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ract

he construction industry is one of the main sectors responsible for today’s climate cha

ell as the extraction of large volumes of raw materials for concrete manufacturing. At

time, significant volumes of sediments are being dredged each year (in France, nearly
3), and given their waste status these materials are barely or not at all being reused.

try is the primary target chosen by sediment managers to ensure a viable and sustain

stream. More specifically, pervious concrete is considered as a green infrastructure solu

rban areas. In this work, sediments dredged from the Seine Basin in Paris (France) were use

uce a cleaner pervious concrete. Two sets of pervious concretes were prepared, the first b

ndy sediments by fully substituting the conventional sand, while the second set of concr

ased on fine sediments by partially substituting the cement. Slump, fresh density, hydrat

ity, permeability, compressive strength, tensile splitting strength and thermal conduct

all evaluated through testing. Results show that the incorporation of sediments delayed, a

inally, the cement hydration (by less than 3 hours) due to the presence of organic ma

properties of pervious concrete are affected by the grain size of the incorporated sedim

finer the sediment, the more compact the concrete structure, hence generating less porosit

ixture, lower permeability and higher compressive strength. The thermal conductivity

etric heat of these pervious sediment-based concretes were also comparable to measure

ontrol concrete yet lower than those of ordinary concrete.

ords: Pervious concrete, Sediments, Porosity, Permeability, Thermal and mechanical

erties.
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lights :

Pervious concretes with both sandy and fine river sediments were studied.

Incorporating sandy sediments yielded nearly similar properties.

The incorporation of fine sediments reduced porosity and permeability.

The incorporation of fine sediments improved mechanical properties.

The thermal conductivity of pervious concrete is lower than that of ordinary concrete.

troduction

oday’s major ecological challenges are forcing public authorities and construction professio

think their policies on urbanization and the sustainable management of natural resou

d, concrete is one of the most widely consumed materials in the world, which in turn

ect on the deposits of aggregates and minerals that are directly or indirectly involve

anufacturing of concrete. In order to slow down the depletion of these resources, se

ssionals are required to introduce alternative materials into construction processes. The circ

my approach appears to offer the solution, in allowing the material to be reinjected into

mic cycle while ensuring a global supply/demand balance. At both European and nati

, waste recycling is increasingly regulated. In March 2020, the European Commission ado

Circular Economy Action Plan (CEAP), whose aim is to ensure that resources used are

n the European economy for as long as possible through making the economy fully circu

of the keys to the EU’s environmental policy is the Polluter Pays Principle (PPP). W

ed, this principle requires polluters to bear the costs of the pollution they create, the

raging polluters to avoid environmental damage by holding them responsible. At the Fr

nal level, laws and decrees have been adopted, including the law promoting Anti-Waste f

lar Economy (AGEC) and the 31 December 2021 Decree on Extended Producer Responsib

onstruction Products and Materials in the Construction Sector (REP). These regulations

act measures to promote cleaner production through reducing waste and improving recyc

owadays, the use of various types of wastes as alternative sources of aggregates or cem

ncrete production are being studied, in evaluating the properties of the materials deri

ged sediments are among the wastes offering considerable advantages when used in diffe

engineering applications. Sediment reuse includes infrastructure and public works applicat

base materials for road construction and replacement fill for quay construction) [1, 2],

cement of raw material in clinker production [3, 4], the substitution of natural clay for b

tries [5, 6], and mineral additions, filler, sand and coarse aggregates for mortar and conc

facturing [7–11]. The choice of these reuse options depends on both sediment characteri

ocal needs.
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ervious concrete serves as another reuse pathway for waste [12–15]. However, to the best o

ors’ knowledge, sediment reuse in pervious concrete has yet to be investigated. Pervious

is considered an environmentally friendly material for permeable pavements; it is increasi

as a replacement of conventional concrete, mainly on roads with low traffic volumes or ma

nger vehicle flows, as well as for parking lots. Pervious concrete can reduce surface runoff

ase the natural recharge of aquifers through its water infiltration capacity [16, 17], thus

g a real solution to soil sealing problems, notably in urbanized areas, and therefore to floo

Pervious concrete pavements are suggested to help mitigate urban heat islands [18–21].

of concrete tends to store less heat and may have lower surface temperatures compared

ntional concretes under wet conditions. It has also been shown that this material can red

avement noise and remove pollutants through water infiltration [22, 23].

he worldwide demand for permeable pavements has been on the rise. At the European s

ver, no standard is in place to specify either the initial/final properties or a particular manu

g process. Overall, water permeability is the most critical characteristic of pervious conc

echanical strength proves to be an essential parameter of its ability to withstand traffic lo

ious concrete is an open material with near-zero slump, consisting of Portland cement, co

gate, just a few or no fine aggregates (less than 10%, [24, 25]), admixtures and water.

