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Abstract

Reducing energy consumption in the manufacture of concrete products of factory production is always an urgent task. The use of heated
air for creating soft modes of heat treatment of concrete products is proposed. The influence of soft heat treatment modes on the dynam-
ics of the concrete samples strength at an early age has been established. The expediency of using soft heat treatment modes with the
obligatory use of hardening accelerators is shown. With this approach, the heat treatment of concrete samples with heated air contributes
to increasing the concrete compression strength in the early term of hardening: at the age of 1 day 1.94 ... 2.12 times; at the age of 3 days

1,25 ... 1,41 times.
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1. Introduction

The development of energy saving methods for hydrothermal and
thermal treatment of concrete and reinforced concrete products is
one of the priority tasks of the concrete studying. One of the ways
of developing such methods is the use of solar energy. It is known
that the rise in the temperature of hardening (within certain limits)
accelerates the chemical reactions of hydration and thus has a
beneficial effect on the early concrete strength without any nega-
tive consequences for future strength [1 — 2]. However, according
to the principle of O.P. Mchedlov-Petrosyan conformity, for
providing the necessary properties the time of application and the
temperature influences intensity on hardening concrete is in great
importance [3].

2. Overview of the Latest Research Sources
and Publications

Under thermal treatment in the volume of concrete and reinforced
concrete products, heterogeneous temperature fields are formed
(and in the heat treatment process — also non-uniform fields of
moisture content). These factors can lead to the creation of inter-
nal mechanical stresses and cause irreversible structural changes
in the concrete, and unacceptable reduction of its strength [4 — 10].
Different temperature regimes are used for energy saving and
reducing destructive processes in concrete and reinforced concrete
products under thermal treatment [9, 10].

The preconditioning of concrete is among a number of measures
to avoid these phenomena. The main purpose of this containment
is the formation of such an initial structure of concrete, which will
provide an opportunity to perceive destructive processes that occur
during heat treatment.

Under the heliothermic treatment of concrete and reinforced con-
crete products under a translucent coating the preconditioning of
them is not provided [11, 12]. The expediency of introducing the
preconditioning of concrete under heliotherm with the use of an
intermediate coolant [13, 14] is not considered.

The heat release during cement hydration in precontaining con-
crete has a positive effect on the formation of solidification prod-
ucts [3, 15 -17].

3. Defining Parts of General Problem Which
were Not Yet Investigated

Preconditioning of concrete products in the process of heat treat-
ment is carried out in order to reduce destructive processes in
concrete. For the heat treatment of concrete and reinforced con-
crete products in closed forms heated air can be used [18 — 22].
When combined, the air is heated either in a solar energy collector
(Fig. 1), or by an electric air heater.

Fig. 1: Use of a solar collector for the heat treatment of waterproofing
concrete pavement slabs [18]

This method does not lead to intense heating concrete and, there-
fore, does not require preconditioning. But such containment can
be useful for the development of strength in concrete.
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4. Aims and Objectives

The purpose of the research:

— to determine the effect of the pre-containment term during heat
treatment of waterproofing samples (10 x 10x10 c¢cm) from heavy
concrete using heated air (duration of heat treatment of samples
with heated air — 3 h; the total term of samples hardening in a
laboratory chamber — 21 h);

— influence of accelerator contents of the concrete strength solidi-
fying at compression at the age of 1 and 3 days (at solidifying
concrete using heat treatment and without the use of heat treat-
ment).

5. Main Body

Investigation of thermal treatment of waterproof concrete cubes
with the use of heated air was carried out in a laboratory installa-
tion (Fig. 2). At the sunny day the air was heated in flat solar col-
lectors of domestic construction. In cold season of the year and in
cloudy days an infra-red heater was used to heat the air (electric
air heater should be used in production units).

Fig. 2: Laboratory equipment

The study of temperature changes in the chamber was carried out
using sensors.
For the study, the composition of the concrete was chosen:
1:1.59:2.66 with the contents of the components: Cement
(PC 1-500-H) = 4173 kg/m® Sand = 6632 kg/m;
Breakstone = 1112.0 kg/m®. Water-to-cement ratio was
WI/C = 0.44. To accelerate the curing processes in the concrete, a
chemical admixture based on sodium thiosulfate and sodium
rhodanide was used.
The variation in duration of the concrete precontaining in the
closed chamber 1, and the admixture content in the concrete d, the
percentage of the mass of cement in the recalculation on the dry
substance was carried out during planning the experiment and the
statistical processing of its results (Table 1) [23]. The limits of the
admixture content variation are taken within manufacturer’s
recommendations.

