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ABSTRACT

Sediments from dredging works are increasingly used in the building and construction
industry. One of the major difficulties of sediment valorization resides notably in the very
heterogeneous composition of its fine particles. This paper focused on the rheological impacts
caused by the use of uncontaminated raw marine sediment (RS) in Self-Compacting Concrete
(SCC). The Densified Mixture Design Algorithm (DMDA) was used to optimize RS as a raw
material in the granular structure of the SCC. The AFREM grout method was used to
determine the saturation dose of the superplasticizer. The rheological tests were carried out to
assess the influence of fine RS particles on the workability of SCC. The stability of SCC was
found to be correlated with the high percentage of fine particles less than 125 pm present in
the RS. The fine nature of clays and the organic matter caused the increase in yield stress and
plastic viscosity. The rheological tests were carried out to assess the influence of fine RS
particles on the workability of SCC. The stability of SCC was found to be correlated with the

high percentage of fine particles less than 125 um present in the RS.
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1 Introduction
In the 1980’s in Japan, the research of specific rheological performance of concrete led to the

appearance of self-consolidating concrete (SCC) [1] [2]. Very fluid, homogeneous, and stable
the establishment of the SCC is very simplified for every type of application (vertical,
horizontal, oblique) [3]. In France, most of the SCC markets is very weak: about 5% against
2% on average in Europe. According to Aloia-Schawartzentruber [3], it explains due to the
difficulties of their formulation and the cost of specific materials (mineral additions,
superplasticizers, etc.). Utilized to insure the rheological properties. It will be more
advantageous to formulate an SCC with reduced cost utilizing secondary raw materials.

In France, more than 50 million cubic meters of marine sediments are dredged every year [4].
According to the regulation context, the management of this huge volume of sediments needs
an adapted methodology and treatment processes before considering a valorization at large
scale [5][6]. The Dunkirk port in France dredges each year about four million cubic meters.
One of the strategic objectives is to find high add-value beneficial uses for large volume of
dredged sediments [7]. For more than a decade, several experimental applications with
sediments have been performed in public works, road construction, standard concrete and
bricks, et. [8][9]. For cementitious materials, the classical approach is to partially replace the
sand fraction or the cement fraction. Today, these applications do not yet incorporate
optimized sediment rates somehow governed by the question of the environmental impact. In
this context, considering the finesse of sediments, their valorization deserves to be studied as
a commodity in SCC.

Harbour sediment is a material coming from the erosion of rocks, soils or/and chemical and
biochemical precipitations. It is composed of natural and mineral elements (clay, silt, sand), of
organic matter (plant debris, micro-organisms, humic colloids), as well as water. The particle
size of sediment varies according to the dredging and the treatment process [10]. Silt, clay and
a part of organic matter constitute the fine fraction of the sediment (< 63 um). According to
Gosselin [11], this fraction contains more of the contaminated pollutants (heavy metals,
micropollutants, nutrients). The sand fraction of the sediment constitutes the largest part. Sand
presents a grain size distribution and a porosity close to natural sand 0/2 mm. SCC
formulation needs an important volume of paste (cement + superplasticizer + effective water
+ air), around 330 to 400 I/m3 [12]. This volume of paste allows ensuring the fluidity,
homogeneity and stability of the mixture. Nowadays, the most commonly used additions for

the formulation of the SCC are calcareous or siliceous additions, metakaolins [2][13]. In



67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98

mass, their passing to 2 mm is equal to 100% and greater than 85% of the particles lower than
125 um [12].
In the state-of-art, many studies have been carried out on the use of treated sediment in
cementitious matrix [14]- [18]. For example, Amar et al. have shown that a physical grinding
and the calcination of sediment before its use in a cementitious matrix allow to assimilate its
behaviour to the one of additions (calcareous, siliceous) and to contribute to improving the
mechanical properties of grouts [19], [20]. Rosiere et al. [21] have shown that the use of
sediment calcined at 650°C in the SCC allows improving the rheological and mechanical
properties. To use the sediment in more large quantity of concrete, Agostini et al. [22] have
been able to substitute 33% of the sand fraction with sediment in cementitious matrix with a
treatment of the sediment according to the Novosol® process.
Thermal treatment of sediment presents some advantages [22]— [31] as:

