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ANALYSIS OF THE EFFECT OF VARIOUS TYPES OF
LIMESTONE AS A MAIN CONSTITUENT OF CEMENT
ON THE CHOSEN PROPERTIES OF CEMENT PASTES

AND MORTARS

J. GOLASZEWSKI', G. CYGAN?, M. GOLASZEWSKA"®

The article is an attempt to compare the impact of the use of various types of limestone as the main constituent of
cement on selected mortar properties. Four different limestones were added in amount of 15, 30, 40% to CEM I
42.5 R to obtain limestone cemens. Rheological properties (yield stress, plastic viscosity) of fresh mortar, tensile
and compressive mortar strength, early shrinkage, and drying shrinkage were tested. Obtained results indicate
that both tensile and compressive strength decreases with the increase of the limestone content in cement.
Limestone can worsen or improve workability, depending on distribution of limestone grains. The addition of
limestone increases the early shrinkage, but reduces the shrinkage after 28 days. Studies show that the

granulation of limestone plays an important role in determining the influence of limestone on mortar properties.
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1. INTRODUCTION

Limestone is widely used in construction, both as a component of cement, and an additive in the
production of ready-mix concrete. Good results are achieved by using limestone in the technology
of self-compacting concretes, in which it is important to ensure proper rheological properties (as

low as possible yield stress and adequate viscosity) ensuring the possibility of self-compacting [1].
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However, the addition of limestone to concrete may result in worsened workability [2]. The effect
of limestone in the aspect of workability is related to the morphology of its grains [3]. Calcareous
stones are easily grindable materials, which is why limestone usually has high specific surface area,
what gives great possibilities in shaping viscosity.

The limestone shapes the properties of cement composites through several mechanisms. The first
one is the filler effect related mainly to their grain size. In addition, replacing the part of clinker
with limestone increases the effective water-cement ratio, as a result of which Portland clinker
(cement) grains have more water available for the hydration process [4]. Fine limestone grains also
prevent agglomeration of hydration products around clinker grains, and as a result water has easier
access to non-hydrated parts of cement grains for a longer period than in the case of Portland
cements without the addition of limestone [5]. Fine limestone grains can also act as nucleation agent
which accelerate the hydration process, mainly calcium aluminates [6].

Limestone has no pozzolanic or hydraulic properties, and its impact on the compressive strength of
cement is small [7]. Generally, compressive strength decreases due to the effect of dilution [8]. This
does not mean that the limestone is inert. During the cement hydration process, calcium carbonate
from limestone reacts with aluminate phases from the composition of Portland clinker, mainly C;A,
creating hydrated calcium monocarbonate. [6, 9]. Higher amounts of ettringite are also reported [6].

It must be noted, that while there were numerous studies conducted to determine the effect of
limestone addition to cement on properties of mortars and cement pastes, the results often are
ambiguous, especially in terms of rheological properties of the mortars [4,10,11].

The aim of presented research was to compare the effect of four different limestones as main

constituents of cement on chosen properties of cement pastes and mortars.

2. RESEARCH METHODOLOGY AND MATERIALS

The research consisted of determination of the influence of limestone addition to cement on the
properties of mortars and cement pastes. Part of the cement mass was replaced with 15, 30 and 40%
of limestone. High percentages of limestone were chosen to better showcase possible differences
between the limestones. Tests conducted on mortars included the determination of the effect of
limestone on consistency (EN 1015-3:2000 [12]), mechanical properties (EN 196-1:2016[13]),
rheological properties (yield stress and plastic viscosity) (non-standardized procedure), early
shrinkage and drying shrinkage (EN 12617-4:2004 [14]). Initial setting time and water demand
were determined on cement pastes (EN 196-3:2016 [15]). Tests of mechanical properties and



www.czasopisma.pan.pl P@N www.journals.pan.pl
/)

ANALYSIS OF THE EFFECT OF VARIOUS TYPES OF LIMESTONE AS A MAIN... 71

shrinkage were conducted on standard mortars with composition according to EN 196-1:2016 [13],
as shown in Table 1. In case of rheological properties and consistency tests, mortar composition
was similar to standard mortar, with the exception of w/c ratio, which was increased from 0.5 to

0.55 due to the limitations of the rheometer used in the research.

