Cement Paste with Recycled Concrete Powder: Long Term
Development of the Strength

J. Topt 12 Z. ProseR, J. Trejbat

LCTU in Prague, Faculty of Civil Engineering, Thakua 7, 166 29 Praha 6, Czech Republic
& jaroslav.topic@fsv.cvut.cz

Abstract: Presented paper deals with using of a recycledrets powder (RCP) modified by a
high speed as microfiller and partial binder reptaent in cement pastes. This approach allows to
exposed unhydrated cement grains to further hymiraBuch use of recycled concrete powder could
lead to cost reduction of a concrete mixture. Tlegural and compressive strength on samples
made of Portland cement containing 0, 33, and 67%wtof a recycled concrete powder were
determined. Those mechanical properties were datedmin several times during 14 months.
Results show that 33 wt. % cement replacement sdimmslimited value, when mechanical
properties in long term scale are comparable witefarence sample. Samples with 67 wt. % of
RCP had significantly lower strength compared wéterence samples.
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1 Introduction

Waste production and its accumulation is a worlédwihvironmental issue. Development of new
methods and procedures for effective reuse of waaterials helps to reduce the amount of landfiissand
to protect environment and non-renewable resoyfde€oncrete is the most widely used building mate
For this reason, it is necessary to solve the prolidf concrete recycling. During recycling of olohcrete
occurs a problem with processing very fine fract@ving a grain size <1 mm (powder) [2]. So far has
been found suitable application for this fine ceterwaste.

Using recycled concrete powder (RCP) as a raw mahteor Portland clinker production [3] or as
alternative heat treated binder [4] belong amonvgise possibilities of a recycled concrete powdeking
into account the heat consumption and the productdb CQ, which contributes to environmental
degradation, the previous methods are no more amiental friendly and sustainable. On the otherdhan
non-renewable natural resources are preservedoddsebility of using recycled concrete powder Herffor
asphalt mixtures appears as environmental frieadigt cheaper. The possibility to use the powder for
production of geopolymeric binder [5] is also vémieresting. Recent studies suggest that it is pdssible
to use recycled concrete powder as a partial replaat of cement [6, 7].

This paper is focused on using the recycled coaecpiwder RCP as a microfiller and cement
replacement. In this case the old railway sleepeesrecycled. In addition the fine fraction of reley
concrete is treated by high speed milling. Thisrapph allows exposed unhydrated cement grainsrtioeiu
hydration [8,9]. Such use of the recycled concpet@der could lead to cost reduction of a concréidure.

2 Materialsand Samples

The samples were made of Portland cement CEM | RpBoduced in Radotin (CZ) and a fine recycled
concrete powder (RCP) prepared from old railwagsbes. Sleepers were crushed to particle-sizeidract
0/63 mm. The final fine-grained product was obtdibg grinding of separated material with a partiile
0/16 mm by using a high speed mill made by LAVARIE. Particle size distribution of RCP used for
production of the tested samples was analyzed d®r ldevice Fritsch Anlysette 22 MicroTec plus and i



presented in Tab. 1. The specific surface area @P Rheasured by the Blaine method was 412 m?/kg.
Particle size distribution of RCP is similar toariicle size distribution of Portland cement CEMPL5 R.

Tab. 1: Particle size distribution of RCP.

Grain size  fum] 0 0.5 1 2 4 8 16 32 64 128 169

Cumulative [wt. | 12 35 88 192 365 595 820 962 999 100
amount %]

Three sets of samples with different amount of R@Re prepared and tested (Tab. 2). Each set ceantain
24 prismatic samples having dimensions of 40 x 48& mm. To reach similar workability of the mixdsy
the water/mixture ratio varied for each set. Cdesisy of the mixtures was determined by flow exjns
test. The samples were cured for the next 28 dayster at the temperature of 21 + 2 °C. After agsithe
samples were stored laboratory conditions at the temperature of 21°C and the relative humidity
of 50 = 5 %.

Tab. 2: Composition of the mixtures.

Cement (CEM 142.5 R) Water/mixture Flow expansion test

Mixture RCP [g]

[a] mass ratio [mm]

A (REF., 0 wt. % RCP) 1000 - 0.35 130
B (33 wt. % RCP) 670 330 0.38 130

C (67 wt. % RCP) 330 670 0.42 130

3 Measurement methods

The flexural and compressive strength were detexchion the 28, 100, 287 and 409 days old samples
using the Heckert device, model FP100. Each tdést@#ained 6 samples. The testing was displacement
controlled at a constant rate of 0.1 mm/s in theecaf three-point bending and 0.3 mm/s during the
compression test. The distance between supporiisgdilre three-point bending test was equal to 1860 m
The uniaxial compressive test was performed on laken halves of the specimens with effective
dimensions of 40 x 40 x ~80 mm.

4 Resultsand Discussion

The flexural strength results are presented in Eidt is obvious that higher amount of RCP in migt
after 28 days has a negative influence on the féatrength. However, after 100 days the flexstedngth
of the samples B with 33 wt. % of RCP was almosiri2s higher compared with the reference sample. Th
samples C with 67 wt. % of RCP have the comparfiéakeiral strength as the reference samples. Alar 2
days the flexural strength of the reference samm@s almost same as in the previous time. In case of
samples B the flexural strength was lower thanrevipus case and in case of samples C the deonease
almost 50 %. After 409 days the flexural strendtbamples A and B decreases about 90 and 60 %wralex
strength of samples C increase about 60 % andsifittie higher than after 100 days. Based on tesutan
be assumed that samples B are comparable or hbtile digher flexural strength in time than refece
samples. Broad ranges of the flexural strength éetmthe same samples in different times could bsech
by little differences in mixing and molding becagseh set of the samples was mixed separately.

