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Abstract. The purpose of the present research is to evaluate the
possibility of using montmorillonite mineral nano particles
(MNP) as active additives in concrete compositions in order to
improve mechanical characteristics of concrete. This paper
presents the results of the experimental study carried out with
the aim to evaluate basic mechanical properties and long-term
creep deformations of the developed concrete composition.
Concrete specimens have been tested at a constant room
temperature and with a constant level of moisture and properties
of the concrete have been examined. The results of the
experiments demonstrating the relationship of the stress and
strain have been presented. The compression strength, the
modulus of elasticity, the creep and creep coefficient of the
concrete specimens have been determined.
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INTRODUCTION

Nowadays nano-particles of clay minerals are used in
production of polymeric nanocomposites to improve their
mechanical characteristics. Polymeric nanocomposites were
developed by Japanese scientists in the 1970s — 80s. In Latvia,
nanocomposites based on styrene-acrylate copolymer and
organically modified with montmorillonite nano particles were
being prepared and investigated during the recent ten years
[1].

Presently, investigations on  modifying  concrete
compositions by nano particles are carried out in different
countries. It has been proved that nanosized silicium dioxide
particles allow to achieve a very dense microstructure and to
improve the performance characteristics of concrete [1]. In
literature, there is no information about montmorillonite nano
particles having been used as a concrete nano-filler. The aim
of this study is to investigate the influence of synthesized
montmorillonite clay mineral nano-particles (MNP) on the
mechanical strength and creep behaviour of concrete.

The material used is synthesized montmorillonite clay
mineral called hydrated sodium calcium aluminum silicate,
the chemical formula of which is
(Na,Ca)(Al,M@)6(Si4010)3(OH)6-nH,0. Montmorillonite
mineral is a member of the smectite family. The
montmorillonite crystal structure is 2:1, meaning that it has 2
tetrahedral layers of silicium dioxide sandwiching and a
central octahedral layer of aluminium oxide. The average
density of montmorillonite clay mineral is 2.35 g/cm? the
specific surface is 750 m?/g. The particles are plate-shaped,
with the average length of 20-500 nm, the clay flakes are
about 1 nm thick and, therefore, the clay may be classified as a
nano-admixture.
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The two main objectives in designing concrete structures
are strength and serviceability. A structure must be strong
enough and sufficiently ductile to resist the overloads and
environmental extremes that may be imposed on it without
collapsing [2]. Deformation characteristics of concrete are
important in the design of sustainable structures. Concrete is
an important structural material used in every country of the
world. Moreover, the complexity of structures and their size
continue increasing, and this has resulted in a greater
importance of their deformation characteristics and more
serious consequences of their behaviour [3]. One type of strain
that plays a major role in successful and continuous use of the
structures is creep — the deformations that appear due to long-
term loading of the structural element [4]. Creep can be
defined as a time-dependent part of the strain resulting from
stress. The relation between stress and strain for concrete is a
function of time. Therefore, designers and engineers need to
know the creep properties of concrete and must take them into
account in the structure analysis. Consideration of creep is a
part of a rational approach to meet these criteria. Deformation
characteristics of materials are an essential feature of their
properties and a vital element in the knowledge of their
behaviour [3].

METHODS

One of the goals of the experiment was to find out whether
the new concrete composition can be competitive and whether
its physical and mechanical properties are equivalent to those
of an ordinary concrete. The object of this experimental study
was the concrete made with an admixture of montmorillonite
clay mineral nano particles (MNP). Other raw materials used
for this study were: natural coarse diabase aggregate, fine
aggregate quartz sand and normal portlandecement
CEM 1 42.5 N. Concrete mix compositions are summarized in
Table 1.

TABLE 1
Concrete Mix Compositions
Mix designation: HSC HSC MNP
Portlandcement CEM | 42.5 N 800 800
Diabaze 0/5 mm 640 320
Sand 0/2.5 640 320
Silicafume 120 120
MNP 8
Water 200 200
Superplasticizer 15 15
Water/Cement ratio 0.25 0.25
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Fig. 1. Specimens containing small clay particles

Raw components were weighed and mixed for five minutes
in a laboratory mixer. Standard sample cubes of
100x100x100 mm and prisms of 40x40x160 mm were made to
investigate the mechanical characteristics of the material (see
Fig. 1). Concrete mixtures were cast into oiled steel moulds
and compacted on the vibrating table. In two days the moulds
were removed. Standard hardening conditions (temperature
+20 + 1°C, RH > 95%) were provided during 44 days. After
the hardening period, the specimens were measured and tested
in standard conditions. Their compression strength was
determined in conformity with LVS EN 12390-3:2009.

