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INTRODUCTION

EXPERIMENTAL DETERMINATION OF THE TOTAL
SHRINKAGE STRAIN OF REINFORCED CONCRETE

Valeryia A. Rzhevutskaya, Yuliya G. Maskalkova
Belarusian-Russian University, Mogilev, BELARUS

Abstract: The article proposes a method for measuring the total shrinkage strain of a reinforced concrete prism
in such a way that it is possible to measure the total shrinkage strain on an open surface of the prism no later than
three hours after concreting. Furthermore, a monitoring of the strain increase on remaining surfaces of the prism
after removing a formwork for concreting is followed. The object of this study is the shrinkage strain of
expanded clay concrete and the strain of longitudinal reinforcement. Based on results of the conducted research,
a new method for experimentally determining the total shrinkage strain of reinforced concrete was proposed. The
suggested method makes it possible to ensure that the shrinkage strain of concrete begin to be recorded from the
first day of concreting and the possibility of implementing the proposed method was experimentally confirmed.
Prospects for further research are presented in the article.
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unreinforced  concrete  with  the

same

The complex hardening process of cement
stone, the structure of concrete, capillary
phenomena, and many other related factors
causes the development of concrete shrinkage
[1-4].

The shrinkage strain of concrete reinforced with
bar reinforcement are lower than the strain of
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components of concrete mixture, as noted in the
studies [5, 6]. This is due to the fact that the
reinforcement acts as an internal connection in
the composite and ‘restrains’ the development
of unrestrained shrinkage strain of the concrete
since the elastic modulus of the reinforcement is
significantly higher than the elastic modulus of
concrete. As a result of a long shrinkage
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process, tensile forces arise in the cement stone,
and compressive forces arise in the reinforcing
bars. Consequently, the reinforcing bars become

a source of additional stresses 1in the
concrete [1].
According to GOST 24544-81, the

measurements of concrete shrinkage strain are
carried out the next day after concreting, then on
the 39, 7 14" day, and then once every
2 weeks until the end of the investigation.
However, it is well known that shrinkage strain
develops most intensively in the first day of
concrete hardening [7-10]; therefore, using the
method based on GOST 24544, a significant
part of concrete shrinkage strain will not be
recorded. A review of many works, published
by researchers from different countries, revealed
a lack of proposals for the experimental strain
determination in reinforcement bars caused by
shrinkage.

Thus, it seems promising to develop such a
method for experimentally determining the total
shrinkage strain of reinforced concrete, which
will make it possible to begin recording
concrete shrinkage strain and reinforcement
strain (caused by concrete shrinkage) from the
first day of concrete hardening.

In the future, the presence of such a method will
allow, on the one hand, to verify design models
applicable for concrete with cement CEM Class
N and, on the other hand, to use the proposed
method for an empirically based assessment of
the influence of other types of reinforcement
(for instance, dispersed) on shrinkage strain
development.

Based on the above, the object of the study is
the shrinkage strain of expanded clay concrete
and the strain of longitudinal reinforcement. The
subject of the study is an expanded clay-
reinforced concrete sample in the form of a
prism with dimensions of 150 x 150 x 600 mm.

The purpose of this study is to implement such a
method for measuring the total shrinkage strain
of a reinforced concrete prism, which will make
it possible to measure the total shrinkage strain
on an open surface no later than three hours
after concreting. In addition, a subsequent
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monitoring of the increase in strain along
remaining surfaces of the prism after it’s
removing out of a formwork for concreting
should be proposed.

METHODS

The following composition of the expanded clay
concrete mixture was chosen for the
manufacture of specimens according to [11, 12]:
C:5:G=1:1,84:0,79 and W/C = 0.52. Thus,
C is Portland cement with activity of 42.5 MPa
produced by Belarusian Cement Plant OJSC. §
is river sand with a bulk density of 1670 kg/m?
and fineness modulus of 2.13. G is expanded
clay gravel with particle size of 4-10 mm and
compressive cylinder strength of 1.03 MPa
produced by Plant of expanded clay gravel in
Novolukoml OJSC. W/C is water-cement ratio.
The shrinkage strain of the expanded clay steel-
reinforced concrete was  recorded on
experimental samples (prisms) with dimensions
of 150 x 150 x 600 mm. The duration of testing
of each specimen was 120 days. During this
time, normal temperature and humidity
conditions had been maintained in the
laboratory in accordance with GOST 24544-81:
an average relative air humidity was 55 % and
an average temperature was 22 °C.

The measurement of the total shrinkage strain of
the expanded clay steel-reinforced concrete (the
samples in shape of prisms) was carried out in
the following sequence.

1. Spatial reinforcement cages consisting of
longitudinal and transverse reinforcement were
manufactured [13].

Reinforcing bars with a diameter of 16 mm with
the yield strength of 500 MPa (the longitudinal
reinforcement; the  percentage of the
longitudinal bar reinforcement was ps = 3.57 %)
and with a diameter of 6 mm with the yield
strength of 240 MPa (the transverse
reinforcement) were used for manufacture of the
reinforcement cages (Figure 1).
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Figure 1. Spatial reinforcement cage for
manufacture of specimens

2. Perforating holes were made at the ends on
both sides in each longitudinal reinforcement
bar, and through the holes steel adapter fittings
were installed (Figure 2).

