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Abstract

Recycled Concrete Aggregates (RCA) are not enowsgldl in the construction sector due to their high
porosity and water absorption capacity. Fine pladievhich are composed of large amounts of attached
hardened cement paste are even more difficult lariza, while they could be used as mineral adméxtu

in mortar or concrete. The objective of this woskid find a recovery track for this material as enai
addition. The use of a porous powder as minerali@dne in cementitious mortars raises the question
the effective water definition in such systems. Tpawvders are used, the first one is a grinded hadle
cement paste (porous), and the second one is attine filler (non-porous). A comparison of the
hydration degree, porosity, fresh, and hardenedawets between cement pastes and mortars
manufactured with the two powders is carried diite results show that the porosity of the grinded
hardened cement paste has an impact on the pesgpeatficementitious materials. Depending on the
studied properties (fresh or hardened propertths) substitution of cement by the porous powdetdcou
be done with, or without taking into account thetewaabsorption. Taking into account the water
absorption allows maintaining the fluidity of theixtare but decreases significantly the compressive
strength for cement replacement percentages ltigar20%.

Keywords : Effective water, mineral addition, Recycled coneretggregates, water absorption, and
porosity

1. Introduction
In the last decades, reducing the @&missions has become a challenge to face. Théraotien sector is
responsible for 25% of the total G@missions, amongst which no less than 5-8% comm fthe
manufacture of cement [1]. The g®missions produced during the cement fabricatrencaused not
only by the energy needed for the calcination efrdaw material (40% of the total emission) but dgo
the decarbonation of calcite [2]. Replacing parthef clinker by mineral additions such as limestfilfer,



fly ash... can be a good way to reduce ,Gnissions. Substituting part of cement by indaktoiy-
products in the manufacture of concrete also rexi@® emissions[3,4].

Using construction and demolition wastes (CDW) asilastitution of clinker can be a good way to reduc
CO, emissions and can be also an alternative materisthe construction sector to preserve natural
resources. Recycled concrete aggregates (RCA)seqra significant part of the CDWs. Comparing to
natural material, RCAs have a higher water absumptbetween 4 and 12%) and a lower density (between
2.1 and 2.5 g/cM [5] due to the adherent hardened cement pastec@#rse fraction of RCA is easier to
valorize than the finer one in the constructiont@edJp to now, research on RCA has been more &atus
on using RCA as aggregates in concrete produc@esi fhan for manufacturing cement [9,10] or as a
mineral addition in concrete production [11,12].

Oksri-Nelfia et al. [11] studied the influence @frpal substitution of cement by grinded recycledarete
aggregate on mortar and concrete properties. Thaltseshow that the volume of cement could be
replaced up to 25% without altering the propertiemortars. In a similar study, Bordy et al. [12hde a
substitution of Portland cement by grinded recyalethent paste. The results show that the subetituti
does not provide any additional filler effect andtleation sites in comparison to limestone filldeither
Oksri-Nelfia et al.[11], nor Bordy et al.[12], taketo consideration the eventual water absorptibthe
grinded recycled fine aggregate.

Many research works quantified the water absorgA) coefficient of the coarse fraction of RCA F13
15].But none of them were interested to measur&\tAeof the finer fraction of RCA (<500um). De Juan
et al.[16] showed that when the size of RCA de@gathe content of attached cement paste increases.
Due to the fact that the attached cement paster@up, the WA in RCA is proportional to that harelén
cement paste content. Zhao et al. [17] and Le.[@i8lshowed that standard EN 1097-6 [19] or IFSRTA
protocol [20] to measure the WA can only be usedofticles larger than 0.5mm, due to agglomeration
effects between the finer particles [21,22]. Ufnow only Bouarroudj et al.[23,24] proposed a mdttm
estimate the WA of finer particles (< 500um) baseda theoretical approach. This method takes into
account the particle size distribution of the poweed the pore size distribution of the monolithe(t
coarse material before grinding into a powder) lgyeury intrusion porosimetry. According to the sife
pores and the size of grains, the theoretical moal@iputes the remaining porosity of the powder.

