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TWO VARIANTS OF INTERNAL CURING OF RBA-BASED CONCRETE AND
THEIR INFLUENCE ON THE PROPERTIES OF CONCRETE

A. SICAKOVA *, E. FIGMIGOVA

Technical University of Kosice, Faculty of Civil Engineering, Institute of Environmental Engineering, Slovakia

/ One of the progressive and currently rapidly developing methods for improving the properties of concrete with recycltm

aggregates is internal curing, which means the supply of curing water directly from the inside of the concrete. This article
introduces two variants of internal curing of concrete with recycled brick aggregate (RBA) by pre-soaking process as a part of
specific mixing course. The presented variants differ in the dosage of aggregates and water in the soaking process. Results of
consistency, compressive strength, total water absorption capacity and capillary moisture content are analysed in terms of their
change due to pre-soaking process, as well as due to time of processing the fresh concrete (90 minutes). The process of pre-
soaking of RBA is beneficial for the consistency of concrete when evaluated immediately after mixing. For both the compressive
strength and total water absorption capacity, the variant of pre-soaking is determining. Pre-soaking of only coarse RBA by amount
of water derived of its absorbability (variant 1) gives better results than pre-soaking of all amount of aggregate by 7z of total mixing
water (variant 2). The processing time 90 minutes does not adversely affect the compressive strength of concretes either with

re-soaked RBA or non pre-soaked RBA, even the strength increases slightly with processing time.
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1. Introduction

Sustainable waste management is at the heart
of the circular economy and helps prevent the
negative impact of waste on the environment and
health. Construction and demolition waste (C&DW)
is the largest waste stream in the EU by weight,
reaching 800 million tonnes per vyear, i.e.
approximately 36% of the total waste generated [1].
There is considerable scope for managing resource
efficiency in managing this flow.

C&DW is a mixture of different materials that
are practically easy to recycle, however the
recycling rate for this waste is generally low. These
are mainly materials such as so called “stony
fractions”, including both recycled brick (RBA) and
recycled concrete aggregates (RCA). Experience
suggests that one obstacle is the lack of awareness
of possible procedures or tools to increase the
recycling rate of C&DW [2]. Research activities on
the application of recycled aggregates are rich and
seek to define the rules for the production
technology of concrete with these aggregates, as
well as to clarify their impact on the properties of
concrete. This need stems from proven knowledge
about the nature of recycled aggregates and from
the fact that these aggregates essentially reduce the
quality of concrete [3-8]. Ways are being sought to
correct this deficiency.

One of the progressive and currently rapidly
developing methods of concrete improvement is
internal curing. This means the supply of curing
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water directly from the inside of the concrete, where
it is already included during its mixing in the mass of
a particular carrier so that it does not increase the
water/binder ratio of fresh concrete. At the same
time, this water will be available to replace water lost
by evaporation or autogenous drying [9]. While
external curing water is applied at the surface and
its depth of penetration is influenced by the quality
of the concrete, internal curing enables the water to
be distributed more equally throughout the cross
section [10]. One way to incorporate the curing
water into the concrete is to replace some of the
normal aggregate with soaked lightweight
aggregate [9, 11]. Currently, RCA and RBA are
considered to be an efficient carrier of internal curing
water as high porosity is their main feature. At the
same time, this process would partially correct the
initial negative impact of these aggregates on the
concrete.

Sanchez-Roldan et al. [12] have studied the
benefits of pre-soaked recycled coarse aggregate
(RCA) on the properties of fresh and hardened
concrete with this aggregate as replacement of
natural coarse aggregate (NCA). Five pre-soaking
methods was tested, differing in particular as
regards the soaking time, the amount of water
added to the mixture and the mixing time. They were
then tested and compared with recycled concrete
containing non-pre-soaked RCA and concrete with
NCA. It was found that RCA pre-soaking only affects
the consistency. The pre-soaking of RCA had little
effect on fresh density, as well as it did not
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increase  physico-mechanical
hardened concrete.

On the other hand, Elhakam et al [13] report
the immersion of recycled aggregates in water up
to 30 days as self-healing procedure, resulting in
improved mechanical properties of recycled
aggregates concrete especially for low cement
content.