Table 1. Mortar composition

. Limestone content [%]
Constituent 0 5 30 20
CEM142,5R [g] 450 382.5 315 270
Limestone [g] 0 67.5 135 180
Water [g] 225
wi/c ratio 0,50
Standard Sand [g] 1350

Zbywt [%]

Parficle size fumf

Fig. 1.Particle size distribution of limestones used in the research.

Four different types of limestones were used, all from different producers. Fig. 1 shows the particle
size distribution of the limestones. Limestones marked L and K are characterised by the high
content of coarse fractions and discontinuous particle size distribution, while limestones N and T
are finer and are characterised by continuous distribution.

The rheological properties of the mortars were tested in the Viskomat NT rheometer, and a
simplified Bingham model (Eq. 2.1)was adopted for calculations of the results of the rheometry
tests [16, 17].

2.1 M=g+hN

Where: M — torque, N — rotational speed of probe or measuring cylinder, g — shear resistance, h —
plastic flow resistance. In this equation, the shear resistance g corresponds to the yield stress 19 and

the plastic flow resistance h - plastic viscosity 1, and they will be referred as such further.
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3. EXPERIMENTAL RESULTS

3.1. WATER DEMAND AND INITIAL SETTING TIME

The results of tests of water demand and setting time are shown in tab. 2.

The addition of limestone reduces the amount of water necessary to obtain a standard consistency,
slightly lowering the water demand, however there is no ascertainable difference between the effect
of different limestones.

The initial setting time of cement pastes with limestone is faster - in the case of 15% limestone
content it is on average 13 minutes shorter. Increasing the amount of limestone leads to further
acceleration of the setting. This effect is more pronounced in the case of finer limestones (limestone
T and K).

The cause for this effect can be connected to the to the nucleation effect. Fine limestone grains work

as nucleation seeds, accelerating the hydration process.

Table 2. Water demand and initial setting time of cement pastes with limestones.

— CEM1+ CEMTI+ CEM1 + CEMTI +
E("\} Limestone T [%] Limestone K [%] Limestone N [%] Limestone L [%]
O<[ 15 [ 30 ] 40 | 15 | 30 | 40 | 15 | 30 | 40 | 15 | 30 | 40

Water 28,8 | 28,3 | 28,0 | 27.6 | 28,5 | 28,0 | 27,6 | 28,5 | 28,4 | 283 | 28,4 | 28,7 | 28,6

demand [%]

Initial

setting time | 204 | 188 | 173 | 170 | 182 | 159 | 163 | 195 | 193 | 172 | 198 | 196 | 195

[min]

3.2. RHEOLOGICAL PARAMETERS AND CONSISTENCY

The results of rheological tests and consistency tests are shown in tab. 3 and in fig. 2,3. Rheological
and consistency tests were conducted on mortars after 5 and 60 minutes from the moment of mixing
of the constituents.

The influence of limestone on the rheological properties and the spread diameter of mortar depends
on the particle size distribution of the limestone. Addition of limestones T and N lowers or does not
change the yield stress g both after 5 and 60 min after mixing, while addition of limestone L causes
an apparent increase. In case of limestone K, the results are inconclusive, as the addition of 15% of
the limestone causes an increase in yield stress, but higher amounts (30, 40%) slightly decrease the
yield stress g.

The positive effect on the consistency of the mortar may be related to continuous granulation of

limestones T and N; limestone L, which clearly increases the yield stress, has a discontinuous,
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coarse graining, and so does, to a lesser extent, limestone K. It should be noted that the consistency
differences due to the increasing amount of the limestone, while apparent in case of yield stress g,
may not be of practical significance. Testing the flow diameter of the mortar with limestone L
suggests a similar workability as the CEM I reference mortar, while the rheological examination
reveals that the yield stress is on average 37% higher than that of reference mortar. The clear
difference in rheological parameters may, however, indicate a worse compatibility with plasticizing

admixtures of cements with limestone L, especially seeing as water demand of cements with

limestone L was the highest of all that were tested, however further research is needed.