Table 1: The values of the factors variability intervals
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Fig. 3: Change in the temperature of concrete during the precontainment
period
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Fig. 4: Change in the temperature of concrete during the heat treatment
with hot air

The concrete temperature has increased from 16.5 to 17.0°C
(At = 0.5°C) for 2 years of preconditioning. Air temperature in the
laboratory at that time was 16.5°C.

The concrete temperature has increased from 17.0 to 29.4°C
(At = 12.4°C) for 3 years of thermal treatment by heated air. After
21 years of concrete hardening in the chamber its temperature was
23.8°C.

In subsequent experiments a similar growth intensity of concrete
temperature was created during thermal treatment by heated air.
Table 2 shows the concrete compression strength at the age of
1 day and 3 days under heat treatment (HT), and at hardening in
air conditions depending on the duration of precontaining concrete
Tp, N. and the admixture content d, %.

Table 2: Physical and mechanical properties of concrete

Point T d, % Concrete compression strength, MPa,
of the | hours at the age of days
plan 1 3
under hardening under hardening
HT in air HT in air con-
conditions ditions
4 0 13.340 20.153
8 1 0.8 12.752 6.279 19.206 14.245
2 2 12.166 18.251
6 0 14.193 21.632
9 1 13.668 20.574
5 2 14 13.125 6.755 19.510 15.421
10 1 13.659 20,569
11 1 13.658 20.567
3 0 15.074 23.085
7 1 2.0 | 14.536 7.218 21.925 16.593
1 2 13.981 20.734

Code Code Values of factors
values X1 X2
(duration of precontaining (admixture
concrete T,, hours) content d, %)
The main level 0 1 1.4
Variability X; 1 0.6
interval

Upper level + 2 2.0
Lower level — 0 0.8

Figures 3, 4 show the change in the temperature of solidifying
concrete in the chamber (point 1 of the experiment plan). The
value of the factors: T, = 2 hours; admixture content 2.0%.

On the basis of the recommendations [23], when statistical pro-
cessing of experimental data, the equations are obtained:
— for concrete at the age of 1 day

y = 13.667 — 0.5559x, + 0.8890x, — 0.0101x,%> — 0.0251x,% +
+0.0202x;x5; 1)

Fisher's F, criterion = 14.673 < 19.3; the regression equation is
suitable for use;
— for concrete at the age of 3 days

y = 20.580 — 1.0627x, + 1.3559x, — 0.0149x,> — 0.0204x,’ —
—0.1123x3x5; )
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Fisher's F, criterion = 13.867 < 19.3; the regression equation is
suitable for use.

The construction of the diagram (Figure 5) was carried out accord-
ing to the following general dependencies:

X1:y = Do+ byxg + 0y +byy X2+ by + byp xy; (3)

Xp1y =bg+ by + by xp+ byg + by, X5” + bz X 4)

In this case, when the duration of the previous curing increases,
the concrete compression strength at the age of 1 day decreases,
and when contents of the hardening accelerator increase (within
the limits of the studied) — it increases (Fig. 5).
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Fig. 5: Concrete compression strength at the age of 1 day depending on the
duration of precontainment (t,, h) and the admixture content (d, %)
at maximum level

To construct the diagram (Fig. 6), the following dependencies
were used:

Xi: Yy =bo+byxg + by X% ®)
Xo: Yy = ho+ by xp + by x,% (6)
In this case, the concrete strength at the age of 1 day within the
limits of factors in the code-scale [-1...0] dominates influence of

the previous containment, and within the limits of factors in the
code scale ]0...1] — influence of hardening accelerator (Fig. 6).
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Fig. 6: Concrete compression strength at the age of 1 day depending on the
duration of precontainment (t,, h) and the admixture content (d, %)
at main level

The construction of the diagram (Figure 7) was carried out accord-
ing to the following general dependencies:

Xi: y=Dbg+bix; —byxp+ by X1% + by — b1y X1Xo; (7)

Xo: Yy =bg—bixg +byxp+ by + Dby X2?— b1 X1Xy. (8)

