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Abstract. Disperse reinforcement of concrete greatly contributes to the properties of the latter.
Most research has dealt with the properties of disperse reinforced concrete and influence of disperse
reinforcement on structures under a static load of one sign or for a regular dynamic load that is not highly
intensive. In practice there might well be alternating dynamic impacts that are highly intensive and over
the calculated ones, e.g., seismic ones. The paper presents the results of an experiment study of beam
structures with a disperse and combined reinforcement under an alternating highly intense dynamic
impact. A method of performing an experimental study of beam elements with a disperse and combined
reinforcement under an alternating dynamic highly intensive impact that is based on the use of a
universal dynamic stand with extra equipment. The results of the experimental studies of cubes and
prisms for static and dynamic compression are discussed. The outcomes of the study of the operation of
beam elements with a disperse and combined reinforcement under an alternating dynamic highly
intensive impact are presented. The operation of fiber concrete structures and ferroconcrete beam
elements under similar impacts are compared. The presented results of the experimental studies allow us
to conclude that a disperse reinforcement has a great influence on the operation of structures with an
alternating dynamic highly intensive impact and the positive effect of a combined reinforcement of
structures operating under such impacts. The use of a disperse reinforcement in structures operating
under alternating dynamic highly intensive impacts would enable the resistance of structures to resist
these impacts.

AHHoTauuA. JucnepcHoe apmupoBaHue 6eToHa 3HauWUTENbHO YyryyllaeT CBOWCTBA NocregHero.
3HauuTenbHas 4YacTb MNPOBOAMMbBIX WCCMEeAOBaHUA MOCBSLLEHa W3YYEHUO CBOWCTB AMCNEPCHO-
apMMpoBaHHbIX OETOHOB M U3y4YeHWe BIIUSHUS OUCMEePCHOrO apMMPOBaHUS Ha paboTy KOHCTPYKUUIA Npu
CTaTMYeCKON Harpy3ke OOHOro 3Haka MUnu npu 3HakonepemeHHOW AMHaMWUYECKOW Harpyske HebonbLion
WHTEHCMBHOCTW. Ha npakTuke nepuoamyeckn BO3HUKAIOT — 3HaKoMepemeHHble  AuHaMuyeckue
BO34eNCTBUS OOMbLUON MHTEHCMBHOCTW, MpEBbIWIAIOWME pacyeTHble, Hanpumep, cerncmuyeckue. B
paboTe npeAacTaBneHbl pe3ynbTaTbl 3KCMEPUMEHTAnbHOro  uccrnegoBaHus paboTbl  HGanoyHbIX
KOHCTPYKUMIA C  OUCMEPCHbIM U KOMOVMHMPOBAHHLIM  apMMPOBaHMEM MpPU  3HAKONMEPEMEHHOM
OVHaMU4eckoM BO3dencTBMM  OOmnblWOW  MHTEHcuBHOCTW. [lpuBedeHa meToavka NpOBeAeHUs
3KCMEepMMeHTanbHOro  MccrnegoBaHuMs  paboTbl  OanmoyvHbIX  3NIEMEHTOB  C  AWCMEPCHbIM - U1
KOMOVMHMPOBAHHBIM apMUPOBaHWEM MpPW 3HAKONEPEMEHHOM AMHAMWYECKOM BO34ENCTBMU OOmnbLUON
WHTEHCUBHOCTWN, OCHOBaHHasi Ha MCNonb30BaHUM 40060PYAOBAHHOIO YHMBEPCANbHOIO AUHAMUYECKOro
cteHaa. PaccmoTpeHbl pe3ynbTaThl SKCNepUMEHTanbHbIX NCCreAoBaHUi KyGoB 1M NpM3M Ha cTaTuyeckoe
N AMHamudeckoe cxatue. lMpuBedeHbl pesynbTaTbl UCCNefoBaHWA paboTbl OanoOYHbIX INEMEHTOB C
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OMcnepcHbIM U KOMBUHNPOBAHHBIM apMUPOBaHMEM Ha 3HaKonepeMeHHOM AMHaAMWYECKOM BO3OEeNCTBUn
OOnbLION MHTEHCUBHOCTWU. BbinonHeHo cpaBHeHue paboTbl PMOPOXKENe3006EeTOHHBIX KOHCTPYKUUN C
paboTon xene300eToHHbIX H6anoyHbIX 3MEMEHTOB MPY aHanornMYHbIX BO3AencTBuAX. [lpeactaBneHHble
pe3ynbTaTbl 3KCNEepUMEHTarbHbIX UCCIeAOBaHMA NO3BONSAIOT CAeNnaTh BbIBOA O 3HAYUTENbHOM BAUSIHUN
OMCNEPCHOr0  apMUpPOBaHUA Ha paboTy KOHCTPYKUMM Npu  3HAKOMEPEMEHHOM  OMHAMUYECKOM
BO30ENCTBUM OOMbLION WMHTEHCMBHOCTM U  LLenecoobpasHOCT KOMOWHMPOBAHHOIO apMMpoOBaHUS
KOHCTPYKUMI, paboTarowmx npu Takux BO3gencTBusx. lNpuMMeHeHMe AMCNepCHOro apMupoBaHWS B
KOHCTPYKUMAX paboTarolmx npu  3HAKOMEPEMEHHbIX OUHAMWYECKMX BO3OENCTBUAX  BOnbLUOK
WHTEHCUBHOCTW MO3BOSUT YBEINMYUTbL CONPOTMBASIEMOCTb KOHCTPYKLNA TaKMM BO3OENCTBUSM.

