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This study investigates the effect of the amount (from 0.6 % to 1.4 %) of crystallizing admixture (CA) on the shrinkage, 
density, porosity and mechanical properties of concrete specimens.  A higher content of CA increased the total porosity of 
concrete from 10.6 % to 11.15 %. In contrast to the specimens containing 0.8-1.0 % of CA, the lowest amount of closed 
pores and highest total porosity was observed in the specimens containing 1.2-1.4 % of the CA. Compared to the control 
specimen, concrete specimens containing 1.4 % of CA showed a 5.4 % decrease in flexural strength and a 13.6 % decrease in 
compressive strength after 28 days of curing. The specimens containing 0.9 - 1.0 % of CA demonstrated the lowest shrinkage 
in the period of 190 days. The shrinkage of these specimens reduced 4.8 - 4.9 % compared to the control specimen. Higher 
content of CA had an opposite effect on the shrinkage, a short-term expansion of specimens was observed after 28-56 days. 
Taking into account all the properties of the concrete specimen, the optimum amount of CA, which could prevent cracks in 
the structures is 1.0 % of the cement mass.

INTRODUCTION

	 The modern concrete currently produced has 
better properties due to the widespread use of chemical 
admixtures, thus reducing the consumption of traditional 
raw materials and reducing the impact on the environment. 
The durability of concrete must be increased to meet the 
requirements of modern constructions. Drying shrinkage 
is an important issue in modern concrete products as it 
causes concrete cracking. Shrinkage cracks is a serious 
problem, especially in structures with large spans, big 
volumes, high constraints, operated in aggressive envi-
ronments. Researchers claim that shrinkage is respon-
sible for 80 % of cracks in concrete structures [1]. 
	 Cracks considerably reduce impermeability of con-
crete and resistance to chemical agents [2]. Materials that 
get inside the concrete structure through the cracks can 
accelerate the deterioration of concrete and corrosion of 
rebar [3]. Cracks can significantly reduce the durability 
of concrete structures, especially in aggressive envi-
ronment. There are four types of concrete shrinkage: 
plastic shrinkage, self-shrinkage, carbonation shrinkage, 
and drying shrinkage. Plastic shrinkage occurs due to the 
release of free water from concrete during the first hours 
in the formwork. Self-shrinkage is caused by the loss of 
water through concrete pores during cement hydration. 
Carbonation shrinkage is caused by the chemical reaction 
with carbon dioxide, which enters the concrete mix from 
the ambient air. This type of shrinkage usually occurs on 
the bottom of concrete [4]. 