* the elimination of some of the organic part,

e the improvement of the rheological properties of SCC,

* the removing sediment agglomerates during mixing,

the obtaining short-term mechanical properties of non-bearing structures,

» the activating of pozzolanic properties in the long term,

* the stabilization of heavy metals.
In this study, for environmental and economic reasons (reduction of the cost of thermal and
physical treatment), the valorization strategy was to experiment with the use of sediment in its
raw state in the SCC formulation, without the classical mineral additions of this kind of
concrete. Chemical analyses of the leaching test on the studied raw sediment concluded that
this sediment is a non-inert non-hazardous waste according to the law 28 October 2010/CE.
This classification makes it possible legitimately to assume the hypothesis that a physical,
chemical and thermal treatment is not necessarily mandatory for the use of sediment in
cementitious matrices such as SCC in the present case.
In this paper, the specific case of a SCC formulation incorporating about 300 kg/m® of RS
with an initial water content of 15 to 20% was tested. The SCC properties in the fresh state
give us spreading of SF1 class (550 to 650 mm) and SF2 (660 to 750 mm) according to the
classification of the AFGC guideline [12].
It is well known that best rheological properties of SCC are achieved when optimizing

parameters such as the compaction index of the mixture, the superplasticizer dosage, the
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shape and fineness of the components. The rheological properties of fresh concrete according

to Ovarlez and Rossel are often characterized by the Bingham model (Eq.1):

T= To+nYy (1

Several geometries make it possible to evaluate the yield stress of a simple (simple shear
flow) or complex suspension. The most standard geometries used are parallel plates, cones,
and plates, quilts. The parallel geometry is used for the measurement of SCC slurry flow. This
geometry is suitable for suspensions whose largest elements are less than 200 microns. Its
application has advantages such as the use of a small quantity of the paste for the
measurements, the free fixing of the height of the gap, and permits to maintain the suspension
homogeneity during the measurement of the yield stress while avoiding considering the
effects of friction between the suspension and the sidewalls of the geometry [32].

The purpose of this article is to show the experimental feasibility of a SCC with sediment
(optimized quantity) and without standard mineral additions. A specific paste rheometer was
used to evaluate the impact of the sediment fines fraction on the rheological behavior of the
different SCC pastes. Comparisons of yield stress, viscosities, and SEB observations have
been realized to quantify the influence of sediment on the SCC mechanical and rheological

properties.

2 Materials and protocols
2.1 Materials
- Sediment characterization

The raw sediment in its granular composition is not considered a mineral addition. A granular
separation of the raw sediment in two fractions (Fig.1.), respectively the passing to 125um
sieve (noted F1) and the refusals to 125 pm sieve (noted F2), shows a difference in properties
(physical, geotechnical and mineralogical). The properties of the F1 fraction are closer to the
additions used in standard concrete, as shown in Figure 2 concerning the grain size
distribution. By experimental feedback about the properties of Dunkirk Port sediments, the F1
fraction approximately stands for 25 to 60% of the raw sediment. This F1 fraction without any

treatment can play the role of a mineral pseudo-addition.

The sediments have been dredged from the Grand Port Maritime of Dunkerque (GPMD)
located in the North of France.RS is used in the initial water content of 15 to 20% in SCC

without any physical or thermal treatment. Leaching tests in electrochemistry allow the pH
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evaluation of 8 to 20 ° C. True density was 2.65 g / cm® measured by helium pycnometer,
which is approximately equal to that of 0/4 natural sand. The methylene blue and size
distribution test shows that the RS contains 34.30% clay-silt mixture and 61.47% sand. The
organic matter (OM) was measured as 3.33% using the standard XP P94-047 by calcination in
an oven at 450 ° C for 3 hours. This conformed to the result of 2.1% of total organic carbon
(OC) measured using the standard NF EN 13137 which according to Priby et al. OC / OM
must be between 1.4 and 2.5 [33].

