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Abstract

Limestone filler is a raw material that is alreagsed in several applications like paints, bricks,
bituminous mixes, ..Moreover, and particularly in Belgium, classicdtdions like fly ashes and
blast furnace slags become rare. There is a neetk¥o additions that could have a positive effect
on the properties of the fresh and hardened cetoaatcomposites.

Substitution of limestone filler in Portland cemamd blast furnace slag cement has been realized
between 15 and 27 % in mass.

In addition to the characterization of the powdself — specific mass, specific surface and laser
granulometry — the problem of the water demand been analysed: it seems that it remains
constant with the substitution rate. Electric cartolity has also been performed in order to study
the evolution of the “dormant” period.

Tests on hardened mortars concerned the mechamaaerties, the evolution of the porosity and
the durability. The i factor indicates a higheruealnd the porosity seems to be better in the case
of blast furnace slags cements, partially duevers low diameter of the slags particles.

Oxygen permeability doesn't seem to be influencgdthe filler while capillary absorption
increases with substitution rate. Finally, carbmmatrate, sulphate resistance and chloride
penetration show quite interesting behaviours, iteptb the conclusion that this material needs
more investigations in order to define optimum aggtion conditions in cementitous matrixes.
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1. Introduction

In Belgium, classical additions for concrete likg &shes and blast furnace slags, are becoming
rare. Limestone filler is quite abundant and alyeasged in several applications. The idea of this

research is to use limestone filler in substitutidthe cement in mortars compositions. Limestone

filler is actually cheaper and less polluting theament. So, we studied the effects of such a
substitution. Two cements (Portland cement andt Hlamace slag cement) and four rates of

substitution (0, 17, 23 and 27 % by mass) weredeste. eight mixtures.

The first part of this paper talks about the matsriused and justifies the proportions in the
mixtures. The second part discusses the teststgedile cement paste was first analysed with
regards to its water demand and the electric cdivitycgave us information about the hydration

process. Afterwards, tests were carried out orhfeasd hardened mortar in order to determine
properties like porosity, mechanical performancsise(igths and shrinkages), permeability to
oxygen, capillary absorption and durability (cargtion rate, sulphate resistance and chloride
penetration). The activity index of the limestoribef based on compressive strengths was
determined but, as it refers only to a mechanicaperty, an interaction ratio was also calculated
in order to assess the effect of the limestonerfdh each measured property.

2. Materials and mixtures

2.1. Materials

A normalized sand (CEN EN 196-1) and water tap wsedd. The Portland cement was of CEM |
42.5 R HES type and the blast furnace slag cemeawst ne-composed with 65 % (by mass) of
Portland cement and of 35 % of blast furnace stdg).(The filler came from a limestone quarry.
Table 1 shows the mineralogical composition, thecH#jz mass and the specific surface of the
three powders that composed the binders. Figuredepts their particle size distribution.

Table 1: Mineralogical composition (% by mass),cfiemass (kg/m3) and surface (m2/kg)

Portland cement | Blast furnace slag| Limestone filler

CaO 62.8 38.46 98.1 (CaGp
SiO, 19.3 35.08 0.533
Al,O3 5.1 13.47 0.166
Fe,0Os 3.1 0.51 0.082
MgO 0.8 8.5 0.35
SO, 3.1 0.1 0.085
Specific mass 3090 2890 2700
Specific surface 385 440 305

2.2. Mortar compositions

All the compositions have the same sand and wateteats. Water demand and consistency tests
showed indeed that these two properties remainatstant whether limestone filler was
incorporated or not. It was then decided to useemto-binder ratio of 0.45 (by mass) for all the
mixtures. Four substitution rates were tested withtwo cements (0, 17, 23 and 27 % by mass).
Table 2 presents the eight compositions tested.



All sample preparations were processed in a similanner, according to European Standard EN
196-1 [1]. Water was first introduced in the medbahblender. The dry mix solids (cement +
filler) were then added to the water solution anideth for 30 seconds at low speed; sand was
added and mixed for 30 seconds. Then the mixinggads in a sequence of three steps: 30
seconds mix at high speed, 90 seconds in rese&hds mix at high speed. The mortar was cast
into moulds, cured with plastic sheet and afteh@drs, the hardened mortar was demoulded.

Table 2: Mortar compositions

Cement % filler | Name %O;:Linn(: Bfs Filler Sand Water Air
used (ka/m?) (kg/m3) | (kg/m3) | (kg/m3) | (kg/m3) | (%)
0 PO 504 0 0 1513 227 3.86
Portland 17 P17 429 0 77 1518 228 3.2B
P 23 P23 390 0 114 1512 227 3.40
27 P27 368 0 138 1520 228 2.719
0 LO 329 177 0 1519 228 3.18
Bfs cement 17 L17 277 149 77 1510 227 3.3
L 23 L23 253 137 114 1512 227 3.08
27 L27 238 128 138 1514 227 2.91
Volume (%)
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Figure 1: Particle size distributions of the thpesvders
3. Results and discussion

