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ABSTRACT

Concrete with recycled rubber as a partial replacement of fine natural aggregate, intended for use in
load-bearing structural elements, requires specific fresh concrete properties such as a particular slump
and flow classes. These specific requirements can be caused by increased water or superplasticizer
content. Therefore, concrete mixtures with different percentages of two types of superplasticizers Al
and A2, i.e. 0.2, 0.4 and 0.6% by cement mass, were prepared. Furthermore, the effect of retention of
consistency after 15, 30, 45, 60, and 90 minutes, was also studied. Slump and flow table tests were
performed at 15-minute intervals to determine the fresh performance of each concrete mixture and
retention of consistency. Test results indicate that mixtures with superplasticizer A2 show a more
uniform workability range during the measurement period and at the end of the measurement, remain
within the same consistency classes, as in the initial measurement.
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1 INTRODUCTION

Due to a large number of unusable waste tires from different types of vehicles, common
disposal methods such as landfilling and incineration can cause serious ecological problems,
either because of rapid site depletion or air pollution [1]-[3]. Various associations around the
world are promoting a circular economy and sustainable development, recycling of scrap
tires, and reuse of tires by adding new value to the recycled material. One of the ways to
reuse waste rubber is to add it to concrete as a replacement for natural aggregates. The use of
recycled rubber as a partial aggregate replacement has the following effects on concrete:
reduction of water content, reduction of workability, and may affect mechanical properties
due to insufficient bonds between cement paste and rubber [4]-[7]. Concrete with recycled
rubber as a partial replacement for fine natural aggregate intended for use in load-bearing
structural elements requires specific fresh concrete properties such as a particular slump and
flow class. These specific requirements can be caused by increased water or superplasticizer
content. Superplasticizer is a type of water reducer. Superplasticizer significantly reduces the
amount of water required when mixing the concrete [8]. The effects of superplasticizer are
obvious, that is, producing concrete with very high workability or concrete with very high
strength. The mechanism of a superplasticizer is through giving the cement particles a highly
negative charge so that they repel each other due to the same electrostatic charge. By
deflocculating the cement particles, more water is provided for concrete mixing [9]. Although
numerous studies have been conducted with different types of chemical admixtures, very few
of them addressed the effect of chemical admixtures on the properties of prolonged mixed
concrete [10]-[16]. The objective of this study was to determine the effects of two
commercially available superplasticizers on rubberized concrete, focusing on how dosage
and type affect the properties of fresh rubberized concrete and retention of concrete
consistency during the 90 min period.
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2 MATERIAL CHARACTERISTICS AND PREPARATION
2.1 Materials

Concrete mixtures were prepared using recycled rubber 0—4 mm as a partial replacement for
fine natural aggregate. Normal Portland cement CEM I 42.5R (characteristic values of
mechanical, physical, technical properties, and requirements according to the standard HRN
EN 197-1:2011), 5% silica fume (RW-Fuller, properties and requirements according to the
standard HRN EN 13263-1:2009), crushed dolomite as coarse aggregate, natural sand from
the river Drava as fine aggregate. Two types of the mix were prepared, all with a w/c ratio of
0.45. Mixtures R10-0.2-A1 to R10-0.6-A1 are mixtures corresponding to concrete class
C30/37, 160-210 mm slump, 490—550 mm and 1.5% air content, with 10% of crumb rubber
and different percentages of superplasticizer Al (0.2% to 0.6%). Mixtures R10-0.2A2 to
R10-0.6-A2 are mixtures in the same ratio as before, but with different percentages of
superplasticizer A2 (0.2% to 0.6%). Two different types of superplasticizers were used. Both
superplasticizers are based on modified polycarboxylate ethers, which have a strong
plasticizing effect of homogenizing concrete. The differences between superplasticizer
Energy FM 500 marked as A, and Energy FM 500NX marked as A2 are listed in Table 1.

Table 1: Differences between superplasticizers Al and A2.

Influence on rheological properties
Maintaining level of consistency
Early strength
Influence on rheological properties
A2 | Maintaining level of consistency

Early strength

2.2 Mixture design and testing method

Table 2 shows the mixture proportions in this experiment. The influence of two types of
polycarboxylate superplasticizers Al and A2 on workability, i.e. slump and flow, was tested.

Table 2: Mixture proportions.