The chemical composition of the sediment determined by X-ray fluorescence Table 2 shows
that the main chemical elements in the sediment were oxygen containing 52.1%, silicon
28.2%, calcium 10.5% and aluminum 2.9%. The value of PAHs (polycyclic aromatic
hydrocarbons) was 6.620 mg / kg and that of PCBs (polychlorinated biphenyls) was 0.55 mg /
kg, which was lower than the limited value according to Table 3 of the national decree of 12

December 2014.

RS was used as a secondary raw material in the SCC. Grout particles smaller than 2 mm
participated in the mixing. The reconstitution of the granular elements of the SCC paste, the
particle size distribution by wet sieving in accordance with XP P 94-041, allowed for a sieve
size of 125 pm (fraction F1). Fig. 2. shows the particle size curve of F1, which is close to
CEM 1III / A 42.5. According to the AFGC, the F1 fraction contributes to the volume of the
paste and influences the rheological and mechanical properties of the SCC [12]. The technical
size distributed by wet sieving allows maintaining the organic matter in the SCC paste and
also avoid sediment agglomerates that appear during the drying process. It has made it
possible to preserve the shape of the grains of the F1 fraction during rheological

measurements.

- Other Materials
Slag-blended cement CEM III / A 42.5 N was used to produce SSC in this study. It is

composed of 54% clinker and 43% slag-blended. This cement has an alkali content lower than
Portland cement and allows the stabilization of traces of heavy metals in the cement matrix.
The chemical compositions of this material are given inTable 2. Crushed coarse aggregate
(Dmax 11.2 mm, density 2.45, water absorption capacity 0.43% and unit weight 1389 kg / m3)
and natural sand (modulus of fineness 2.71, density 2.64, absorption capacity 1.1% and unit
weight 1645.8 kg / m3) were used. Superplasticizer was a high-efficiency polycarboxylate-
based with the density of 1.05 g / cm3. This type of high-performance water reducing



161  admixture (HRWRA) has been used to reduce viscosity and improve workability in different

162  mixtures [34].

163 2.2 Mixtures' proportioning
164  The densified mixture design algorithm (DMDA) was applied for concrete mix design to

165  study the feasibility of using marine sediments in SCC [35][36]. DMDA incorporating
166  mineral addition is used to fill the void of aggregates and hence increase the density of the
167  aggregate system. RS used does not partially replace cement or sand but acts physically as
168  filler and creates a nucleation effect for C3A hydrates in the cement paste [37]. The maximum

169  weight ratio amax of blended sand and sediment can be expressed as:

LW 3)
T Weo + Wag

170  Where Ws. is the density of sediment in kg/m® and Wy, is the density of sand in kg/m?.

171  The weight ratio 5,4, at the maximum loose, dry density can be expressed as:

B — Wsed + Vl/sa (4)
e (Wsed + VVsa) + VVca
172 Where W, is the density of coarse aggregate, kg/m?.

173 The minimum cement paste volume (Vp) can be estimated as:

W:
Vp=l/},+5*t=nl/v=n(1—zy—'l) ©)
l

174  Where S is the surface area of aggregates, m?; t is the thickness of lubricating paste on the
175  surface of aggregate, um; Vy is the smallest void among aggregates, m>; W; is the weight of

176  aggregate, kg/m?; and vi is the density of aggregate, kg/m?>.

177  The water-to-binder ratio (W/B) is calculated as following:

W, W, (6)

1=N—___w
WB VVC + Wsed
178  Two coefficients n were used in the DMDA algorithm to obtain the required workability. The

179  values of n (n = Z—p) were 1.164 and 1.189. These values correspond to a W/B ratio of 0.48

180  and 0.46. Fig. 4.

181  The grouts were formulated by the AFREM method Fig. 3. [38] They were deduced from that

182  of the concrete by removing all elements larger than 2 mm, together with the water they
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absorb. The relationship between SCC and grout by the AFREM grout by the AFREM
method is in the hypothesis that the two complex suspensions are linked by their viscosities

according to Farris's mode:
Nconcrete = MNpaste * f(l/;,, CA/FA) @)

Where 1, is the volume of binding paste and CA/FA the coarse/fine aggregate ratio.