l amount of cement paste and low sand content provide for high porosity, while a system

connected voids allows water to flow through the material. Thus, pervious concrete sh

a pore size of 2 mm to 8 mm, a porosity lying between 15% and 35%, and a high permeab

ng from 0.02 cm/s to 1.2 cm/s. Its compressive strength varies from 2.8 MPa to 28 M

8]. For pervious concrete to achieve specific characteristics, an appropriate mix design, a

compaction method and energy are required to meet certain structural and hydrological

ance requirements (e.g. balancing porosity/permeability with mechanical properties). Sev

es have reported the effects of water/cement ratio, aggregate size, aggregate/cement ratio, s

ion and compaction energy on pervious concrete properties [15, 24, 27–32]. The water/cem

(w/c) is an important factor in achieving the targeted permeability and strength in perv

ete. A high w/c reduces the quality of the paste-aggregate bond and allows the paste to

ll voids. A low w/c will prevent the effective mixing and uniform distribution of the cem

, which in turn will reduce the concrete strength [24, 27, 29]. The porosity of pervious

can be affected by the shape, angularity, texture and other properties of coarse aggrega

e standard concrete, the effect of coarse aggregate size on the compressive strength of perv

ete is not clear from the literature due to its impact on porosity, which exhibits an inv

lation with strength [15, 30, 31]. Fine aggregates may be added into pervious concrete in o

prove strength and durability properties. Many studies have shown that incorporating s

proportion of 5-10% of the coarse aggregate mass yields good pervious concrete perform

8, 32].

he novelty of this research lies in adapting concrete to the circular economy and climate cha

enges by promoting the use of dredged sediments in pervious concrete. This study investig
3 | 28
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ffect of incorporating river sediments on the physical, transport and mechanical performan

ous concrete. A total of 12 mixtures have been prepared: one control concrete, seven concr

on sandy sediments (0.08 - 4 mm), three based on fine sediments (< 0.08 mm), and

porating both a sandy and fine sediment. The mix design of these concretes was establi

ding to the method proposed by Nguyen et al. [24], which is based on a calculation of

nt paste volume needed to cover the aggregates and ensure achieving the targeted stren

permeability. An assessment of various water-to-cement ratios and compaction energies

ed out in order to choose the adequate parameters for this study. Next, the pervious conc

ures were tested for: fresh properties, hydration, porosity, permeability, compressive stren

ing tensile strength, thermal conductivity, and volumetric heat.

aterials and methods

Material characterization

Portland cement CEM I 52.5 R CE CP2 NF from the Calcia plant (in France) was used

study. Its characteristics are presented in Table 1. This cement was chosen to both ob

early strength and meet the minimum characteristic requirements. For the control concre

-calcareous fine aggregates (FA: 0-4 mm) from Ormes Quarries (France) were used. The or

ese fine aggregates is alluvial, which is similar to fluvial sediments in terms of mineralog

cteristics. Calcareous coarse aggregate (CA: 4-8 mm) from the Boulonnais Quarry (Fra

introduced. The aggregate properties, density and absorption coefficient, are listed in Tab

pycnometer method is applied to measure the density and the water absorption of aggre

cordance with European Standard EN 1097-6 [33].

or the sediment-based concretes included in this study, ten sediments were extracted f

ct locations across the Seine Basin: seven of them were mainly sandy (S1...S7: 0.08-4 mm),

ther three were fines (<80µm). These fine sediments were collected in the form of sludge, d

5◦C and crushed into particles passing through an 80 µm sieve (F1, F2 and F3). The sedim

erties are presented in Table 2, while the particle size distribution of the sandy sedim

ll as that of conventional aggregates is provided in Fig. 1. The particle size distributio

mined by dry sieving, according to the European standard EN 933-1 [34]. The properties o

ents are influenced by the geological, topographical and hydrometeorological characteri

are related to the extraction site, hence the difference in the results presented in Table 2

1 from one sediment to another.

n environmental characterization was carried out for the different sediments; the results

d were then compared with the S1 and ISDI threshold values defining the respective li

nd which the sediment is considered to be dangerous and non-inert [35, 36]. Accordin

3, the contents of heavy metals and pollutants in these sediments comply with both the I

1 thresholds.
4 | 28
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Table 1: Cement characteristics.

Chemical characteristics (%) Physical characteristics

SiO2 20.2 density 3.14
Al2O3 4.3 Specfic surface (Blaine) (cm2/g) 4885
Fe2O3 2.2 Compressive Strength (MPa)
TiO2 0.2 1 Jour 33
CaO 64 2 Jours 45
MgO 4 7 Jours 56
SO3 2 28 Jours 63
K2O 0.65 setting time
Na2O 0.17 1H58’
P2O5 0.2

phases distribution (%)

C3S C2S C3A C4AF

68 10 9 7

Table 2: Physical properties of conventional aggregates and sediments.