	 Drying shrinkage is described as the alteration of 
concrete volume due to the loss of moisture in hardened 
concrete. Moister moves through capillaries of concrete. 
The capillary force attempts to remove excess moisture 
in order to balance the amount of moister with the am-
bient environment. The fastest loss of moisture occurs in 
narrow structures and concrete products with big surface 
area. The studies showed that 40 % of the total concrete 
shrinkage deformations occur after one month and 90 % 
of the total deformations become apparent after one 
year. The size of shrinkage deformation depends on 
the following factors: concrete composition, shape of 
concrete product, concrete curing and concrete product 
operation conditions. The deformations may vary from 
-3×10-4 to -6×10-4, mm depending on the circumstances 
mentioned above [5].
	 Researchers tested the loss of water in concrete 
related to the drying shrinkage. According to the findings, 
the change in concrete volume is equal to the volume 
of the water lost. In the initial drying stage of concrete 
the free water is removed; later, the absorbed water is 
removed by hydrostatic force in small capillaries during 
the further drying [6].
	 Factors that affect the drying shrinkage of the con-
crete were investigated in the research [7]. These factors 
are the aggregates used (gravel, rubble, sand), water 
and cement ratio (w/c), relative humidity and the size of 
concrete product. According to the results of the study, 
coarser aggregates have a lower effect on shrinkage than 
finer aggregates. Aggregates with a higher modulus of 
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elasticity and rough surface create better resistance to 
shrinkage. High shrinkage is directly related to a high 
water/cement ratio. High w/c also reduces concrete 
strength and stiffness. Dimensions of concrete products 
have a direct effect on shrinkage, i.e. the shrinkage effect 
is much lower in concrete products of big dimensions. 
	 Various fibres are effective to reduce plastic shrin-
kage in concrete curing phase. There are many studies 
confirming the effective use of glass fibre, polypropylene 
fibre, plastic fibre or composite fibres to reduce the 
shrinkage of concrete. The effectiveness of the commonly 
used wire mesh should not be overlooked either [8-13].
	 The effectiveness of polypropylene fibre was stu-
died in the research [14]. Specimens with different fibre 
content were tested. According to concrete shrinkage 
test results, shrinkage during the first 24 hours can be 
reduced from 5 % to 78 % and from 20 % to 39 % during 
77 days depending on the amount of fibre added. 
	 Tests with flax fibre (fibre particle length of 
10 - 38  mm) were conducted to investigate the shrin- 
kage reduction effect. The results showed that during 
the first 24 hours the shrinkage of flax modified concrete 
reduced 95 % compared to the control specimen without 
fibres [15].
	 The effect of different type fibres on the shrinkage of 
concrete was also investigated. The study was not typi- 
cal, as different combinations of fibres – steel, polypro-
pylene, polyester, and glass – sourced from local produ-
cers were used. Researchers found that a combination 
of fibres is more effective to reduce the shrinkage of 
concrete. Test results showed that the shrinkage of con- 
crete specimens modified with polypropylene and poly- 
ester fibres was 50 - 90 % lower compared to unmodified 
concrete specimens. The combination of steel and poly- 
ester fibres was found to be the most effective as it 
reduced shrinkage cracks 99 %. The combination of glass 
and steel fibres, on the other hand, was found to be the 
most ineffective, most probably because of the inability 
of inflexible glass fibres to reduce the early shrinkage of 
concrete [16].
	 A study was conducted to investigate the effect of 
mineral admixtures on the cracking and shrinkage of 
concrete. Fly ash and limestone powder were used as 
mineral admixtures. Concrete cracking was found to be 
related not only with the shrinkage value, but also in the 
shrinkage speed and strains.  Mineral admixtures were 
found to reduce the potential for cracking, the overall 
shrinkage rate and the potential for cracking were found 
to be higher in mixtures with a lower water cement ratio 
[17].
	 Researchers investigated the effect of temperature 
on concrete shrinkage. Five mixes with different frac-
tions of fine aggregates were selected. Researchers found 
that shrinkage was related to temperature. No cracks 
developed at the recommended cooling temperature 
of 2.5  °C. The cooling temperature of 8  °C and above 
created a big difference of temperatures at the surface 