3.1. Tests on cement paste and fresh mortars

The tests on cement paste concern first the wateadd and the electric conductivity. The water
demand (Figure 2) is characterized by the fa@t@xpressed by mass): it varies from 0.31 to 0.35
for all the mixtures tested. It is not a signifitarariation so we can conclude that the water
demand remains constant with the substitution oferg by limestone filler.
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Because it is dependant on the ions dissolvedarstiution, the measure of the evolution of the
electric conductivity over time can give informatiabout the hydration process. The “dormant”
period is representative of the setting time: atehd of this period, the setting really begins. As
shown on figure 3, the “dormant” period, i.e. thedting time, is shorter for the L-mixtures when
the binder contains filler. It can be the signtud formation of carboaluminates that accelerate the
setting [2]. We can also see that the duratiorhef“tormant” period is longer for the L-mixtures
than for the P-mixtures. This is due to the latd@racteristic of the blast furnace slag.

The workability of mortars was evaluated accordimdlow rate test [3]: the results show that the
consistency remains constant for all the mixtuselich is in accordance with water demand
evaluation.

3.2. Hardened mortar tests

First of all, the “open” porosity was determined doywater absorption test [4] (Figure 4). Water
absorption is growing between 0 and 15 % of suligiit of cement by limestone filler. Between
15 and 27 %, it doesn’t seem to evolve. Compositimontaining blast furnace slags show a lower
“open” porosity; which is probably due to the loveeameter of the blast furnace slag particles.
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Figure 4: “open” porosity for P and L Figure 5: Compressive strength at 3 and 28
samples, measured by water absorption days for P and L samples

3.2.1. Mechanical properties
The first mechanical properties are the compressnd flexural strengths [1]. The results of the
flexural strength tests were not reliable so wenditake them into account. According to the



literature, limestone filler should improve thertsition zone between aggregates and cement paste
and reduce its thickness [2]. Flexural strength fenction of the tensile strength, which depends
on the thickness of the transition zone. Theorlyiclexural strength should be improved by the
limestone filler and more investigations are needédut this subject, i.e. scanning electron
microscope investigations.

The compressive strength decreases when cemantiégeed by limestone filler (Figure 5). This is
due to the decrease of the cement content andsthg of the water-to-cement ratio as substitution
increases. Figure 5 shows also the well-known wiffee between the two cements tested: blast
furnace slag cement presents a lower strengthrigtage (- 19 %) but a higher strength at 28 days
(+ 9 %) than the Portland cement.

The i factor (or activity index) can be calculatasl the ratio of the compressive strength of a
mortar where 25 % (by mass) of cement are replagelimestone filler (with a water-to-binder
ratio of 0.5) and the compressive strength of armadized mortar [5]. The i factor of the filler is
0.70 when Portland cement is used and 0.76 wheml&st furnace slag cement is used. For a
water-to-cement ratio of 0.5, the loss of strergjt@8 days is greater for the Portland cement than
for the bfs cement when 25 % of the cement areacejl by limestone filler. The i factor only
takes into account mechanical property and is calculated for a constant water-to-bindsior
Inspired by the literature [6], we calculated atefaction ratio which relates properties to the
cement content (Equation 1).

I AN (1)
S,/C,

where |l is the interaction ratio,
S is the measured property,
C is the cement content,
the index % refers to a composition which contaifié of limestone filler,
the index O refers to a composition without filler

The interaction ratio shows the effect of the litoes filler, considering the cement content. For
the compressive strength, it shows that the fliles a positive effect on the P-mixtures for all the
substitution rates tested and on the L-mixturesnf24 to 27 % (Figure 6).
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Figure 6: Interaction ratio for the compressivesgth for P and L samples
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Figure 7: Total and autogenous shrinkages afteta3® for P and L samples

Another important property is the shrinkage of thertar. The total shrinkage was measured on
specimens stored at 20 °C and 65 % HR [7]. It desere as the substitution increases (Figure 7).
This is due to the decrease of the cement contethtraise of the water-to-cement ratio as the
substitution rate increases (considering that thenent content decreases when cement is
substituted by limestone filler). If the quantiti @ement is smaller, the autogenous shrinkage has
to be lower. Portland cement presents more shrakbhgn the bfs cement (Figure 7). The L-
mixtures lose more water during the test and tteehess chemical shrinkage.

The autogenous shrinkage was measured on specihaisad been coated by aluminium foil and

epoxy paint (Figure 7). The autogenous shrinkageeigdly decreases as the substitution rises.
This is also due to the lower cement content aechigher water-to-cement ratio, which keeps a
high internal humidity high and induces a lowerroieal shrinkage.

The interaction ratio calculated according to eiqual shows a negative effect of the filler on the
total shrinkage but a positive effect on the autoges shrinkage for P-mixtures from 24 to 27 %
and for L-mixtures between 16 and 26 % of substitu¢Figures 8).
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3.2.2. Porosity properties

In order to determine permeability to oxygen, air@fical specimen is drilled and put into the
permeability test device (Figure 9). A pressureiniposed at the bottom of the sample and
permeability to oxygen is determined from the oxydlew measured at the top side [8]. This test
shows that the oxygen permeability remains congtardll the compositions. The limestone filler
doesn’t seem to have any influence. This propegfyedds on the interconnected pores and is not
related to the “open” porosity described beforés thpen” porosity was indeed determined by a
water absorption test and the molecules of oxygee Ismaller dimensions than those of water.

