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1. Introduction

Rapid development of construction technologies
creates a higher demand for materials, which have not only
higher compressive strength, but also better durability pro-
perties. Freeze-thaw resistance is one of the most important
durability properties of concrete and reinforced concrete
structures used in Lithuania. Although freeze-thaw re-
sistance of concrete products may be easily improved by
adding air entraining additives, these chemical agents sig-
nificantly reduce concrete’s compressive strength [1].

Ultra-high performance concrete (UHPC) is one
of the materials which could meet required strength and
durability properties [2, 3]. In Lithuania UHPC is known
as concrete which has compressive strength over 100 MPa
[4]. By adding pozzolanic additives compressive strength
can be easily increased up to 150-200 MPa [5]. Such high
compressive strength may be achieved by the following
measures: elimination of coarse aggregate makes the mix-
ture more homogeneous [6]; higher content of fine aggre-
gates improves the granular composition of the mixture
[7]; components of the mixture are selected with similar
modulus of elasticity to achieve a more uniform compres-
sive deformation of concrete [8]; properties of concrete
matrix are improved by adding pozzolanic additives [9];
WI/C ratio reduced by adding high range water reduces
(superplasticizers); thermal treatment of specimens also
improves the concrete’s tensile stress-strain behavior and
the addition of steel or polypropylene fibers reduces brittle
failure fracture of the concrete [10].

Concrete’s freeze-thaw resistance depends of the
resistance of each component to freezing and thawing [11].
The typical UHPC mixture consists of: sand, cement, mi-
crosilica, crushed quartz sand, fibers, superplasticizer and
water. As the coarsest UHPC component is sand (the
coarsest particle size is approximately 2 mm) this aggre-
gate and other finer aggregates will have no effect on the
freeze-thaw resistance of concrete because finer than
2-3 mm particles substantially reduce the water absorption
of the aggregate [12], whereas dry or semi-dry aggregates
are not susceptible to destructive freeze-thaw effect. UHPC
concrete has very low porosity, often below 2%; therefore
the cement matrix will have the greatest effect on con-
crete’s freeze-thaw resistance [13]. Low water absorption
and low capillary and closed air porosity (average size of
pores 6x10°-50x10° m [14]) increases the freeze-thaw
resistance of concrete, but cyclic freezing and thawing has
a cumulative effect, which causes microcracking of the
cement matrix [15, 16]. The formation of microcracks is
very difficult to observe, while visible cracks may have a

critical effect on the strength and reliability of the struc-
ture. Nondestructive testing is one of the methods that ena-
ble to observe the change in concrete’s long-term strength
and durability parameters. The aim of the experiment de-
scribed in this paper is to predict UHPC freeze-thaw re-
sistance and to determine the change in compressive
strength of concrete subjected to recurrent freeze-thaw
cycles and also to perform interim concrete quality control
by applying ultrasonic and dynamic modulus of elasticity
methods.

2. Materials used for the research

SiO, microsilica. SiO, microsilica manufactured
by BASF was used for experimental research.
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Fig. 1 Granular curve of SiO, microsilica
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The main properties of SiO, microsilica: density
2120 kg/m?, bulk  density  (free-flow/compacted)
255/329 kg/m®, specific surface area 3524 m%kg, hygro-
scopicity 158%, natural fall angle 54°. Chemical com-
position: SiO, (92.08%), Al,03(1.16%), Fe 03 (1.24%),
CaO (1.07%), MgO (0.80%), SO; (1.27%), K,0 (0.67%),
Na,O (1.13%). Fig. 1 exhibits the granular curve. The
properties meet LST EN 12620:2003+A1:2008 standard
requirements.

Granite. Granite produced by UAB Granitas and
crushed to 0/2 fraction was used for the experimental re-
search. The main properties: density 2670 kg/m®, bulk den-
sity 1600 kg/m®, clay and dust particle content 0.5%.
Chemical composition: SiO, (72.04%), Al,Os (14.42%),
K,0 (4.12%), Na,O (3.69%), CaO (1.82%), FeO (1.68%),
MnO (0.05%). Fig.2 exhibits the granular curve. The
properties of the filler meet LST EN 12620:2003+A1:2008
standard requirements.
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Fig. 2 Granular curve of crushed granite

Sand. Sand from Zaty$iai quarry of average
coarseness (fraction 0/2 mm, average density 2670 kg/m®,
bulk density 1625 kg/m®, air entraining potential 39.1%,
clay and dust content 1.5%) was used for experimental
research. Chemical composition of the sand: SiO,
(82.39%), Fe,03 (1.32%), TiO; (0.21%), Al,O; (3.89%),
CaO (3.74%), MgO (0.54%), R,O (1.40%), SO; (0.15%),
impurities (6.37%). The properties of the aggregate meet
LST EN 12620:2003+A1:2008 standard requirements.

