from the town of Milla located in the north-eastern region
of Algeria, taken from a depth of 4—7 m. It is a soil considered
to be swelling clay following the damage seen on the soil and
buildings in this city.

Stabilization cement. The addition of treatment is the fresh
cement and the hardened cement waste, is used with the fol-
lowing percentages: 2, 4, 6 %.

The stabilization cement is CPJ-CEM 11 42.5, it is a com-
posite portland cement obtained by the finely ground mixture
of clinker and additions of calcium sulfate is added in the form
of gypsum, as a setting regulator. CPJ-CEM 11 42.5 composite
portland cement consists of:

- 80 to 94 % Portland clinker;

- 6 t0 20 % maximum addition (pure limestone);

- secondary constituents (0 to 5 % calcium sulfate as set-
ting regulator).

Results and discussions. Results of natural soil. The soil is
classified as class A fine soil (clay and marly clay, very plastic
silt A3) according to the GTR.

The results of the preliminary tests of the untreated natural
soil are presented in Table 1.

According to the results obtained, the soil is considered as
plastic clay soil with a high swelling rate and considerable
compaction. The soil has a low bearing capacity.

Results of treated soil. The main tests carried out on the soil
treated according to the percentage of 2, 4 and 6 % of fresh
cement and 2, 4 and 6 % of hardened cement are:

- Plasticity limits;

- Standard Proctor;

- CBR;

- Shear;

- Oedometer.

Effect of cement on soil plasticity. From the results obtained, we
note that the influence of cement is considerable for both types of
fresh and hardened cement waste. In most cases we see that the
reduction in the liquidity limit is proportional to the percentage of
cement added, from 63 % for untreated clay, to 54 % for an addi-
tion of 6 % fresh cement and 48 % for 6 % of hardened cement.

The reduction in this limit is in agreement with the pub-
lished results of El Sharif, et al. (2013) [1] and Djouimaa, et al.
(2018) [5]. It can be explained by the flocculation reaction of
the clay grains which have an important influence on the re-
duction in the thickness of the double layer or by the reduction
in the specific surface area [11].

On the other hand, the plasticity limit undergoes a slight
reduction from 32 % for untreated clay, to 27 % for an addition
of 6 % fresh cement and 23 % for hardened cement Table 2.

Reducing both limits produces an appreciable decrease in
the plasticity index. The effect of cement and hardened ce-
ment waste are presented in Fig. 1.

The treatment with cement in general reduces the plastic-
ity of clay soil, but hardened cement has the same performance
for improving the rate of plasticity where we notice that the soil
treated with 6 % hardened cement waste changes from a very
plastic soil to a low plastic soil. This proves that hardened ce-
ment waste is more efficient than fresh cement.

Effect of cements on Proctor results. The addition of cement
tends to increase the optimal water content and reduce the
maximum dry density with the proportional increase in the
percentage of the addition.

Optimum water content. For the same compaction energy,
the optimal water content of the untreated soil is passed from
17.52 to 18.10 % for the addition of 6 % fresh cement and 17.82
for 6 % hardened cement.

The increase in optimum water content is that fresh ce-
ment and hardened cement require more water for the initial
immediate reaction of the drying process by absorption and
evaporation as well as the ion exchange process generated by
the reactions between the cement and the minerals of the clay
soil causing the flocculation and agglomeration of the minerals
of the particles fine soil.

The comparison of the results of both treatment with fresh
and hardened cement is presented in Fig. 2.

Optimal dry density. According to the compaction curves
presented in Figs. 3, 4, the maximum dry density decreased
from 1.61 to 1.58 g/cm? for the addition of 6 % fresh cement
and 1.56 g/cm? for the addition of 6 % hardened cement. This
change is considered an indication of improving the compac-
tion characteristics of cement-stabilized soil. The reduction in
max dry density occurred because agglomerated and floccu-
lated soil particles occupy larger spaces.

According to the results obtained from the Proctor com-
paction curves, the two additions performed almost the same,
the comparison is presented in Fig. 5.