The pastes were deduced from that of the grout by removing all elements larger than 125 pum,
together with the water they absorb. By making the assumption that the saturation proportion
is the same, we can write:

Ngrout = Tpaste * f(l/;,, CA/FA) (8)

The viscosity of the paste is the one that influences the rheological behavior of the grout. Fig.
3. and Fig. 4. illustrates the method of describer used to move from SCC to paste.

2.3 Experiments on Grouts
For each W/B, the proportions of the F1G and F2G grouts are presented in the Table 4. The
RS was used in a first state, dried in an oven at 105 ° C to arrive at a constant mass, and a

second state where the initial water content of 15% to 20%.
Procedure of saturation of grouts is as follows Fig. 6.

v’ The first step of mixing consists of preparing the raw sediment to eliminate as much as
possible the agglomerates:

- Introduce into the bowl the sediment and a quantity of water necessary to reach the
standard consistency. The standard consistency is measured using the Vicat apparatus
equipped with a 10 mm diameter consistency probe as defined in standard NF EN 196
- 3 + Al. This consistency corresponds to the water content of the paste which allows
obtaining a penetration of the probe of 30 mm + 2 mm, that is to say a reading of 10
mm + 2 mm. The water demand for the RS evaluated according to the standard NF P
18 — 508 is 28.5%.

- Mix at high speed for the 60s.

- Mix in slow speed for 15s while introducing passers to 2 mm of natural sand 0/4.

- Mix for 45s at high speed. During this period, the sand grains will shear the maximum

agglomerates of RS, this is a point that will be discussed below.
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The 5 liters stainless steel mixer had an electronic variable speed drive. The slowest speed

was 62 rpm and the highest speed was 125 rpm.

v The second stage of mixing includes the introduction of other constituents while
conserving flow time measurements and also following the protocol established by the

AFREM method.

2.4 Experiments on SCC
The proportions of the different SCCs are shown in the Table 4. The RS is used in an initial

water content of 15% to 20%. The choice of abandoning dried sediment for the formulation of
concrete results from the last saturation dosages of the superplasticizer, the explanations are

given below.

The total mixing time of SCC is 5 min. The Sediment preparation is always necessary to
remove agglomerates. We use a 60-liter IGM concrete mixer at a constant speed, the mixing

protocol is as follows:

. Introduce the RS and the amount of water required to reach the standard consistence

(this water is removed from the total mixing water). Mix for 60s.

. Introduce the natural sand 0/4, mix for the 30s

. Introduce the gravel and mix for the 30s.

. Introduce 2/3 of the rest of the water, keep mixing for the 60s.

. Put the cement and diluted superplasticizer into 1/3 of the remaining water. Mix for
the 4 min.

After mixing, the workability of fresh concrete is measured by the slump test using the
Abrams cone according to EN 12350-2. For each mix F1C and F2C, nine cylindrical
specimens (@A110mm x H220 mm) (NF EN 12390-1) were cast to determine the compressive
strength (NF EN 12390-3 standard). All SCC were cast without vibration and were treated in
the laboratory at 20 + 2 © C for 24 h. There was no delay in setting time. After that, all the

cylinders were made in 90 days.

2.5 Experiments on Paste
Sand with a grain size of less than 125 um are dried in an oven at 105 ° C to a constant mass.

2 kg of RS is sieved at 125 pum by size distribution by wet sieving and maintained at a water

content of 17%. Sand fines are obtained by size distribution at 125 pm according to NF EN
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12948. All materials were covered in the laboratory at 20 + 2 °© C for 24 h before the

rheological tests.

- For SCC paste, sand and cement are mixed for 30 seconds. Then RS is introduced and
the mixture mixed for 30s. Finally, we introduce the water and the superplasticizer and
then the whole paste is homogenized by hand for 60 s. The total mixing time is 2 min.
The mixture is left standing and the first measurements are taken 5 minutes after
mixing (Fig. 5).

- For the other pastes indicated in the Table 6, they are turned for 2 min and allowed to

stand for 5 minutes before the measured ones.

After mixing, a small amount of paste is used for each shear stress and viscosity
measurement. The sample for the measurements is said to be homogeneous if the thickness of

the paste is 5 times greater than the largest diameter of the grains Diyax.