Creep experiments were carried out on prismatic specimens
of 40x40x160 mm which were weighed both before and after
the test.

The tests were conducted in two extreme conditions. In one
case, no moisture exchange with the environment was
permitted, which was ensured by protecting the specimens
against desiccation, and in the other case, drying was
permitted under conventional conditions, by protecting the
specimens against moisture. In order to prevent humidity
exchange between the specimen and the environment, the
surface of the specimens was coated with two protective aqua
stop layers (see Fig. 2).

[

Fig.2. Specimens coated with protective layer

Before this sealing, four aluminium plates had been
centrally and symmetrically glued onto two sides of the test
prism in order to provide a basis for the strain gauges (see

Fig. 3). The distance between the centres of the two plates was
50 mm.

Fig.3 Specimens with aluminium plates

The creep (time-dependent strain) was measured for
hardened concrete specimens subjected to a uniform
compressive load which was kept constant over a long period
of time [4]. The constant compressive load was equal to 30%
of the maximum strength of the concrete, which had been
determined during destructive tests carried out on the cubic
specimens. The load was applied gradually in four steps and as
fast as possible.

The instantaneous strain that occurs immediately upon
application of stress may be considered to be elastic at low
stress levels, and therefore:

get) = 0col Ec(), 1)

where E,) is the elastic modulus at time z,
ge(y) IS the instantaneous strain
0¢o 1S the compressive stress

The capacity of concrete to creep is usually measured in terms
of creep coefficient, ¢.). In a concrete specimen subjected to
a constant sustained compressive stress, o, ), first applied at
age 7, the creep coefficient at time t is the ratio of the creep
strain to the instantaneous strain and is given by:

Py = 8cr(t,z)/ Ee(r), 2

where ¢, is the creep coefficient
ger(t) 1S the creep strain
&o(r) IS the instantaneous strain [2].

At the beginning of the test, the specimens were 51 and
63 days old and they were kept under a constant load for
80 days. Two +/-0.01 mm precision strain gauges were
symmetrically connected to each specimen and then the
specimens were put into a creep lever test stand and loaded
(see Fig. 4).
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Fig.4. Creep lever test stand

They were kept in a dry atmosphere of controlled relative
humidity in standard conditions: temperature 23 £ 1°C and
relative humidity 25 + 3%.

RESULTS

The tests for determining creep, the creep coefficient, the
modulus of elasticity, density and compression strength have
been done on the concrete specimens where montmorillonite
nano particles (MNP) have been used as admixture. The
experimental work made it possible to compare the strength of
the reference concrete specimens and the ones containing
MNP.

Cubes’ strength tests were carried out after 7, 37 and
93 days (see Fig.5) of hardening in standard conditions.
Various compression strengths of concrete specimens of
different ages, containing MNP as an aggregate, were then
compared to those of reference concrete specimens. The MNP
containing concrete showed 5% lower strength in the first
7 days, but on the 37" day the strength increased and was by
about 4.8% larger than that of the reference concrete, and on
the 93" day the strength of concrete with small clay particles
was by about 3.5% larger. Some of the results of the
experiments are presented in Table 2.

TABLE 2
Physical and Mechanical Properties of Concrete Specimens

. Density, Compression
Specimen Age kg/m® strength, MPa
HSC 7 2391 84.6
Reference
HSC 37 2407 104.2
Reference
HSC 93 2387 1132
Reference
HSC MNP 7 2402 80.4
HSC MNP 37 2406 109.1
HSC MNP 93 2386 117.2
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The concrete mix containing montmorillonite nano particles
shows good strength development during long-term
hardening. Specimens with MNP admixture showed a 45.8%
increase of compression strength, while the reference
specimens showed a 33.8% increase of compression strength
during the same period.