As a conclusion of these results, the treatment with fresh

Table 1 cement modifies the optimum characteristics of compaction or
Characteristics of untreated clay soil it increases the optimum water content and the agglomeration
of the cement around the fine soil grains increases the grains
Soil characteristics Values size and this leads to a decrease in the maximum dry density.
Water content w (%) 16.28 The same phenomenon happens with hardened cement.
Liquidity limit W1 (%) 63 Effect of cement on lift (after immersion). Cement is rec-
—— ommended in the treatment of clay soils and specifically swell-
Plastic limit WP (%) 32 ing soils to improve their bearing capacity to support a road-
Plasticity index IP (%) 31 way or another load. The punching load increases gradually
Maximum compaction dry density Gs 1.61 with the increase in the percentage of cement. The punching
Optimal water content of compaction wop (%) 17.52 curves are shown in Figs. 6, 7.
i’,;r;entage of clay (%) 764 Tuble 2
- Plasticity limits with addition of fresh cement and hardened
Punching force (kN) 0.89 cement waste
CBR lift index (%) 5.0
Sh i KN/m2) for o = 150 (KN/m?2 71 Percentage of fresh Percentages of
ear resistance t ( m*) forc = ( m~) o hardened cement
Cohesion C (kN/m?) 32 Atterberg limits (%) cement (%) waste (%)
Angle of internal friction (°) 15 0 2 4 6 0 2 4 6
Consolidation pressure Pc (kN/m?) 120 Liquidity limit (wl) | 61 | 60 | 56 | 54 | 61 | 60 | 53 | 48
Compressibility index CC (%) 30.98 Plasticity Limit (wp) | 31 | 31 | 28 | 27 | 31 | 28 | 27 | 23
Swelling index Cg (%) 11.4 Plasticity Index (Ip) | 30 | 29 | 28 | 27 | 30 | 28 | 26 | 25
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Fig. 1. The plasticity index (Ip) according to the percentage of
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Fig. 2. The optimal water content index as a function of the per-
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Fig. 4. Proctor curves with percentages of hardened cement waste

The punching load for the untreated soil is 0.89 kN with
6 % fresh cement it reaches 1.56 kN.

The value max of the punching load for soil treated with
2 % of hardened cement waste is 2.4 kN.
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Fig. 5. Evolution of the optimal dry density as a function of the
percentage of cement

The geotechnical characteristics of soil bearing capacity
are represented by the bearing index.

The addition of cement has a significant influence on the
increase in the load-bearing capacity of the soil where the value
of the load-bearing index increases from 5.02 % for the un-
treated soil to 12.04 % for the soil treated with 6 % of fresh ce-
ment and at 10.03 % for the addition of 6 % hardened cement.

This change is perhaps due to the cementation of the soil,
which acts as a glue between the grains and produces significant
resistance to the effort exerted. The results are detailed in Fig. 8.

The use of cement for the treatment of the soil promotes
the bearing capacity of the soil in a remarkable way almost
double, either for fresh cement or hardened cement (Fig. 8).

Effect of Cement on Strength Parameters. The shear resistance
parameters are influenced by the treatment with the two types of
cement addition which influences the shear resistance of the soil.

Angle of friction. The friction angle value is increased with
increasing percentage of addition. The value presented in Fig.
9, it goes from 15° for the untreated soil to 20° for the soil treat-
ed by the addition of 6 % fresh cement and to 16° for the soil
treated by the addition of 4 % hardened cement waste.
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Fig. 7. Punching curves as a function of percentages of hard-
ened cement waste
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Fig. 8. Evolution of the lift index as a function of the percentage
of cement

Cohesion. The addition of cement tends to reduce the cohe-
sion between the grains because of the change in the shapes of
the soil particles. The reduction is considerable, it varies between
32 kN/m? for the untreated soil and 22 kN/m? for the soil treated
by the addition of 6 % fresh cement and 21 kN/m? for the soil
treated with 6 % hardened cement. The variation of the cohesion
according to the percentage of cement is presented in Fig. 10.