Quartz sand. Quartz sand from Anyks¢iai quarry
(0/1 and 0/2 fractions, density 2670 kg/m®, bulk density
1600 kg/m?, clay and dust content 0.5%) was used for ex-
perimental research.

Cement. Portland cement CEM | 52,5R produced
by the Cemex factory located in Sweden was used for the
research. The specifications of the cement: specific surface
area 370 m¥/kg, paste of normal consistency 27,3%, initial
setting time 130 min., final setting time 215 min., com-
pressive strength 30.6 MPa (after 2 days) and 57.6 MPa
(after 28 days), flexural strength 6.0 MPa (after 2 days)
and 8.1 MPa (after 28 days). Mineral composition of Port-
land cement: C3S-61%, C,S-12%, Cs;A-7%, C,AF-13%.
The properties were determined accordance to LST EN
197-1:2001/A3:2007 standard.

2.1. Chemical admixtures

Superplasticizer Glenium ACE 30 produced by
BASF was used for experimental research. It is a polycar-
boxylate ether-based superplasticizer. Technical infor-
mation: active substance: polycarboxylate ethers, appear-
ance: dark brown liquid, density: 1.06+0.02 g/cm?, hydro-
gen ion concentration (pH): 6.5+1.5, maximum chloride
content (by weight): 0.10%, maximum equivalent alkali
content expressed as Na,O (by weight) 1.0%, optimum
ambient temperature +20°C.

Superplasticizer Glenium ACE 430 produced by
BASF was used for experimental research. It is a polycar-
boxylate ether-based superplasticizer. Technical infor-
mation: active substance: polycarboxylate ethers, appear-
ance: dark brown liquid, density: 1.06+0.02 g/cm®, hydro-
gen ion concentration (pH): 5.5+1,5, maximum chloride
content (by weight): 0.10%, maximum equivalent alkali
content expressed as Na,O (by weight) 0,6%, optimum
ambient temperature +20°C.

Nanoparticle suspension X-SEED produced by
BASF was used for experimental research. It is a hydration
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accelerator that stimulates the growth of calcium hydrosili-
cates (C-S-H). Technical information: appearance: white
odourless nanoparticle suspension, density - 1.135 g/cm®,
hydrogen ion concentration (pH) - 11.0, maximum chloride
content (by weight) - 0.10%, maximum equivalent alkali
content expressed as Na,O (by weight) 4.0%, optimum
ambient temperature +20°C.

2.2. Additional materials

Fluorescent dye PFINDER 902 and fluorescent
dye developer PFINDER 970 designated for surface defect
detection was used for experimental research.

3. Testing procedure

Concrete mixtures were prepared from dry aggre-
gates. Cement and aggregates were dosed by weight, water
and chemical admixtures were added by volume (Table 2).
Some chemical admixtures were dissolved in water and
added together with water, other admixtures were added
separately without water.

Table 1
UHPC mixing procedure
Time, sec. Mixing procedure

60 Homogenization of sand, granite, microsilica and
cement

30 Addition of the r_equired water amount and 50%
of the superplasticizer

60 Homogenization

120 Pause

30 Addition of the remaining superplasticizer

60 Homogenization

Super plasticizer Glenium ACE 30 was used for
the mixtures of composition 1, 2 and 3, super plasticizer
Glenium ACE 430 was used for the mixture of composition
4. Sand from ZatysSiai quarry was used for the mixture of
composition 1, quartz sand from Anykséiai quarry was
used for the mixtures of composition 2, 3 and 4.

The concrete was mixed in a vibrating mixer. The
vibrating mixer, due to its unique design and mixing inten-
sity, has better capability to produce more homogeneous
concrete mixture of high viscosity and with the lowest wa-
ter and cement ratio. The main parameters of the vibrating
mixer: oscillation frequency: 30-500 Hz, capacity: 4 liters.
The mixing process is started at the lowest frequency and
is raised to the highest frequency over 2 minutes. The mix-
ing procedure is described in Table 1.

