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Abstract. The results of experimental studies of the steel fiber influence on the bearing capacity,
deformability and crack resistance of reinforced concrete multi-hollow plates are given. We investigated a
serial floor slab and a similar one, but with the addition of steel fiber. Both plates are factory-made. For
testing, the testing apparatus was designed and manufactured that made it possible to study full-size floor
slabs in laboratory conditions. The tests were carried out according to a single-span scheme with the replacing
equivalent load. The loading was carried out by applying two concentrated strip vertical loads along the plate
width. The load was applied in steps of (0.04 + 0.05) from the breaking load. Each stage ended with exposure
lasting up to 10 minutes with fixing all the necessary parameters. Deformations were measured using dial
gauges. From the moment the first crack appeared in the stretched zone of concrete, the process of crack
formation and opening was monitored. At each level, using the Brunell tube, the width of their opening and
height were measured. The moment of cracking in both slabs began at the same relative strain. It has been
established that the bearing capacity and crack resistance of a slab of combined reinforcement using steel
fiber are respectively 50 and 44% higher than that of a similar reinforced concrete slab. The maximum
deflection of the slab of combined reinforcement is 37.5% lower than that of conventional reinforced concrete.
The destruction of both slabs occurred under loads, when the relative deformations in the compressed zone
of concrete reached 0.80x10 and 1.10x103 for reinforced concrete and steel-fiber concrete slabs,
respectively, the difference is 37.5%.

1 Introduction

Hollow core slabs are usually used as slabs between floors
in the construction of buildings and structures. Of various
shapes and sizes, with different bearing patterns, they are
all widely used in construction. Their production accounts
for a significant mass part of reinforced concrete of the
total material consumption during the construction of the
facility. This type of product can be called universal,
because its use is not limited to the type of structure. The
main distinguishing feature of such floor slabs is the
presence of voids located along the slab. These voids
almost always have a circular cross section. Also,
characteristic is the manufacture of recessed grooves
along the side faces. Such plates are pre-stressed and non-
stressed by pouring into molds and subsequent vibration
compaction with final heat treatment.

The improvement of such demanded reinforced
concrete structures, the increase in their bearing capacity,
crack resistance and durability is an actual problem.

2 Recent researches analysis

It is known that the use of steel fiber leads to an increase
in the physicomechanical characteristics of concrete,
namely, strength, deformability, crack resistance, water
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permeability, impact strength, frost resistance, etc. [1-3].

Most of these characteristics are usually determined in
the laboratory. In this case, the main objects of research
are samples in the form of cubes or prisms, and less often
— models in the form of beams or slabs of reduced size.

Over the past five years, the authors have carried out
large-scale studies to determine the effect of steel fiber on
the strength and deformation properties of fiber concrete
[4, 5]. It was found that the strength and crack resistance
of steel fiber concrete, higher than that of ordinary
concrete, on average, by 40 and 30%, respectively. Creep
— on the contrary, is (20-22)% lower. The long-term
strength of steel fiber-reinforced concrete beams that have
been exposed to operational loads for more than 400 days
is on average 37% higher than that of similar beams made
of ordinary concrete. All these results were obtained,
again, in laboratory conditions, and, as it is known, they
are far from always confirmed by the operation of real
structures.

Studies to expand the scope of steel fiber concrete are
carried out by many authors [6-8]. So, in [9], the use of
fiber-reinforced concrete slabs is considered, which are
more economically and technically profitable compared
to conventional reinforced concrete slabs when installing
floors. The author substantiates this by an increase in
impact strength and ductility, higher crack resistance and
bearing capacity. An interesting comparison of the
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properties of concrete slabs with two types of fiber fibers
and in the absence of fiber reinforcement was presented
in [l0]. Four specimens contained steel and
polypropylene fibers added in a volume ratio of 0.5% and
1.0%. The slabs had dimensions of 820 x 820 x 80 mm
and were supported by four rollers along the edges that
control the displacement. The concentrated load is applied
in the center of the plate. The results of experimental
studies were compared with theoretical predictions. Based
on the processing of the data obtained, it was concluded
that 1% of steel fibers by volume has the best effect on the
operation of the slabs. This conclusion coincides with our
results regarding the effectiveness of fiber reinforcement.

