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Abstract. Sedimented concrete slurry waste (CSW), containing cement, mineral additives, fine fillers, admixtures and 
water, is currently a waste without an additional use and has to be fully landfilled. Current CSW management is very 
expensive and introduces number of environmental risks due to its high pH, exceeding 11.5. This paper deals with the 
application of two types of CSW as cement replacement in cement screed. The evaluation was carried out in terms of 
workability and basic mechanical performance of the obtained composites. The applied cement replacement was up to 
10 wt.% due to the negative impact on the rheology of fresh mixtures. Reduced workability consequently caused higher 
content of air in the fresh mixture. It was reflected by lower values of bulk density in hardened state for both studied 
CSW. These aspects were the reasons of decreased mechanical performance by approximately 15% per 5 wt.% of re-
placement. Conducted experimental program declared significant limits of CSW application in cement based compo-
sites, however additional processing of CSW could significantly modify its properties. 
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Introduction  

Portland cement is the most frequently used binding material in building industry worldwide. Its annual production 
exceeds 4000 Mt (Uwasu, Hara, & Yabar, 2014; Gao et al., 2015) and is still rising. Unfortunately its production is 
highly energy intensive and is responsible for about 5% of global CO2 man-made emissions (Damtoft, Lukasik, Her-
fort, Sorrentino, & Gartner, 2008); reduction of CO2 emissions related to concrete production are searched (Kinuthia 
& Nidzam 2011; Kubissa, Jaskulski, & Reiterman, 2017; Schneider, 2015). That is why, reducing of greenhouse gas 
emissions, frugal natural resources management, and recycling of waste materials have become necessary due to sig-
nificant negative effects caused by climate change. This necessity was adopted by a number of researchers to discover 
new technologies focused on the transition to an energy-efficient, low-carbon economy, and reuse of existing materi-
als – recycling (Dousova et al., 2016; Dvorak, Dolak, Vsiansky, & Dobrovolny, 2016; Hora & Reiterman, 2016). 

Concrete is the second most used substance on Earth, its regional production is highly dependent on the actual 
economic situation, but global annual production is approximately 2.0 t per capita (Hasanbeigi, Price, & Lin, 2012; 
Liu et al., 2018). Unfortunately, it is estimated, that due to poor workmanship, composition modification, overordering 
and other related problems, in the range 1–4 wt.% of total concrete production result in waste (Xuan et al., 2016a, 
2016b, 2016c; Kou, Zhan, & Poon, 2012). This fresh concrete is partially recycled by using techniques for aggregate 
reclaim, however fine residues are stocked in the pits, Figure 1, from which just batch water is reused (Correira et al., 
2009). However, alkaline character of CSW could be successfully exploited for various environmental friendly tech-
niques (Hossain, Xuan, & Poon, 2017; Paria & Yuet, 2006; Tsunashima, Iizuka, Akimoto, Hongo & Yamasaki, 2012). 
Low stability of CSW due to the high content of lime is crucial factor blocking its massive application in concrete 
industry. Audo, Mahieux, and Turcry (2016) focused their research on the direct utilization of CSW to concrete pro-
duction. The significant problem of CSW is fluctuating activity, which highly depends on the composition of produced 
concrete, predominantly on the content of clinker. Powder resulted from CSW was used for the concrete production, 
however such application is not very effective, there were severe problems with workability of the new concrete mix 
leading to the increase of plasticizer dose. These findings were confirmed by Vieira and Figueiredo (2016), who accent 
increased need of water and consequent lower mechanical properties of concrete. Similar idea was also studied by 
Hossain et al. (2017), including the life cycle analysis (LCA) of the new products. However, durability tests have not 
been carried out yet. 
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Figure 1. Deposite of concrete slurry waste 

Experimental program 

Performed experimental program was focused on the assessment of the application of CSW as alternative filler in 
cement screeds. Two types of CSW were used, which differed by their age. The first one (SM-A) was extracted on the 
end the work shift and the second one was extracted from the deposit (SM-B). Both of them were dried in normal 
laboratory conditions, crushed and sieved up to Dmax of 0.5 mm. The phase composition of used materials was exam-
ined in reflection mode by help of X-ray diffractometer PANalytical Aeris, equipped by CoKα tube operating at 40 kV 
and 7.5 mA. The incident beam path consisted of beta-filter iron, Soller slits 0.04 rad and divergence slit 1/2°. The 
diffracted beam path was equipped with 9 mm anti-scatter slit and Soller slits 0.04 rad. The used detector was 
PIXcel1D-Medipix3 detector with active length 5.542°. The scan ranged from 5 to 85°, step size 0.0027°, counting 
time 2.0325 s. Data were evaluated by Profex software (ver. 3.12.1) and quantified by Rietveld method.  