Prisms  (40x40x160 mm) and  cylinders
(d =50 mm, h =50 mm) were formed for the research to
determine concrete properties. The specimens were com-
pacted for 30 seconds on a vibrating table CM 539 (vibra-
tion frequency 50 Hz, amplitude 0.5 mm) and were left for
setting in laboratory environment (20 +2°C) for 24 hours,
afterwards they were hardened in water (20+£2°C) for 5
days, steam cured in the oven for 24 hours (steam curing
procedure 2 +19+ 3 h, isothermal phase temperature 80°C)
and left to harden in water (20 + 2°C) for the remaining 21
day. Before testing all specimens were dried in laboratory
oven (for 48 hours in temperature 100 +5°C).
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Table 2
Composition of concrete mixtures, 1 m*
.. . Granite, kg Sand, kg
Composition Water, | C, kg SiO,, kg Pl 1 X-SEED, |
0/2 0/1 0/2
No. 1 229 735 99 417 - 972 31.61 -
No. 2 224 735 99 417 972 - 31.61 -
No. 3 258 735 99 412 96 866 37.76 11.03
No. 4 244 785 106 383 - 893 54.94 11.77

Note: C - cement content, SiO, - SiO, microsilica, 0/2 — fraction of granite aggregate, 0/1 and 0/2 fractions of sand and
quartz sand, PL: superplasticizer, X-SEED: nanoparticle suspension.

After 28 days of setting the cylinders were pol-
ished in order to obtain the absolutely parallel surface. The
parallel of the side, with reference to the end faces of the
specimens was verified according to the LST EN 12390-
1:2003/AC:2005 standard. The compressive strength of
test specimens was verified according to the LST EN
12390-7:2009 standard.

The air porosity indicators were verified accord-
ing to the GOST 12730.4-78 standard. Relative water ab-
sorption of test specimens was calculated and pore size
indicators were determined according to the same standard.
. is the average pore size indicator, « is pore uniformity
indicator and computable closed and open porosity of con-
crete. When all the values are known the concrete’s freeze-
thaw resistance factor is calculated from Eq. (1).

M

where K; is freeze-thaw resistance factor, P, is air porosity
of concrete (air content in concrete), %, P,isopen
(capillary) porosity of concrete, %.

The freeze-thaw resistance of concrete specimens
was determined according to the LST L 1428.17 standard.
5% NaCl solution was used in the experimental research.
The test specimens were examined by ultrasonic method
according to the LST EN 12504-4 standard. Knowing that
there is a functional relationship between ultrasonic pulse
velocity and compressive strength, the ultrasonic pulse
velocity in concrete specimens was measured after a cer-
tain number of freeze-thaw cycles [17-19]. The ultrasonic
pulse velocity was measured by putting two transducers on
the opposite faces of the specimen (direct transmission)
and calculated from Eq. (2).
L

V=g O]

where V is ultrasonic pulse velocity, m/s; L is distance
between sensors (specimen length), m; T is time of impulse
travel, s.

The change of dynamic modulus of elasticity in
test specimens was determined according to the LST EN
14146 standard. The dynamic modulus of elasticity was
measured using ERUDITE MKIV instrument by triggering
mechanical oscillation of longitudinal waves in test speci-
mens (40x40x160 mm concrete prisms). Longitudinal
wave oscillation frequency ranged from 500 to 10000 Hz.
Basing on the type of longitudinal oscillations the dynamic
modulus of elasticity was calculated from Eq. (3).

Es =4x10°fZpl? 3)
where fy is fundamental longitudinal frequency of oscilla-
tion, Hz; p is specimen density, kg/m?; | is specimen length,
m.

The optical fluorescence microscopy method was
used to detect the surface cracks in the test specimens. This
method enables to visually detect 0.1-500 um defects in
the test specimen. Optical microscope OLYMPUS BX51TF
was used to identify the cracks.

4, Test results

Porosity indicators and freeze-thaw resistance of
the concrete was calculated according to the methodology
described in the previous section. Research results are pre-
sented in Table 3.

100 um{ n

Fig. 3 Surface of test specimens a) no cracks and b) x50
magnification; ¢) present cracks and d) x50 magni-
fication

a

The goal of the experiment was to determine
which of nondestructive test methods provides the most
reliable information about the deterioration of concrete due
to recurrent freeze-thaw cycles. The results of ultrasonic
impulse velocity, dynamic modulus of elasticity and
compressive strength tests are presented in Table 4.