Effective water in concrete is generally definedresquantity of water that is present in the cerpaste,
that is to say the amount of water that will beilade for cement hydration[25,26]. However, this
definition can be questioned if a porous powdexdded or substituted to cement in the paste. Inctee,
the quantity of water present in the paste inclutieswater that might be absorbed by porous pesticl
However, it is no more equivalent to the amountvafer that will be available for cement hydratias,
the water absorbed in the fine particles will netavailable (or much less available) than the aregnt

in the intergranular space. The main goal of tlipap is to study the effect of the porosity of mded
hardened cement paste (GHCP) on the hydrationfanétésh and hardened behaviors of a cementitious
material. Cement pastes and mortars are manufdchyesubstituting a given volume of cement by a
corresponding volume of GHCP. The latter correspagither to the absolute volume of GHCP (i.e. the
solid volume only, excluding any accessible poséde the powder) or the envelop volume of the GHCP
(i.e. the solid volume and the volume of intra gian porosity). A comparison is made with limestone
filler (LF), which is considered as a non-porousvder.



The paper is organized as follows. First the pra@m of GHCP and its characteristics are preseinted
part 2. The comparison between the hydration degme@ porosity of hardened cement pastes
manufactured with GHCP and LF is presented in pahh part 4, the mortars composition and the fresh
and hardened properties of mortars are presenimally- the conclusions and perspectives are foatedl

in part 5.

2. Materials characterization

2.1 Materials
The used cement is a CEM | 52.5N from CBR Belgigomplying with standard EN 197-1. The LF is
provided by Carmeuse Belgium. According to the méxdl document provided by the manufacturer, the
porosity of the original limestone from which thé& lis produced is 1% (measured on the monolith
limestone according to standard EN 1097-6 [19]).isthis research the LF is considered as a hooyso
powder. The GHCP is produced from a cement pastiedna water to cement ratio of 0.5. To insure a
good homogenization during the fabrication of cetpaste, the half quantity of cement is first adted
the water and mixed for 90 seconds, after thatstmond part is added and 90 seconds of mixing are
performed. Thereafter, the fresh cement paste isegoin 1 liter hermetic plastic bottles. The cetmen
paste is gently vibrated to minimize the presenfcaiobubbles. In the end, the fresh cement paste i
sealed and rotated during 6 hours in order to asegiegation and bleeding during setting. The mede
cement paste (HCP) is hydrated during 90 daysdsedl containers to insure a high hydration degsee a
reported in the literature [27].

The HCP is crushed in two phases, firstly witha @usher with an opening size of 8mm and secondly
with a ball mill in order to obtain a fine powdeitlvdimensions lower than 200 um, and having aeclos
particle size distribution to that of LF. Severalghing steps of 15 minutes with the ball mill hdneen
done. The PSD has been controlled after each sieg laser granulometry in liquid phase with ultra
sonic (to avoid agglomeration). This method all@esitrolling the gy and doy, (diameter of 50% and
10% passing). Sieving particles at 200 um allowgroding the doy, (diameter of 90% passing).

Having close particle size distributions betweere two powders (LF and GHCP) facilitates the
comparison by limiting the geometric differences.

2.2 Characterization protocol
The characterization procedure is carried out m$teps: firstly, on the monolithic material (pelei sizes
between 4mm and 20mm), and secondly on the grirmdedrial.

Two characterization tests are carried out on thehed HCP (4/20 mm):

- First, the water absorption is determined accordlingtandard EN 1097-6 [19]. For this test, the
aggregate is immersed in water for 24 hours, dftat the surface water is removed with dry
paper, and the surface dry mass of the aggregateasded (Ms9. The aggregate is placed in an
oven until constant mass (y). For each sample, this test is carried out fimee$ to assure a
good repeatability. The water absorption (WA) isnpoited with (eq.1). The drying temperature
for HCP is reduced to 60°C, in order to avoid aness drying, which would lead to a partial
dehydration of hydrates and overestimate the vedtsorption.

WA= ZssaMary (1)
Mdry



The pore size distribution is then measured usingrdvhetritics autopore IV with a mercury
pressure between 0 and 200MPa. Five tests arerpedowith samples of approximately 1x1x1
cm®. For HCP, the sample is taken in different parftshe material, to verify that HCP is
homogenous.