and inside the specimen and caused the development of 
cracks [18].
	 The development of shrinkage related defects can 
be reduced by reducing the degree of restraint of these 
deformations in a structure (e.g. the amount of rebar).  
Another way is to reduce the distance between structural 
joints in the design stage. The internal moisture demand 
can be reduced by replacing part of sand with water sa-
turated light aggregates and using additional water to 
hydrate the cement particles.
	 Special admixtures can also be used to reduce con-
crete shrinkage. The positive effect of admixtures in 
preventing self-shrinkage of concrete is confirmed by 
research [19]. 
	 The influence of expanding agents, shrinkage inhi-
bitors and hydrophobic admixtures on the white Portland 
cement based self-compacting concrete properties was 
investigated in research [20]. Researchers concluded that 
the lowest shrinkage and the most effective result was 
obtained when expansive agents and shrinkage inhibitors 
were used simultaneously.
	 Other researchers also studied the effect of expan-
sive agents and shrinkage inhibitors on concrete 
shrinkage. The obtained results revealed that admixtu-
res can significantly reduce or completely prevent the 
self-shrinkage of concrete. The synergistic effect of ex- 
pansive agents and shrinkage inhibitors was also obser-
ved. Shrinkage inhibitor slows down the bonding of the 
concrete mix and thus increases the efficiency of expan-
sive admixture [21].
	 The tests showed that shrinkage inhibitors may be 
used in those cases, where concrete shrinkage can cause 
durability problems and is also not desirable for economic 
or technical reasons. Shrinkage inhibitors most often 
contain ethylene glycol derivatives. These admixtures 
reduce shrinkage by blocking the pores of concrete 
and preventing water evaporation. Unfortunately, these 
admixtures can also reduce concrete strength. According 
to the test results, the highest loss if strength may reach 
12 - 15 % during 28 days [22].
	 Researchers also investigated the effect of shrinkage 
inhibitors on the properties of self-compacting concrete. 
Shrinkage inhibitors were found to have no effect on 
self-compaction. Shrinkage was found to reduce with 
a higher content of chemical admixture in concrete mix, 
however the values of concrete strength were lower [23]. 
	 Some experiments were conducted with shrinkage 
inhibitors based on different types of glycol. Researchers 
found that long-term shrinkage reduced 0 - 56 % compa-
red to unmodified specimens. Similar tests were done 
with wax-based shrinkage inhibitors, which caused only 
13 % reduction of shrinkage [24]. 
	 In summary of research papers analysed, there is 
a unanimous recognition of the damage caused by con-
crete shrinkage. There is a need for solutions to prevent 
shrinkage cracks in concrete and increase the durability 
of concrete structures. However, different shrinkage 
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prevention materials were used in the aforementioned 
studies and there is no generally established view as 
to which material is the best to tackle this problem. 
Besides, fibre is not always possible to use as special 
conditions and mixers are needed to meet the mixing 
requirements. Therefore, producers of concrete admix-
tures and additions develop and propose a great variety 
of shrinkage reducing, crack self-healing, active water-
proofing agents to be used in concrete manufacturing. 
A crystallising admixture (CA) in the form of powder 
is one of the products offered. CA can be used both 
to increase the durability of concrete and to prevent 
shrinkage cracks, but the effect of this admixture on the 
physical and mechanical properties and shrinkage of 
concrete has not been well investigated yet. A research 
into this admixture would help concrete manufacturers 
to forecast the potential changes of concrete influenced 
by different amount of the CA in the period of 190 days. 

EXPERIMENTAL

	 The binding material used for the tests was cement 
CEM II/A-LL 42.5 with the properties provided in 
Table 1. The concrete specimens tested contained CA 
(density 980 kg·m-3), sand of fraction 0/4, granite rubble 
of fraction 2/5. The properties of the aggregates are 
presented in Table 2.

	 Concrete specimens were prepared according to 
LST EN 12390-2 [25]. Compositions of concrete mix 
are presented in Table 3. Specimens were formed by 
increasing the amount of CA in the mixture. The amount 
of CA was calculated as a percentage of the cement 
content. The mixtures were mechanically mixed in la-
boratory conditions and specimens with dimensions of 
40 × 40 × 160 mm were formed in steel moulds lined 
with oil. The mixture in the mould was compacted on 
the vibration table. After 24 hours, the specimens were 
removed from the moulds and kept in a water bath of 
20  °C until testing. A constant water/cement ratio of 
0.52 was maintained in all compositions.
	 Phase analysis of crystallizing admixture was done 
by X-ray diffraction meter SmartLab (Rigaku) with a ro-
tating Cu anode X-ray generator tube of 9  kW. X-ray 
diffraction patterns were recorded in the angular range 
5  -  75°  (2θ), detector step 0.02°, detector movement 
speed 1° per minute. Database of crystal structures PDF- 
4+ (2016) was used for the analysis. The microstructure 
of CA was inspected using SEM Helios NanoLab 650. 
The entrained air content was measured on concrete 
mixture by EN 12350-7 using pressure gauge method 
and equipment.
	 Density of hardened cement paste was measured 
according to LST EN 12390-7:2019 [26], compressive 
strength according to LST EN 12390-3:2019 [27], fle-
xural strength according to LST EN 12390-5:2019 [28], 
and shrinkage according to LST EN 12390-16:2019 [29] 
requirements.