After 200 freeze-thaw cycles in 5% NaCl solution
both the ultrasonic impulse velocity and the dynamic mod-
ulus of elasticity decreased, although there were no visible
structural changes in all test specimens. The optical fluo-
rescence microscopy method was used for visual examina-
tion and defect detection by applying the fluorescent dye



PFINDER 902 to the surface of the test specimens. Fig. 3
shows the surface of concrete test specimens exposed to
ultraviolet radiation. We can see that test specimens of
composition 3, which demonstrated the best freeze-thaw
resistance, do not exhibit any cracks when exposed to UV
radiation (a), whereas x50 magnification reveals only
capillars and caverns of open pores. Test specimens of
composition 4, which demonstrated the poorest freeze-
thaw resistance, exhibit pronounced cracks seen both with
naked eye and by x50 magnification. This method, does
not provide information about the internal changes in the
structure of concrete and is only an ancillary method.

Taking into account, that changes in the micro-
structure of a material affect such properties as the modu-
lus of elasticity and compressive strength, the change in
ultrasonic impulse velocity and the dynamic modulus of
elasticity were measured in test specimens subjected to
freeze-thaw cycles. It was observed that saturation, granu-
lar composition of the aggregates, temperature and density
had a significant effect on the ultrasonic pulse velocity. In
order to eliminate the influence of saturation the specimens
were left to dry in the laboratory oven at of 100+ 5°C for
48 hours.

Table 3
Physical properties of concrete

. Concrete composition
Concrete properties

No.1 | No.2 | No.3 | No.4
Density, kg/m® 2416 | 2384 | 2400 | 2359
Uniformity of pores, a 025 | 040 | 0.42 0.35
Average pore size, 1 0.30 | 0.20 | 0.37 0.46
Capillary porosity, % 234 | 268 | 351 | 5.46
Air porosity, % 10.49 | 12.37 | 12.03 | 13.10
Overall porosity, % 12.83 | 15.05 | 15.54 | 18,57
Freeze-thaw resistance 50 51 38 27
factor, K;
Relative water 107 | 126 | 1.63 | 2.65
absorption, %

Table 4

Physical-mechanical properties of concretes

Ultrasonic Dynamic Compressive
Compo-| pulse velocity, modulus of strength, MPa
sition 0 200 0 200 0 200
cycles | cycles | cycles | cycles | cycles | cycles
No.l | 5016 | 4911 | 29.530 | 27.153 | 144 131
No.2 | 4841 | 4773 | 29.339 | 28.110 | 136 127
No.3 | 4869 | 4801 | 31.339 | 31.073 | 135 131
No.4 | 4375 | 4310 | 30.308 | 28.647 85 76

The ultrasonic pulse velocity was measured in
concrete  prisms  (40x40x160 mm) and cylinders
(d =50 mm, h =50 mm). The results of the measured time
of travel are presented in Fig. 4. The observations revealed
that the ultrasonic pulse velocity decreased after 200
freeze-thaw cycles in 5% NaCl solution. The ultrasonic
pulse velocity decreased gradually in test specimens of
composition No.1, whereas in test specimens of other
compositions the ultrasonic pulse velocity decreased ran-
domly. Knowing of the functional relation between the
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ultrasonic pulse velocity and compressive strength it could
be claimed that the decrease in the ultrasonic pulse velocity
is caused by the reduced compressive strength.

6000

AF=2.14 % | A4V=1.43 % | 417=1.43 %p |£P=1.50 %%

wn
E 5000

4000 -

3000

2000 -

Ultrasonic pulse velocity ¥,

1000

Specimen
No. 1
MBefore experiment
Fig. 4 The function of freeze-thaw cycles and ultrasonic
pulse velocity

Specimen  Specimen  Specimen
No.2 No. 3 No. 4
B After 200 freeze-thaw cycles

The dynamic modulus of elasticity was measured
in concrete prisms (40x40x160 mm). The test results are
presented in Fig. 5. Every material has its own natural fre-
quency of oscillation, which is steady and does not depend
on external factors as long as the structure of the material
does not change. The observations have revealed that the
dynamic modulus of elasticity changed randomly in differ-
ent freeze-thaw stages, although the final dynamic modu-
lus of elasticity slightly decreased in all test specimens. It
was noticed, that the influence of dynamic modulus of
elasticity depends of residual saturation in tests specimens
and change in microstructure on-going hydration in the test
specimens.