CA FA S1 S2 S3 S4 S5 S6 S7 F1 F2 F3

Density 2.65 2.41 2.41 2.22 2.21 2.16 2.22 2.05 2.03 2.26 2.24 2.41
Absorption coefficient (%) 0.7 4.3 3.7 8.5 11.7 8.2 8.1 17.2 16.3 — — —

Mixture design and specimen preparation

. Concrete design method

this paper, the method proposed by Nguyen et al. [24] was used for the pervious conc

ure design. This method consists of calculating the amount of cement paste Vp needed to c

ggregates while ensuring both sufficient strength for the concrete and sufficient free s

een aggregates to allow water to pass through.

scaling factor ”k” (k = (Di + 2ei)/Di) was defined to provide for a layer of cement p

kness: ei) around the aggregates proportional to the size of the aggregate (diameter Di).

ous concrete mixture design is thus initially determined by calculating the sufficient vol

gregates Vagg (including sand) and then that of the cement paste Vp using Equations

2) respectively [24]. Next, with a determined volume of cement paste, it becomes necessar

mine the corresponding w/c ratio that allows the aggregates to be coated and yields a somew

id paste in order to avoid being drawn down by draining under the effect of vibration.

Vagg = 1−Vv
a(k3−1)+1+b

Vp =
3(1−Vv)(k−1)(k+1)2

4(a(k3−1)+1+b)

here, a(%): percentage of aggregates larger than 80 µm. b(%): absorption of aggregate (s

ded) Vv (%): Volume of void in concrete

s regards the amount of sand, many studies have investigated the effect of using san

ous concrete [28, 37, 38]. These studies have shown that replacing 7% by weight of the co

gate by sand produces the best pervious concrete performance.
5 | 28
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Fig. 1: Particles size distributions.

Table 3: Environmental characterization of sediment.

ameter unit S1 S2 S3 S4 S5 S6 S7 F1 F2 F3 S1 threshold ISD

Pb mg/kg 4.54 6.37 2.36 4.68 8.31 1.50 2.48 6.41 1.63 1.05 100
Zn mg/kg 20.47 30.96 22.56 26.94 38.80 12.24 144.06 124.53 121.62 9.16 300
leached) mg/kg <0.01 <0.01 <0.01 < 0.01 < 0.01 <0.01 <0.01 <0.01 0.014 0.017 –
CBs mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.68
lphates mg/kg 37.31 32.73 4.22 70.62 41.82 358.60 5.41 18.60 9.55 58.43 –
ic matter % 1.52 1.58 1.22 2.49 3.03 3.61 12.89 6.53 9.93 5.39 –
pH – 8.4 8.0 8.2 7.9 8.2 8.1 8.2 7.9 8.2 7.9 –

. Mixture characteristics

Vv : For sufficient concrete permeability, a connected porosity of 20% has been chosen for

study.

k : According to several studies, the scale factor k varies from 1.064 to 1.233 [24, 31, 39,

The amount of cement in the mixture depends on the value of k, hence the focus on redu

the value of k as much as possible, resulting in a lower amount of cement in the mixture

some studies, it has been noted that a low value of k = 1.116 is indeed sufficient to pro

a high level of pervious concrete strength [24, 31]. Thus, this value has been adopted for

study.

w/c and compacting energy: In order to determine the appropriate w/c ratio and compac

energy, three w/c ratios (0.31, 0.33 and 0.35) and two compaction energies (E1 and E2 co

sponding respectively to 2 seconds and 5 seconds of vibration at 50 Hz under 10 KPa press

were assessed. Table 4 displays the composition of the resulting concretes.

The density in the fresh state and 7-day compressive strength of these various mixtures

then studied so as to ensure that the chosen design provided the desired properties. Fi

shows that only mixtures 0.33-E2 and 0.35-E2 achieve the targeted compaction, as eviden
6 | 28
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Table 4: Mixture design for the optimisation of pervious concrete (kg/m3).

Name Cement Fine aggregates Coarse aggregates w/c Effective water Total water

0.31-E1/0.31-E2 332.0 98.5 1406.6 0.31 102.9 117.0

0.33-E1/0.33-E2 321.7 98.5 1406.6 0.33 106.1 120.2

0.35-E1/0.35-E2 312.1 98.5 1406.6 0.35 109.2 123.3

by experimental density values similar to the theoretical ones. Regarding 7-day compres

strength, the 0.35-E2 mixture exhibits the highest value. By virtue of this optimization st

the 0.35-E2 mixture has been chosen as the control concrete herein. Moreover, this mix

features an additional advantage, namely less cement consumption.