A. Blanco [11] believes that combining fibers with
traditional reinforcement can be a very interesting design
decision to create more durable and economical designs.
His work is devoted to the analysis of the bearing capacity
and ultimate state of slabs. For this purpose, eighteen
concrete slabs (3 x 1 x 0.2m) with different
reinforcement, fiber types (steel and plastic) and their
volumetric content (0.25 and 0.50%) were investigated.
These slabs were tested for bending with data monitoring
at four points.

The works of other authors can be noted [13-14], but
nevertheless, the influence of steel fiber on the work of
flexible concrete elements has not been fully studied, and
many aspects of practical interest remain.

Fig. 1. Testing apparatus.

To determine the strength properties of concrete, at the
factory, samples of cubes with a rib size of 10 cm were
made from the same mixture as the slab, which were
tested for compression in laboratory conditions. The
obtained value of cubic strength showed that concrete
corresponds to grade C16/20. Determination of concrete
strength during short-term loading was carried out in
accordance with the requirements of current standards
[18,19].

The tests were carried out according to a single-span
design with a substitute equivalent load (Fig.?2). The
loading was carried out by applying two concentrated
strip vertical loads along the slab width.

3 The purpose of work

The aim of this work is an experimental study of the
influence of steel fiber on the bearing capacity,
deformability and crack resistance of serial reinforced
concrete multi-hollow slabs manufactured in the factory.

4 Materials and methods

The object of the study are floor slabs PK 30.12-8,
manufactured in the factory by the enterprise
Velikodolinsky ZhBK Plant, LLC in accordance with
regulatory documents [15, 16] and working drawings of
the 1.141-1 series [17], using conventional technology
and with the addition of steel fiber with curved ends.

For testing, a testing apparatus was designed and
manufactured that made it possible to study full-sized
floor slabs in laboratory conditions (Fig. 1). In order to
comply with safety regulations and prevent brittle
collapse of reinforced concrete slabs during the test under
load, steel pipes were freely threaded into the extreme
voids, which did not impede the deformation of the
structure. This made it possible to timely detect the
appearance of cracks, safely measure their parameters and
draw on the underside of the slab.

5 Research results

Two multi-hollow floor slabs were tested, one is
ordinary reinforced concrete (PK series 30.12-8), and the
second is similar, but with the addition of 1% steel fiber.
Slabs have dimensions in the plan of 1190x2980 and a
height of 220 mm (Fig. 3), concrete consumption 0.43 m?>.

During the tests, the load applied to the element and
the corresponding deformations were recorded; tests were
carried out in accordance with [20].

The load was applied in steps of (0.04 + 0.05) from the
breaking load. Each stage ended with exposure lasting up
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to 10 minutes with fixing all the necessary parameters.
Deformations were measured using dial gauges with a
division price of 0.001 mm and a base of 25 cm. Five
gauges (3, 4, 5, 6, and 7) were installed on the upper
surfaces of the slabs, in the central part (Fig. 3). Gauges
1, 2 and 8, 9 were fixed to the side surfaces (faces) of the
plates. The first two gauges were located in the middle of
the span in the zone of clean bending, and a pair of
indicators 8, 9 in the zone of load transfer (Fig. 3). The
first and ninth gauges are in the stretched zone of concrete,
2 and 8 are in the compressed.

From the results shown in Fig. 4 and 5, it follows that
the readings of all 5 gauges located on the upper surfaces

of the slabs from the beginning of loading and up to failure
change equally synchronously and almost by the same
value. The latter indicates that the loading of reinforced
concrete slabs using a two-level cross-beam system
ensures uniform loading of its upper surface.