AF=8.75 % | JE=4.37 %0 |AE=0.86 % | AF=5.80 %

Dynamic modulus of elasticity E,, GPa

Specimen
No. 1 .
M Before experiment

Specimen
No.2 No.3 No. 4
B After 200 freeze-thaw cycles

Specimen  Specimen

Fig. 5 The function of freeze-thaw cycles and dynamic
modulus of elasticity

The comparison of the changes in ultrasonic pulse
velocity and dynamic modulus of elasticity after 200
freeze-thaw cycles in 5% NacCl solution has revealed that
the ultrasonic pulse velocity changed from 1.43% (compo-
sition No0.2) to 2.14% (composition No.1) compared to the
initial values, whereas the dynamic modulus of elasticity
changed from 0.86 % (composition No.3) to 8.75% (com-
position No.1).



The comparison of ultrasonic pulse velocity
(Fig. 4) with the dynamic modulus of elasticity (Fig. 5) at
different freeze-thaw stages has revealed that the function-
al relationship between the dynamic modulus of elasticity
and the compressive strength (correlation coefficient
R = 0.826) is much stronger than the relationship between
the ultrasonic pulse velocity and the compressive strength
(correlation coefficient R = 0.430).

The test specimens were compressed after 200
freeze-thaw cycles. The compressive strength of all test
specimens has decreased (Fig. 6). The same was demon-
strated by the lower dynamic modulus of elasticity and
ultrasonic pulse velocity. Test samples of composition
No.4 demonstrated the poorest strength properties, the drop
in compressive strength after 200 freeze-thaw cycles in 5%
NaCl solution was 10.47%. Test specimens of composition
No.1 demonstrated the best strength properties, although
the change in strength after 200 freeze-thaw cycles in 5%
NaCl solution was 9.02%. The least change in the com-
pressive strength (2.78%) was observed in the test speci-
mens of composition No.3.

A=9.02 % | A47=6.68 % | 442.78 % |4~10.47 %o

160
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Specimen  Specimen  Specimen — Specimen
No. 1 No. 2 No. 3 No. 4

BlBefore experiment D200 Freeze-thaw cydes

Fig. 6 The compressive strength of concrete after 200
freeze-thaw cycles

5. Conclusions

1. 200 freeze-thaw cycles in 5% NaCl solution
that correspond to approximately 800 freeze-thaw cycles in
natural water have revealed little visible change, however
the microdefects in concrete’s structure have reduced the
compressive strength of the test specimens from 2.78%
(composition No.3) to 10.47% (composition No.4), the
ultrasonic pulse velocity changed from 1.43% (composi-
tion No.2) to 2.14% (composition No.1) and the dynamic
modulus of elasticity changed from 0.86% (composition
No.3) to 8.75% (composition No.1).

2. The interim control of freeze-thaw resistance
was done by the calculation of the dynamic modulus of
elasticity. The researchers have observed that these met-
hods produce sufficiently precise evaluation of the de-
crease in the compressive strength of test specimens, how-
ever the dynamic modulus of elasticity has a stronger func-
tional relationship with the compressive strength than ul-
trasonic pulse velocity, therefore we may state that in our
case the calculation of the dynamic modulus of elasticity
was more reliable method for measuring the freeze-thaw

resistance.

3. The change in the test specimen properties is
examined over the entire volume of the specimens both by
using the ultrasonic pulse velocity and the dynamic modu-
lus of elasticity methods. Such examination provides more
information about the structural changes in deeper layers
of the tested material. Although these methods produce
sufficiently precise evaluation of the decrease in the com-
pressive strength, the ultrasonic method is more convenient
for testing the constructions in-situ, whereas the calcula-
tion of the dynamic modulus of elasticity could be used in
laboratory testing.

4. The experimental forecasting of freeze-thaw re-
sistance produced very high values of freeze-thaw re-
sistance factor (K;). Presumably the UHPC should have
very high freeze-thaw resistance. However, the majority of
test specimens lost 5% of their initial strength after 200
freeze-thaw cycles in 5% NaCl solution. Therefore it could
be stated that according to GOST 12730.4-78 standard
freeze-thaw prediction of UHPC is incorrect and inaccurate.

References

1. Klieger, P. 2003. Further studies on the effect of en-
trained air on strength and durability of concrete with
various sizes of aggregates, Concrete International
25: 26-45.

