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Abstract. Main goal of this article is monitoring the devehoent of the mechanical

properties of composite based on cement and PVAegbnance method was used to
determine dynamic Young's modulus and dynamic shezdtulus of the samples during the
curing. Measurements were performed for a periotl déys. Individual samples of the
composite were modified by different amount of P\Whlike the studies already published,
in this article there were studied mechanical priige of the samples cured on air, not in
water.

I ntroduction

Many types and forms of the polymers were usedc@nent modification. Best results in
cement composites were achieved by adding latex podgimer resins. Due to massive
consumption of cement composites in the constrmatoustry, increasing demands on the
mechanical properties and the high price of latexk @esins the other alternative polymers as
water soluble polymers are interested [1].

The water soluble polymer used in this paper is\poyl alcohol (PVA). There are known
attempts to improve workability by using of a smathount of PVA (less than 1 wt. % of
cement). R. Morlat [2] and Jae-Ho Kim [3, 4] madeempts to improve the mechanical
properties of the cement paste by adding a highwuat of PVA (less than 3 wt. % of
cement). But improvement of mechanical propertiage do reinforcement bond in
cementitious composites containing PVA is not &acl The addition of PVA to cement has
resulted in increase of total porosity, increasefletural strength, reduction of Young’s
modulus and reduction of compressive strengthhésé experiments, the influence of the
curing was not taken into account at the time efleaing of the tested samples, because both
authors cured the samples in water. Due to sotyloh the PVA in water, this approach of
curing may cause a negative effect on the mechlgmioperties of samples. Moreover, in the
mentioned studies the mechanical properties osdmeples were investigated only at the age
of 28 days. For a better understanding of this ausite, it is necessary to monitor the long-
term development of mechanical properties.

Materialsand Samples

The samples were made of Portland cement CEM | gid8uced in Radotin, CZ. PVA was
added into the fresh cement as a water solution\800® R with PVA concentration equal
to 16 = 1.5 % and molar mass from 60 000 to 80 @@fol. Water and PVA were mixed in



such proportion to achieve desired content of PE&\Wt. % of weight of cement) in mixture
with water/cement ratio (w/c) equal to 0.35. A hgaoeous mixture was prepared by manual
mixing, from which five sets of prismatic specimdraving the standard dimension 40 x 40 x
160 mm were prepared. Four sets represent diff@@At content in sample increasing from
1.4 to 5.6 wt. % (the samples denotes as B — E¢. $@his reference without PVA content in
cement (the samples denote as A). The preparedimixtas placed into casts and then was
compacted for 3 minutes. The samples were remaweed the casts after 2 days of hardening.
For a better understanding of the PVA influenca icement paste, the cement/PVA samples
were cured in a laboratory conditions at tempeeafir+ 2 °C and a relative humidity of 50 *
5 %. Identification of sets depending on PVA conftdmlk density, and total porosity are
shown in Table 1.

Table 1. Properties of tested cement/PVA samples.

Set wic Amount of PVA Bulk density Total porosity
[wt. % of cement] [kg/m3] [%]
A (ref.) 0.35 0.0 1841 + 15 23+0.6
B 0.35 1.4 1543 + 16 35+0.7
C 0.35 2.8 1512+ 2.5 36+0.1
D 0.35 4.0 1443 + 19 39+0.8
E 0.35 5.6 1366 +7.8 41 +£0.3

M easurement M ethod

Development of mechanical properties was determiryaasing a resonance method, which is
based on measuring appropriate basic natural freyuef a sample. Mentioned method was
used for long-term determination of dynamic Youngiiedulus and dynamic shear modulus
of cement/PVA composite [5]. These mechanical progeewere measured continuously for
161 days.

The measurement was performed by a measuring ags8mnilel & Kjaer containing the
measuring station type 3560-B-120, the acceleratiansducer type 4519-003, the impact
hammer type 8206 and a control notebook. It wagsssry obtain dimension and weight of
each sample before starting the measurement bgaese method.