Mantun et al. [14] studied internally cured
samples with three different percent replacements
(15%, 20% and 25%) of stone aggregate with brick
aggregate. The internally cured samples exhibited
higher strength and less permeability and shrinkage
as compared to their control counterparts under all
adverse curing conditions considered in the study.
Authors propose 20% partial replacement of stone
aggregate with brick aggregate of 9.5 mm in size as
a guideline for producing internally cured concrete
under adverse curing conditions.

Feng Chen et al [15] presented results of
recycled aggregate concrete (RAC) having from
20% to 100% replacement of natural aggregate by
recycled brick aggregate (RBA) under four curing
periods up to 28 days. They found that, the internal
curing effect of RAC with a low RBA ratio is mainly
reflected at the curing period of 14-21 days, and
that of the RAC with a high RBA ratio appears at
the curing period of 7-14 days. Authors also
present that to ensure the performance of RAC
while using as much RA as possible, a mixture with
40-60% RBA by volume is the most appropriate.
However unlike other authors, they did not soak up
the aggregate with any extra water before mixing
the concrete, but they considered only an effective
water coefficient.

This article introduces two variants of
internal curing of RBA concrete by pre-soaking
process as a part of specific mixing course. While
standard concrete mixing involves mixing dry
concrete components and then adding water
together with a plasticizer, multi-stage mixing
approaches consist of dividing the mixing cycle into
stages, which differ in the sequence of addition of
the individual concrete components. The aim is to
form a grain cover in the mixing process, which has
a beneficial effect on the properties of the concrete
[16-19]. The presented variants differ in the dosing
of aggregates and water in the soaking process.
The significance of the results lies in the mixing
procedures used, which belong to modern
approaches, as well as in the experimental
determination and evaluation of an aspect that is

properties  of

litle studied - changing the properties of the
concrete with the time of its processing. This aspect
expresses the influence of the time of concrete
transport up to its placement in the structure on its
final properties.

2.Materials and methods
For concrete samples mixing, following materials
were used:
- Natural aggregate (NA) - fraction 0/4
- Recycled brick aggregate (RBA): fractions
4/8 and 8/16
- Fly ash (FA): from the energy segment of
the steel-making factory. The grain size of
fly ash is d(.9) = 95 pm.
- Cement: type CEM | 42.5 R according to

[20] EN 197-1.

Admixture: polycarboxylate type of plasticizer
(0.8%).
Properties of aggregates are given in Table 1.

The experiment is based on different mixing
procedures, representing double and triple mixing
and including two variants of internal curing of RBA
by pre-soaking process. The aim of these mixing
courses is to form a grain cover within the mixing
process —the fly ash is considered to be helpful
here. The mixing procedures are divided into steps
differing in sequence of addition of individual
concrete components and mixing time — see
Figures 1 and 2. The difference also lays in a way
of water dosage, with the aim of pre-soaking of
coarse recycled aggregate. The procedure for
mixing the reference mixture without pre-soaking
the aggregate is shown in Figure 3. Table 2 shows
the composition of concrete that was used for the
experiment. The indicated amounts were the same
for all mixing variants.
> Pre-soaking Variant 1

In this variant, only coarse aggregate was
subjected to pre-soaking, while the amount of water
for pre-soaking (Wab) was designed on the basis of
aggregate’s absorption capacity. Following the
principle of mixing course (see Figure 1), the
amount necessary for the fly ash (Wer) which was
added in the subsequent step to form a grain-
coating paste (w/b = 0.5) was added, too. In this
way, the first batch of water can be expressed as
follows: W1 = Wap + Wert, in which Wab is water for
absorption for coarse aggregates and Wer is
effective water, both defined above. The residual
mixing water W2 can be expressed as: W2 = Whot —
W1, in which Wit is total mixing water.

Table 1
Physical properties of aggregates
. . Absorption
Density Bulk density . .
Aggregate capacit Void content [%
ggreg [kglm3] [kglm"'] I[)%] y [ °]
NA 0/4 2650 1850 1.2 30.2
RBA 4/8 2050 1180 9.6 42.4
RBA 8/16 2150 1180 7.0 45.1
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Table 2
Composition of concrete [kg.m]
NA RBA Water
Cement Fly ash
0/4 4/8 8/16 Wes W.p Wiot
323 56 898 208 510 190.0 48.9 238.9

Fine
aggregate
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Coarse
aggregate +
w1

| Fly ash

W2 + Fresh

concrete

plasticizer

Fig. 1- 1stvariant of pre-soaking.
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= 2 &
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@

Fig. 2 - 2" variant of pre-soaking.
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Wiot +

@

plasticizer

f\ Fresh
(Of} concrete

Fig. 3 - Standard mixing without pre-soaking.