2. Ahlborn, T.M.; Harris, D.K.; Misson, D.L.; Peuse,
E.J. 2011. Characterization of strength and durability
of ultra-high performance concrete under variable cur-
ing conditions, Transportation Research: Journal of the
Transportation Research Board 2251/2011: 68-75.
http://dx.doi.org/10.3141/2251-07.

3. Smaouia, N.; Rube M., A.; Fournierc, B.; Bissonnet-
ted, B.; Durande, B. 2005. Effects of alkali addition
on the mechanical properties and durability of concrete,
Cement and Concrete Research 35: 203-212.
http://dx.doi.org/10.1016/j.cemconres.2004.05.007.

4. Application rules of LST EN 206-1 Concrete. Part 1:
Specification, performance, production and conformity.

5. Justs, J.; Shakhmenko, G.; Bajare, D.; Toropovs, N.
2011. Comparison of pozzolanic additives for normal
and high strength concrete, Proceedings of the 8th In-
ternational Scientific and Practical Conference, Volume
11: 79-84.

6. Ma, J.; Schneider, H. 2002. Properties of ultra-high-
performance concrete, Leipzig Annual Civil Engineer-
ing Report (LACER) 7: 25-32.

7. Laskar, LLA.; Talukdar, S. 2008. A new mix deign
method for high performance concrete, Asian Journal
of Civil Engineering (Building and Housing) 9(1): 15-
23.

8. Mostofinejad, D.; Nozhati, M. 2005. Prediction of the
modulus of elasticity of high strength concrete, Iranian
Journal of Science & Technology, Transaction B, En-
gineering, Vol. 29, No. B3: 311-321.

9. Gao, R.; Liu, ZM.; Zhang, L.Q.; Stroeven, P. 2006.
Static properties of reactive powder concrete beams,
Key Engineering Materials 302-303: 521-527.
http://dx.doi.org/10.4028/www.scientific.net/ KEM.302
-303.521.

10. Cwirzen, A. 2007. The effect of the heat-treatment
regime on the properties of reactive powder concrete,
Advances in Cement Research 19(1): 25-33.


http://dx.doi.org/10.1016/j.cemconres.2004.05.007
http://dx.doi.org/10.4028/www.scientific.net/KEM.302-303.521
http://dx.doi.org/10.4028/www.scientific.net/KEM.302-303.521

http://dx.doi.org/10.1680/adcr.2007.19.1.25.

11.Hamoush, S.; Darder M.P.; Lebdeh, T.A.; Moha-
med, A. 2011. Freezing and thawing durability of very
high strength concrete, American J. of Engineering and
Applied Sciences 4(1): 42-51.
http://dx.doi.org/10.3844/ajeassp.2011.42.51.

12.Lehrsch, G.A.; Sojka, R.E.; Carter, D.L.; Jolley,
P.M. 1991. Freezing effects on aggregate stability af-
fected by texture, mineralogy, and organic matter, Soil
Science Society of America Journal Volume 55, no. 5,
677 South Segoe Rd., Madison, W1 53711 USA: 1401-
1406.

13. Nagrockiené D.; Skripkiiinas, G.; Girskas, G. 2011.
Predicting Frost Resistance of Concrete with Different
Coarse Aggregate Concentration by Porosity Parame-
ters, Materials Science (MedZziagotyra) 17(2): 203-207.

14.Sorelli, L.; Constantinides, G.; Ulm, F.J.; Toutle-
monde, F. 2008. The nano-mechanical signature of ul-
tra high performance concrete by statistical nanoinden-
tation techniques, Cement and Concrete Research
38: 1447-145.
http://dx.doi.org/10.1016/j.cemconres.2008.09.002.

15. Méser, B.; Pfeifer, C.; Stark, J. 2009. Durability and
microstructural development during hydration in ultra-
high performance concrete. Concrete Repair, Rehabili-
tation and Retrofitting I1-Alexander et al (eds), Taylor
& Francis Group, London: 97-102.

16. Palecki, S.; Setzer, M.J. 2008. Ultra-high-performan-
ce concrete under frost and de-icing salt attack, Second
International Symposium on Ultra High Performance
Concrete, March 05-07, No.10: 443-541.