Introduction

In many industrial developed countries there is a lot of focus on studies of concrete reinforced with
different fibres: steel, glass, basalt, polypropylene, etc. Such concretes are called disperse reinforced
concretes or fibre concretes. According to the data, they have improved characteristics compared to a
regular concrete and outperform it by 2 or 4 times in bending. In the standard literature [1, 2] steel
fibreconcrete structures depending on their reinforcement are classed into structures with fibre
reinforcement (fibreconcrete ones) that are reinforced using only steel fibre that is evenly distributed
along the element; with a combined reinforcement (fibreferroconcrete ones) that are reinforced using
steel fibres in combination with a steel rod or wire reinforcement.

Studies of the properties of disperse reinforced concretes are numerous. In [3] there are the results
of studies of physical and mechanical characteristics of dispersing reinforced fine-grained concretes with
multifunctional modifying additives. Studies of ceramsitefibreferroconcrete elements that has an extra
rough basalt fibre reinforcement are described in [4]. In [5] the combined and individual effects of a
polypropylene and glass fibre on the mechanical properties and rheological characteristics of a self-
sealing concrete are investigated. The combined effect of a polypropylene and glass fibre improves the
compressive, tensile and bending strength.

However, most studies have investigated a metal fibre. A full account of the influence of a disperse
reinforcement on the properties of concrete can be found in [6]. It is concluded that the use of steel fibres
for strong and durable structures and concrete reinforcement is agreed to be promising all over the world.
300 thousands of tonnes of fibre is used for concrete reinforcement, 50 % of them are steel [7].

The investigations described in [8] show the efficiency of steel fibres. In particular it was suggested
that the minimum volume of steel, glass and polypropylene fibres in a concrete matrix that have the best
performance is about 0.31 %, 0.40 % and 0.75 % respectively for each type. The efficiency of steel fibres
in beam structures for pure bending is described in the papers by H.V. Dwarakanath, T.S. Nagaraj [9].
The results of the studies mentioned by Job Thomas, AnanthRamaswamy [10] indicate that the mutual
effect of a metal fibre and concrete matrix largely contributes to the mechanical properties that are
improved by a fibre introduced into a concrete matrix.

The results of static studies of fibreferroconcrete beams and their comparisons by other authors
are accounted for in [11]. In [12] there are the results of experimental studies of fibreconcrete beams with
three types of fibres: a steel fibre with a curved end, a fibre from wavy steel and polypropylene fibres.