»

Pre-soaking Variant 2

In this variant, all of the aggregate entered mixing,
and half of total mixing water Wit was used to soak
—see Figure 2.

> Standard mixing without pre-soaking

To compare the results of RAC with pre-soaked
aggregate, the samples mixed in standard way
without pre-soaking were prepared according to
mixing course given in Figure 3.

After mixing by particular procedure, consistency
was measured immediately after the mixing (0),
following by production of cube samples of
100x100x100 mm. To find out the impact of
processing time on the properties of concrete, the
same was done after 90 min (90'). While waiting for
discharge and casting of the samples, each
concrete mixture was re-mixed every 15 min. Three
pieces of samples were prepared for each
parameter and the presented results are the
arithmetic mean of the measured values. The
cubes were then cured under standard conditions
up to the testing time. The following tests were
performed after 28 days of hardening:

- consistency by slump test, according to
[21] EN 12350-2;

- compressive strength (fc) according to [22]
EN 12390-3; moreover, the compressive
strength was evaluated in terms of early-
age time development; for this purpose,
values after 2 days of curing were
measured, too;

- total water absorption capacity (WA) by

gravimetric method [23] STN 73
1316:1989;
- capillary  moisture  (water) content

according to [23]: samples were dried to
constant mass, and then one face of the
specimens is immersed in water at a depth
of 5-10 mm for 90 min.; capillary moisture
content mc is characterized according to

(1)
m, = A,.\t (1)
mc is capillary moisture content (kg/m?),

where:
Aw is water absorption coefficient (kg/mZ2.s"?2)
tis time (s).
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Table 3

Results of properties (28-days of curing)

Disch Pre-soaking N
Parameter “tme soaking
Variant 1 Variant 2
0’ 150.0 140.0 80.0
Slump [mm]
90" 20.0 20.0 50.0
0’ 44.5 34.0 41.9
f.[MPa]
90" 44.7 37.6 44.7
0’ 8.7 9.2 9.0
WA [%]
90" 9.0 9.0 8.8
. g/ 0 1.33 1.11 1.62
90" 1.50 1.18 1.36
Cappilary
oy Compressive Water moisture
-";- Slump strength absorption content
]
B 100.0 g5
]
2 80.0 - 75.0
)
o
£ 60.0 -
o M Variant 1 (0")
& 40.0 - ,
5 M Variant 1 (907)
20.0 - 6 0 10 Variant 2 (0)
0.0 - : - o . M Variant 2 (90°)
-20.0 - 160 130
-40.0 - -31.0
-60.0 -
-60.0  -60.0
-80.0

Fig. 4 - Change in properties due to pre-soaking, expressed for both series of samples (0"and 90°).

3.Results and discussion

Values of all tested properties for particular variants
of pre-soaking are given in Table 3. The results are
expressed in terms of the change (increase or
decrease) caused by each of the pre-soaking
variants compared to the non-soaked results, as
well as the change (increase or decrease) caused
by 90 minutes of processing time are illustrated in
Figures 4 and 5, respectively. Table 4 gives the
results of compressive strength after 2 and 28days
of curing, while the expression of the change in
values for particular variants of pre-soaking is
illustrated in Figure 6.