For the grinded powder, the following tests areedon

The particle size distribution is determined wikdr diffraction granulometer (Mastersizer 2000).
Because of the anhydrous particles eventually pteise GHCP, the laser granulometer test is
made with ethanol for both GHCP and LF.

The remaining intra granular porosity | of the powder has been computed with the thexaeti
model developed by Bouarroud;j et al. [23,24]. Timiedel is presented with (eq.2) wherg R
corresponds to the radius of grainisrthe pore radiusp is the initial porosity, xis the volume
fraction of each size of pore; gorresponds to the volume fraction of each sizgrain, and B,
coresponds to the radius of 5% of the passinggbesti

2 3
6.2 X X y; X {zy;oxi YR (1-3 (;—J) +3 (;—1) - (;—) )} .................. 2)
ri<riapfori=1toi=n

WIth 01547 X Rey, and 1,41 = 0.1547 X Ry

The absolute densityJ) is measured with helium and water pycnometerg. Water absorption
of the powder is then computed with (eq.3), andréad density ) is obtained with (eq.4).

—_ o
LG pax(1-9,)

P=paX (1 —¢,) e (4)

The water demand comparison between GHCP and tE&riged out by making different slump
flow tests (S) using different water to powdergat[28] (mini-cone, h=60 mm, d= 70 mm, and
D= 100 mm). The results are presented by plottirgréelative flow (R) calculated from (eq.5) as

a function of the ratio of the effective water ahd volume of powde‘;# (for GHCP, the volume
P

of powder is presented with and without consideritng intra granular porosity). [28]
demonstrated that, for pastes made with any péatipowder, the water to powder volume ratio
and the relative flow are linear and can be presentith (eq.6). Wherg, is considered as
comprising the water needed to fill the voids ia fowder system and provide sufficient disposal
of the particles(water demand), angd iE the deformation coefficient depending on thedus
powder.




2.3 Experimental results and discussion

Table 1 presents the initial porosity, absolutesitgr(p,), and real densityp] obtained with the MIP on
the monolith HCP. In the same table, the water uti®m obtained according to the EN 1097-6, and the
absolute density obtained with the helium and wayenometers are also presented.

The absolute density measured with helium pycnomisthigher than the one measured with MIP, this
difference is due to the fact that the absolutesitiemvith helium is measured on a grinded matevidilich

is not the case with MIP. A small difference is etved between the absolute density measured with
helium and water, which could mean that almosthadl porosity present in the material is accesdible
water.

The porosity and absolute density measured witlemae higher than those measured with MIP. This ca
be explained by the fact that the porosity accéssidowater is larger than the one accessible taung
(with a maximum pressure of 200MPa).

Table 1: Absolute density (with helium and water), Wates@iption, average porosity computed and
measured using MIP, and real density. Standardhtiems are computed from 5 replicates on HCP or

GHCP.
pa helium pa Water WA EN 1097-6 Water p water pa MIP Porosity MIP p MIP
(glent) (g/cnt) (%omass) accessible (g/cnT) (glcnT) (%vol) (g/cnt)
Porosity (%vol)
2.4 0,01 2.39 £0.02 30 +0.4 42 #1.1 1.4 2.12 +0.01 25M8 157

Figure 1 presents the particle size distributid?S) of GHCP and LF, and figure 2 presents the piaee
distribution of HCP, both figures have the samexis-gcale. The average diameter of pores for HCP is
0.07um. The crushing procedure of HCP allows aecleSD between LF and GHCP. The average
diameter of the GHCP and LF is about 20um.
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Figure 1. Particle size distributions of GHCP and LF deteri by laser diffraction.
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Figure 2: Pore size distribution of the HCP determined byMI

Table 2 presents the characteristics of GHCP andlbE porosity of GHCP is computed with (eq.3). A
small difference is observed between the poroditgined in HCP and the one computed for GHCP. This
result is attributed to the fact that the size aftigles is much higher than the size of pores fmmson
between figure 1 and figure 2). The WA and the dmalsity are computed respectively with (eq.4) and
(eq.5).