RESULTS AND DISCUSSION

	 The mineral structure of the CA was tested by 
means of X-ray diffraction analysis. The results of X-ray 
diffraction analysis are presented in Figure 1. X-ray dif- 
fraction image reveals that the prevailing mineral 
(48.5 %) of CA is sodium carbonate (Na2CO3). Authors 
have noted [30-31] that Na2CO3 can accelerate hydra-
tion of cement and mostly accelerates C3S hydration 
because the layer of hydrates around C3S particles in 
carbonate solution starts depleting after some time due 
to the surplus of CO3

2- ions. This leads to a significant 
increase in the speed of Ca2+ and OH– diffusion and thus 
the hydration accelerates. Tricalcium silicate (Ca3SiO4) 

Table 3.  Concrete compositions design for 1 m³.

Batches	 I	 II	 III	 IV	 V	 VI	 VII	 VII	 VIII	 IX

Cement (kg)	 385	 385	 385	 385	 385	 385	 385	 385	 385	 385
Sand 0/4 (kg)	 656	 656	 656	 656	 656	 656	 656	 656	 656	 656
Granite rubble 2/5 (kg)	 1150	 1150	 1150	 1150	 1150	 1150	 1150	 1150	 1150	 1150
Water (kg·m-3)	 200	 200	 200	 200	 200	 200	 200	 200	 200	 200
CA (%)	 0	 0.6	 0.7	 0.8	 0.9	 1.0	 1.1	 1.2	 1.3	 1.4
CA (kg)	 0.00	 2.31	 2.70	 3.08	 3.47	 3.85	 4.24	 4.62	 5.01	 5.39
W/C	 0.52	 0.52	 0.52	 0.52	 0.52	 0.52	 0.52	 0.52	 0.52	 0.52

Table 2.  Aggregate properties.

Properties	 Sand	 Granite rubble

Particle size distribution	 0/4	 2/5
Particle density (kg·m-3)	 2620	 2670
Bulk density (kg·m-3)	 1650	 1460
Water absorption (wt. %)
(after 24 h of soaking)	

≤ 1,0	 ≤ 2,0

Water – soluble chlorides (%)	 ≤ 0,01	 ≤ 0,01

Table 1.  Characteristics of Portland cement.

	 Bulk	 Particle	 Specific
Marking	 density	 density	 surface area
	 (kg·m-3)	 (kg·m-3)	 (cm2·g-1)

CEM II/A-LL 42,5 N	 1100	 3100	 4100
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T is the second (34 %) and Portlandite (Ca(OH)2) P is 
the third (7 %) prevailing mineral in the CA. The CA 
also contains smaller amounts of the following minerals: 
5  % of quartz (SiO2) K, 2.6  % of aluminium silicate 
(Al2O SiO4) A, 1.53  % of calcium aluminium hydro 
silicate (CaAl2(OH)8 (H2O)3.84) C, and 0.7% of calcium 
silicate (CaSiO3) O. According to a literature source 
[32], C3S is added to the CA in order to accelerate hyd-
ration and to increase the early strength of concrete.  
According to the findings in the kinetics of tricalcium 
silicate hydration, Na2CO3 accelerates early strength 
development [33].
	 The microstructure of CA is presented in SEM 
images in Figure 2. The image magnified 1000 times (Fi- 
gure 2a) shows that smaller size 5 - 10 µm particles pre-
vail. The image magnified 6500 times (Figure 2b) shows 
that CA particles are made of irregular shape crystals and 
angular crystals distributed in different directions.
	 The effect of CA dosage on entrained air content in 
the control concrete mixture and mixtures modified with 
0.6 %, 1.0 % and 1.4 % of CA is presented in Figure 3. 
With the increase of CA amount to 0.6 % and 1.0 %, the 
air content in the concrete mixture increase from 5.9 % 

(in the control specimen) to 6.4 %. The biggest increase 
of the amount of entrained air to 7.2  % was observed 
when the CA dosage was increased to 1.4 %. 
	 Density tests revealed (Figure 4) that the density 
of concrete specimen reduces when the amount of CA 
is increased up to 1.4  %. The density of CA modified 
concrete reduces by 1.4  % in average. The lowest CA 
amount (0.6 %) reduces the density by 0.8 %, and the 
highest CA amount (1.4 %) reduces the density by 1.7 %. 