No clear influence of the increasing amount of limestone in mortar was obtained for the cements

with limestone

Table 3. Rheologcal properties and consistency of mortars with cements with limestone.

— CEM I + CEMI + CEMI1 + CEM1+
Properties E :ﬂ Limestone T [%] Limestone K [%] Limestone N [%] Limestone L [%)]
OS[ 15 [ 30 ] 40 | 15 ] 30 | 40 | 15 | 30 | 40 | 15 | 30 | 40
gafter 3 1 4o 51 462 | 37,8 | 38.4 | 56,6 | 46,7 | 46,6 | 472 | 501 | 47,1 | 643 | 683 | 71,5
[Nmm]
gafter 60 | o\ 5| 61 ¢ 1507|483 | 74,5 | 52,5 | 56.8 | 594 | 513 | 523 | 766 | 763 | 78.8
[Nmm]
hafter 3o 117 [ 119 [ 133 | 12,8 | 12,1 | 120 | 102 | 10,7 | 109 | 116 | 113 | 108
[Nmms]
hafter 60 1y o1 1161 12,8 | 1356 | 12,5 | 127 | 120 [ 10,6 | 112 [ 117 | 115 | 119 | 11,1
[Nmms]
Flow
diameter | 20,0 | 21,5 | 21,7 | 22,6 | 20,9 | 21,4 | 21,3 | 20,9 | 20,7 | 20,5 | 20,0 | 192 | 20
after 5° [cm]
Flow
diameter |19 1 05 20,9 | 21,5 | 20,6 | 204 | 20.8 | 202 | 197 | 204 | 192 | 195 | 195
after 60
[em]
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Fig. 2. Influence of limestone content on the flow diameter after 5 and 60 min after mixing.
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Fig. 3. Influence of limestone content on the rheological properties after 5 and 60 min after mixing.

3.3. MECHANICAL PROPERTIES

The tensile and compressive strength of mortar is reduced as the amount of limestone increases (fig.
4). Limestone is a mostly inert addition to cement, that does not form any phases which would
influence the strength in a manner similar to products of clinker hydration, and thus with the
increase in limestone content, strength decreases. The filler effect of limestone in the cement paste
structure is not able to reduce the negative impact of replacing clinker at the 15-40% of limestone
addition.

All limestones exhibited similar effect on strength of mortars, however it must be noted, that
cements with limestone N were characterised by the lowest decrease in strength, especially for
higher contents of limestone. It might be related to the continuous particle size distribution with a

high content of fine grains, as this grading can lead to decreased porosity of the cement paste [18].
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Fig.4. Tensile and compressive strength of mortars after 2, 7 and 28 days

Compressive strength decrease is not proportional to the amount of clinker substitution, especially
in case of high limestone content. For all tested limestones, strength of mortars with 40% limestone
after 2, 7 and 28 days was between 40% and 50% of strength of Portland cement, while for mortars

with 30% limestone content — 50-70%, and for mortars with 15% limestone content — 80-90%.

3.4. EARLY AND DRYING SHRINKAGE

The early shrinkage was determined on 40x40x160 mm beams, the measurement was carried out in
modified TLS system, which general idea was presented in [19]. The system allows to measure
changes in sample length from the moment of forming, by laser distance measurement on one end
of the sample. The method of sample preparation ensures minimization of friction forces between