Table 2: Absolute density, computed porosity, water absompéind real density of GHCP and LF

Pappl8/cm’®)  p(g/cm’®)  WA(%mass) ¢, (%vol)
GHCP 2.4 1.4 28.5 40
LF 2.72 2.72 0 0

Figure 3 presents the relative flow (R) as functidthe water to powder volume ratio made with It a
GHCP with and without considering the intra granyarosity of GHCP. Th@, (water demand) for LF,
GHCP and GHCPWA are respectively 0.71, 0.23 an@.1tls shown that when the porosity is not
considered for GHCP th& (water demand) is higher than the one of LF. Hewethe water demand of
LF is higher than the one of GHCPWA. Given the el&SDs and morphological characteristics of the
two powders, the difference on the water demandeaattributed mainly to the agglomeration.
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Figure 3: comparison betwegf) (water demand) of pastes made with GHCP and LFCBMWA
presents the result where the intra granular piyrasconsidered.

3. Hydration degree and porosity of cement pastes witlitHCP

and LF

3.1 Methodology and experimental procedure
To identify the influence of GHCP and its porosity cement hydration in comparison to LF, cement
pastes are manufactured with LF and GHCP. This ipactirried out on pastes to simplify the studied
systems.

Figure 4 presents the principle adopted for cerpastes composition. The mixes with mineral addition
(LF and GHCP) are manufactured by adding the laidr a volume corresponding to 50% of the cement
volume of the reference mix. For the pastes made @GHCP, the addition is carried out in two diffierre
ways. Firstly, the envelope volume of grains issidered, and the added volume is computed with the
real density (the porosity and water absorptiothefpowder are considered here). Secondly, thdwtbso
volume is considered, where the porosity and the & not taken into consideration (only the solid
volume). These different mixtures are prepared rislep to study the impact of the mineral addition
porosity on the hydration of cement.

Thermo Gravimetric Analyses (TGA) and mercury istom porosity tests (MIP) have been carried out on
the different pastes at different ages (1, 2, 72hdays) in order to identify the hydration degaee the
porosity of the different pastes, and make the @impn between the one manufactured with GHCP and
LF with those manufactured without mineral addit{oeference mix). Table 3 presents the compositions
of the manufactured cement pastes.
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Figure 4: lllustration of the different mixes

Table 3: Paste compositions

Cement Powder Total water  Absorbed Wi (Q) Wi/C
(9) (9) (9) water
(9)
P et 77.5C 0 38.7¢ 0 38.7¢ 0.t
Piric 7750 68.0C 38.75 0 3875 0.5C
Pehcpwasc 7750 36.25 4875 9.97 38.78 0.5C
Paricp+c 77.5( 60.0(C 38.7¢ 16.5 22.2¢ 0.2¢

To ensure a good homogeneity for the pastes, amikgr where only 200 ml can be produced is used.
The followed steps are:

- Add all the amount of water in the mixer,

- Add the first half of the powders (cement + minexddlition),

- Mix for 90 seconds,

- Stop the mixer for 30 seconds, and add the secarapthe powders,
- Mix for 90 seconds.

The paste is poured into small hermetic contai(EBml). Each container is rotated for 6 hours ideorto
avoid segregation and bleeding of cement pastesglgetting [29]. The obtained paste is stored in
hermetic containers at 20°C for 1, 2, 7 and 28 daen, the hardened paste is cut into small pieces
(1x1x1 cni) and immersed in isopropanol for 1 week to staphidration of cement[30,31]. After that,
the paste is dried at 40°C until constant mass @rtdin sealed bottles to avoid any carbonation or
rehydration.

3.2Hydration degree
To estimate the hydration degree of the cementurgst the quantity of Portlandite produced at &miv
time and the maximum quantity of Portlandite thet ©e produced during the complete hydration of the
cement are needed.



3.2.1 Quantification of Portlandite produced for total hydration of the cement
According to [32-38] the simplified reactions thatoduce Portlandite from ordinary Portland cement
(OPC) are presented in (eq.7), (eg.8), (eq.9)1(cand (eq.11). The amount of Portlandite forrmeed i
identical for the 3 hydration equations ofAE.