From the moment the first crack appeared in the
stretched zone of concrete, the process of crack formation
and opening was monitored. At each level, using the
Brunell tube, the width of their opening and height were
measured.

7/ / N2 /7/I /f
II /l ' "/ /I @ O
z I /4 g O
' @
O BN
% % K
| @
Lt I,
)y pl60 100 4y %0
Fig. 2. Loading concept.
, 1365 1365 ],
N Q
W s Q
@
‘ @
% ' Q
N Y
0 O
¥, S
1365 L 250 |
1435 7250 ]

Fig. 3. Indicator layout.

Fig. 4 shows the nature of the deformations obtained
in the process of loading a reinforced concrete floor slab.
From the results shown in the figure, it can be seen that
three sections can be distinguished on the deformation
curves.

I section. Up to a load level of 44.41 kN,
corresponding to the beginning of crack formation, a
linear relationship is observed for all concrete fibers. The
values of relative deformations in the compressed and
stretched zones are almost the same (g = 0.1x1073).

II section. At VIII-X loading steps, when the load
varies in the range from 44.41 kN to 59.21 kN, a sharp
change in the strain growth rate occurs (the angle of

inclination of the curves changes significantly).
Deformations in the compressed and stretched zones of
concrete increase almost 3 times. Such a significant
increase in deformation is explained by the avalanche-like
process of cracking (12 cracks with an opening width of
up to 0.005 mm).

In section III, with a load of more than 59.21 kN, the
relative deformations in the compressed zone of concrete
again change almost linearly up to the breaking load
(108.55 kN) and amount to 0.75x1073. In the stretched
zone of concrete, the strain growth rate is significantly
higher. Deformations from 0.2x10 increased to 1.4x1073,
2 times higher than the deformation of the compressed
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zone of concrete. This is explained by the fact that, at this
stage of loading, along with the formation of new cracks,
the process of opening previously formed cracks is

1NR 55 kN

54,28 kN

intensified. The width of their disclosure increases 3-4
times.
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Fig. 4. Deformation of a hollow-core reinforced concrete slab according to indicators.

Figure 5 shows the deformation of concrete fibers in a
steel-fiber concrete slab.

The nature of the curves shown in Fig. 5 is similar to
the nature of the strain curves of concrete fibers in a
conventional reinforced concrete slab (Fig. 4). Namely, a
linear relationship is observed up to the load level
corresponding to the onset of crack formation (64.14 kN).
Relative deformations corresponding to the indicated load
do not exceed the value of 0.1x1073.

The latter indicates that the cracking moment in both
slabs begins at the same relative strain equal to 0.1x1073,

At the second stage, in the range of load changes from
64.14 kN to 78.95 kN, the relative deformations in the
compressed zone of concrete increase to 0.2x1073, which
is two times lower than in a slab of ordinary reinforced
concrete. This is explained by the fact that 12 cracks

162,83 kN

123,35kN

78,95kN

64,14 kN

formed in an ordinary slab at this stage, and in a slab of
steel-fiber-reinforced concrete — 7. Moreover, not only the
number of cracks, but also the width of their opening is
1.7 times smaller.

In the third section, at loads greater than 78.95 kN, the
relative deformations in the compressed zone of concrete
again change linearly up to a breaking load of 162.83 kN.

Comparing the results shown in Fig. 4 and 5, it is easy
to verify that the destruction of the investigated plates
occurred when the relative deformations in the
compressed zone of concrete reached 0.80x103 and
1.10x1073 for reinforced concrete and steel-fiber concrete
plates, respectively; the difference is 37.5%.

In a reinforced concrete slab, this deformation occurs
at a load of 108.55 kN, and in a steel-fiber concrete slab
at 162.83 kN; these values differ by 50%.
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Fig. 5. Deformation of a hollow-core steel fiber concrete slab according to indicators.
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Figure 6 shows the nature of the changes in the
deflection of a reinforced concrete slab during its loading.
Deflections were measured using the Maximov
deflections with a division value of 0.01 mm. The results
presented in Fig. 6 are identical to the results shown in
Fig. 4, in the sense that the previously described stages of
structural deformation are clearly traced on the curves.