A variation of the resistance parameters is caused by the
addition of cement with a decrease in the cohesion between
the fine grains of soil.

Effect of cement on oedometric results. The stabilization of
swelling by adding cement has been the subject of several stud-
ies (A. Soltani, A. Taheri, M. Khatibi, A. Restabish, 2017) [12],
(C. Consoli, M. T.de Aratijo, S. Tonatto Ferrazzo, V.de L. Ro-
drigues, C. Gravina da Rocha, 2020) [13] and all these studies
confirm the positive role that this addition has in reducing the
swelling of swelling soils.

Pre-consolidation stress (Pc). According to the results ob-
tained, we notice a significant reduction in the consolidation
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Fig. 9. Evolution of the angle of friction according to the per-

centage of cement
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Fig. 10. Evolution of the cohesion according to the percentage of
cement

stress from 120 kN/m? for the untreated soil to 71 kN/m? for
the soil treated by the addition of 6 % fresh cement and to
98 kN/m? for the ground treated by adding 6 % hardened ce-
ment. The results of the pre-consolidation stress as a function
of the percentage of cements are shown in Fig. 11.

The compressibility index (Cc). Treatment with cement pro-
motes a reduction in the compressibility rate of the general
floor. The compressibility index gradually decreases with in-
creasing percentage. The reduction in the compressibility rate
is due to the filling of the voids with the added cement.

The compressibility index goes from 30.98 % for the untreat-
ed soil to 25.98 % for the soil treated by the addition of 6 % of
fresh cement and to 23.98 % for the soil treated by the addition of
6 % of hardened cement. These results are presented in Fig. 12.

The swelling index (Cg). Treatment with fresh cement or
hardened cement results in a good improvement in the swell-
ing rate, more than doubling. The reaction of cement with clay
minerals minimizes the rate of swelling. The value of the swell-
ing index varies from 11.4 % for untreated soil to 5.21 % for soil
treated with 6 % fresh cement and 5.14 for 6 % hardened ce-
ment. The variation in the swelling index is very significant;
the soil goes from a swelling soil to a low swelling soil. The
variation is shown in Fig. 13.

The cement treatment minimizes soils swelling and decreas-
es settlement during consolidation of soil. The hardened cement
waste has same effect on soil behavior as the fresh cement.

Conclusion. This study is part of the stabilization of swell-
ing clay from Mila region in northeastern Algeria and the ob-
jective is to show the performance of hardened cement waste
compared with that of fresh cement.

According to the results obtained within the framework of
the study of the mechanical behavior of a treated clay soil.
Adding fresh cement and hardened cement to clay soil allows
the following:

1. To reduce the sensitivity of soils to water by increasing
the value of the optimum water content.
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Fig. 11. Evolution of the pre-consolidation stress (Pc) as a func-
tion of the percentage of cement
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Fig. 12. Evolution of the compressibility index (Cc) as a func-
tion of the percentage of cement
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Fig. 13. Evolution of the swelling index (Cg) as a function of the
percentage of cement

2. Reduction of the plasticity index.

3. Cement causes an increase in the lift index.

4. Increased shear strength.

5. Reduced compaction and swelling.

The results obtained show the effectiveness of the treat-
ment with the fresh cement and the hardened cement carried
out individually in the improvement of the clay.

The comparative study between the effect of fresh cement
and hardened cement proves the performance of hardened ce-
ment waste in the treatment which had a rate of 96 % of that of
fresh cement. So, we can use the hardened cement waste in the
treatment of soils instead of fresh cement.

Finally, treatment with hardened cement leads to the im-
provement of several soil properties and protects the environ-
ment through the exploitation of waste from construction sites
and factories.
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Meta. BuB4eHHS BIJIMBY 3aTBEPAIIMX BiIXOAiB LIEMEHTY
Ta MOPIiBHSIHHS MOTO i3 BIIMBOM CBiXKOTO LIEMEHTY TpU 00-
po61i HadyXal0yoro rpyHTy.