In this case, when the duration of the previous curing increases,
the concrete compression strength  at the age of 1 day reduces,
when contents of the hardening accelerator increase (within the
limits of the studied) - it increases (Fig. 7).
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Fig. 7: Concrete compression strength at the age of 1 day depending on the
precontainment duration (z,, h) and the admixture content (d, %)
at minimum level

Fig. 8 shows an analysis of the study results at an admixture
content of 0.8%.
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Fig. 8: The relation between the concrete compression strength, solidifica-
tion of which was carried out with the use of heat treatment and without
heat treatment (admixture content 0.8%):

1 - at the age of 1 day; 2 — at the age of 3 days

The relation between the concrete compression strength, which
was solidified using heat treatment (at 1, = 0 h), and concrete
compression strength, solidification of which occurred without
heat treatment (admixture content 0.8%):

— at the age of 1 day more than a similar ratio at t, = 1 hour
by 4.2%, at 1, = 2 hours — by 8.5%;

— at the age of 3 days more than a similar ratio at T, = 1 hour
by 4.3%, at 1, = 2 hours — by 9.2%.

Fig. 9 shows an analysis of the study results at an admixture con-
tent of 1.4%. The relation between the concrete compression
strength, which was solidified using heat treatment (at T, = 0 h),
and concrete compression strength, solidification of which oc-
curred without heat treatment (admixture content 1.4%):

— at the age of 1 day more than a similar ratio at 1, = 1 hour
by 3.8%, at 1, = 2 hours — by 7.6%;

— at the age of 3 days more than a similar ratio at T, = 1 hour
by 5.0%, at t, = 2 hours — by 9.3%.
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Fig. 9: The relation between the concrete compression strength, solidifica-
tion of which was carried out with the use of heat treatment and without
heat treatment (admixture content 1.4 %):
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1 - at the age of 1 day; 2 — at the age of 3 days
Fig. 10 shows an analysis of the study results with an admixture
content of 2.0%.
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Fig. 10: The relation between the concrete compression strength, solidifi-
cation of which was carried out with the use of heat treatment and without
heat treatment (admixture content 2.0%):

1 - at the age of 1 day; 2 — at the age of 3 days

The relation between the concrete compression strength, which
was solidified using heat treatment (at T, = 0 h), and concrete
compression strength, solidification of which occurred without
heat treatment (admixture content 2.0 %):

— at the age of 1 day more than a similar ratio at t, = 1 hour
by 3.8%, at 1, = 2 hours — by 7.2%;

— at the age of 3 days more than a similar ratio at t, = 1 hour
by 5.0%, at T, = 2 hours — by 10.1%.

The concrete strength (in the studied age) increases with an in-
crease in the hardening accelerator contents from 0.8% to 2% both
using heat treatment and without heat treatment. Therefore, under
these conditions the relation between the concrete compression
strength during its hardening with the use of heat treatment and
without heat treatment slightly changes.

6. Conclusions

It was found that in the soft heat treatment mode of waterproofing
slabs of heavy concrete (consisting of hardening accelerator) the
presence of pre-containment (1 and 2 hours) worsens the intensity
of hardening at the age of 1 and 3 days.

The relation between the concrete compression strength, which
was solidified using heat treatment (at 1, = 0 h), and concrete
compression strength, solidification of which occurred without
heat treatment is greater than the similar ratio:

—at 1, = 1 hour by 3.8 ... 42% at the age of 1 day and by
4.3% .. 5.0% at the age of 3 days (contents of hardening
accelerator: 0.8%, 1.4% , 2.0%);

—at 1, = 2 hours at 7.2 ... 8.5% at the age of 1 day and at
9.2 .. 10.1% at the age of 3 days (contents of hardening
accelerator: 0.8%, 1.4% , 2.0%).

2. It is shown: the compression strength of heavy concrete, the
hardening of which was carried out with the use of investigated
heat treatment, exceeds the compression strength of heavy con-
crete, the hardening of which occurred without heat treatment:

— at the age of 1 day in 1.94 ... 2.12 times (the contents of
hardening accelerator: 0.8%, 1.4%, 2.0%);

— at the age of 3 days in 1,25 ... 1,41 times (the contents of
hardening accelerator: 0.8%, 1.4%, 2.0%).
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