Stage I to the load level of 44.41 kN (41% of the
destructive) — linear. The maximum deflection at the end
of the stage is 1.7 mm, i.e. 7% of its maximum value at
the destruction moment.

At stage II, the linearity is substantially violated, and
by the end of the stage, the deflections increase to 5.5 mm,
i.e. more than 3 times with an increase in load of only
10%. This is also explained by the fact that 12 cracks
formed in the plate at this stage.

At stage III, the load compared to the first two stages
doubled, and the deflections increased five times to a
value of 2.5 cm.

In Figure 7 shows the nature of the change in
deflections in a steel-fiber concrete slab during its
loading. In this figure, as in the previous ones, 3 sections
can be distinguished. The first one is linear up to the load
level corresponding to the moment of crack formation
(64.14 kN).
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At the second section, in the load interval from 64.14
kN to 123.35 kN, linearity is broken, because 19 cracks
with an opening width not exceeding 0.005 mm are
formed.

In the third section, the load varies from 123.35 kN to
162.83 kN. The process of formation of new cracks is
significantly slowed down (5 new cracks), and in parallel
with it, the process of intensive opening of existing cracks
begins. The width of the opening of five cracks increased
10 times (0.05 mm).

Figure 8 shows for comparison the deflections in
reinforced concrete and steel fiber concrete slabs. From
the presented results it is seen that the maximum
deflection in a steel-fiber concrete slab is 37.5% less than
in a similar reinforced concrete slab.

This is explained by the fact that at the time of fracture
in a conventional reinforced concrete slab there were 8
through cracks with an opening width of up to 0.1 mm,
while in a steel fiber reinforced concrete slab there were
only 4 with an opening width not exceeding 0.06 mm. In
addition, the total magnitude of the opening of all cracks
in an ordinary slab is 1.57 mm, and in steel-fiber concrete
—only 0.52 mm, i.e., almost 3 times less.

59,21 kN

——1
-2

10

15 20 25

Deflection, mm

Fig. 6. Deflection of a reinforced concrete slab in the center of the span according to the readings of two deflection meters.
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Fig. 7. Deflection of a steel fiber concrete slab in the center of the span according to the readings of two deflection meters.
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Fig. 8. Deflections of hollow-core slabs in the center of the span 1 — steel fiber concrete slab, 2 — reinforced concrete slab.

Along with indicators, strain gauges with a strain
measurement base of 50 mm were glued on the upper and
lateral surfaces of reinforced concrete and steel fiber
reinforced concrete slabs (Fig. 9). The results presented in
Fig. 10, indicate that two completely unrelated strain
measurement systems show very close values (the
difference does not exceed 5%).

Fig. 9. The location of the strain gauges under the indicator.
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Fig. 10. The deformation of the longitudinal fibers of the upper side of the plate according to the indications of the indicator and strain
gauge: 1 —according to the indications of the indicator, 2 — according to the indications of the strain gauge.

6 Conclusions

An analysis of the experimental studies showed that the
main parameters that determine the physicomechanical
characteristics of concrete and fiber-reinforced concrete,
namely, bearing capacity, deformability and crack
resistance, are interconnected throughout all stages of
loading.

1. The bearing capacity and crack resistance of a slab of
combined reinforcement using steel fiber are respectively

50 and 44% higher than that of a similar reinforced
concrete slab.

2. The maximum deflection of the slab of combined
reinforcement is 37.5% lower than that of ordinary
reinforced concrete.

3. The destruction of both slabs occurred under loads,
when the relative deformations in the compressed zone of
concrete reached 0.80-10-3 and 1.10-10-3 for reinforced
concrete and steel-fiber concrete slabs, respectively, the
difference is 37.5%.
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