The measuring station recorded excitation signal sesponse signal. Using the Fast
Fourier Transform the signals were transformed ftbmtime domain to frequency domain.
Software PULSE LabShop version 14.0.1 evaluatehgdpFrequency Response Functions
(FRF) as a ratio of a response and an excitatiare fim the frequency domain. From the FRFs
the appropriate basic natural frequencies wereuated. They were used in the calculation of
dynamic Young’'s modulus and dynamic shear modu@ls [

After substituting basic natural frequencies, disiens and weight of samples into the
standard equations, the dynamic Young’'s modulus dwdamic shear modulus were
determined [7]. Dynamic Young’'s modulus was evadatby measuring the basic
longitudinal natural frequency of the samples. $ample was supported by a soft and elastic
pad at the midpoint of its length, which is fundaua¢ longitudinal nodal point. The
acceleration transducer was placed in the middl¢hefvertical side perpendicular to the
length of the sample and the impact hammer strikee performed in the middle of an
opposite side (Fig. 1a). This measurement of a mym& oung’s modulus was checked by
measuring the basic flexural natural frequencyhef samples. In this case the sample was
supported by two soft and elastic pads at the fonesial bending nodal lines, which are



placed at a distance of 0.224x| (I — length of $henple) from each end of the sample. The
acceleration transducer was placed on the edgeediop side of the sample and the impact
hammer strikes were performed on the edge of time sade of the sample (Fig. 1b).

Dynamic shear modulus was evaluated by measurm@adbic torsional natural frequency
of the sample. The sample was supported as in chseeasuring longitudinal natural
frequency of the samples. The acceleration traresduas placed in the corner of the vertical
side parallel to the length of the sample and thpact hammer strikes were performed
diagonally on the same side (Fig. 1c) [8]. Resofta dynamic Young's modulus are shown
in Table 2 and results of a dynamic shear moduleisiaown in Table 3.
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Fig. 1. Scheme of measuring of the basic natuegjuency: a) longitudinal, b) flexural,
c) torsional.

Results and Conclusions

The results of the dynamic Young's modulus (TabjesBow decrease of the dynamic
Young’s modulus of the samples with PVA (B to Ejmgared to the reference sample (A) in
the early stages of hardening (7 days). It is cdlisean increase of porosity (about 10-19 %)
in the samples with PVA. However, for the sample® B there is also seen an increase of
the dynamic Young’'s modulus depending on the irgingacontent of PVA. In the late stages
of hardening (between 28 to 161 days) the benégdiect of PVA in cement paste outweighs
the negative effect of increasing the total poyoaitd better results are achieved than in the
conventional cement.

Table 2. Time dependence of the dynamic Young'suhwdof cement/PVA composite.

Dynamic Young’s modulus [GPa]

7 days 14 days 2ldays 28days 42days 161 days
A (ref.) 157+1.0 156+0.7 158+0.7 16.6+0.7 151+0.6 145+0.6
129+0.3 13.1+0.2 13.0+0.3 14.1+0.3 14.7+0.1 145+0.7
134+04 135+04 136+04 148+05 141+0.1 149+0.1
143+0.6 147+06 150+06 16.4+0.7 146+04 16.0+0.1
148+0.3 153+04 155+04 17.0+05 16.2+0.7 17.8+0.3

Set
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A similar trend is also evident in case of dynarsiear modulus (Table 3). There is
a decrease of the modulus of the samples with PBAo( E) compared to the reference
sample (A) in the early stages of hardening (7 daysough an increased total porosity
(Table 1). It's also seen an increase of the dynaméar modulus for the samples with higher
concentrations of PVA (D and E), which leads totdretesults in the late stages of curing
(between 28 to 161 days).



Table 3. Development of the dynamic shear modulegement/PVA composite.

Set Dynamic shear modulus [GPa]

7. day 14. day 21. day 28. day 42.day 161. day
A (ref.) 6.3+0.3 6.3+03 64+02 67+£02 68+£0.2 6.7+£0.2
52+0.1 52+0.1 52+01 57+01 6.0+01 6.1+0.1
54+0.2 55+02 55+02 6.0+02 59+01 64+0.1
58+0.3 6.0+03 6.1+03 6.7+03 6.1+£0.1 6.8+0.1
6.0+0.1 6.1+0.1 63+02 69+02 64+01 74+0.1

mo0O|w

The addition of a higher PVA content (more thant4%) has resulted to improvement of
the dynamic Young’'s modulus and the dynamic sheatutus in the later stages of hardening
(42 days and more) compared with reference ceniperiments also showed that PVA in
cement has impact on increase of porosity whichtéedleterioration of the composite’s
mechanical properties.
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