the mortar and the walls of the form.
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Limestone increases shrinkage in the first 24 hours. This may be due to the increase in the volume
of cement paste, which is related to the difference in the density of limestone and cement. By
replacing the bulk of the cement with limestone of lower density, the total volume of limestone
powder and cement is higher, and thus, the volume of the phase undergoing shrinkage is larger. The
limestone may reduce the capillary pore diameter (by the filler effect) which increases the shrinkage
strain. The shrinkage is directly proportional to the capillary forces, the size of which is the higher,
the smaller the diameter of the capillary pores. Mortars with limestone N with fine grain size, which
can reduce the capillary pore diameter, are characterized by the greatest early shrinkage.
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Fig.5. Early shrinkage of mortars with cement with 15, 30, 40% of limestone after 24 hours
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Fig.6. Drying shrinkage of mortars with cement with 15, 30, 40% of limestone after 28 days
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In terms of drying shrinkage observed on day 28, the reverse effect is visible - mortar with
limestone undergoes less shrinkage deformations, except mortars with 15 and 30% of limestone L
(fig. 5). This may be due to the appearance of hydration products of an expansive nature. According
to [6] in the cement paste with the addition of limestone, the amount of ettringite remains constant
at the later periods of hydration, and additionally calcium monocarbonate appears instead of

monosulphate, which may lower the porosity of the structure of cement paste limiting capillary
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porosity [20]. A significant reduction in drying shrinkage after day 28 in case of mortar with
limestone powder (Fig.6) may indicate the appearance of an expansive compound in the mortar,
which led to compensation of shrinkage, but at the same time led to a significant reduction in the

28-day compressive strength of this mortar.

4. CONCLUSIONS

Conducted tests of mortars with cement with limestone in an amount of 15-40% of cement mass

lead to the following conclusions:

* The addition of 40% limestone causes a drop in strength by approx. 50% compared to reference
mortar, what is related to the grain size. Compressive strength decrease is not proportional to the
amount of clinker substitution, especially in case of high limestone content.

» Limestone N exhibited the highest compressive and tensile strength, while limestone T — the
lowest. With the exeption of limestone T, all limestones reached similar ensile strength.

» The consistency and yield stress of mortars from limestone cements are related to grain size
distribution - limestones with a continuous distribution improve consistency and reduce or do not
change the yield stress. Limestone with bimodal distribution increased or did not change the flow
limit and deteriorated consistency.

* Cement limestones with a high content of fine grains were characterized by a shorter start of
setting time. Cements with limestone with a coarse grain size had a similar start time. The water
demand of cement with the addition of limestone is lower than that of Portland cements for all
tested cements

 Addition of limestone to cement increases the shrinkage of the early mortar, but reduces shrinkage

after 28 days. The effect is similar for all tested cements.
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ANALIZA WPLYWU ROZNYCH RODZAJOW WAPIENIA JAKO SKEADNIKA GLOWNEGO CEMENTU NA

WYBRANE WEASCIWOSCI ZACZYNOW I ZAPRAW

Keywords: Wapien, cement, zaprawa, reologia, skurcz, wlasciwosci mechaniczne

SUMMARY:

Maczki wapienne sg stosowane szeroko w budownictwie, migdzy innymi jako sktadnik gtéwny cementu. Maczki
wapienne ksztaltuja wasciwosci kompozytow cementowych poprzez kilka mechanizmow.

Pierwszym jest efekt wypelnienia zwigzany gtownie z ich uziarnieniem. Oprdcz tego zastapienie czgsci klinkieru
wapieniem powoduje wzrost efektywnego stosunku wodno-cementowego, w efekcie czego ziarna klinkieru
portlandzkiego (cementu) maja dostepne wiecej wody do procesu hydratacji. Drobne ziarna wapienia zapobiegaja takze
aglomeracji produktéw hydratacji wokot ziaren klinkieru, w efekcie woda ma tatwiejszy dostgp do niehydratyzowanych
cze$ci ziaren cementu przez dluzszy okres niz w przypadku cementéw portlandzkich bez dodatku wapienia.
Drobniejsze od klinkieru ziarna wapienia moga takze dziata¢ jako zarodki krystaliczne, ktdére przyspieszaja proces
hydratacji, w gtdwnej mierze glinianéw wapniowych.