Admixture
(%)
C SF FA FR CA S w* [ Al | A2
R10-CEM-I 4275 1225|4375 | 658 | 812.9 | 323.6 | 212.6 | O
R10-CEM-1-0.2-A1 | 427.5 | 22.5 | 437.0 | 65.8 | 811.9 | 323.3 | 212.6 | 0.2
R10-CEM-1-0.4-A1 | 427.5 | 22.5 | 436.4 | 65.8 | 810.9 | 322.8 | 212.6 | 0.4
R10-CEM-1-0.6-A1 | 427.5 | 22.5 | 4359 | 65.8 | 809.8 | 3224 | 212.6 | 0.6
R10-CEM-1-0.2-A2 | 427.5 | 22.5 | 437.0 | 65.8 | 811.9 | 3233 | 212.6 | O 0.2
R10-CEM-1-0.4-A2 | 427.5 | 22.5 | 436.4 | 65.8 | 810.9 | 322.8 | 212.6 | O 0.4
R10-CEM-1-0.6-A2 | 427.5 | 22.5 | 4359 | 65.8 | 809.8 | 3224 | 212.6 | O 0.6

* k-concept, (w/c = w/(ctkxa))

. . 3
Mark Weight per unit volume (kg/m’)

The ambient temperature was 25°C + 2°C when the mixtures were prepared. The
consistency of the fresh concrete was determined with slump-test in accordance with HRN
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EN 12350-2:2019 and flow of fresh concrete in accordance with flow table test HRN EN
12350-5:2019. A total of seven concrete mixtures, with 10% crumb rubber as a partial
replacement for fine aggregate and with different admixtures (A1 and A2), were subjected to
a mixing period during 90 minutes. Slump and flow tests were carried out for concrete
mixtures subjected to prolonged mixing at 15-minute intervals. The concrete was mixed in a
pan mixer with a capacity of 120 litres. Each mixture was initially mixed for 8§ minutes to
ensure its homogeneity. The mixer was stopped at 15-minute intervals to conduct slump and
flow tests. The mixing process of each concrete mixture was continued for 90 minutes.

3 RESULTS OF EXPERIMENTAL TESTING
3.1 Influence of superplasticizer type and dosage on concrete workability

Fig. 1 shows examples of slump-tests after 0 minutes, 15 minutes, 30 minutes, 45 minutes,
and 60 minutes. It can be seen how the workability of the mixtures decreases with time. As
the amount of A1 and A2 adsorbed on the cement particles continues to increase, the slump
loss of paste fluidity is slowed. Figs 2 and 3 show the test results of slump-tests of the
rubberized concrete mixtures. The data are recorded and shown to observe the relationship
between superplasticizer dosage and slump loss.

Figure 1:  Examples of measured slump-test on mixtures. (a) R10-CEM-I; (b) R10-CEM-
[-0.2-A1; and (c) R10-CEM-1-0.2-A2.
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BR10-CEM-I 215 190 185 165 155 145

R10-CEM-1-0.2-A1 200 180 165 155 140 110
R10-CEM-1-0.4-A1 265 250 245 240 225 210
R10-CEM-1-0.6-A1 275 270 265 260 255 235

Figure 2: Results of the slump-test for mixtures with Al.
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BR10-CEM-I 215 190 185 165 155 145
BER10-CEM-I1-0.2-A2 210 205 190 190 200 195
R10-CEM-1-0.4-A2 250 235 235 235 230 230
R10-CEM-I-0.6-A2 290 290 270 270 270 270

Figure 3: Results of the slump-test for mixtures with A2.

Fig. 4 shows the plot between slump loss and superplasticizer dosage at a w/c ratio of
0.45. It can be seen that the minimum slump loss occurs at a dosage of 0.2% and that the
optimum superplasticizer dosage for the workability criteria after 90 minutes is 0.4% for A1l
and 0.2% for A2 superplasticizer. Fig. 4 shows the change in slump over time for different
dosages of superplasticizer. From Fig. 4 it can be seen that the slump decreases with time.
This behaviour is acceptable because the continuous hydration process produces calcium
silicate hydrate, which fills the pores between the cement particles and the aggregate. As a
result, the setting of the concrete will reduce the fluidity of concrete and, consequently, the
slump.

Since superplasticizer helps to retain the concrete in liquid state for a longer time, a higher
admixture dosage decelerates the setting rate of the concrete. This potentially reduces slump
loss during transport of the concrete to the construction site. An overdose of the admixture
(0.6% of Al and A2) leads to a high slump loss, which does not lead to the expected and
desired behaviour. On the other hand, it can be concluded that superplasticizer A2 is more
effective in maintaining the slump of the concrete with the recycled rubber than
superplasticizer A1 or the reference concrete without admixture.