The compression testing results are presentedyir2FiThe negative influence of the cement replargm
on compressive strength after 28 days is significaty in case of sample C, the compressive strengts
lower about 65 %. Samples with 33 wt. % of RCP heamparable compressive strength as the reference
samples. Difference in the compressive strengtivdmt the samples A and B is obvious after 100 detys.
strength of samples A reaches to 120 MPa and oplean only to 78 MPa. The compressive strength of
samples C is significantly lower. During time afi€l0 days to 409 days the compressive strengtaropkes



A and B declined about 45 and 25 %. The compresstrength of samples C stabilized around 30 MPa
during whole time after 100 days. According to tbsults of compressive strength, it is obvious teanent
paste with recycled concrete powder has lower gtheat 100 days. But in construction practice, \thkies

of strength at 28 days are supreme and in thistb@seompressive strength is comparable with tfexreace
samples and the samples B. Moreover the decreasmargiressive strength in case of the referencelsamp
is more significant than in case of the sampleB&:ause of this fact the value of the compresdiength
after 409 days differs only about 10 %. The comgivesstrength of the samples C caused by a higtesbn
of RCP, is too low for practical and economical iseonstruction.
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Fig. 1: Flexural strength development of the cenpaistes with different amount of a recycled comcret
powder.
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Fig. 2: Compressive strength development of cerpasites with different amount of a recycled concrete
powder.

5 Conclusions

This work is focused on the development of theutek and compressive strength of the cement paste
with different amount of a recycled concrete pow(REP) modified by high speed milling. Based on the
results it can be concluded that:

- high speed milling process enables reuse of theydrated cement grains and some hydraulic
properties and microfiller properties was achieved,

- the flexural strength of the samples with 33 wto#ARCP was higher after 100, 287 and 409 days
compared with the reference samples,



- broad ranges of the flexural strength between déingessamples at different times could be caused by
small differences in mixing and molding becauséhesst of the samples was mixed separately,

- the samples with 33 wt. % of RCP have the comparabmpressive strength with the reference
sample,

- during time after 100 days to 409 days the compresgrength of samples A and B declines about
45 and 25 %,

. the results suggest that RCP could be used agial gament replacement (if added below 33 wt. %)
with minimal decrease in strength, while the cesluction is still rather significant.

. compressive strength of samples C caused by adugtent of RCP, is too low for practical and
economical use in construction.

Acknowledgement

Financial support from Czech Technical Universityn iPrague - SGS project No.
SGS16/122/0HK1/3T/11 and TAR project No. TA04031256. The authors also thark @enter for
Nanotechnology in Civil Engineering at the Facutif Civil Engineering and the Faculty of Civil
Engineering, CTU in Prague.

References

[1] Eurostat. Waste statistics in Europe. httppleprostat.ec.europa.eu/ (last accessed in 8.2015).

[2] R.V. Silva et al., Properties and compositionemycled aggregates from construction and
demolition waste suitable for concrete producti@anstruction and Building Materials 65
(2014), 201-217, http://dx.doi.org/10.1016/j.comihonat.2014.04.117.

[3] J. Shoon et al., Waste fibrecement: An interestitgynative raw material for a sustainable
Portland clinker production. Construction and BungdMaterials 36 (2012), 391-403,
http://dx.doi.org/10.1016/j.conbuildmat.2012.04.095

[4] Z. Shui et al., Rehydration reactivity of recycladrtar from concrete waste experienced to
thermal treatment. Construction and Building Matisr22 (2008), 1723-1729,
http://dx.doi.org/10.1016/j.conbuildmat.2007.05.012.

[5] Ahmari et al., Production of geopolymeric bindeamfr blended waste concrete powder and fly
ash. Construction and Building Materials 35 (20728-729,
http://dx.doi.org/10.1016/j.conbuildmat.2012.04.044

[6] Y.J.Kim et al., Utilization of waste concrete piav as a substitution material for cement.
Construction and Building Materials 30 (2012), 5504,
http://dx.doi.org/10.1016/j.conbuildmat.2011.11.042

[71 K. Seps, I. Broukalova, Properties of cement basedposite with fine ground recycled
concrete, Advanced Materials Research 1000 (2Q14);-113, http://dx.doi.org/
10.4028/www.scientific.net/AMR.1000.110.

[8] J. Topt et al., Replacement of Cement with Finely Groured\Rled Concrete: Influence on
Mechanical Properties, Applied Mechanics and Mate®25 (2016), 69-72, Applied
Mechanics and Materials 825 (2016), 69-72,
http://dx.doi.org/10.4028/www.scientific.net/ AMM.BZ9.

[9] M. Lidmila et al., Mechanical Properties of Reted Binder / Micro-Filer Cement-Based
Material, Advanced Materials Research Vol. 105410234-237,
http://dx.doi.org/10.4028/www.scientific.net/AMR 34.234.