The slump of mortar was measured with Abrams' mini-cone. The yield stress as well as the
plastic viscosities are measured for a ratio W / X = 0.46 and 0.48 (X = C, F, Seq, C + Sed, C +

F). The names of the different pastes are shown in the Table 6.

2.6 Measurements procedures

2.6.1 Rheological measurements

The rheometer used is Anton Paar Modular Compact Rheometer MCR 102 equipped with a
parallel plate geometry, the sample is put between two disks of the same symmetry axis and
of same radius R = 12.5 mm, separated by a gap H = 1.25 mm. the shear rate y(r) (Eq.9)
depends only on the radius r. The velocity of a radius r is Q r on the upper plate and zero on

the lower plate, leading to Fig. 5.

 or )
y(r) = H
We can compute exactly shear stress t(r) as:
T r (10)
j— 2 N,
T(r)

The measurement procedure is similar to the one used in L. Ducloué et al. [39]. The linear
regression according to the Bingham model (Eq. 1) is done, the sample was then submitted to
an increasing shear strain ramp from 0 s to 0.1 s during 30 s. The rheometer records the

enhanced yield stress and plastic viscosity, as well as the structural build-up of the static yield
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stress. When the structure broke down, the rheometer was stopped letting the paste rest for 15

min until the next stress growth (Fig. 5). This was continued until a total of 60 min.

Pre-shearing was carried out 5 minutes before the first yield stress measurement. The pre-
shearing allowed for a homogeneous placement of the material in the parallel plates as well as

a deflocculation of the fine particles.

2.6.2 SEM observation
SEM observations were made on fragments. The RS fragments are obtained by drying in an

oven at 105 ° C and passed to the 125 um sieve. The SCC paste fragments are curing for 7
days and then oven-dried at 40 ° C. The dimensions of the fragments are about 0.5 * 0.5 cm.
They are polished and metallized with carbon to observe their microscopic structures. SEM

images in Back-Scatter Detector (BSE) mode are shown in Figure 16 and Figure 17.

3 Results and discussion

3.1 Fresh properties of grouts

The saturation curves of the grouts are presented in Fig. 7. An analysis of the demand for
superplasticizer (Sp *) as a percentage of dry extract of the cement weight allow us to deduce

that:

(SP)F16 = 0.90 > (Sp™)p2¢ = 0.65 (11)

From our table formulations, F1G and F2G it shows that:

(Vsea + Ve)ric = (Wseq + V)2 = 300 I/m? (13)
V9)rie > (V)rie (14)

Where V; the volume of sand is, V., is the volume of sediment and V.. is the volume of
cement.

From (Eq. 11)(Eq. 12)(Eq. 13)(Eq. 14), F1G should require less superplasticizer because it
contains more water and more fine sand. To better understand, we calculated the saturation

dose of RS (Sp* 4)- The saturation dose of cement CEM II1/ A 42.5 in alone (Sp” o) 18 0.38%

in dry extract of the weight of the cement which makes it possible to deduce:
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sp*, = (100 x Sp* .., , — (100 — A%) x Sp* ) /A% a3

Where A% is the percentage of sediment in each Table 5 of the grout. It is deduced that Sp*,
1s 2.55% and 1.55% respectively for F1G and F2G. The results of saturation doses of the
grouts are confirmed. The mass percentage of sediment in F1G is higher than that of F2G,

which justifies the higher need for superplasticizer.

The paste volume of each grout is greater than 15%, the optimization of 80% saturation

dosage (Sp*) is indicated. It says that:

S
P = 0.80 (16)
Sp *

The values of Sp are indicated in the Table 4and used to characterize the rheological

properties. The slump value of F1G and F2G shrinks little by little over time. An addition of
RS brings about a slower increase in structural viscosity of grout in time Fig. 7. Despite the
elongated mixing time to remove agglomerates, we observe the presence of agglomerates for
formulations whose RS has been dried at 105 ° C. The slump value of these nuts diminishes

because of the agglomerates.