Wapien nie ma wlasciwosci pucolanowych czy hydraulicznych, a jego wptyw na wytrzymatos¢ na $ciskanie cementu
jest niewielki. Generalnie wytrzymalosé na $ciskanie zmniejsza si¢ co jest zwiazane z efektem rozcieniczenia.

Wplyw wapienia na niektore wiasciwosci cementow wapiennych, m.in. czas wigzania oraz whasciwosci reologiczne,
jest jednak niejednoznaczny. Celem przeprowadzonych badan bylo wigc sprawdzenie jak rozne rodzaje wapienia
wplywaja na wybrane wlasciwosci zaczyndw i zapraw z cementem z wapieniem jako sktadnikiem gtéwnym.

Badania obejmowaty okreslenie wptywu dodatku maczek wapiennych na wiasciwosci zapraw i zaczynow. Czgsé
cementu zastgpowano masowo maczka wapienna w ilosci 15, 30 i 40 %. Na zaprawach okreslono wptyw maczek na
konsystencj¢ (PN-EN 1015-3), witasciwosci reologiczne i skurcz wczesny (procedury nie standaryzowane), skurcz
wysychania (PN-EN12617-4) i wlasciwosci mechaniczne (PN-EN 196-1). Czas poczatku wigzania i wodozadno$¢
okreslono na zaczynach cementowych (PN-EN 196-3). Badania wlasciwosci mechanicznych skurczu wczesnego
i wysychania byly wykonane dla zapraw o sktadach jak zapraw normowych. W przypadku badan wlasciwosci
reologicznych i konsystencji podwyzszono stosunek w/c z 0,5 na 0,55, z uwagi na ograniczenia wynikajace
z mozliwo$ci pomiarowych.

Dodatek maczek wapiennych zmniejsza ilo$¢ wody niezbedna do uzyskania konsystencji normowej.

Czas poczatku wigzania zaczynéw z wapieniem nastgpuje szybciej , w przypadku 15 % zamiany cementu maczka jest
to $rednio o 13 minut wczesniej. Zwigkszanie ilosci maczki prowadzi do dalszego przyspieszenia poczatku wigzania.
Efekt ten jest wyrazniejszy w przypadku maczek o cigglym drobniejszym uziarnieniu (wapien T i K) Dodatek wapienia
moze skraca¢ czas wigzania dzigki efektowi nukleacji, czyli dziataniu drobnych ziaren wapienia jako zarodkow
krystalizacji.

Wplyw maczek wapiennych na wlasciwosci reologiczne i $rednice rozptywu zapraw jest zalezny od uziarnienia maczki.
Maczki T, K, i N sprawiaja, ze $rednica rozptywu zapraw si¢ zwigksza a granica plynigcia i lepkos$¢ si¢ zmniejsza.
Pozytywny wplyw na konsystencj¢ zapraw moze mie¢ zwiazek z ich drobniejszym uziarnieniem Maczka L, ktora
wyraznie zwigksza granice ptynigcia ma nieciggle najgrubsze uziarnienie. Wpltyw zwigkszajacej si¢ ilosci maczki
w zaprawie nie da si¢ uogdlni¢, bo mozliwy jest zardbwno wzrost $rednicy rozptywu jak i jej zmniejszenie. Nalezy

zaznaczy¢, ze roznice w konsystencji spowodowane zwigkszajaca si¢ iloScig maczek T, K i N sa niewielkie.



www.czasopisma.pan.pl P@N www.journals.pan.pl

86 J. GOLASZEWSKI, G. CYGAN, M. GOLASZEWSKA

Wytrzymato$¢ na rozciaganie i $ciskanie zapraw ulega zmniejszeniu wraz ze wzrostem ilosci maczki wapiennej.
Zwigkszenie ilosci maczki wapiennej sprawia, ze porowato$¢ matrycy wzrasta (wzrost stosunku w/c), zwigksza si¢
udziat fazy inertnej, ktora nie wprowadza wigzoéw ksztattujacych wytrzymatosé zaprawy.