The modulus of elasticity (see Fig. 6) was determined by
measuring deformations on the sides of the specimens
according to Hooke's law. For the reference concrete at the age
of 51 days, the difference between the specimens hardened in
moist and dry conditions is approximately 1.9%, but at the age
of 63 days the difference is 16%. For specimens containing
MNP admixture, this difference is approximately 17.4% and
11% respectively. The comparison of the modulus of elasticity
of the 51 days old reference concrete specimens and the
specimens containing MNP shows that the modulus of
elasticity for the specimens with clay particles is larger. For
the specimens hardened in moist conditions, this difference is
34.5%, while for the specimens hardened in dry conditions it
is 9%. However, the comparison of the modulus of elasticity
of the 63 days old reference concrete specimens and those
containing MNP shows the contrary results — the modulus of
elasticity for the reference specimens is larger.
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Fig.5. Compression strength in 7, 37 and 93 days [MPa]

For the specimens hardened in moist conditions, this
difference is 43.5%, while for the specimens hardened in dry
conditions it is 6.2%. The same tendency can also be seen
from the stress-strain relation (see Fig. 7). The stresses are
almost proportional to the strain, and therefore the stresses do
not reach the point of microcracking.

When concrete is subjected to a sustained stress, creep
strain develops gradually in time, as shown in Fig. 8. Creep
increases with time at a decreasing rate. During the period
immediately following the initial loading, creep develops
rapidly, but with time the rate of increase slows down
considerably.

In a loaded specimen, that is in hygral equilibrium with the
ambient medium (i.e. no drying), the time-dependent
deformation caused by stress is known as basic creep [5].
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The graph in Figure 8 shows elastic strain, plus linear basic
creep and shrinkage, as time dependent. It is evident from the
gathered data that creep developed in the reference concrete
specimens hardened in moist conditions at the age of 51 days.
The smallest deformation was exhibited by the concrete
specimens containing MNP. Among the same age specimens
hardened in dry conditions, the smallest deformation was
exhibited by the concrete specimens with MNP.

The average difference between the reference concrete
specimens hardened for 51 days in moist and in dry conditions
is approximately 22%, but for the reference concrete
specimens at the age of 63 days hardened in moist and in dry
conditions the amount of deformations is contrary — the creep
is larger in dry-hardened specimens, and the average
difference is approximately 20%. For the 51 days old MNP
specimens this difference is approximately 86%, and for the
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63 days old specimens it is 34.4%. At both ages, the larger
deformation was exhibited by the dry-hardened specimens. If
we compare the average difference between the reference
concrete specimens at 51 days and the MNP ones of the same
age, we can see that for the specimens hardened in moist
conditions this difference is 20.6%, and for the specimens
hardened in dry conditions it is 89.8%. It is interesting that in
moist conditions the larger deformation is exhibited by the
reference concrete specimens, but in dry conditions it is
contrary — the larger deformation is exhibited by the MNP
specimens. In comparison with the 63 days old specimens, the
difference is 3.9% and 15% respectively. In both conditions,
the larger deformation is shown by the concrete specimens
containing MNP.
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Fig.7. Relation between stress and strain
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Fig.8. Elastic strain and long-term deformations of high strength concrete specimens

Under constant mechanical loading, the strain of reference
concrete at the ages of 51 and 63 days increases significantly
with the loading duration, the increase reaching 2.4 to 3.3
times the value of the instantaneous strain. At both ages, the
strain increase of the concrete specimens containing MNP
reaches 2.5 to 5 times the value of the instantaneous strain.

The creep coefficient increases with time at an ever-
decreasing rate. The final creep coefficient is a useful measure
of the creeping capacity of concrete.

The comparison of the creep coefficients of the reference
concrete specimens and the MNP specimens at the age of
51 days shows that the creep coefficient for the specimens
with clay particles is larger, but at the age of 63 days the creep
coefficients of the dry-hardened specimens are similar, while
the creep coefficient of the concrete specimens containing
MNP is larger in specimens hardened in moist conditions. The
average difference between the reference concrete specimens
at the age of 51 days hardened in moist and in dry conditions
is approximately 20.7%, but for the reference concrete
specimens at the age of 63 days hardened in moist and in dry
conditions the coefficient is larger for dry specimens. The
difference is approximately 0.9%. For the 51 days old MNP
specimens this difference is approximately 53.3%, and for the
specimens at the age of 63 days it is 47.7%. At both ages the
larger coefficient is exhibited by the dry-hardened specimens.
If we compare the average difference between the 51 days old
reference concrete specimens and the ones containing MNP,
we can see that for specimens hardened in moist conditions
this difference is 8.9%, and for specimens hardened in dry
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conditions it is 110%. In comparison with the 63 days old
specimens, the difference is 23% and 12.5% respectively.
What is interesting, in moist conditions the larger coefficient is
exhibited by the reference concrete specimens, but in dry
conditions the larger coefficient is shown by the specimens
containing MNP.