(a) Unit weight of fresh concrete. (b) Compressive strength at 7 days.

Fig. 2: Properties of pervious concrete for mixture design optimisation.

n overview of the proposed design method is presented in Fig.3

. Pervious concrete mixtures

his study has been conducted on twelve pervious concrete mixtures (Table 5): a control

, seven sandy sediment-based concretes, three fine sediment-based concretes, and one perv

ete produced by incorporating both sandy and fine sediments. The sandy sediments

porated by substituting the total volume of fine aggregates. As regards the incorporatio

ediments, the quantity of cement was reduced by 10%. To offset the effect of a reduced

amount on concrete strength, fine sediments were incorporated by tolerating a 2% increa

volume (i.e. a 2% decrease in the total connected porosity). All concretes have the same

inder ratio. However, the total amount of water varies according to the absorption coeffic

e sediments. The amount of water absorbed by the aggregates and sediments is added so a

tain the same effective water-to-binder ratio.

Methodology

. Hydration

ydration tests were carried out using a semi-adiabatic calorimetric device (i.e. the Langa

od) in accordance with European Standard [41]. The temperature changes induced by the
7 | 28
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Fig. 3: Algorithm of the formulation method adapted from [24]

sed through hydration were measured and recorded every 10 min for 5 days.

. Water accessible porosity

ater accessible porosity was measured on cylindrical samples 11 cm in diameter and 5

. To accurately measure this porosity, the sample was wrapped in aluminum foil (excep

per surface, see Fig. 4). First, the sample was saturated with water for 24 hours by filling

le pores with water. Then, the water-filled sample was weighed ((mair)). Next, a hydrost

ing (mwater) was performed. And lastly, the sample was placed in an oven at 80°C (with

inum foil) until reaching a constant mass (mdry). These three values allow us to calculate

le porosity as follows:

p(%) =
mair−malu−mdry

mair−mwater

here malu is the mass of the aluminium foil.

. Water permeability

ylindrical specimens 110 mm in diameter and 50 mm high were used to measure the w

eability of pervious concrete. The permeability measurement device employed is shown in

he test was initially conducted at a constant water height H throughout the test. Water

ed to be present until a steady state flow could be achieved, after which the time requ

r a volume of water (V ) to flow through the sample was measured. Water permeabili
8 | 28
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Table 5: Mixture design for the different pervious concretes (kg/m3).

Name Cement Fillers Sediments Fine aggregates Coarse aggregates w/b Total water

PC-C 312.1 98.5 1406.6 0.35 123.3

Pervious concrete based on sandy sediments

PC-S1 312.1 98.5 1406.6 0.35 122.7

PC-S2 312.1 90.8 1406.6 0.35 126.8

PC-S3 312.1 90.5 1406.6 0.35 129.7

PC-S4 312.1 88.7 1406.6 0.35 126.3

PC-S5 312.1 90.9 1406.6 0.35 126.4

PC-S6 312.1 83.7 1406.6 0.35 133.5

PC-S7 312.1 83.2 1406.6 0.35 132.6

Pervious concrete based on fillers

PC-F 280.9 53.9 98.5 1406.6 0.35 131.3

Pervious concrete based on fine sediments

PC-F2 280.9 52.9 98.5 1406.6 0.35 130.9
PC-F3 280.9 52.9 98.5 1406.6 0.35 130.9
PC-F4 280.9 52.3 98.5 1406.6 0.35 130.7
PC-F7 280.9 52.9 98.5 1406.6 0.35 130.9

Pervious concrete based on sandy and fine sediments

PC-S5+F2 280.9 52.9 90.9 1406.6 0.35 134.6

Fig. 4: Porosity measurement.

lated according to the equation:

Pw = V.L
A.H.t

here Pw is the water permeability, mm/s; V is the volume of the flowing water, ml; L is

ness of the sample, cm; A is the cross-sectional area of specimens, cm2; H is the constant w

t, cm; t is the flowing time, s.

. Compressive strength

he compressive strength tests were performed on three cylindrical specimen per mixture,

uring ϕ11cm x 22cm, in accordance with European Standard [42]. The specimens had b

ously surfaced; each side of the cylinder was coated with a sulfur mortar, according to

standard, in order to obtain plane and parallel surfaces. These tests were performed at 7

ys.
9 | 28
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Fig. 5: Device for measuring water permeability.

. Splitting tensile strength

ince the bonds between aggregates are considerably reduced, our attention was clearly foc

litting tensile strength. It is not recommended to use the standard correlation with compres

gth given that aggregate rearrangement during compression is responsible for the high c

ive strength values. The splitting tensile strength test was performed on three cubic specim

ixture, measuring 15 x 15 x 15 cm3, according to European Standard [43].