In [13] according to the above studies, the introduction of a steel fibre into concrete is reported to
improve the limit bending strength of a material. This bending strength goes up as does the amount of
fibre in concrete. Quick ash is used as an additive. In [13] there are the results of a study of a
fibreconcrete under a dynamic impact load. The outcomes of the investigation of the properties of
fibreconcrete with different fibres are also described in [14]. It is also indicated that concrete must be
designed so that it saturates the energy of natural forces such as earthquakes.

An extensive analysis of studies of disperse reinforced structures is presented in a monography by
F.N. Rabinovich [15].In [16] the methods and results of experimental studies of beam fibreconcrete
elements with a synthetic fibrecan be found.

Based on the theoretical and experimental studies of physical and mechanical characteristics of
disperse reinforced concrete in a wide range of volumetric saturation with fibres, Yu.V. Pukharenko [17]
contributed to the ideas about the structure of fibreconcrete. He also found that the main structural
component of disperse reinforced concrete is fibre. In addition, the general method of designing the
composition of fibreconcrete was developed and features of its use for different types of concrete
reinforced with steel and non-metal fibresare investigated.
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The following papers deal with structures under a dynamic alternating impact. In [18] experimental
studies of ferroconcrete beams reinforced with fibre and their effect on alternating dynamic loads are
presented. The use of metal fibresis shown to have a positive influence of the energy capacity of a
failure. In [19] the results of experimental studies of ferroconcrete beams that are statistically determined
or not determined with a regular and pre-stressed reinforcement under alternating low-cycle loads of a
high level, e.g., seismic ones are described.

The results of dynamic studies of beam elements of a transverse section sized 150 x 200 mm with
a pure span of 1 m are identified in [20]. The samples contained metal fibres with the amount of 40 kg/m3
and 80 kg/m3. Fibres from stainless steel and carbonaceous steel wire were involved. The experiments
were conducted under a static load up to 100 kN and dynamic load up to 80 KN. The results suggest that
metal fibres contribute greatly to the properties of fibreconcrete elements under an alternating
deformation.

Studies addressing improvement of crack resistance of ferroconcrete structures performed by
N.I. Vatin [21, 22] seem promising. They also explore possible improvement of crack resistance of
concrete and nanoconcrete in structures by applying pre-stresses. They are generated by placing a
reinforced rope in a structure along the distribution of bending moments. The rope that is pulled is pre-
stressed without the cohesion with concrete to allow this method to be employed in structures with small
sections.

However, despite a lot of research and materials, most of them have to do with the operation of
disperse reinforced construction under a static load of one sign or alternating loads that are not highly
intensive. In practice most structures operate under alternating dynamic loads, e.g., under seismic loads
that are highly intensive. The properties of the material of a structure are essential to the strength of
buildings subjected to seismic loads.

It seems hardly possible to identify seismic forces and their directions on buildings as the Earth’s
movement during an earthquake depends on a number of factors. While selecting the intensity of an
impact on sample structures it is important to note that actual intensity of earthquakes is significantly over
the expected one. Therefore in the experiments a special shock stand was employed that allowed one to
generate an alternating dynamic highly intensive load on the sample structure.

The objective was to evaluate the effect of a disperse reinforcement of concrete on the operation of
structures under an alternating dynamic highly intensive load. For that experimental studies were planned
of the operation of fibreconcrete and fibreferroconcrete beam elements under an alternating dynamic
highly intensive load and their operation was compared with that of ferroconcrete beam elements.