 

Figure 2. X-ray diffractograms of SM-A and SM-B samples. P = portlandite, C = calcite, M = muscovite,  
Z = zeolites (clinoptilolite and heulandite), I = illite, Q = quartz, C2S = dicalcium silicate) 

The recorded X-ray diffractograms (Figure 2) show difference in both samples; the most apparent is opposite 
ratio of portlandite and calcite content – as one can expect the older (SM-B) sample contains lower amount of port-
landite compared to the “more fresh” sample SM-A (Table 1). Both samples further contain residuals of the used 
Portland cement and part of fine portion of aggregates. The highest content was found for muscovite, naturally forming 
small species in sand and gravel; quartz and albite were detected as well. Sort of interesting is presence of two zeolite 
minerals (clinoptilolite and heulandite) coming again from aggregates. Illite, a common clay mineral, comes from the 
used sand. 
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Table 1. Mineralogical composition of studied CSWs 

Phase Chemical formula SM-A SM-B 

C3S 3CaO.SiO2 3.6 4.9 

C2S 2CaO.2SiO2 17.2 11.8 

C3A 3CaO.Al2O3 4.5 2.2 

C4AF 4CaO.Al2O3.Fe2O3 10.4 5.3 

Portlandite Ca(OH)2 18.2 11.3 

Calcite CaCO3 7.4 24.8 

Quartz SiO2 2.7 4.3 

Albite NaAlSi3O8 4.4 4.8 

Muscovite KAl2(AlSi3O10)(F,OH)2 25.8 12.8 

Illite K0.65Al2.0(Al0.65Si3.35O10)(OH)2 0.6 2.9 

Heulandite (Na,Ca,K)6(Si,Al)36O72 ꞏ 22H2O 2.7 6.9 

Clinoptilolite (Na,K,Ca)2-3Al3(Al,Si)2Si13O36ꞏ12H2O 2.4 8.2 

 
Obtained CSWs in form of powder were applied as a Portland cement replacement by 5wt.% and 10wt.%. Pure 

siliceous sand of grading 0–4 mm was used as an aggregate, its gradation curve is shown in Figure 3. The composition 
is introduced in Table 2. All dry components were homogenized at first in laboratory mixer, after that the water was 
added. The dosage of water was similar for all studied mixture. The consistency was determined in accordance with 
EN 1015-3 (1999) using the mortar flow table. Content of air in the fresh mixture was determined by pressere method 
according to EN 1015-7 (1999). The rest of fresh mixtures was used for the production of prisms 40×40×160 mm. 

 

Figure 3. Passing of used siliceous sand 

Table 2. Composition of screed mixtures (kg/m3) 

 SM-R SMA-05 SMA-10 SMB-05 SMB-10 

CEM I 52.5 R 393 373 353 373 353 

CSW 0 20 40 20 40 

Sand 0 – 4 mm 1650 1650 1650 1650 1650 

Water 215 215 215 215 215 

Air content 5.2 6.4 5.2 7.0 6.8 

Consistency 110 108 95 108 102 

 
All specimens were kept in normal laboratory condition for 28 days, after that the basic physical and mechanical 

properties were determined. The bulk density was calculated on the basis of actual dimensions and weight of single set 
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of specimens. Flexural strength was carried out as three-point bending test with support span 100 mm. Prisms frag-
ments were used for the determination of compressive strength. 

Results and discussion 

Studied CSW were applied as partial replacement of Portland cement; their application had significant influence on 
the properties of fresh mixtures, what is well visible in Table 3. It is evident, that the application of CSW reduced 
workability and increased content of air in fresh mixture.The lowest applied replacement achieved nearly similar work-
ability as control mixture, however additional increase of CSW led to essential loss of workability; approximately by 
12%. Nevertheless, SM-A, which performed “fresh” CSW, exihited more negative influence on the fresh screeed in 
terms of workability. Likely decay in workability was directly related to the air-entraining. The loss of workability is 
probably caused by the higher content of reactive compoments in SM-A. 