Meroauka. [l nemMoHcTpauii e(heKTUBHOCTI BUKOPUC-
TaHHS 3aTBEPAUIUX BiIXOMIB LIEMEHTY MOPIBHSIHO 3i CBiXXUM
IIEMEHTOM TIPOBOAUTHLCS €KCIIEPUMEHTAbHE TOCTiIKEHHS
11010 30iJIbILIEHHST 00’ €MY IIMHUCTUX TPYHTIB y perioHi Mina
Ha cxofi Amkupy. JocmimkeHHs BKIIOYAE MPOBENeHHS cepii
TECTiB 3 00POOKM I'PYHTY 3 BAKOPUCTAHHSIM CBi3KOT'O LIEMEHTY
i1 3aTBepHiNIMX BiOXOMiB LIEMEHTY (3 BiIMOBITHUMM IIPOITO-
PLISIMU) [UTST KOXKHOTO TUITY LeMeHTy. HapeluTi npoBoauThbest
MOPIBHSIHHS BIUIMBY JOJaBaHHSI 3aTBEPIiIMX BiAXOMIB lie-
MEHTY Ta JOAABAHHS CBiXXKOTO LEMEHTY Ha (i3uyHy i1 Mexa-
HIYHY MOBEIIHKY IPYHTY.

Pesyabratn. O6poOKa CBiXKMM LIEMEHTOM CIIpUSIE 3Ha-
YHOMY TMOKpAIlEHHIO TeBHUX BJACTUBOCTEN, 1 B 1ili poOOTi
MM TTOKa3yeEMO, LII0 BUKOPUCTaHHS 3aTBEPAUIMX BiIXOMIB 1ie-
MEHTY TaKOX MOXKe TTOKpAIIUTH (Di3WdHi it MeXaHiIHi XapakK-
TEPUCTUKU OOPOOJIECHOTO I'PYHTY.

HaykoBa HoBu3Ha. OpUTiHANBHICTH 1€l POOOTH TIOJIS-
ra€e B TOMY, L0 3aMiCTb CBiXKOrO IEMEHTY BUKOPUCTOBYIOTh
BiAXOAM 3aTBEPILIOr0 LIEMEHTY UIsi OOPOOKM TJIMHUCTUX
I'PYHTIB 3arajoM i HaOyxalouuX I'PYHTIB Y BUHSITKOBUX BU-
najgkax 3 MeTOI0 MiHiMi3allii BUTpaT Ha OOpPOOKY CBixKUM
LIEMEHTOM i 3aXMCTy HaBKOJMIIHBOTO CEPETOBMILA Bifl Bif-
XOJIiB LIEMEHTY.

IMpakTyna 3naummicTh. Lle mocimkeHHsT Mokasye, 1110
pe3yJbTaTH, OTPUMaHi i3 1ofgaBaHHIM 6 % CBIXOTO LIEMEHTY
Ta 6 % 3aTBEPILINX BiIXOMIB LIeMEHTY 3MiHMIN (Di3uvHi i1 Me-
XaHiIYHi BJIACTUMBOCTI I'PYyHTY (IJIACTUYHICTb, HECydy 31aT-
HicTh, HaOyXxaHHs IPYHTIB i ocinaHHs). [1opiBHSIHHSI OTpU-
MaHUX pe3yJIbTaTiB MOKa3ye, 10 e(heKTUBHICTh BUKOPUCTAH-
HsI 3aTBEPIiIMX BiIXOMiB IIEMEHTY CTaHOBMTD Bim 90 mo 98 %
e(EeKTUBHOCTI CBIXKOTO LIEMEHTY. 30iT pe3yIbTaTiB 00pOOKM
CBIIUUTBH PO MOXKJIUBICTh 3aMiHM CBiXKOTO LIEMEHTY Biaxoaa-
MU LIEMEHTY Y TIpolieci cTabiizalii IpyHTy.

KiiouoBi caoBa: obpodka, nabyxarouuil rpynm, naacmuy-
Hicmb, 810X00U 3ameepdinoeo uemerHmy, CeiNcuil uemeHm
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