. Thermal conductivity and specific heat capacity

order to assess the potential of using sediment-based pervious concretes to reduce urban

ds, it is necessary to characterize their thermal properties, especially thermal conductivi

olumetric heat Cv. λ characterizes the heat insulation capacity of a material, while Cv refl

pacity to store heat in a unit volume. The hot disc method has been used in this stud

ure the thermal properties (λ and Cv) of the designed pervious concretes; it relies on a

film (heater) sandwiched between two similar pervious concrete specimens. Each sample

sawed to obtain approximately 5 cm thick samples from a standard 16 cm x 32 cm compa

drical specimen, as displayed in Fig. 6. The specimens have the same diameter as the p

r (i.e. 16 mm). Thermal sensors were placed on both the top and bottom surfaces of the he

ll as on the cold surfaces of each sample, thus making it possible to record temperature kin

g the test. The lateral, top and bottom surfaces of the tested specimens had all been insul

it heat loss. A loading force was applied on the upper surface of the top insulator to en

r contact between the specimens and the thin heater, thereby reducing the thermal con

ance. The heater was connected to an electric power system to allow imposing a constant

of 480W.m−2 throughout the test.

ig. 7 shows an example of the temperature profile recorded during the test. Note that
10 | 28
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Fig. 6: Schematic view of the experimental device

erature recorded from sensor CH-1[C] represents the temperature on the heated surface of

mens, while sensors CH-2[C] to CH-5[C] output the temperature on the cold surface of

men.

Fig. 7: Measured temperatures.

has been demonstrated that the thermal properties λ and the Cv(= ρ×Cp) can be evalu

the temperature profiles in Fig. 7, as based on the following relations [44, 45]:

λ ≈ ϕ.l

2.δT

Cv = ρCp ≈ ϕ.δt

l.δt
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his evaluation becomes possible when the long-term temperature profiles are parallel.

resents the imposed heat flux, l the thickness of the specimen, δT the temperature gap betw

ot and cold surfaces, and δt the time required for the temperature at the cold surface to r

ue previously found on the heated surface (Fig. 7). ρ and Cp respectively denote the den

pecific heat of each specimen.

esults

Fresh concrete properties

zero slump has been obtained for all concretes (Fig. 8). Fresh pervious concretes remain

s less cement paste and a low w/c ratio are introduced.

Fig. 8: Consistency of fresh concrete.

he unit weight values of fresh concrete, as reported in Fig. 9, are computed by weighing th

22 cm cylindrical samples cast for the compressive strength tests. Values ranged from 1.9

g/cm3 for pervious concrete based on sandy sediments and from 1.96 to 2.05 g/cm3 for t

on fine sediments, while the control concrete had a value of 1.96 g/cm3. These values, w

ss than those of traditional impervious concrete, are indeed typical of pervious concrete [

he effect of substituting conventional sand with sandy sediment does not reveal any clear t

e fresh concrete density, which increases slightly with the incorporation of sediment S6

ases with the incorporation of sediment S1. According to Table 2, these results do not re

ensity of the incorporated sediments; for example, S1 with the highest density results

ete with the lowest density, while S6 with a low density yields a concrete with the hig

ty. Instead, these results can be explained by the sediment particle size (Fig. 1). The m
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lements the sediment contains, the more compact the concrete and therefore the higher

ty. Fig. 9 shows that the incorporation of fine sediments increases the density of fresh conc

finding is logical since the design of these concretes allows for increased paste volume, w

s the concrete less porous compared to both the control concrete and concretes based on sa

ents.
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(a) Concrete based on sandy sediments.
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(b) Concrete based on fine sediments.

Fig. 9: Unit weight of fresh pervious concretes.

Hydration tests

igs 10a and 11a illustrate the hydration kinetics of sandy sediment-based concrete and

ent-based concrete, respectively. Except for sediments S5 and S6, which produce a s

(less than 2 hours), the incorporation of sandy sediments does not delay cement hydrat

he other hand, all fine sediments induce a delay in the cement hydration process, while

nt of fine sediments introduced into the mixtures is much lower than that of sandy sedim

g/m3 vs 90kg/m3). PC-S5+F1 shows the greatest delay in hydration by virtue of incorpora

sandy and fine sediments, which means that a high organic matter content is introduced

concrete. According to Tables 3 and 6, the delay of the main hydration peak of PC-S is

ortional to the organic matter content of the sediments. For example, S7 has a high org

er content, i.e. nearly four times higher than that of sediment S5, yet no delay is observed

