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Fig. 8
Concrete compressive 
strength with non-
grinded concrete dust

Fig. 10
Relative shrinkage 
deformation comparisson 
of different concrete 
mixes

slump flow increased by 10 mm. When cement 
was replaced by grinded concrete dust 10 %, 
20 % and 30 % of cement mass, slump flow in-
creased by 30, 20 and 10 mm, respectively.

Slump flow up to 500 mm changed least when 
10 % concrete dust was used. From 3.5 to 
3.0 s in case when cement was replaced by 
non-grinded concrete dust and up to 2.0 s, 
when replaced by grinded concrete dust. In 
case when 30 % cement mass was replaced 
by non-grinded concrete dust slump flow up 
to 500 mm was 4.5 s, what is 1.0 s longer in 
comparison to control composition. In all other 
cases duration left the same or less than con-
trol (Zhimin et al. 2009)

In comparison to control composition segre-
gation index decreased in every case, when 
part of cement was replaced by concrete 
dust. Segregation changed least, when 10 % 
non-grinded concrete dust was used and 
decreased the most when 30 % grinded and 
non-grinded concrete dust was used. Respec-
tively 8.7 and 10.4 times.

Passing ability ratio result in comparison to 
control test was better when non-grinded con-
crete dust was used. Though replacing 30 % 
cement mass by grinded or non-grinded con-
crete dust results were almost the same, nev-
ertheless slump flow index changed less in re-
placing cement by non-grinded concrete dust 
case. Comparing all compositions to control 
composition this index values were lower than 
control, except when 10 % cement mass was 
replaced by non-grinded concrete dust.

Assessing one of the main mechanical concrete property – compressive strength up to 1 year 
concrete hardening duration, it was observed, that replacing cement by concrete dust, practically 
no negative influence was observed (Sumanth et al. 2013) In some cases this replacement even 
improves concrete compressive strength (10 % concrete dust), except greater amount of addition-
ally grinded concrete dust.

It was noticed that 20 % and 30 % replacement of cement by grinded concrete dust compressive 
strength of concrete specimens decreased (Corinaldesi et al. 2010). Cement replacement by ana-
logical amounts of non-grinded concrete dust compressive strength left the same. Replacement 
of 10 % concrete dust, independently from fact that dust was grinded or not, compressive strength 
increased up to 14 % after 28 days hardening and up to 17 % after one year hardening. 

Applying prediction for resistance to freeze-thaw cycles method according to concrete resistance 
to freeze-thaw cycles parameter KF , resistant to freeze-thaw cycles concrete will be in case when 
reserve pores volume will by greater than water in concrete pores volume increment while water 

Fig. 9
Concrete compressive 
strength with grinded 
concrete dust
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turns to ice. It is found experimentally that concrete resistance to freeze-thaw cycles number de-
pends on entrained air content. General dependence of this expression is given in Fig. 11.

Fig. 11
Concrete resistance 

to freeze-thaw cycles 
dependence on resistance 

to freeze-thaw cycles 
parameter KF (Sheikin et 

al. 1989)
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As it is seen from resistance to freeze-thaw 
cycles parameter KF expression, concrete 
resistance to freeze-thaw cycles depends 
on V/C ratio, which determines open po-
rosity. Moreover it depends on air content in 
concrete mix, which meets closed porosity. 
Increasing entrained air content in concrete 
mix affects the number concrete resistance 
to freeze-thaw cycles positively. 

That is ensured by many different authors 
and their carried out experiments. Obtained 
results are given in table 3.

Table 3
Porosity parameters of 
samples and predicted 

resistance to freeze-thaw 
cycles
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0 15.95 14.10 1.85 0.63 1.33 1.46 200

10 15.42/15.55* 13.33/14.34* 2.09/1.21* 0.72/0.68* 1.15/2.25* 1.74/0.93* 255/90*

20 17.87/16.12* 16.07/15.32* 1.80/0.80* 0.59/0.61* 1.83/2.40* 1.25/0.58* 120/~30*

30 16.47/16.30* 15.18/15.55* 1.29/0.76* 0.69/0.62* 2.56/3.02* 0.94/0.54 90/~30*

Note: * - used grinded concrete dust (DM)

Summarizing obtained results it can be concluded that average pores size index λ varies from 
1.15 (using 10 % DN) to 3,02 (using 30 % DN). With reference to given calculation method it 
is considered that if this index is less than 1.50, then pores, that are in concrete will be small 
enough and will have positive influence to concrete resistance to freeze-thaw cycles. Pores 
distribution according to size index varies from 0.59 (using 20 % DN) to 0.72 (Using to 10 % DN). 
Pores are more uniform if this index is closer to 1.00. Usually in small pores, that size is up 
to 300 µm, when α index is closer to 1.00 value, concrete is more resistant for to freeze-thaw 
cycles as the result.

Assuming that closed concrete porosity is identical to entrained air content in concrete mix it 
is needed to notice, that in general case on the basis of LST EN 206:2014 and LST 1974:2012 
standards, entrained air content in concrete mix, which positively influences concrete resistance 
to freeze-thaw cycles, must be at least 4 %. According to LST EN 206:2014 table 21, individual 
values cannot exceed highest deflection limit + 5 %. It cannot be greater than 9 % or be none the 
less than lower minor deflection limit – 0.5 %, which is 3.5 % entrained air content. In our case it 
was noticed, that replacing up to 10 % cement by concrete dust from 1.85 % to 2.09 % increases 
concrete closed porosity and predicted concrete resistance to freeze-thaw cycles increases up to 
30 %. It allows to expect positive test results while real test would be carried out on the basis of 
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Lithuanian standard LST 1428.17. Also it should be mentioned that additional concrete dust grind-
ing negatively influences concrete durability.

Assuming relative shrinkage deformations the tendency is observed that this index in long term 
perspective increases while part of cement replacement by concrete dust increases. Exceptional 
case was noticed when 10 % of cement mass was replaced by non-grinded concrete dust. In this 
case relatively shrinkage deformations were less in comparison to control specimens. This can be 
explained by better mix granulometric composition, because non-grinded concrete dust particle 
average size is slightly smaller than usual cement particles and particles specific surface is up 
to 2 times greater than cement. Increasing concrete dust amount up to 20 % or 30 % of cement 
mass, due to greater specific surface and overall cement system dilution also increase water de-
mand. Greater open porosity occurs which causes greater shrinkage deformations and worsens 
concrete durability properties.

Conclusions _ It is very important to attain proper technological-rheological properties (slump flow, pass-
ing ability ratio, viscosity) in SCC production process. Cement replacement by concrete dust 
up to 30 % can help to implement these properties.

 _ Increasing concrete dust amount in concrete mix gives an effect of lower cement hydration 
exothermal warmth emission. It has positive impact for massive concrete constructions

 _ Assessing one of the main mechanical concrete properties – compressive strength up to 
one year concrete hardening it was noticed, that cement replacement by concrete dust prac-
tically has no negative impact to this index and it even improves compressive strength (10 % 
cement replacement by concrete dust).

 _ Replacing cement by concrete dust up to 10 % of mass, from 1.85 % up to 2.09 % increas-
es concrete closed porosity. Predicted concrete resistance to freeze-thaw cycles increases 
about 30 %.

 _ Assessing obtained results, conclusion can be made, that concrete non grinded (sieved by 
0.125 mm) dust may be an alternative for more ecological, cheaper and more durable SCC 
concrete production.
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