Table 3. Properties of fresh mixtures 

 SM-R SMA-05 SMA-10 SMB-05 SMB-10 

Air content 5.2 6.4 5.2 7.0 6.8 

Consistency 110 108 95 108 102 

 
Reduced properties in fresh state correspond with achieved values of bulk density after 28 days in hardened state, 

what is shown in Figure 4. The highest bulk density was reached by control mixture, slight decrease exhibited waste 
material extracted from the deposite in the lowest applied replacement. The “fresh” CSW significantly reduced the 
values of bulk density. CSW obtained from the deposit (SM-B), where was stored for months, had minimal influence 
on the bulk density in the lowest dosage. Obtained mechanical properties are introduced in Figure 5. 

 

Figure 4. Passing of used siliceous sand 

 

Figure 5. Final mechanical properties of studied screeds 

2125

2045
2060

2095

2050

2000

2020

2040

2060

2080

2100

2120

2140

SM-R SMA-05 SMA-10 SMB-05 SMB-10

B
u
lk
 d
en

si
ty
 (
kg
/m

3
)

Mixture (‐)

45,2

35,7
32,0

38,6

34,26,8

5,9
5,3

5,8 5,8

0,0

1,0

2,0

3,0

4,0

5,0

6,0

7,0

8,0

9,0

10,0

0,0

5,0

10,0

15,0

20,0

25,0

30,0

35,0

40,0

45,0

50,0

SM‐R SMA‐05 SMA‐10 SMB‐05 SMB‐10

Fl
ex
u
ra
l s
tr
en

gt
h
 (
M
P
a)

C
o
m
p
re
ss
iv
e 
st
re
n
gt
h
 (
M
P
a)

Mixture (‐)

Compressive strength Flexural strength



Reiterman, P.; Keppert, M. 2019. Application of concrete slurry waste in cement screeds  

144 

Applied CSWs exhibited nearly similar influence on cement screeds in terms of mechanical properties, what 
means, that significant differences in mineralogical composition of both CSW were not important. In general, both 
studied CSW led to the gradual reduction of mechanical properties proportionaly to the applied replacement. The decay 
of flexural strength was for 5 and 10 wt.% approximately 14%, 22% respectively. In terms of compressive strength 
was the gradual decay 20% and 27% for replacement by CSW by 5wt.%, and 10wt.% respectively. The obtained 
mechanical performance well corresponds with the consistency of fresh mixtures. 

Conclusions  

Present work was focused on the application of waste material, which is generated in the concrete plants and currently 
has no practical utilization. The waste is frequently stoked on landfills and due to its high pH performs a hazardous 
waste. The study dealt with the treatment of CSW by drying and milling and consequent application of resulted material 
as partial cement replacement in screeds. 

It was declared, that CSW exhibited significantly different properties according to its age. CSW extracted from 
the deposit after months of storing contained lower amount of reactive components from cement, additionaly part of 
portlandite transformed to calcite. However, both studied CSW were highly alkaline. Their application to cement 
screed caused significant air-entrainment, what led to the decay of bulk density. The mineralogical differences in single 
CSW affected the consistency of fresh mixtures. The older CSW seems to be more suitable in terms of workability for 
studied application. Replacement of cement by CSW caused, in general, decay of mechanical performance. I was quite 
interesting, that the influence of both CSW of different composition was nearly similar. The lowest applied replacement 
led to reduction of compressive strength by 20%, what introduces reduction of strength class. This fact is highly reduces 
practical potential of CSW for studied application. 

CSW is waste material, which will be further generated during the concrete production during following years, 
hence it is very important to find out some suitable and economic ways for its practical use. Its further utilization in 
building industry would be preferred with respect to the nature of this waste. Following research will be focused on 
the formulation of environmentaly friendly composites incorporating CSW and active mineral additives, such as fly 
ash, where could be conveniently exploited alkaline character of CSW. Suggested research could contribute to the 
reduction of potential negative risks of landfilling of these hazardous materials and could increase the efficiency of 
utilizing of natural resources. 
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