7; however, PC-S5 shows a delay of nearly two hours. In fact, only a portion of the org

er measured, i.e. the soluble part of the humic substances, is responsible for the dela

ation kinetics, whereas wood pieces, found for example in the sediments, do not contribut

ydration delay [46]. River sediments may contain humic substances [46, 47]; they are cap

sorbing onto the cement particles and delaying its hydration from a few hours to several

9]. The delay produced does depend on the amount of soluble humic substances per weigh

nt [49]. The soluble organic matter is therefore more heavily concentrated in the fine frac

e sediment, which explains why a fine sediment with a low organic matter content induc

r delay than a sandy sediment rich in organic matter. pH measurements are also provide

3 to confirm the presence of humic acids and therefore their effect on hydration. The res
13 | 28
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that the pH values vary slightly from one sediment to another. Furthermore, the values do

that sediments that produce more hydration delay have a lower pH. In fact, the pH value

vary due to the presence of other impurities and humic substances are not the only param

influences it. A study has been carried out, by Beddaa et al [50], on the same sediment

ate their content of humic substances according to the colorimetric method described in

pean standard EN 1744-1+A1 [51]. This research has shown that there is a positive correla

een the hydration delay produced and the content of humic substances in the sediments. O

rities, such as sulphates, can have an impact on the hydration heat of cement [52]. Howe

ediments used in this study contain low sulfates contents (Table 3) which are less than 0.

e cement mass (taking into account the composition of the concrete mixtures). These va

ell below the sulphates content of the used cement, which is 2% (Table 1). Thus, the effe

ates on the hydration of cement can be considered as negligible.

he heat released during hydration was monitored over 120 hours. The total heat release a

s of hydration of the control concrete was equal to 312 J/g of cement, while that of P

PC-F concretes varied respectively between 315 and 352 J/g of binder and between 288

/g of binder (Table 6). It can be noted that the incorporation of sandy sediments incre

otal heat release; conversely, the incorporation of fine sediments decreases it. For PC-S,

r added to the mixture for sediment saturation can be consumed in the cement hydration,

asing both the hydration rate and heat release. Alternatively, concretes based on fine sedim

eprived of 10% of the cement, thereby reducing the heat released by such concretes. T

ts highlight the fact that the incorporated fine sediments do not contain reagents consume

ation reactions and moreover the effect of sediments on hydration is limited to a filler eff

ar results had been found when using fine sediments in ordinary concrete [53].

(a) Cumulative heat. (b) Heat flow.

Fig. 10: Hydration kinetics of concretes based on sandy sediments.

Porosity and permeability

ig.s 12 and 13 respectively show the porosity accessible to water and the water permeabili

ened pervious concretes. The porosity of the various concrete specimens varies between
14 | 28
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(a) Cumulative heat. (b) Heat flow.

Fig. 11: Hydration kinetics of concretes based on fine sediments.

Table 6: Overview of hydration test results: total heat release, maximum flow and time of its occurrence

Mixtures
Cumulative heat after Maximum flow Time of appearance
5 days (J/g of cement) (mW/g of cement) (hours)

PC-C 312 13.7 7.2
PC-S1 317 13.6 7.0
PC-S2 340 14.1 6.9
PC-S3 315 13.8 7.0
PC-S4 330 13.6 7.5
PC-S5 330 11.1 8.8
PC-S6 352 12.8 8.5
PC-S7 350 15.5 7.0
PC-F1 343 14.6 8.7
PC-F2 358 14.2 9.2
PC-F3 344 15.7 7.8

PC-S5+F1 346 11.3 10.0

7%, which are typical values of pervious concretes [28, 29, 54–56]. As an example, the poro

ordinary concrete is around 15% at 28 days, while that of a high performance concrete eq

to 12% and that of a very high performance concrete can vary between 7% and 9% [57].

he total substitution of sand by sandy sediments can both increase and decrease the poro

e resulting pervious concrete. With the incorporation of sediments S1, S3 and S4, poro

ases slightly whereas it decreases with the incorporation of sediments S5, S6 and S7.

me is correlated with the different grain sizes of these sediments. For instance, S3 has

t fineness coefficient, thus making the concrete less compact. In contrast, sediment S6 posse

ighest fineness coefficient (Fig. 1). These fine particles can fill the voids in the concrete, h

ucing a less porous concrete structure. Regarding the incorporation of fine sediments

ase in the volume of the paste was allowed, which served to increase the compactness of

ete and decrease its porosity. The results presented in Fig. 13 point to a decrease in conc

ity. These results are in complete accordance with the density of concrete in the fresh st

ore porous concretes display a lower density while the less porous ones prove to be dense

ervious concretes, due to their high connected porosity, have a typical water permeab
15 | 28
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ng from 2 to 12 mm/s [28, 58]. The results of this study fall well within this range (F

and 13-b). The water permeability results follow a trend similar to that of the water acces

ity; however, a small decrease in porosity value produces a large decrease in water permeab

al studies have shown analogous results, in finding therefore that the two parameters ca

ed by an exponential regression model [55, 56, 58, 59].