17.Punurai, W.; Jarzynski, J.; Qu, J.; Kim, J.Y.; Lau-
rence J.J.; Kimberly, E.K. 2007. Characterization of
multi-scale porosity in cement paste by advanced ultra-
sonic techniques, Cement and Concrete Research
37: 38-46.
http://dx.doi.org/10.1016/j.cemconres.2006.09.016.

18. Rimkeviciene, J.;  OstaSeviius, V.;  Jirénas, V.;
Gaidys, R. 2009. Experiments and simulations of ultra-
sonically assisted turning tool, Mechanika 1(75): 42-46.

19. Rotmanas, A. 2002. Interaction of ultrasonic oscilla-
tion system and a cylinder — shaped support, Mechani-
ka 5(37): 41-44.

V. Vaitkevicius, E. Serelis, Z. RudZionis

NEARDANCIUJU TYRIMU METODU TAIKYMAS
VERTINANT YPAC STIPRIU BETONU ATSPARUMA
SALCIUI

Reziumé

Pastaruoju metu vis didesnis démesys skiriamas
tokioms medziagoms, kurios pasizyméty puikiomis stip-
rumo ir ilgaamziskumo savybémis. Viena tokiy medziagy,
kuri tenkina $ias savybes — tai ypac stiprus betonas (YSB).
Nors YSB pasizymi puikiomis mechaninémis bei ilgaam-
ziSkumo savybémis ir tikty naudoti jvairios paskirties sta-
tybinéms konstrukcijoms, taciau kaip ir visos medziagos,
po kurio laiko veikiant jvairiems aplinkos veiksniams pra-
randa savo pradines projektines savybes. Siame straipsnyje,
iStirta viena i§ svarbiausiy betono ilgaamziskumo savybiy,
kuri Siuo metu aktualiausia Lietuvoje eksploatuojamoms
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statybinéms konstrukcijoms ir medziagoms, tai atsparumas
Sal¢io poveikiui. Vienas i§ biidy, kuriais galima tirti YSB
savybiy kitima, tai neardomyjy metody taikymas. Kiekvie-
nas metodas turi savo trikumy ir privalumy, todél esant
ivairiems aplinkos veiksniams pasizymés skirtingais tiks-
lumais ir turés skirtingg patikimuma. [lgaamziSkumo savy-
béms tirti panaudotas ultragarsinis ir dinaminio tamprumo
modulio metodas. Siy metody patikimumas patikrintas
nustatant betono stiprj gniuzdant. PavirSiniams defektams
bandiniuose uzfiksuoti panaudotas fluorascensinis metodas.
Tyrimai prognozuojant ir nustatant ypac stipraus betono
atsparuma $aléiui pasaulingje praktikoje yra maZzai publi-
kuoti, o Lietuvoje neatliekami.

V. Vaitkevitius, E. Serelis, Z. RudZionis

NONDESTRUCTIVE TESTING OF ULTRA-HIGH
PERFORMANCE CONCRETE TO EVALUATE
FREEZE-THAW RESISTANCE

Summary

Recently increased attention has been given to
materials, which could meet certain strength and durability
requirements. Ultra high performance concrete (UHPC) is
one of the materials which possess such properties. UHPC
has excellent durability and mechanical properties and
could be suitable for various construction applications,
however all construction over time in aggressive environ-
ment loses its original designed properties. In this article
researched one of the most important durability parame-
ter — freeze-thaw resistance of concrete. This durability
parameter is significant for constructions and materials
used in Lithuania. Nondestructive test methods are one of
the ways, which are suitable to investigate durability prop-
erties of UHPC. Each of the methods has its advantages or
disadvantages and depending on environment will presents
different reliability results. Durability properties of UHPC
were investigated by ultrasonic and dynamic modulus of
elasticity methods. The reliability of these test methods
was verified by determining the compressive strength, and
surface defects were visually inspected by fluorescence
method. There are a few publications about freeze-thaw
resistance of UHPC and fewer articles about concretes
prediction to severe frost damage, however such research
in Lithuania is not done at all.

Keywords: Ultra-high performance concrete, UHPC,
freeze-thaw resistance of UHPC, Nondestructive testing,
ultrasonic pulse velocity, dynamic modulus of elasticity.

Received April 07, 2011
Accepted March 29, 2012


http://dx.doi.org/10.1680/adcr.2007.19.1.25
http://dx.doi.org/10.3844/ajeassp.2011.42.51
http://dx.doi.org/10.1016/j.cemconres.2008.09.002
http://dx.doi.org/10.1016/j.cemconres.2006.09.016