b) ×6500a) ×1000

Figure 2.  The microstructure of the CA: a) ×1000 magnification; b) ×6500 magnification.
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Figure 1.  X-ray image of CA: N – sodium carbonate (Na₂CO₃), 
T – tricalcium silicate (Ca3SiO4O), K – quartz (SiO2), A – alumi- 
nium silicate (Al2OSiO4), O – calcium silicate (CaSiO3), P – 
– portlandite (Ca(OH)2), C – calcium aluminium hydro sili- 
cate (CaAl2(OH)8 (H2O) 3.84), M – meta-aluminate Al2SO4 
(OH)4·5H2O, S – Si73O144(OH)4.

Figure 4.  Relationship between density and CA amount in the 
concrete composition specimens.

Figure 3.  Relationship between entrained air content and CA 
amount in the concrete composition mixture.
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Apparently, the CA, that has a lower bulk density than 
cement, promotes the development of a porous structure 
in concrete specimens. This hypothesis is also supported 
by entrained air tests. Similar trends were observed 
in hardened cement paste, the composition of which 
contained 2 % and 4 % of Na2CO3 [30].  
	 Open, closed, and total porosities of CA modified 
concrete specimens were tested. The obtained results are 
presented in the Table 5. The lowest open porosity value 
of 7.82  % was obtained in control specimens. These 
specimens also had the highest density. They contained 
much less free water, which affects the development of 
open pores. The highest open porosity value (8.71  %) 
was obtained in the specimens modified with the highest 
amount (1.4 %) of the CA. Faster hydration of C3S in 
the presence of Na2CO3 has a significant effect on the 
development of the pore structure [30]. Due to the 
excess of CO3

2- ions, the amorphous CaCO3 particles are 
quickly transformed (in a few minutes) into a crystalline 
phase which, appears along with C-S-H gel in the system 
of hydrated C3S – carbonates.  
	 The test results presented in Figure 5 show that 
the highest closed porosity values of 2.83, 2.88, and 
2.86  % were obtained in the specimens modified with 
0.8, 1.0, and 1.1 % CA. The closed porosity in modified 
specimens was 1.8-3.6 % higher than in control spe-
cimens. The specimens modified with 1.4  % CA had 
the lowest closed porosity value (2.48 %). The control 
specimens had the total porosity of 10.60 %. With 1.4 % 
of CA added the total porosity increased up to 11.15 %. 
The open porosity of concrete specimens modified with 
0.8, 1.0 and 1.1 % CA increased from 7.89 to 8.06 %, 
while the specimen modified with 1.4 % of CA had the 
open porosity of 8.71 %. We may see that with higher 
than 1.1  % CA in the composition the closed porosity 
decreases while the open and total porosity increases. 
The ratio of open to closed porosity in the specimens 
containing 0.0 - 1.0 % of CA varies within 2.81 - 2.76, 
but in the specimens containing 1.1-1.4 % of CA varies 
within 2.91 - 3.51. Changes in the ratio of open to closed 
pores affect the properties of the concrete. According to 