(a) Porosity.

 PC-C  PC-S1  PC-S2  PC-S3  PC-S4  PC-S5  PC-S6  PC-S7 
Samples

0

2

4

6

8

10

Pe
rm

ea
bi

lit
y 

(m
m

/s
)

6.2
6.6

4.9

5.8 5.6

3.1 3.4

5.1

(b) Permeability.

Fig. 12: Porosity and permeability of pervious concretes based on sandy sediments.

(a) Porosity.

 PC-C  PC-F1  PC-F2  PC-F3  PC-S5+F1 
Samples

0

2

4

6

8

10

Pe
rm

ea
bi

lit
y 

(m
m

/s
)

6.2

4.4
4.8

2.8
3.2

(b) Permeability.

Fig. 13: Porosity and permeability of pervious concretes based on fine sediments.

Compressive and splitting tensile strength

he results of the compressive strength of various pervious concretes at the ages of 7 an

are provided in Figs. 14 and 15. The development of compressive strength between 7 an

is very slight, hence the highest strength gain occurs during the first 7 days. Except for PC

PC-S3, the concretes based on sandy sediments do reach the required compressive stren

(15 MPa). S1 and S3 are the sandy sediments containing the least amount of fines (

he presence of more fine elements in the other sediments yields a more compact and
16 | 28
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s concrete, thus resulting in a more resistant concrete. Fig. 16 confirms this hypothesi

ing a strong positive correlation (R2 = 0.75) between the concrete compressive strength

orosity. The incorporation of fine sediments served to improve the compressive strengt

ous concrete (by up to 32%), indicating that the effect of increasing the volume of paste in

ure outweighs that of decreasing the amount of cement. A larger volume of paste both ens

ong bond between aggregates and reduces voids in the concrete, which has a more signifi

ct on the strength of pervious concrete.

(a) At 7 days. (b) At 28 days.

Fig. 14: Compressive strength of previous concretes based on sandy sediments.

(a) At 7 days. (b) At 28 days.

Fig. 15: Compressive strength of previous concretes based on fine sediments.

he tensile splitting strength of pervious concrete samples is presented in Fig. 17. Values ra

1.02 to 1.49 MPa, displaying a trend similar to that of compressive strength: the concr

high compressive strength are also those with good splitting tensile strength and vice ve

e values lie within the same range as those in the previous studies [55, 58, 59].
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Fig. 16: Compressive strength at 28 days vs. porosity of pervious concrete based on sandy sediments.

(a) Previous concretes based on sandy sediments. (b) Previous concretes based on fine sediments.

Fig. 17: Tensile strength at 28 days of previous concretes based on sediments.

Thermal conductivity

he results of thermal conductivity and volumetric heat of the pervious concretes studies

ted in Figs. 18 and 19, respectively. These results show that the thermal conductivities of

ous concretes produced with sediments vary from 0.9 to 1.6W.m−1K−1, while the correspon

etric heat varies from 1.3 to 2.3 MJ.m−3K−1. Let’s note that the thermal conductivit

ous concrete is significantly lower than that of ordinary concrete, whose thermal conduct

ls roughly 1.75 to 2.25 W.m−1K−1 [60, 61], with a volumetric heat of about 2.2 MJ.m−3

Due to their high porosity therefore, pervious concretes have a low thermal conductivi

volumetric heat Cv compared to ordinary concretes. In the case of pervious concretes m

sandy sediments, the highest thermal conductivity and volumetric heat values are obta

ervious concrete PC-S3, which contains the lowest amount of fines and a higher poro

osedly inducing lower conductivity. This outcome may be due to a higher thermal conduct
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e sandy particles in the S3 sediment, as compared to other sediments, in compensating

ffect of its high porosity. In addition, for those concretes made with sandy sediments,

thermal conductivity is produced by PC-S5, which displays the lower porosity, meaning

eat conduction properties are not directly correlated with porosity but more likely with

al property of the sandy sediment particles. A similar conclusion can be drawn for perv

ete made with fine sediment F3, which shows higher thermal conductivity at lower poro

rtheless, compared to ordinary concretes, the thermal properties of pervious concrete m

sandy and fine sediments feature a lower heat storage capacity and lower thermal conducti

e materials can therefore be suitable in reducing urban heat islands provided they are place

f a stone layer acting as a reservoir, as shown in [18, 62]. In retrospect, it would be appropr

easure the thermal emissivity ϵ and albedo of the pervious concretes, which constitute esse

al properties indicating a material’s ability to radiate stored heat. [62] showed that the alb

greater impact on surface temperature than thermal conductivity.