The capillary absorption [9] is characterized bg gorption coefficient (the slope of the line
representing water absorption by surface unit &snation of the square root of the immersion
time). The sorption coefficient increases with gubstitution rate (Figure 10). This result can be
related to the “open” porosity.

The interaction ratio shows a negative effect af timestone filler for the P-mixtures and a
positive effect for the L-mixtures between 0 and %@5of substitution for the permeability to
oxygen. The interaction ratio for the capillary afpgion shows a negative effect of the limestone
filler on the porosity characteristics tested fibttee compositions (Figures 11).
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3.2.3. Durability

The durability of the mixtures was analysed witlgaiels to the carbonation rate, the chloride

penetration and the sulphate resistance. Thesepiepare dependant on the open porosity that
permits or not the intrusion of aggressive agehte transport mechanism is the diffusion: the

aggressive agent is moving according to a diffezeafcconcentration.

The carbonation is a reaction between lime andoradioxide and it induces a decrease of the pH
of the interstitial solution of concrete. The camhtion rate is determined with phenolphthalein test
[10]. Figure 12 shows the carbonation depth ofcivpositions tested after 3 months of exposure
to CG (1 % concentration and 60 % R.H.). The carbonatiepth increases as the filler content
rises. We can relate this result to the “open” pityo when it increases, the molecules of ,@a@n
penetrate easier into the mortar.

The effectiveness of limestone fillers was evalddity means of two other durability tests [11]:
chloride diffusion (1) and sulphate attack (2):

- (1) Rates of diffusion of Cland N& ions into cement mortars are monitored using two
compartment diffusion cells (Figure 13). Mortar dke 10 mm thick are sawed from 8 cm
diameter specimens and stored in Ca(OH)2 satusatietion. Prior to the test, each specimen
is polished with 600-grade emery paper, rinsed déhonized water and surface dried with a
tissue before being fitted into the diffusion célfter fitting with epoxy resin and sealing with
silicon paste, the cells are filled at one sidehv@ta(OH) solution and at the other side with
3 M NacCl in saturated Ca(OHpolution. At periodic intervals, chloride concettion is
determined by titration from a 10 cm? sample ofgbkition.

The chloride penetration is determined by two ctiaréstics: the evolution of the chloride
content in the first cell, where there was no di®ions at the beginning of the test, and the
occurrence time (breakthrough time), which is calted from the intercept of the
concentration versus time date and correspondsettime that is necessary to detect the first
chloride ion in the first cell. When limestone dillis added, the chloride content in the first
cell after 70 days increases and the occurrena diesreases (Figure 14). This may be related
to the “open” porosity as for the carbonation ratbe L-mixtures don’t seem to permit the
chloride ions to cross the mortar slice, at leftsr 400 days of test.
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Figure 12: Carbonation depth after 3 months Figure 13: Experimental setup of diffusion
for P and L samples cell



(2) Determination of the resistance of mortarsttack by sulphate is performed according to
standard P 18-837 [12]. The method involves therddhation of the changes in length of
prismatic specimens when stored in a standard atdptolution. At the age of 28 days, the
specimens are measured for length and placed isulpdate solution having a concentration
of 50 gllitre SQ™ and prepared by adding reagent grade magnesiyphatal (SGMg.7H,0)

to water. Corresponding control specimens are gdlatale-ionized water. Changes in length
of the specimens are measured after storage paefdd® and 3 months at 202°C.

Concrete can react with sulphate by forming secondtringite which makes the concrete
explode. The deformation is measured each monte. OHdmixtures (Figure 15) sulphate

resistance doesn’'t seem to be influenced by thesliome filler. The blast furnace slag

cements are already well known to be sulphate teggisFor the Portland cement, it seems
that the P-mixtures sulphate resistances are imfkee by the filler, especially at a substitution
rate of 15 %. More investigations are necessamyniderstand what is happening inside the
mortars.

The interaction ratios show a negative effect af imestone filler for these three properties

(Figures 16).
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4. Conclusions

Some effects of limestone filler as a partial sitbst for cement in mortar composition were
analysed. We can draw the following conclusiongiftbe results:



the water demand, the consistency and the oxygengadility remain constant with the
substitution rate.

the “dormant” period (i.e. the setting time) of thenixtures decreases as the substitution
rate increases. This may be due to the formaticadfoaluminates.

the open porosity to water increases between 01&nél of substitution and remains
constant between 15 and 27 %.

the compressive strength and the shrinkages decvégtsthe substitution, because of the
cement content decrease.

the capillary absorption increases with the sulnsbit.

the durability is not improved by the limestonelefii carbonation rate, chloride
penetration and deformation due to sulphate ineress the substitution rises. More
investigations are necessary to precise theseusiook.

More investigations are needed, particularly imigiof microscopic evaluation. It seems however
that limestone filler can have an impact — positivenegative — on the behaviour of mortars and
cannot be considered as “inert” material.
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