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Summary: Concrete testing can be done at micro, mezzo and macro level. Tests at the
macro level are the most common and are the ultimate engineering approach, and
include testing and comparison of quantities such as commpresive strength, modulus of
elasticiti and the like. In this manner you can determine changes in structures of
concrete. To be considered during the examination and the file structure of concrete
should be seen as concrete material composed of cement stone and aggregate, that is
switch to a lower level of analysis — mezzo level. Concrete exposed to freezing changes
its characteristics both in terms of strength and in terms of the structure. The aim of this
study is to determine how to modify the structure of the concrete after frost action.
Changing the structure of concrete was evaluated qualitative and quantitative analysis
of pores using a device RapidAir 457.
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1. INTRODUCTION

Concrete as a composite material by nature is a porous material. Pores that are present in
the concrete can be divided into four groups.

The first group consists of the smallest pores called by gel. Hydration of cement
hydration products are formed which create quasi-layered structure [1]. Between the
layers, there are areas which represent the pores of the gel. These pores have a size of 1
to 5 nm and quantity and quality of these pores can not be affected.

The second group consists of capillary pores that are in places where they were not
formed hydration products. The amount of these pores depends on the applied water
making concrete mixture. These pores are connected and the characteristic size of the
pores is in the range of 5 to 1000 nm [2].
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The third type of pore in practice usually referred to as the entrapped air. This air occurs
during mixing and placing concrete or due to subsequent allocations of water. What
distinguishes this type of pore of other is their size. They are usually larger than 1mm
and an irregular in shape — not spherical.

The fourth group of pores is intentionally entrained air in the concrete. The most
common are obtained using air-entraining agent during the mixing of concrete and the
required spherical shape with a typical size of 5 to 1250 um.

Common to all types of the pores which occur in the concrete are formed in the cement
stone and at function of the hardened cement paste and aggregate [3].

At the destruction of concrete exposed to cyclic freezing and thawing caused internal
damage caused by freezing water in the concrete. This damage is always more limited at
arcas where concrete is greater water saturation. This damage causes a reduction of
compressive and tensile strength, modulus of elasticity and adhesion of concrete for
reinforcement [4,5].

Research in this area started a long time ago but with the advent of new non-destructive
testing has become actual again. In addition to destructive testing in practice through a
number of standards can be found and nondestructive testing by measuring the dynamic
modulus of elasticity. Both approaches destructive and non-destructive tests are based on
a comparison of test results at a standard sample and the samples were exposed to frost.
The behavior of concrete exposed to frost action depends on the pore structure the
amount of water in the pores and temperature regime where the concrete is exposed.
Pore structure is discussed in terms of quantity, type, distribution and connectivity. In
current practice the resistance of concrete to freezing effects is usually evaluated by
amount and distribution of pore of air entrained. The distribution of pores is evaluated
through the pore spacing factor and some researchers believe that the value of spacing
factor from 0.23 necessary to concrete was resistant to frost action. The method by
which the resistance of concrete is determined through the characteristics of the pore is
very fast and will greatly enhance the resistance of concrete to frost action. This method
can be used in early ages but after 7 to 10 days after casting the concrete.

2. EXPERIMENTAL WORK

Through this experimental work are compared to the received classical destructive
testing and non-destructive test to determine the amount and quality of the pores in the
concrete. Destructive testing was conducted in accordance with SRPS U.M1.016 under
which the test results are compared to a standard and samples exposed to frost action.
Non-destructive testing is conducted so as concrete samples were recorded using the unit
RapidAir 457 shown in figure 1 at 2, 4 and 6 cm from the sample surface. All tests were
conducted on cube 15 cm while the non-destructive testing undertaken by the cubes cut
to specified depths in all according to figure 2. After preparation of samples were made
necessary recording and analysis. For each series which was treated for the purposes of
this study we examined the three standard samples to destructive and non-destructive
testing. With device RapidAir 457 obtained results of non-destructive testing. On the
basis of this study aim was to determine the resistance of concrete to frost action and to
find out what is going on in the depth of the sample with the quantity and quality of the
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pores in the samples that were tested. This examination provided data on the spacing
factor and the amount of pores in the concrete. The amount of the pores is determined by
the size of the pores. Based on the amount of pore size were made clear diagrams of the
distribution of pores in the samples that were exposed to freezing and thawing and of
standard samples.