CsS+5.3H—> CSH+1L.3CH .......... ©)

C,S +4.3H—> CSH+0.3CH........... )
CAAF+3CH,+30 H—> GASHa+CH+FHs.....o.o........ 9)
2CAF+CoASHy+12H —» 3GASH,#2CH+2FH............ (10)
CAAF+10H — GAH+CH+FHs................ (11)

Table 4 shows the composition of the used cemetaired by XRF combined with Bogues method. The
percentage mass of Portlandite produced for eadsepls calculated. The total amount of obtained
Portlandite for the total hydration of the cemen¢qual to 0.294g/g of anhydrous cement.

Table 4: Portlandite production for a complete hydratiorcement

Anhydrous Mass content CH mass per unit of CH mass for 1 gram of
phases in cement (%) anhydrous phase anhydrous cement
(g/g cement) (g/g cement)
C3s 61.¢ 0.4Z 0.2€1
Cc2s 112 0.1< 0.01¢
C3A 6 0 0
CA4AF 12 0.1t 0.01¢

3.2.2 Portlandite quantification for the different mixes at different ages
TGA analysis is used in order to quantify the Rordlite produced in the different mixes. The samates
heated up to 1000°C in a platinum crucible at 16fi6/ under argon. The mass variation is due to
dehydration of hydrates and decarbonation of @alcit

Figure 5 presents the obtained TGA results for pBHCP and the different pastes after 1 day of
hydration. Three peaks are observed. The first pealesponds to the dehydration of C-S-H, the scon
one to the dehydration of Portlandite and the ¢ext corresponds to the decarbonation of Ca@QOs
noted that the &icp wa+c has the highest peak for Portlandite comparechéoother mixtures (pastes
manufactured with LF and GHCP). Thg B wa+c and Rycp.c mixtures have larger Portlandite amounts
than the B-.c mixture. A peak of CaCgls also observed for the different mixtures. Thaedfmixture has

a large CaC@peak compared to the GHCR;1Br-c and Rycp wa+c due to the fact that LF is essentially
composed of CaCOA small peak of CaCgis obtained for GHCP, this can be explained byfioe that

a part of the cement paste has been carbonateaafthenation of the different pastes has beenduirity
making the TGA tests directly after stopping hyinat The obtained peaks of Cag® Psycpicand



Pshcpwasc are therefore caused by the former carbonatioGdCP and not by the carbonation of
newformed hydration products.
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Figure 5. TGA results for GHCP and different mixtures aftedtay of curing

Equation 12 (eq.12) is used in order to calculat Rortlandite quantity (CH{),) for the different
mixtures. Wherelmggsec_sepoc (%) is the mass loss of samples between 405°G&OUC obtained with

TGA results. My is the molar masse of Portlandite (74.09 g/mol) Ehgo is the molar mass of water
(18g/mol).

CH(t) o =m0 c=seo: eMen (1)

MH20

For the Rucp wa+c and Rycp+c mixtures, the amount of Portlandite brought by @CP is subtracted
from the total quantity in order to only take irdgcount the neo-formed Portlandite (CHeltbrmed
(eq.13) where @ucr and m are respectively the mass of GHCP and cementl4eis used to compute
the quantity of neo-formed Portlandite for 1 grahe@ment (CH (eo-formedig cemeht

CH(t)neo-formed_-CH(t)[ota| —C HGHCPX M .................... (13)

mgHacptmc

— Mc+Mmineral additi
CH(t)neo.formed/g cemermt CH(t)neo.forme&( mln;;: A O et e e e (14)

3.2.3 Degree of hydration

The calculation of hydration degree is presentemraling to the cement quantity in the mixture asd i

computed with (eq.15), where CH{t)ormedigcemencOrresponds to the quantity of neo-formed Poritand
produced at time t (1, 2, 7 and 28 days) for 1 geshent. CH 1 is the amount of total Portlandite that
can be produced if 1 gram of cement is 100% hydrgzé-38].