Figure 2. Steel adapter fitting in the
longitudinal reinforcement bar

3. The reinforcement cage with the installed
steel adapter fittings in it was inserted into a
concreting formwork in such a way that the
steel adapter fittings were flush with the
concreting formwork along the entire surface
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area of the base of the steel adapter fittings
(Figure 3).
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Figure 3. Reinforcement cage inserted in
concreting formwork

4. The specimens were concreted in such a way
that on the open surface of the horizontally
oriented prism the base of the steel adapter
fitting was flush with the surface of the laid
concrete.

5. The bases of the steel adapter fittings on the
open surface of the prism were cleared of
concrete sagging and cement laitance after
concreting.

6. Steel adapter points were attached to the
bases of the steel adapter fittings on the open
surface of the prism forty-five minutes after
concreting. The steel adapter points were also
immersed into the concrete mixture between the
steel adapter fittings to a depth not less than the
maximum aggregate size.

131



7. Two hours after installing the steel adapter
points, they were connected in pairs to each
other by steel rods, which were the base for
measuring.

8. Dial-type indicators were installed into the
steel adapter points. Thus, the strain in the
longitudinal reinforcement bars and in the
concrete between the longitudinal reinforcement
bars were recorded.

9. The steel rods and the dial-type indicators
were installed in a designed position with
SCTews.

10. After removing the experimental prisms out
of the formwork, steel adapter points were
attached to the bases of the steel adapter fittings
on an opposite surface of the prism to record
strains in the reinforcement bars. The steel
adapter points were also attached to the concrete
surface on three surfaces of the prism except for
the open surface during the concreting process.
The steel adapter points were connected in pairs
with steel rods, and then indicators were
installed. The steel rods and the dial-type
indicators were installed in a designed position
with screws (Figure 4).
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Figure 4. Dial-type indicators installed into
steel adapter points to record shrinkage strain
of expanded clay concrete and stain of
longitudinal reinforcement

RESULTS AND DISCUSSION

During the investigation, three Series of twin
specimens were sequentially tested (three twin
samples in each Series). As a result of the
research, experimental data had been obtained
on the development of the total shrinkage strain
of the expanded clay steel-reinforced concrete
during 120 days. The experimental data are
presented in Table 1 and Figure 5.

Table 1. Mean values of relative strain of the total shrinkage of experimental expanded clay steel-

reinforced concrete specimens in form of prisms

Measured parameter Series Mean values of relative strain of the total shrinkage
in experimental No
specimens e day | 7" day | 10" day | 28" day | 62" day | 91 day | 120" day
Strain of expanded 2 -0.61 | 0.38 0.95 9.27 10.08 | 12.85 13.85
clay concrete 3 -0.40 | 0.36 0.93 9.28 10.51 13.11 14.33
5

less % 10 4 -0.41 | 0.38 0.94 9.14 11.19 | 13.41 14.61
Strain of 2 002|048 | 229 | 569 | 1278 | 15.03 | 15.93
longitudinal 3 1003|046 | 205 | 573 | 1273 | 1533 | 1598
reinforcement

g X 10° 4 0.03 | 0.48 2.27 6.39 12.52 | 15.01 15.90
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Figure 5. Development of relative strain of the total shrinkage of expanded clay steel-reinforced

concrete (a — Series No. 2, b —

The results of the empirical study, as shown in
Figure 5 and Table 1, confirm that the proposed
implementation of the method provides
measurements of the concrete shrinkage strain
between longitudinal reinforcement bars and the
strain of longitudinal reinforcement bars,
starting from the first day of concreting.

In addition, some researchers [14-20] note a
decrease in shrinkage deformation as a result of
the addition of fibers to the expanded clay
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Series No. 3, ¢ — Series No. 4)

mixture. Nevertheless, the authors do not focus
on a factor that affects an absolute value of the
total shrinkage strain of fiber-reinforced
concrete.

The application of the proposed method made it
possible to prove experimentally that low-
modulus polypropylene fibers act as an internal
bond at an early hardening stage. As a result,
there is a stress redistribution in the ‘hydrated
cement — polypropylene fiber’ system, thereby it
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makes a significant effect on reducing the
shrinkage stresses inside the composite [21].

CONCLUSIONS

Based on the results of the study, the new
method has been proposed for experimentally
measuring the total shrinkage strain of
reinforced concrete. The method makes possible
to ensure that shrinkage strain begin to be
observed starting from the first day of
concreting.

This implementation of the method for
shrinkage strain measuring of expanded clay
steel-reinforced concrete allows recording the
total shrinkage strain of an experimental prism
on an open surface no later than three hours
after concreting, followed by monitoring an
increase in strain along remaining surfaces of
the prism (after it’s removing out of a formwork
for concreting).
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