CONCLUSIONS

This experimental study proves that montmorillonite nano
particles in small dosage (8 kg in m® have no negative
influence on mechanical and deformation characteristics of
concrete. Some positive effects are established. The long-term
deformation testing was carried out and the modulus of
elasticity, the density and the compression strength of ordinary
concrete and of concrete containing montmorillonite nano
particles have been determined.

The concrete mix containing montmorillonite nano particles
shows the long-term hardening effect. The compression
strength of the 93 days old concrete specimens containing
MNP is larger than that of the reference concrete specimens.

The modulus of elasticity at the age of 51 days is larger for
the specimens containing MNP, but at the age of 63 days it has
larger values in the reference concrete.

The MNP concrete specimens hardened in dry conditions
have shown larger increase of basic creep deformations than
the reference concrete specimens, but for the specimens
hardened in moist conditions the values of basic creep
deformation are similar.
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Under constant mechanical loading, the strain of concrete
increases significantly with the loading duration, the increase
often reaching 2.4 to 3.3 times the value of the instantaneous
strain for the reference concrete specimens and 2.5 to 5 times
for the specimens containing montmorillonite nano particles.

The creep coefficient increases with time at an ever-
decreasing rate. The final creep coefficient is a useful measure
of the creep capacity of concrete. On the 80" day of testing,
the value of the basic creep coefficient reaches 2.42 to 3.36 for
the reference concrete specimens and 2.56 to 5.09 for the
concrete specimens containing MNP. The results of this
experiment can be used to predict creep deformations.

In the future, the physical and mechanical properties of new
high-strength  concrete containing montmorillonite nano
particles as an alternative admixture should be investigated in
a more detailed way. Possibilities to increase the efficiency of
montmorillonite nano particles must be considered. Additional
chemical treatment or thermal activation of particles may be
used in future research.

The obtained results indicate a quite high dispersion of the
experimental data. In order to decrease the dispersion of the
results, the number of specimens and tests should be
increased.
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Andina Sprince, Leonids Pakrastin$, Aleksandrs Korjakins, Genadijs Sahmenko. Montmorilonita nanopiedevu ietekme uz betona ilgsto$am

deformacijam

Turpina pieaugt betona konstrukciju sarezgitiba, un lidz ar to palielinas arf stipribas un deformaciju raksturliclumu nozime. Sliides ievéroana ir dala no
racionalas piecjas, lai apmierinatu deformaciju krit€rijus. Miaisdienas arvien vairak tiek veidoti jauni, progresivi betonu sastavi, kas ir daudz ekologiskaki,
stipraki, izturigaki, bet Sie materiali nav pietickami izzinati. P&tTjuma mérkis ir novertét iesp&ju izmantot minerala montmorilonita nano dalinas (MNP) ka aktivu
piedevu betona maisijumam ar mérki uzlabot fiziskos, mehaniskos un deformaciju raditajus. Tika izprojektéti dazadi betona maisTjumi un izgatavoti paraugi,
izmantojot iepriek§ min&to, netradicionalo aktivo piedevu. Ta ka betona ilgspgjibas svarigs raditajs ir deformacijas, kas attTstas ilgaka laika perioda, tad tika
veikti eksperimentali p&tijumi ar mérki noskaidrot $ada jaunizveidota betona sastava $lides parametrus. P&c betona sacietéSanas paraugi tika slogoti ilgstosu laika
periodu ar nemainigu, vienmerigu spiedes slodzi pie nemainiga gaisa mitruma un temperatiiras. Eksperimentos tika noteiktas jauno betona sastavu paraugu §lides
deformacijas pie divam dazadam mitruma koncentracijam — piesatinata mitra stavokli un gaissausa stavokli, §lades deformacijas tika salidzinatas ar
kontrolparaugu deformacijam. Paraugi tika aizsargati no mitruma apmainas ar apkartjo vidi. Eksperimentu rezultata tika iegiitas likumsakaribas starp
spriegumiem un deformacijam 80 dienu perioda. lzgatavotiem betona paraugiem tika noteikta spiedes stipriba, elastibas moduli, $ltde un §lades koeficienti.
Pétijuma dati dod iesp&ju prognozet betona ilgstosas deformacijas. Rezultata var izdarit secinajumus par to, cik konkur&tspgjigs ir jaunizveidotais betona sastavs
ar montmorilonita nano dalinam .