The workability of each mixture was also determined with the flow table. Flow table test
was performed according to HRN EN 12350-5:2019. Figs 5 and 6 show the test results of the
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Figure 4: Slump loss vs dosage of superplasticizer.
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BR10-CEM-I 590 553 510 485 483 468
R10-CEM-1-0.2-Al 510 500 470 470 470 440
R10-CEM-1-0.4-A1 700 640 612.5 605 605 560
R10-CEM-1-0.6-A1 700 700 700 700 620 590

Figure 5: Results of the flow-test for mixtures with A1.

g 800
g 700
& 600
=500
S 400
<300
; 200
£ 100
= 0
= 0 min 15min  30min  45min  60min 90 min
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Figure 6: Results of the flow-test for mixtures with A2.

tested mixtures. The average of the two measured values of the concrete diameter was
recorded, as shown in Figs 5 and 6. There is no visible bleeding or segregation of concrete
mixtures, and the use of stabilizing agents was not required. Compared to superplasticizer
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A2, a higher dosage of superplasticizer A1 was required to make the paste flow. Concrete
mixes with 0.6% A1l and A2 admixtures flow continuously when the cone is removed and
topples or shear off before the measurement can be made.

Fig. 7 shows the examples of the measured flow table tests after 0 min, 15 min, 30 min,
45 min and 60 min. The test results shown in Figs 5 to 8 indicate that the flowability of the
rubber concrete mix containing superplasticizer A2 is better than that of the concrete
containing superplasticizer Al. Superplasticizer A2 keeps the flowability of rubber concrete
constant over time, and superplasticizer Al reduces flowability over time. The presence of
superplasticizer A2 with a dosage 0.2% by weight of the cement leads to an increase in the
flowability of the concrete mixture compared to that without superplasticizer A2.

Figure 7:  Examples of measured flow table test on mixtures. (a) R10-CEM-I; (b) R10-
CEM-I1-0.2-A1; and (c) R10-CEM-I-0.2-A2.
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Figure 8: Flow vs dosage of superplasticizer.
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3.2 Influence of type and dosage of superplasticizer on retention of concrete consistency

Figs 9 and 10 show the influence of different types and dosages of superplasticizers on
retention of the consistency by measuring the slump and flow of each concrete, respectively.
The slump behaviour and flowability of concrete mixtures with recycled rubber and
superplasticizer A1l are quite changed in the measured periods of the concrete. Mixtures with
superplasticizer A2 show a much smaller difference in the change of slump and flow value
within the measured time. Moreover, during the measurement period and at the end of the
measurement (after 90 minutes), they show a more uniform workability range, within the
same consistency classes expressed by slump and flow diameter, as in the initial
measurement.
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Figure 9: Retention of consistency measured by slump test.
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Figure 10: Retention of consistency measured by flow table test.
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3.3 Compressive strength

Fig. 11 shows the plot between the strength and dosage of superplasticizer at a 0.45 water—
cement ratio. It is evident that the compressive strength of concrete is maximum at 0.4% of
superplasticizer dosage and it is obtained as 28.11 and 27.72 MPa. Thus, it can be concluded
that there is no significant difference in the compressive strengths between mixtures with
superplasticizer Al and A2.
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Figure 11: Compressive strength vs superplasticizer dosage.

4 CONCLUSION

With the usage of crumb rubber in concrete, a reduction in workability occurs which can be
increased by adding a superplasticizer. However, very high superplasticizer dosages (more
than 0.4%) affect the cohesion of the concrete. Slump loss can be reduced by using Al and
A2 superplasticizers. Slump loss and flow diameter test results have shown that the A2
superplasticizer used in this experiment allows concrete containing recycled rubber to be
transported over a distance in the range of 90 minutes without the need for delayed or
interrupted addition of admixtures. Mixtures with superplasticizer A2 should be highlighted
because they show a more uniform workability range during the measurement period and at
the end of the measurement (after 90 minutes), remain within the same consistency classes,
expressed by slump and flow diameter, as in the initial measurement. Compressive strength
is improved by superplasticizer, and there is no significant difference between the usage of
superplasticizer Al and A2. Based on this experimental work, the following
recommendations can be proposed to further enhance the utility of the experiment. Different
types of admixtures react differently in contact with cement, even if they are classified in the
same category. Therefore, a study should be conducted to determine which admixture
performs better under specific exposure conditions. In addition, only three different dosages
of two different admixtures were used in this experiment. Therefore, it is difficult to
determine the exact optimal dosage of the studied admixtures. For this reason, more concrete
mixtures should be made with recycled rubber containing different dosages of admixtures to
obtain the optimal dosage of the admixture.