research publications, carbonate salts can increase the 
porosity of concrete specimens, however higher amounts 
of these salts can increase the amount of damage-causing 
pores [34]. Another test, reporting the results of addition 
of sodium aluminate admixture to concrete showed, that 
the addition of sodium aluminate at 2 %, 4 %, 6 %, and 
8 % by weight percent of cement increase the porosity 
of concrete specimens. From the amounts of sodium 
aluminate investigated (2 %, 4 %, 6 %, and 8 %) only the 
addition of 2 - 4 % was found to improve the properties 
of concrete as the specimens modified with this amount 
were found to have a higher volume of small capillary 
pores (5 - 30  nm) and a lower volume of larger pores 
(> 30 nm). Higher amounts of sodium aluminate did not 
improve the properties of concrete [35].
	 The ultrasonic pulse velocity (UPV) tests (Figure 6) 
showed that the UPV in concrete specimens decreases 
when the amount of CA is increased up to 1.4 %. Compa-
red to the control specimen, the UPV in specimens 
modified with 0.6 % and 0.7 % of CA increased insig-
nificantly, just by 0.2  % and 0.04  % respectively. The 
values of UPV in concrete tend to decrease with higher 
amount of CA in the concrete composition. The UPV in 
the specimen containing the highest amount of the CA 
reduced by 1.3 % compared to the control specimen. CA 
tests confirm the findings of density and porosity tests. 
	 Figure 7 illustrates the flexural strength of the spe-
cimens after 7 and 28 days of curing. The analysis of 
flexural strength test results leads to the conclusion that 
a higher amount of CA reduces the flexural strength 
at 7 and 28  days. The flexural strength of modified 
specimens decreases 5.25  % in average compared to 
the control specimen. It can be influenced both by the 
higher porosity of CA modified specimens and by mor-
phological changes in hydration products. According to 
the literature source [35], during the hydration process 
the sodium ions changed the morphology of calcium 
sulfoaluminate (AFm), by transforming the acicular 
to tabular AFm. Therefore, the decrease in the flexural 
strength must be considered in the design of concrete 
structures modified by CA.
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Figure 5.  Relationship between porosity and CA amount  in the 
concrete composition specimens.

Figure 6.  Relationship between UPV and CA amount in the 
concrete composition specimens.
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	 Figure 8 illustrates the compressive strength of 
the specimens after 7 and 28 days of curing. At 7 and 
28  days, the compressive strength of concrete speci-
mens reduces with increasing amount of CA. The ave-
rage compressive strength of control specimens was 
40.3 MPa at 7 days while the compressive strength of 
the specimens modified with 1.4  % of CA reduced to 
36.0  MPa. The increase in the content of CA caused 
a 10.7 % drop of compressive strength. At 28 days, the 
compressive strength of control specimens increased 
to 54.6  MPa, whereas the compressive strength of the 
specimens modified with 1.4  % of CA increased only 
to 47.2 MPa. The compressive strength of the modified 
specimens was 13.6 % lower than the strength of control 
specimens. 

	 Many researchers noted [31, 36-38] that carbonate 
salts, such as Na2CO3 and NaHCO3, can reduce the com-
pressive or tensile strengths of concrete irrespective of 
the admixture content or hardening time. A significant 
drop in compressive strength was observed after 28 days 
of hardening [31]. The compressive strength of concrete 

specimens is closely related to porosity, which in turn 
depends on the volume of hydrates formed. Na2CO3 
promotes the formation of the bigger volume of hydrates, 
especially ettringite. With a higher content of Na2CO3 in 
the compositions, the compressive strength of concrete 
decreases [31].   
	 Shrinkage tests revealed that shrinkage of speci-
mens reduces with a higher content of CA (Figure 9). 
The highest shrinkage reduction was observed in the 
specimens containing 1.0  % of CA. The shrinkage in 
specimens containing 1.2 % or a higher content of CA 
was higher than the shrinkage in control specimens.  