Anauna Cnpunue, Jleonnn Iakpactunbim, Anexcanap Kopsikun, Iennanumii [axmenko. I¢pgekT BIMAHHSA HAHO 100aBOK MOHTMOPWJIJIOHMTA Ha
JJIUTeIbHbIE 1edopMannn 6eToHa

Bmecte ¢ Bo3pacTaoleil CiI0KHOCTbIO OETOHHBIX KOHCTPYKIHI OJHOBPEMEHHO BO3PACTAIOT TPEOOBAHHS K IPOYHOCTHBIM H Ae(OPMATHBHBIM CBOHCTBaM. YdeT
TIOJI3YYECTH SIBJISIETCS YacThIO PAlMOHAIBHOTO IOJXOAa MU YNOBIETBOPEHMs TpeOoBaHUil o nedopmanusM. B HacTosimiee Bpems pa3pabarTbIBaroTcs HOBBIE
IIPOrPECCHBHBIC COCTaBbI OETOHOB, KOTOPBIE OOJIee SKOJIOTHYHEI, IPOYHBI M BEIHOCIHBBI, HO MAJIONCCIIEIOBAaHEL. B naHHOM paboTe uccienyercss BO3MOXKHOCTD
HCHOJIB30BaHUSI HAHO YaCTHI MUHEpaJla MOHTMOPHJUIOHHTA, KaK aKTUBHOTO 3aMOJIHUTENS B COCTaBE OETOHHOM CMECH € LIEIIbIO YIy4IIUTh (PU3HKO-MEXaHUUECKHUE
u nedopMaTUBHBIE CBOICTBAa OeTOHA. BbUIM 3anpOEKTHPOBAaHBI COCTaBbl OETOHA, UCIIOJb3Ys BBILEYIOMIHYTYIO HETPaJULMOHHYIO 100aBKy. IlockonbKy aHamu3
JUIITENBHBIX JeopManiii B OETOHE SIBISIETCS BaXKHBIM (HaKTOPOM IIPH NPOEKTHPOBAHUH JOJNTOBEYHBIX KOHCTPYKIHH, B JaHHOH paboTe IpencTaBiIeHbI
pe3yibTaThl SKCIIEPUMEHTAIBHOTO UCCIIEI0BAHHUS IIapaMETPOB IIOJI3YHECTH Pa3pabOTaHHBIX COCTABOB OETOHA. BBLIM M3rOTOBIICHBI SKCIIEPUMEHTAIIBHbIC 00Pa3LIbI
HECKO/IBKHMX BHJIOB, KOTOpbIE MOCJIE TBEPACHHS HATPY)KAJIUCh PABHOMEPHOW CHKMMAIOIEH CHIION ITOCTOSHHOIO 3HAYCHHS B TEUCHHE [UIMTEIBHOTO IEPHOZA.
HarpyxeHne n TecTUpOBaHHE GETOHHBIX 00pa3LOB IIPOBOAMIIOCH IIPH ITOCTOSIHHOM KOMHATHOI TeMIlepaType U ypoBHE BIa)XHOCTH. VccienoBanue MpoBOIMIOCH
[P AByX KpalHUX YCJIOBHUSX: NEPBbIl BAPUAHT ¢ MAaKCUMAaJbHON BIIAXKHOCTBIO OOPA3LIOB 3AIHIICHHBIX OT BBICBIXAHWS M BTOPOIl BapUAHT Ul BBICYILICHHBIX
00pasioB, 3alMIICHHBIX OT yBIaXXHeHHUs. IIpecTaBIeHb! Pe3yIbTaThl TECTOB, JEMOHCTPHUPYIOIINE B3aHMO3aBUCUMOCTH HAaNPsHKCHUIT U edopMariuii B TeueHne
80 mmeil. B pesynbrare ompeneneHbl NPOYHOCTh HAa CXKATHE, MOMYNIb YIPYTOCTH, NOJ3Y4eCTh W KOI(PQUIUEHT ITOI3y4ecTH UL H3TOTOBICHHBIX OETOHHBIX
o0pasuoB. Pe3ynsraThl HCCIEIOBaHHS JAalOT BO3MOXHOCTH INPOTHO3HPOBATh JOJITOBPEMEHHBIC Ae(OpMAaluM MON3Yyd4eCTH M IO3BOJSIOT ClENarbh BBIBOZL O
KOHKYPEHTOCIIOCOOHOCTH HOBBIX BHJIOB OETOHA C MCIIOJIB30BAaHUEM HAHO YaCTHI] MUHEPala MOHTMOPUILIOHHTA.
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