CH(O)neo-f d t
(X - neo orme /gcemen (15)
CHctotal

The results of the degrees of hydration are predeint figure 6. The reference mixture presentswaeto
degree of hydration at early ages compared to thus#e with GHCP and LF. Thus, the addition of
GHCP and LF accelerates the hydration of cementtipastes. ThegRcp wa+c mixture has a lower
hydration degree at 1, 2, 7 and 28 days than-PThe Rucr+cpresents a high hydration degree at 1 day,
but its further hydration is less compared to otement pastes, which can be explained by thetliactt
the Rucpscmixture has a low \W/C ratio (0.27).
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Figure 6: Hydration degree of the different mixes

3.3 Porosity measurement
The porosity of the different mixes is measuredveycury Intrusion Porosimetry (MIP) at 1, 2, 7 &28i
days. Table 5 presents the obtained results. Thesipp has been corrected for the different mixes i
order to compute the porosity of the neo-formed ex@npaste, excluding that of the mineral addition.
(eq.16) is used to make the porosity correctiongnpneo.rormeapresents the porosity of the neo-formed
cement paste, R is the total porosity obtained with MIRb powgeriS the porosity of the mineral addition,
and Vyowdes Vwert aNd Veemen@re respectively the volume of mineral additiofieetfve water, and cement.

Vpowder (Vpowder+VC+VWeff)

. = — X X—— e
QPneo-formed— ((Ptotal Dpowder Vpowder+VC+VWeff) Vpowder+Ve) (16)




Table 5: Porosity of the different mixes

Total porosity (%vol) Porosity of the neo-formed @ste (%vol)

P Ref PLF+C FJGHCPWA+C PGHCP+C P Ref FJLF+C FJGHCPWA+C FJGHCP+C
1 day 40.0 28.0 35.t 24.2 40.0 38.¢ 39.¢ 24.1
2 days 38.Z 23k 28.2 22.2 38.2 32.7 29.€ 20.0
7 days  26.t 14.7 23.7 18.0 26.¢ 20.5 23.2 14.0
28 days 24. 12.2 18.c 18.0 242 17 15.¢ 12.1

It is noted, for the mixtures before correctiorgttthe reference mixture and{p wa+cpresent the highest
porosity whatever the ages. The lowest porosiopisined for B-.c.

After correction, the &icr warc Mixture has a similar porosity comparing to the,Pmixture, which is
due to the fact that the WC is similar for the two mixes (WC=0.5). Despite the fact that the reference
mixture has the same MIC ratio than B.c and Rucp wa:c Mixes, a higher porosity comparing to the
PLr+c and Rpcp wa+c mixture is obtained. This can be explained byf#toe that the hydration degree of the
mixes made with LF and GHCP is higher than theresige one. The dPcp+c presents the smallest
porosity. This is due to the WC ratio, which is smaller than the other mixe21). The porosity results
are in accordance with the hydration degree results

Thus, we can conclude that the water present ip#isée is not the same as the water availablenemte
hydration when porous mineral addition are usedrddeer, the addition of GHCP into a cementitious
mixture can accelerate the one day hydration of dlment. Also the GHCP has an impact on the
hydration degree and the total porosity of the nfectured mixes by decreasing the amount of availabl
water for the cement hydration. The next step & work is to study the effect of adding GHCP on
mortar properties.

4. Fresh and hardened behavior of mortars with GHCP ad LF
4.1 Methodology and experimental procedure

In order to identify the effect of the GHCP porgsin fresh and hardened behaviors of mortar, the
calculation of the total porosity is needed. Thidahporosity of the mixture is presented with (&6 in
which We, Vpore Vpowdes Vair and \, are respectively the effective water, the pore mawf the powder,
the solid volume of the powder, the volume of aimortar, and the cement volume:

PO — Vyoid — Werr+VporetVair (17)
Vtotal Weff+Vpowder+Vpore+VC+Vair
Mortar compositions are made with a volume sulsbituof cement by GHCP and LF, the following
mixes are made:

- Mg volume substitution of the cement by LF at 10, 20 and 40% by using the absolute
density

- Mghep wa+g VOlume substitution of the cement by GHCP at2D,30 and 40% by using the real
density



- Mghcp+c Volume substitution of the cement by GHCP at21),30 and 40% by using the absolute
density.