ACKNOWLEDGEMENT
The research presented in this article is a part of the research project Development of
Reinforced Concrete Elements and Systems with Waste Tire Powder — ReCoTiP (UIP-2017-

WIT Transactions on The Built Environment, Vol 209, © 2022 WIT Press
www.witpress.com, ISSN 1743-3509 (on-line)



High Performance and Optimum Design of Structures and Materials V. 31

05-7113), supported by Croatian Science Foundation and its support is gratefully
acknowledged.

(1]

(2]

[11]

[15]

[16]

REFERENCES
Emiroglu, M., Yildiz, S., Kele,stemur, O. & Kele,stemur, M.H., Bond performance of
rubber particles in the self-compacting concrete. Proceedings of the 4th International
Symposium Bond in Concrete 2012: Bond, Anchorage, Detailing, Brescia, Italy, 17—
20 Jun., pp. 779-785, 2012.
Ismail, M.K. & Hassan, A.A.A., Use of metakaolin on enhancing the mechanical
properties of self-consolidating concrete containing high percentages of crumb rubber.
J. Clean. Prod., 125, pp. 282-295, 2016.
Gesoglu, M., Giineyisi, E., Khoshnaw, G., & Ipek, S., Investigating properties of
pervious concretes containing waste tire rubbers. Constr. Build. Mater., 63, pp. 206—
213, 2014 and Journal of Agricultural Science and Engineering, 1(2), pp. 70-74, 2015.
Busi¢, R., Bensié¢, M., Milicevi¢, I. & Strukar, K., prediction models for the mechanical
properties of self-compacting concrete with recycled rubber and silica fume.
Materials, 13(8), pp. 1-25, 2020. DOI: 10.3390/mal13081821.
Sandrk Nuki¢, I. & Milievié, 1., Fostering eco-innovation: Waste tyre rubber and
circular economy in Croatia. Interdisciplinary Description of Complex Systems:
INDECS, 17(2-B), pp. 326-344,2019. DOI: 10.7906/indecs.17.2.9.
Busi¢, R., Mili¢evi¢, 1., Kalman gipoé, T. & Strukar, K., Recycled rubber as an
aggregate replacement in self-compacting concrete: Literature overview. Materials,
11(9), pp. 1-25, 2018. DOI: 10.3390/ma11091729.
Hadzima-Nyarko, M., Nyarko, E.K., Ademovi¢, N., Milicevi¢, I. & Kalman gip0§, T.,
Modelling the influence of waste rubber on compressive strength of concrete by
artificial neural networks. Materials, 12(4), pp. 1-18, 2019.
DOI: 10.3390/ma12040561.
Neville, A.M., Properties of Concrete, Pearson, Prentice Hall, pp. 255-262, 2005.
Alsadey, S., Effect of superplasticizer on fresh and hardened properties of concrete.
Journal of Agricultural Science and Engineering, 1(2), pp. 70-74, 2015.
Adams, R.F., Stodola, P.R. & Mitchell, D.R., Discussion of concrete retempering
studies by Hawkins M.J. ACI Journal Proceedings, 59, pp. 1249-1250, 1962.
Ravina, D., Retempering of prolonged-mixed concrete with admixtures in hot weather.
ACI Journal Proceedings, 72(6), pp. 291-295, 1975.
Previte, R.W., Concrete slump loss. ACI Journal Proceedings, 74(8), pp. 361-367,
1977.
Ravina, D. & Soroka, 1., Slump loss and compressive strength of concrete made with
WRR and HRWR admixtures and subjected to prolonged mixing. Cement and
Concrete Research, 24(8), pp. 1455-1462, 1994.
Baskoca, A., Ozkul, M.H. & Artirma, S., Effect of chemical admixtures on workability
and strength properties of prolonged agitated concrete. Cement and Concrete
Research, 28(5), pp. 737-747, 1998.
Mohammed, T.U., Ahmed, T., Mallick, T.A., Shahriar, F. & Munim, A., Influence of
chemical admixtures on fresh and hardened properties of ready mix concrete. st
International Conference on Engineering Research Practice.
Rahman, A., Mashiri, F., Rahman, M.M. & Karim, R. (eds), pp. 3641, STAMCA:
Dhaka, Bangladesh, 2017.

WIT Transactions on The Built Environment, Vol 209, © 2022 WIT Press
www.witpress.com, ISSN 1743-3509 (on-line)