Sam efekt doszczelnienia struktury zaczynu bez powigzania czastek wapienia za pomocg wigzan chemicznych nie jest
w stanie zmniejszy¢ negatywnego odziatywania maczek wapiennych. Pojawiajacy si¢ w pdzniejszym okresie etryngit
moze rowniez prowadzi¢ do rozluznienia struktury zaprawy, co moze by¢ powodem wyraznego zmniejszenia
wytrzymatosci na $ciskanie po 28 dniach dojrzewania zapraw z maczka T. Maczka N o ciggtym drobnym uziarnieniu
w najmniejszym stopniu zmniejsza wytrzymato$¢ na $ciskanie, co moze by¢ zwiazane z tym ze lepiej doszczelnia
strukturg zaprawy.

Skurcz wezesny okreslono na beleczkach 40x40x160 mm, pomiar byt realizowany za pomoca modyfikacji system TLS.
Pozwala okresla¢ zmiany dtugosci probek poczawszy od momentu zaformowania probki. Zasada dziatania oparta jest
na laserowym pomiarze odlegtos$ci. Metodyka przygotowania probki zapewnia minimalizacj¢ sit tarcia pomigdzy
zaprawg a $ciankami formy. Maczki wapienne zwigkszaja odksztatcenia skurczowe zachodzace w pierwszych 24
godzinach. Moze to by¢ spowodowane wzrostem objgtosci zaczynu, ktory jest zwigzany z roznica ggstosci maczek
wapiennych i cementu. Zastgpujac masowo czgs$¢ cementu maczka wapienng o mniejszej gegstosci objetosé sumaryczna
maczki wapiennej i cementu bedzie wigksza. Wigksza tym samym bedzie objetos¢ fazy ulegajacej skurczowi, co
tlumaczy wzrost skurczu w 24 godzinie od zaformowania.

Zaprawy z maczka N o ciaglym najdrobniejszym uziarnieniu, ktére moze zmniejsza¢ $rednicg poréw kapilarnych
zaprawy charakteryzuja si¢ najwigkszym skurczem wezesnym. W aspekcie skurczu wysychania obserwowanego w 28
dniu widoczny jest efekt odwrotny, zaprawy z maczkami wapiennymi ulegaja mniejszym odksztalceniom skurczowym,
poza zaprawami z 15 i 30 % maczki L. By¢ moze jest to zwigzane z pojawieniem si¢ produktéw hydratacji
o ekspansywnym charakterze np. etryngitu.

Przeprowadzone badania zapraw z cementami z wapieniem w ilosci 15-40% masy cementu prowadza do nastgpujacych
wnioskow:

e  Zaréwno wytrzymalo$¢ na zginanie, jak i na $ciskanie zmniejsza si¢ wraz ze wzrostem zawartosci wapienia
w zaprawie. Dodatek 40% wapienia powoduje spadek wytrzymatosci o ok. 50% w stosunku do zapraw
z cementu portlandzkiego. Wytrzymatos¢ na $ciskanie i zginanie moze by¢ zalezna od wielkosci uziarnienia.

e Konsystencja i granica ptynigcia zapraw z cementdw z wapieniem jest zwigzana z rozktadem uziarnienia —
wapienie o cigglym, symetrycznym lub umiarkowanie symetrycznym rozktadzie poprawiaty konsystencj¢ oraz
zmniejszaty lub nie zmienialy granicy ptynigcia. Wapienie o rozkladzie bimodalnym zwigkszaly lub nie
zmienialy granicg ptynigcia i pogarszaty konsystencje.

e Wodozadno$¢ cementdéw z dodatkiem wapienia jest nizsza od wodozadnos$ci cementow portlandzkich.

e Zaczyny cementowe z wapieniem o duzej zawartosci drobnych ziaren charakteryzowaly si¢ krotszym czasem
poczatku wigzania. Cementy z wapieniem o grubym uziarnieniu miaty podobny czas poczatku wigzania.

e Dodatek wapienia do cementu podwyzsza skurcz wczesny zapraw, ale obniza skurcz wysychania po 28 dniach.
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