The process of pre-soaking is beneficial for
the consistency of concrete when evaluated
immediately after mixing (0"). The consistency of
the concrete with the pre-soaked aggregate is
better than that of the non-soaked aggregate by
88% and 75% respectively. The finding is in line
with that of presented by [12], suggesting that the
workability of concrete made with recycled coarse
aggregate improves with pre-soaking. However,
this is not a case of consistency after 90 minutes,
when standard mixing without pre-soaking gives
better results of consistency and also the loss of
consistency is “only” 37%, while the loss of
consistency in variants 1 and 2 is 87% and 86%
respectively.
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Cappilary
Compressive Water moisture
X Slump strength absorption content
.g 100.0
=
o 80.0
Q
o
a 60.0
£
go 40.0 H Variant 1
® 10.6 12.8
< 20.0 6.7 6.3 M Variant 2
(&) 0.4 3.4
0.0 T T - T ———y—h No pre-soaking
-2.2 -2.2
-20.0
-16.0
-40.0
-37.0
-60.0
-80.0
-87.0 -86.0
-100.0
Fig. 5 - Change in properties due to processing time (90°), expressed for all variants of pre-soaking.
Table 4
Compressive strength after 2 and 28days of curing
Age of Pre-soaking
. . No pre-
Parameter samples Discharge time ki
days] ] ) soaking
[ Variant 1 Variant 2
Compressive strength * 2 0’ 22.4 19.9 20.0
[MPa]
90’ 21.5 22.3 21.3
28 0 44.5 34.0 41.9
90’ 44.7 37.6 447

* Note: the values are determined using samples of dimensions 100x100x100 mm; for possible comparison with standard results
determined using 150x150x150 mm samples, it is necessary to convert these values, usually by coefficient 0.95.
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Fig. 6 - Development of compressive strength between 2 and 28 days of curing, expressed for both series of samples (0°and 90°)
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According to results, the pre-soaking seems
to be of little benefit to compressive strength, as
well as to total water absorption capacity. An
increase in compressive strength was only shown
for samples made immediately after mixing the
mixtures (0") in variant 1 (6%), as well as a
decrease in water absorption was observed only in
this case (-3%). Preparing of concrete by variant 2
(pre-soaking of aggregates by ' of total mixing
water) causes decrease of compressive strength by
19% and 16% respectively. As for the compressive
strength, our findings are closer to that of [12] than
to those that present improvement by internal
curing. The processing time does not adversely
affect the compressive strength, even the strength
increases slightly with time, for all concrete variants.

On the other hand, samples prepared by
variant 2 achieved better results in capillary
moisture content. This is lower than that of samples
prepared without pre-soaking by 31% and 13.0%
respectively. When tested immediately after mixing,
also variant 1 gives an improvement in this
parameter: decrease by 18%. This property is
linked to the permeability of the concrete which
seems to be positively influenced, as presented
also by [14]. Concretes prepared with pre-soaked
RBA seem to lose this feature with processing time;
after 90 minutes, the mc increase by 12.8% and
6.3% respectively. In contrast, mc changes in
positive way (decrease by 16%) for concrete
prepared with no pre-soaked RBA.

When evaluating the development of
compressive strength of the samples between
curing days 2 and 28 (Figure 6), again the samples
prepared without pre-soaking are the best. The
strength of these samples increased by 109.5%
and 109.9%, respectively. There is practically no
difference between samples prepared immediately
after mixing and samples prepared after 90
minutes. However, the strength for the samples
prepared by variant 1 is only slightly lower (98.7%
and 107.9% respectively), while the values of
strength themselves in MPa are better. This variant
provides the best values of compressive strength
no matter when samples are produced.

4.Conclusions

- The process of pre-soaking of RBA is
beneficial for the consistency of concrete when
evaluated immediately after mixing.

- On the other hand, the loss of consistency
after 90 min is higher for concretes prepared with
pre-soaked RBA

- For both the compressive strength and total
water absorption capacity, the variant of pre-
soaking is determining. Pre-soaking of only coarse
RBA by amount of water derived of its absorbability
(variant 1) gives better results than pre-soaking of

all amount of aggregate by % of total mixing water
(variant 2)

- The processing time 90 minutes does not
adversely affect the compressive strength of
concretes either with pre-soaked RBA or non pre-
soaked RBA, even the strength increases slightly
with processing time.

- The process of pre-soaking is beneficial for
capillary moisture content of concrete, especially
when evaluated immediately after mixing.
However, with 90 minutes of processing, concrete
seems to lose this feature

- Taking into account the values of
compressive strength, as well as their development
between 2 and 28 days of curing, variant 1 of pre-
soaking process is better than that of variant 2

On this basis, it can be stated that pre-
soaking of aggregates may not have a clear impact
on concrete parameters. For practical application, it
is also important to take into account the fact that if
the samples to be tested are made immediately
after mixing the mixes (usually standard approach),
different results will be shown compared to the
samples produced from the mixture left in the time
delay imitating the transport and processing of the
concrete before it is placed in the mold.
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