3.2 Properties of SCC
The fresh density of concrete was 2378, 2371kg/m3 for FI1C, F2C respectively. The

workability of the concrete was assessed by measurements of slump flow. The flow of SCC in
an unconfined area is characterized by the Abrams cone flow. They were 690, 680 mm for
F1C and F2C respectively Fig. 9. [12]. There was no segregation or bleeding. We can deduce
that an increase in the amount of sediment implies an increase in the dosage of the water and
the superplasticizer. The fine particles of RS were limited to the bleeding phenomenon.
Fig.10. present the compressive strengths of SCC (average values obtained by three
measurements for compressive strength). Compressive strengths of F1C and F2C after 90
days increased. At 28 days they were 21, 25 MPa for F1C, F2C respectively. At 90 days, there
was an increase in resistance of 10 to 15%. F1C and F2C respect the specifications for the

construction of nonstructural works.

3.3 Fresh properties of paste

3.3.1 Yield stress variation and Viscosity Measurements
The structural build-up for RS paste, cement paste, filler paste for paste symbols WSeq, WC,

WEF respectively was illustrated in Fig. 11. The yield stress of WSeq is higher than that of WC
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and also the paste WF. The WCSeq and WCF paste allows us to analyze the rheological

behavior of the cement / RS complex Fig. 12.

It follows that the volume replacement at a rate t = 28% of a portion of the cement WC paste
by sediment causes an increase in the yield stress figure. These results also explain the need
for water and high superplasticiser for F1C grout and SSC F1C. However the opposite
phenomenon is observed for the filler. Because when the volume is replaced at the same rate a
portion of the cement of the paste WC. In the filler, there is a decrease in the yield stress (Fig.
11). L. Rudzinski in his thesis explains that the introduction of mineral additions brings a
reduction in fluidity. By substituting the volume of a portion of the cement/sediment complex
with sand fines, without increasing the amount of water, the WCSe4S paste is obtained. It is
found that the presence of fine sand allows the reduction of the yield stress (Fig. 13).The
resulting F1P and F2P paste of SCC FIC and F2C respectively, have lower yield stress
compared to the rest. The introduction of the superplasticizer decreases the yield stress and

facilitates the slumping of the pastes (Fig. 12)

Plastic viscosities presented in the figure are measured after 45 min of formulation. Fig. 14.
shows that the presence of the sediment makes the paste more viscous. One can observe a
non-linear, approximating exponential increase in F1P and F2P viscosity. The provision of a

viscosity agent was not required for sediment-based formulated concrete.

3.3.2 Slump Measurements
After 45 minutes of mixing, the mini-slump flow value of the F1P and F2P paste were 91.63

and 79.17 cm respectively. The theoretical slumps are calculated using yield stress data
collected by the rheometer. According to Coussot and Roussel, the yield stress is linked to

slump by the following formula [40]:

_ 225pgQ? 17)
0 = 128m2RS
The theory slump value of the F1P and F2P paste were 86.77 and 80.98 respectively. Fig.15.
shows the parts of the different slump. The comparison of the experimental results with the
theoretical results supports the validity of the theological program of the study.
Furthermore, the maintenance of workability is explained by the presence of the clay fraction
in the SR. The illites present in the sediment can bind the calcium ions released by the cement
and thus help to reduce hydrate formation. The modification of the hydration kinetics of the

cement causes a delay in the setting time of the cement and a maintenance of the viscosity.
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3.4 Microstructural properties of Paste
The OM content of 3.33% comes mainly from the calcination in the oven at 450 ° C from

plant debris. The BSE SEM (Fig.16. and Fig.17.) of the RS shows the presence of
microparticles of elongated shapes. This is the vegetable organic matter as discussed by K. H.
Moa et al. , the rheology of cement-based materials is dependent on many parameters
including the presence of fibers [41]. The presence of fiber oriented in all directions increases

the shear strength [41].

In the same way, the organic matter consists mainly of humus, divided into fulvic acids and
humic acids. This phase of organic matter represents 80 to 90% of the total organic carbon
(TOC) of RS. The presence of these acids disturbs the hydration of the cement and leads to a

modification of the rheological behavior of SCC in the fresh state.