The mortar compositions are presented in tablehé. rEference composition complies with standard EN
196-1. Figure 7 illustrates the followed approaxktudy the fresh and hardened behavior for tHerdifit
mortars.
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Figure 7: lllustration of the different mixes

Table 6 : Mortar compositions

Substitution rate  Cement Addition Sand Wiota WA Weir  Wer/C

(%) a] la] ] a] a]
M gef 0 45( - 1 35( 228 - 228 0.50
Mric 10 40E 395 1 35( 228 - 225 0.56
20 36( 79.0 135( 22t - 228 0.63
30 31t 1185 1 35( 22t - 228 071
40 27C 1579 1 35( 228 - 228 0.83
M ahcp wasc 10 40E 211 135( 2308 58 225 056
20 36( 422 135( 2366 116 225 063
30 31t 63.2 135( 2424 174 228 071
40 27C 84.3 1 35( 2482 232 22t 0.83
Mahcpsc 10 40 35.1 1 35( 228 0 2153 053
20 36( 703 135( 22t 0 2057 057
30 31t 1054 135( 228 0 19€  0.62
40 27C 1405 1 35( 22t 0 1864 069




Figure 8 presents the initial porosities computétth {eq.17), the air volume is considered equdl.tdhe
mix M_r.c presents a similar porosity to the mixMp.c This is due to the fact that in the latter theara
absorption is not taken into account, and the salidme of GHCP is equal to that of LF. A differenis
observed between the mixdWkp wasc and both Mg.c and Msucpsc This difference is due to the water
absorption which is considered in the added wat®dyce wa+c

In the following, the fresh and hardened behaviomgarison is made with M.c, Mgucpwa+c and
Mchcr+c Given the porosity of GHCP, the effective wateid ahe solid volume of GHCP between
Mchcpwa+c and Msucp+care not the same. This procedure allows: first &kena comparison between LF
and GHCP using the same effective water and engelojume and second to make a comparison using
the same initial porosity of mortar made with LEI&BHCP.
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Figure 8: Initial porosity and Weff/C computed with (eq.17)

The mixing of the different mortars is 4 minutesado The cement, addition and all the water are firs
mixed at low speed for 30 seconds; thereafter #rel 9s introduced gradually for 30 seconds. An
additional mixing of 30 seconds at low speed isitherformed. Subsequently, the bowl is scraped %or
seconds, followed by 1 minute 15 seconds of resallly, high speed mixing for 1 minute is performed

The mortar's workability is measured with the MB&ne (“Mortiers de Béton Equivalent” that can be
translated as “Equivalent Mortars to Concretetyarding to the procedure described in [39]. Theecis
filled in 3 layers of equivalent volume and eackelais compacted 15 times with the tamping rod. The
upper surface of the cone is leveled to removeetoess mortar. The cone is lifted vertically ine8a@nds.
The slump is measured by considering the highest [29].
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Figure 9: MBE cone [39]

Air content is measured on all mortars with CONTRBILL. The compressive strength is determined on
4x4x16 cni samples. The samples are demolded after 24 hadrstared under water at 20°C until the
day of the test (28 days). The compressive streiggxpressed as the mean value of 6 samples as
reported in the standard EN 196-1.

4.2 Fresh properties
Figure 10 presents the workability results of mertaade with LF and GHCP as a function of the cémen
substitution percentage. The workability of the:M is almost constant regardless of the substitution
percentage. For the mixdycp-cthe slump decreases very rapidly with the suligiiturate and becomes
null beyond 30% of substitution, which is due te tbsorption of water by GHCP. For the mix/ ¥
wa+c, considering the porosity and water absorptiorthaf powder gives a better workability than the
mortar made with LF. The increase in workabilityMécp warcin comparison to M.c can certainly be
attributed to different behaviors of the two powslezgarding agglomeration (water demand of powgders)
to physical differences between the powders, antouncertainties in the estimation of the water
absorption of GHCP.

Figure 11 shows the results of air content obtaifeedthe different mixtures. It is noted that thie a
content is slightly higher for mortars made with GlPicompared to those made with LF. However, it can
be considered that, considering the water absorticGHCP does not affect significantly the air o

of mortars, but it affects significantly their weathlity.