(a) Thermal conductivity. (b) Volumetric heat.

Fig. 18: Thermal conductivity and volumetric heat of the pervious concretes based on sandy sediments.

(a) Thermal conductivity. (b) Volumetric heat.

Fig. 19: Thermal conductivity and volumetric heat of the pervious concretes based on fine sediments.
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iscussion

his work has sought to develop a green and sustainable pervious concrete by means o

rating dredged sediments. The results of the experimental investigations concluded that

ical feasibility of using sediments in pavement concrete has indeed been confirmed. T

ts also revealed a strong correlation among the various properties. As both the porosity

eability of the concrete increase, its compressive and tensile strengths decrease. Sediment

is another important factor in the production of pervious concrete. The presence of more

sediment clogs the connected pores and therefore reduces its drainage capacity. However,

ess improves the material strength and increases its thermal conductivity. The sediments

fore be classified according to their properties and consequently their effects on the produ

ete properties. For example, sediments S1 and S3 have a grain size that is almost similar to

nventional sand, which has subsequently produced concretes with good porosity and perme

ediments S2, S4 and S7 have a finer grain size than conventional sand. As a result, concr

lower porosity and permeability than the first group of sediments were made. By means o

ess of these sediments the strength of these concretes was improved. The remaining sedim

d S6 produce concretes with the lowest porosity and permeability but with the best streng

e sediments were able to clog more the connected pores which provided the observed res

ne sediments, a decrease in porosity and permeability and good compressive strengths were

d. These results can be explained by the increase in the paste fraction in this type of concr

he manufacturing of pervious concretes based on sediments fully complies with the circ

my approach. The substitution of conventional sand or cement by sandy or fine sedime

ctively, allows for: the reuse of waste (sediments), the preservation of natural resources,

eduction of CO2 emissions generated by their production. Pervious concrete itself offers

nvironmental benefits; it is among the solutions capable of contributing to climate cha

tation by mitigating the increase in urban temperatures [63]. The use of pervious conc

es the impervious surfaces that cause a significant increase in surface temperatures. Perv

ete cools the pavement surface by evaporating the water stored from precipitation due t

permeability. This cooling technique is controlled by the presence of water near the surfa

ition that highlights the importance of capillary rise in maintaining hydraulic continuity

g distance, which effectively prolongs evaporation [18, 19]. The presence of cement past

ous concrete not only conveys high strength to the material but also ensures that water st

e large pores can rise due to its strong capillary force. Porosity and permeability are there

he sole properties that need to be taken into account when designing pervious concrete

apillary power of the material is key as well. Based on the above water permeability res

impossible to consider concretes based on fine sediments as less effective in reducing sur

erature, especially as they contain more paste, which increases the overall capillary force o

ure. However, the presence of a strong capillary force alone is not enough to cool the surfa

aterial is insufficiently porous and permeable to allow for the storage of water, which in
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erve to cool the surface by means of capillarity.

onclusion

he effect of incorporating sediments, by totally substituting sand with sandy sediment

ally substituting cement with fine sediments, on the properties of pervious concrete has b

ed herein. The salient conclusions are summarized below:

The use of sediments results in a delay in cement hydration kinetics due to their org

content. This delay is more significant when incorporating fine sediments.

The porosities of pervious concretes are inversely proportional to fresh concrete density.

grain size of the sandy sediments has an effect on the porous structure of the concrete; s

the sediments contain finer elements, the concrete structure is more heavily compacted,

creating less porosity in the mixture. The incorporation of fine sediments decreases the po

ity of pervious concrete; this decrease is due to the mixture design, for which a toleranc

2% decrease in porosity has been acknowledged.

The results of permeability follow the same trend as those of porosity. Permeability va

range from 2.8 to 6.6 mm/s, which enables all prepared concretes to be used as a perv

concrete pavement.

The compressive and tensile splitting strengths are inversely proportional to porosity: th

corporation of sandy sediments has no clear effect, while incorporating fine sediments incre

the mechanical performance of pervious concretes. Overall, all prepared pervious concr

displayed acceptable mechanical properties, regardless of the particle size of the incorpor

sediment.

The thermal conductivities and volumetric heat of pervious concrete are lower than tho

ordinary concrete, offering a low capacity to conduct and store heat. Pervious concretes

therefore be used to reduce urban heat islands.
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Thermal profiles in pervious concrete during summer rain simulations, Matéria (Rio de Jane
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









Pervious concretes with both sandy and fine river sediments were studied.

Incorporating sandy sediments yielded nearly similar properties.

The incorporation of fine sediments reduced porosity and permeability.

The incorporation of fine sediments improved mechanical properties.

The thermal conductivity of pervious concrete is lower than that of ordinary concrete.
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