In addition, we observe shell remains in the RS, their porous structures and irregular shapes
influence the water demand in the RS (Fig. 16) These elements are present in the F1P and F2P
pastes. After hydration of the cement, it is observed that a thin layer of cement paste covers
some irregular shapes of the shell (Fig. 17) This probably explains the decrease of the yield

stress during the introduction of the cement in the WS paste [42].

4 Research significance and recommendation for the use of fine sediments in SCC
The problem of sediment incorporation in self-compacting cementitious materials lies mainly

in their very heterogeneous characteristics, particularly the presence of organic matter, clays
and shells. The classical approach to the use of sediments in self-compacting concrete consists
of partially replacing cement fraction with calcined and crushed sediments. The present study
proposes an innovative approach that consists of partially substituting part of the sand with
raw sediment from active lagoons. Through the results of this study, several recommendations

can be made. It is suggested to:

- Conduct an environmental assessment of the RS before use. Indeed, the presence of
organic matter and heavy metals (lead, copper, arsenic, etc.) can considerably affect
the chemical properties and durability of concrete. Depending on the concentration of
pollutants, it is advisable to use raw sediment classified as inert or non-hazardous
material following the European directive 12/12/14/EC.

- Quantify the fine fraction of the RS. A percentage between 25 and 40% of fine

particles below 125 um is preferable. The results of the rheological properties have
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shown that the presence of fine sediment particles leads to an increase in viscosity and
a decrease in workability of the concrete. The rheological behavior of SCC depends
strongly on the values of the shear stress. For an identical rheometer setting according
to our study, it is recommended to have the following SCC paste shear stress values:
= Between 20 and 25 Pa at 15 minutes after mixing for a W/B ratio = 0.46
= Between 15 and 20 Pa at 15 minutes after mixing for a W/B ratio = 0.48
- To determine the physical, chemical and mineralogical properties of the fine fraction
of sediments. Knowledge of the water demand of the fine fraction as well as the type
of clay present in the RS fines, allows the optimization of the formulation parameters,

in particular the W/B ratio.

- Use less than 20% of raw sediment in the formulation of self-compacting concrete.
This avoids the negative effects of sediment on the mechanical properties of the concrete and

also allows optimization of the dosage of additives.

- Do not use viscosity enhancers for the formulation of self-compacting concrete based
on RS from active lagoons. The hydrophobic nature of the clay in the sediment increases the
stability of the concrete and improves its ability to resist the shear stresses induced by its

weight.

S  Conclusion
To meet the ecological and raw material depletion objectives, we proposed and experimented

with two formulations of SCC. These formulations include about 300 kg /m? of raw sediment.
The purpose of this article is first to study the experimental feasibility of SCC without mineral
addition but incorporating a high amount of raw sediment, then to analyze the impact of
sediments on the rheological properties of SCC pastes. The relevant conclusions that emerge

WEre:

- Non-hazardous sediment with an initial water content of 15 to 20% can be used at a
high level to formulate SCC. The presence of the sediment ensures the good stability
of the SCC. There is no segregation or bleeding in the fresh state. The 28-day
compressive strengths confirm the use of RS-based concrete for nonstructural works.
At the economic and ecological level, this result is particularly important because they

are used in large quantities and require no physical and thermal treatment.
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- The presence of RS increases the yield stress of SCC, there is a decrease in the
mobility of SCC in an unconfined environment. RS fines do not have the same
rheological behavior as other limestone mineral additions. The F1 fraction of the RS
influences the water demand and superplasticizer of SCC. OM in SCC from sediment
is also a major factor influencing the rheology of concrete.

- The dried state of the RS is not indicated for the formulation of SCC because after
mixing, agglomerates can be observed which reduce the rheological and mechanical

properties.

The densified mixture design algorithm (DMDA) based on the least void condition through
the utilization of RS to fill the void between blended aggregates and cement paste to fill the
rest of the void was used. To evaluate the influence of RS of the mix, a rheological study of
comparison of yield stress accomplished made it possible to detect influential the parameters
of the intrinsic properties of the raw sediment. The analysis of the results highlighted the real
relevance of the OM and a fine fraction of RS, on the rheological properties of SCC

formulated.