These results show that, if the water absorptiothefpowder is not considered, a sharp decreadein
workability of the mortar occurs as the substituticate increases, because of the decrease in the
interstitial water of the mix. Hence, if one watdsdesign mixes where GHCP would replace LF without
changing too much the workability of the mix, theAVéf the substitute powder has to be taken into
account.
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Figure 10: Slump of the different mixes, in function of thebstitution rate
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Figure 11: Air content variation in function of the substitit rate for the different mixes

4.3Hardened properties
Table 7 presents the compressive strengths obtdorethe mortars made with LF and GHCP. It's
observed that the mechanical resistance decredsss thve substitution rate of GHCP and LF increases.
The substitution percentages of cement by GHCPL&nith mortar compositions have been made by the
solid and envelope volume. In order to have knogdedbout the influence of adding GHCP as a mineral
addition, the compressive strengths are comparead fagction of the total water (effective + absarbe
water) to cement ratio.

Figure 12 presents the variation of compressivength as a function of the total water (effectiatay +
absorbed water) to cement ratio at 7 and 28 dalgs. r€sults show close variations of compressive
strength for the different samples. So, the congivesstrength of mortars mainly depends on the amou
of cement (reactive phase of the binder), andaingorosity of the mixes, including the internakgsity

of the GHCP. Considering the water absorption erttix design to compensate for a loss of workabilit
(as stated in the previous section), leads to eedse in the compressive strength of mortars.



Table 7: Compressive strength (Cs) result of mortars mate i and GHCP (with and without
considering the WA) at 7 , and 28 days
Volumique Cs7Days Cs 28 Days

substitution (MPa) (Mpa)
rate (%)

MRef 0 51.5 56.6
MLF+C 10 43.6 46.5

20 36.3 43
30 31.2 38.3
40 24.5 28.3

MGHCP 10 42.2 45
WA+C 20 34.5 40.2
30 24.4 28.3
40 16.1 20.2

MGHCP+C 10 39.9 45
20 31.7 38.2
30 25.7 30.9

40 21.6 26.9
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Figure 12: Compressive strength (Cs) results expressed atidarof the total water to cement ratio for
mortar made with GHCP and LF.

5. Conclusion

Cementitious mixes manufactured with the grindediélaed cement paste (GHCP) have been compared
with others containing limestone filer (LF). The A@nd MIP analyses on pastes showed that both GHCP
and LF allow the acceleration of the cement hydratAlso, when using the GHCP, the water present in
the paste (effective water) is not the same a®tieeavailable for cement hydration due to the gitsmr

of part of the water by fine particles.

Using a constant total porosity makes it possiblelitain equivalent mechanical strengths between th
mixtures manufactured with LF and the GHCP. Butase workability is obtained for the mixes with
GHCP. However, if the water absorption is takero inbnsideration when the cement substitution is
proceeded, the workability increases and the meécalamesistance decreases. The decrease of the



mechanical strength is caused by the porosity pteéeeGHCP. In fact, the neo-formed porosity of the
paste of both Mucr warc@nd MEe.c are identical, but the total porosity of theydr wa+cincreases due to
the porosity of the mineral addition, which maké® tcompressive strength decrease. Taking into
consideration the envelope volume with the absomeatr of GHCP when manufacturing a mortar or
concrete seems to be the best recommended proc#dueans moreover that, when using that GHCP in
mortar or concrete production, the mixing waterwtidnclude the effective water (the needed water t
hydrate the cement), and the absorbed water byggty and GHCP.

In the standard EN 206-1, the limestone filler benused as a mineral addition to replace cemem. Th
former can be used at a maximum substitution r&t2086 by weight, which corresponds to 23% by
volume substitution. If its water absorption isé¢aknto consideration, the use of the GHCP, withilar
volume substitution, is clearly possible.

The recycled fine powders from RCA do not contad®% of hardened cement paste. Other non-porous
materials (natural aggregates) that can signifigatd@crease the porosity are present in RCA. Tifitke
recycled powders from RCA are well characterizbdytcan be incorporated as a mineral additionén th
manufacture of mortar or concrete and the fresh ferdened behaviors of mortar or concrete can be
controlled.
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