For making samples used the cement CEM II and river aggregate separated into four
fractions with a maximum grain size of aggregate of 32 mm. In order to improve the
properties of concrete are used as superplasticizers and air entraining agent. In all the
concrete was adopted the amount of entrained air at a level of 4+0.5%. With this
prescribed requirements for the amount of entrained air in fresh concrete met the
requirements of as the Building code BAB87 as and European standards EN206-1.

F igure 1. Device RapidAir 457 o Figure 2. Recording levels of cube

3. ANALISYS RESULTS

On examination there were three series of samples. First was done destructive testing on
each series. The destructive strength testing drop is varied in the range of 10 to 15%
depending on the series. The largest drop of the strength of concrete had samples with
the least amount of cement in mix design.

Test was carried out on three types of concrete were very close to the results. Table 1
gives the results obtained in one of the three types of concrete.

Standard samples Samples exposed to frost
Depth of measuring 2cm 4 cm 6 cm 2cm 4 cm 6 cm
Air content 3.50 2.61 3.54 3.95 3.07 3.27
Specific surface 23.84 22.35 19.18 26.93 25.33 17.62
Spacing factor 0.197 0.240 0.243 0.165 0.197 0.275
Void frequency 0.209 0.146 0.170 0.266 0.194 0.144
Average chord length | 0.168 0.179 0.209 0.149 0.158 0.227

Table 1. The average test results obtained for the RapidAir 457

In addition to the results presented in non-destructive testing on the amount and
distribution of pores in samples has been carried out analysis of pore size and number.
Since this is large number of results in order to better take into account here is given in
the form of a diagram. The diagram for the same type of concrete is shown in Figure 3.
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The diagram shows the curve for a standard samples and samples exposed to freezing
and thawing.

Analysis of pore is made as to basis of the data obtained was not entirely clear what
happens to the sample depth. As the device can determine the amount of pore size of the
smallest from 1nm to very large pores sized over 3 mm is it for this test was very useful.
The results were compared to the corresponding table but only after their picturesque
views in the form of a diagram could be properly viewed.
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Figure 3. Pore distribution of the samples in depth

4. CONCLUSIONS

Consideration of the results showed that the new method allows a rapid and accurate
determination of the resistance of concrete to frost action. The results obtained by a
spacing factor of pores and conducted destructive tests in accordance with the results of
international research. On the tested concretes average value of spacing factor of pores
match was obtained under 0.25 as recommendations to most relevant researchers.

Based on the obtained results it can be determined that the amount of entrained air per
depth is constant. Specific surface area, pore frequency of occurrence and average chord
size decreases by the depth of samples as a spacing factor of pores increasing.
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In addition to these conclusions was noted that all parameters except the amount of air in
the concrete changes in samples that were exposed to freezing and thawing. Since these
are small number of concrete on which the examination was conducted further tests are
ongoing at the Institute IMS will give a better picture of the changes occurring in the
structure of concrete exposed to frost action.
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HNPOMEHA CTPYKTYPE BETOHA HAKOH
N3JIATAIbA HA IEJCTBO MPA3A

Pesume: Hcnumusarwe bemona ce modice epuiumu HA MUKPO, ME30 U MAKPO HUBOY.
Hcnumusarsa Ha mMakpo nugoy cy Hajuewha u npeocmasnvajy Kpajive UHNCerbepCKu
npucmyn, a noopazymesqjy ucnumueare u nopeherwe eeruuuna nonym uepcmonhe,
Mooyna eracmuynocmu u ciuyHo. Ha osaj nauun ce e Modice YCMAHOSUMU NPOMEHA
cmpykmype bemona. [la 6u ce npuIuKom UCIUMUBAILA PASMAMPANA U CHPYKMYpPd
bemona nompebHo je 6emon nocmMampamu Kao Mamepujail cacmasmser 00 YeMeHmMHO2
KaMeHa u azpezama, mo jecm npehu Ha HUMICU HUBO UCNUMUBAIbA — Me30 HU6o. bemon
UBN0JICEH DeJCcMBY MpA3a Merd C80je KApakmepucmuke KaKo HO Numary ugpcmohe
mako u no numary came cmpykmype. Lluw 0602 ucmpascusarna je 0a ce ymepou Kako
ce Mewa cmpykmypa 6emona naxon oejcmea mpasa. IIpomena cmpyxmype 6emona
OYerbeHa je KEATUmamueHOM U K8AHMUMAMUGHOM AHATU30M nopa y 6emony nomohy
ypehaja RapidAir 457.

Kuwyune peuu: Omnoprnocm na mpas, nope, RapidAir 457
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