	 Comparative calculations of shrinkage reduction, 
calculated in (%) compared to control concrete speci-
mens, were done (Figure 10) in order to better evaluate 
the effect of the CA amount on the  specimen shrinkage 
after 28 - 190 days of hardening. It can be observed 
that shrinkage increases with longer hardening time 
from 28 to 190  days, but the most significant changes 
in the shrinkage depending on the amount of CA added 
are observed after 28 and 56 days. Compared with the 
shrinkage of the control specimen that was considered 
to be 100  %, the shrinkage of the specimens modified 
with 0.6 - 0.9 % CA decreased to 98.93 - 96.15 %, the 
shrinkage of the specimens modified with 1.0 - 1.1  % 
CA decreased to 97.23 - 97.87 %, whereas the specimens 
modified with 1.2 - 1.4 % CA showed an opposite trend, 
i.e. they expanded to 104.06 % after 28 days of hardening. 
The same trend was observed after 56 days and the 
expansion of mentioned specimens reaches 105.7  %. 
The observed shrinkage changes in the specimens with 
a higher CA amount may be related to the formation 
of a higher volume hydrates, especially ettringite and 
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Figure 9.  Relationship between shrinkage  and CA amount in 
the concrete composition specimens.
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subsequent morphological changes in these hydrates [31, 
35]. Shrinkage was observed in all specimens during the 
longer hardening time up to 190 days, but the specimens 
containing 0.8 - 1.0 % of CA had the lowest shrinkage of 
94.8 - 95.39 %, whereas the shrinkage of the specimens 
containing 1.1 - 1.4 % CA was 95.7 - 99.56 %. It can be 
concluded that CA amount above 1.1% does not improve 
the shrinkage properties of the concrete specimens, 
whereas 1.4 % of CA has a negative effect on concrete 
shrinkage. 

	 The analysis of the relationship between concrete 
shrinkage and time showed that the early shrinkage 
changes much faster than the late/long-term shrinkage. 
These observation results can be related to the changes 
in the volume of hydration products, especially ettringite 
[31, 35] and an early loss of free water. A slower growth 
in shrinkage observed after 100 - 190 days is related to 
later stages of cement hydration.

CONCLUSIONS

	 The tests results showed that porosity of concrete 
specimens increases, but density decreases with a higher 
amount of CA in the concrete composition. The lowest 
amount (0.6 %) of CA reduces the density of concrete 
by 0.8 %, and the highest amount (1.4 %) reduces the 
density by 1.7 %. The total and open porosity increases 
from 10.6 % to 11.15 % and from 7.82 to 8.71 % with 
a higher amount of CA. However, the specimens con-
taining 0.8 %, 0.9 % and 1.0 % of CA had a lower open 
porosity (7.89 %, 7.95 % and 8.06 %) and higher closed 
porosity (2. 83 %, 2.88 % and 2.86 %) than specimens 
modified with 1.2-1.4 % of the CA. The lowest amount 
of closed pores and highest total porosity was observed 
in the specimens modified with 1.2 - 1.4 % of the CA. 
The ratio of open to closed porosity in the specimens 
containing 0.0 - 1.0 % of CA varies within 2.81 - 2.76, 

but in the specimens containing 1.1 - 1.4 % of CA varies 
within 2.91 - 3.51. Such changes in the ratio of open to 
closed porosity in the specimens affect the properties of 
the concrete.
	 Ultrasonic pulse velocity tests confirm the findings 
of density and porosity tests. The values of ultrasonic 
pulse velocity in concrete tend to decrease with a higher 
content of CA in the concrete composition. The ultrasonic 
pulse velocity in the specimen containing the highest 
amount of the CA reduced 0.8 % compared to the control 
specimen.  
	 The flexural and compressive strengths were found 
to decrease with higher contents of CA. After 28 days 
of hardening the flexural strength of modified specimens 
decreased 5.4  % in average compared to the control 
specimen. After 28 days of hardening the compressive 
strength of specimens containing 1.4 % of the CA redu-
ced 13.6 % compared to the control specimen. 
	 The specimens containing 0.9 -1.0 % of CA demon-
strated the lowest shrinkage in the period of 190 days.  
The shrinkage of these specimens reduced 4.8 - 4.9 % 
compared to the control specimen. 1.2  % and higher 
content of CA had the opposite effect, i.e., the shrinkage 
did not decrease or a short-term expansion of specimens 
was observed after 28 - 56 days. 
	 According to the test results, the recommended 
optimal amount of CA is 0.9 - 1 % by weight of cement. 
The best results in terms of shrinkage were observed in 
specimens modified with 0.8 - 1.1 % of the CA. 
	 The findings of this research work are relevant in 
situations where the appearance of cracks in concrete 
structures is a serious issue. Basing on the test results it 
can be stated that CA have a positive effect, i.e. reduce the 
shrinkage of concrete and thus prevent the development 
of cracks in concrete structures.    
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