Extensive research is going on in our laboratories to increase the mechanical properties and
durability of SCC based on raw sediment.
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Fig. 9. Properties of self-consolidating concretes. (A1): slump tests using the Abrams cone.

(A2): cylindrical to determine the compressive strength
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Fig. 14. Development with time after 45 minutes mixing of plastic viscosities

Fig. 15. slump tests using the mini-cone. (A1): slump for F1P, (A2): slump for F2P
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Fig. 17. SEM micrographs of SCC paste
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Table 7. Physical properties of coarse aggregates and sand

Natural aggregates

Physical properties Corse 4/1L.2mm)  Sand (0/4 mm)
Specific gravity 2.45 2.64
Bulk density (kg/m3) 1456 1718
Micro-Deval test (%) 11 /
Los Angeles abrasion test(%) 21 /
Fineness modulus / 2.72
Absorption capacity (%) 0.43 1.1

Table 8. Oxide composition of cement and raw sediments using XRF (%)

Oxides composition : Materials
Raw sediments CEM III 42.5 N

510, 56.39 26.1
AL0s 4.70 78
MeO 0.91 34
Fe0s 1.95 29
Ca0 1275 55
NayO 1.22 0.32
K20 1.16 )
P20s 0.20 )
S0s 0.90 2.03
TiO; 0.19 )
MnO Trace )
Zn0O Trace _

Table 9. Leaching test results and limiting values of classification of wastes from 28 October

2010/CE
Heavy metals Raw sediment Inert Non-Dangerous Dangerous
mg/kg dry mass
Barium 27.47 20 100 300
Chromium 0.17 0.5 10 70
Copper 4.69 2 50 100
Nickel 0.23 0.4 10 40
Lead 0.13 0.5 10 50
Zinc 0.55 4 50 200
Cadmium 0.035 0.04 1 5
Molybdenum 2.71 0.5 10 30

Arsenic 0.51 0.5 2 25




Mercury <0.0010 0.01 0.2 2

Table 10. Mix proportioning of concrete, grout and paste

Mixture label
materials of SCC mixtures 1 m*
F1C F1G FIP F2C F2G F2P
Cement CEM 111/ A (kg) 310 396 838 366 460 933
Coarse aggregate (kg) 554 - - 530 - -
Sand (kg) 690 824 43 661 778 48
Sediment (kg) 300 383 318 294 371 289
Water (kg) 293 374 556 300 378 562
Efficient water (kg) 236 301 449 246 309 456
Superplasticizer (kg) 11 14 30 10 12 24
w/C 0.94 0.94 0.66 0.82 0.82 0.60
Wei/C 0.76 0.76 0.53 0.67 0.67 048
W/B = W/(C + Sea) 0.48 0.48 048 046 046 046
Wesi/ (C + Sea) 0.39 0.39 039 037 037 037
Sp/C (%) dry extract of cement mass 0.72 0.72 0.72 052 052 052
N 1.164 1.164 1.164 1.190 1.190 1.189
Total fine content < 125 um (%) 24 35 100 27 39 100
Sediment fines content < 125 pm (%) 6 9 100 6 9 100

Table 11. Mix percentage of coarse aggregates, sand, sediment, and cement in the dry
granular matrix

Percentages of the various

components determined by Mixture label
DMDA.
F1C F1G F1P F2C F2G F2p
Cement 17 25 69.9 20 29 73.5
______Sediment ________16___24___266___16___23___228 _
Coarse aggregate 30 0 0.0 29 0 0.0
Sand 37 51 3.6 36 48 3.7

Table 12. Paste nomenclature for W/B = 0.46 and W/B = 0.48

Nomenclature Paste Symbols
W/C Water/Cement WwC
W/Seq Water/Sediment Wsed
W/F Water/ Filler WF

W/B = W/(C+Seq) Water/(Cement+Sediment) WCSed




W/C+F Water/(Cement+Filler) WCF
W/C+Sea+S Water/(Cement+Sediment+Sand) WCSeaS

W/C+Sea+S+S; Water/(Cement+Sediment+Sand+Superplasticizer) WCSesSSp
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