Experimental sample

All of the sample structures were beams with the length of 1650 mm. Their transverse section was
100 x 100 mm. These sizes were chosen based on the capacity of the laboratory equipment,
requirements for the absolute accuracy of measurements and geometric size of the model and actual
structures. 4 series of beams were designed with the following reinforcement. The beams of series 1
were reinforced as shown in Figure 1. The beams of series 2 and series 4 had a combined reinforcement
as shown in Figure 2, i.e. there was only a transverse operating reinforcement left in them and the rest
was substituted with a disperse one at the rate of 1 % and 2 % in the volume respectively.
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Figure 1. Scheme of the reinforcement of ferroconcrete beams:
1 -reinforcement A —Ill, diameter 6mm, length 80 mm, 18;
2 —reinforcement A —lll, diameter 6mm, length 1620 mm, 4
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Figure 2. Scheme of reinforcement of fibreconcrete beams:
1 —reinforcement A —ll, diameter 6mm, length 1620 mm, 4

The beams of series 3 and series 5 had no rod reinforcement but only a disperse one at the rate of
2% and 1 % in the volume respectively. Hence the beams of series 3 and series 5 are not indicated in
the schemes. Three sample beams were tested in each of the series.

Overall the amount of reinforcement in the beams of the first three series was approximately
identical (Table 1). The beams of series 4 and series 5 had an increased and decreased amount of
reinforcement respectively.

Table 1. Characteristics of reinforcement of the experimental beams
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In order to make the samples, a fine-grained cement mix with the composition Cement:Sand 1:2.5.
The binder was Portland cement M400. The ratio Water/Cement was 0.4. For disperse reinforcement a
fibore was used made from a regular low-carboneous wire of a with the diameter 0.8 mm, density 78.5
g/cm3. Along with cutting the wire fibre on a special machine, their surface was made profiled using
rollers. The scheme of the profile of the fibresis presented in Figure 3.

L step

L b1

Figure 3. Scheme of the profile of the fibre in two planes:
Lstep — profiling step of the fibre is 4 mm;Lo1 — profiling length of the fibre in plane 1is 1.9 mm;
Lbz2 — profiling length of the fibre in plane 2 is 2.4 mm;B-the bearing angle is 459,
d — diameter of the fibre
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The length of the fibres was 36 mm due to being able to randomly arrange them in the
experimental samples. For larger fibres for these sizes of the transverse sections of the experimental
beams when the fibresare distributed in the beams, they are distinctively “squeezed” and there is hardly
any volumetric reinforcement left. Hence there is no major advantage of disperse reinforcement any
more either. The recommendations on the distance between rods of transverse reinforcements in
structures with a combined reinforcement with no less than 1.5 fibre lengths, optimally no less than 2 fibre
lengths.

Despite the fact that according to a lot of researchers, the accepted ratio of the fibre length and
diameter (I/d) is not optimal and lately fibre with the I/d 45-60 has been used. E.g., fibre from a cut steel
wire “Dramix” produced by the Belgian group Bekaert N.V. with the brand Dramix 3D 45/50BL has the
length of 50 mm, diameter of 1.05 mm. I/d that is indicated in the fibre labelling is 45. The accepted
geometric parameters of the fibre are in agreement with the recommendations by the
Committee 544 [23]. In particular, the ratio of the fibre length to the diameter is from about 20 to 100,
making a fibre by cutting of a regular wire with the diameter 0.25-1.00 mm. The results of the experiment
also showed that for the ratio I/d a disperse reinforcement also shows its major advantages.

In addition, the advantages in the technology of producing structures with a fibre of such
parameters are out of question. The introduction of such fibres into a concrete mix requires no extra
equipment without leaving them clumped. When fibres with the ratio //d=100 are used, additional
introduction of concrete is essential in order to avoid clumping of fibres.

A concrete mix was prepared first with no fibres and then they were gradually introduced.

In order to identify the strength characteristics of concrete and fibreconcrete in the beams and
fibreconcrete in the beams of each mixing, three prisms and three cubes were made
(100 x 100 x 400 mm) (150 x 150 x 150 mm). In order to get comparative characteristics for fibres of the
accepted geometric parameters, prisms and cubes were additionally produced for dynamic studies.

Research method

As providing complete protection of buildings in the event of severe earthquakes hardly seems
possible, the guidelines [24] make it possible to damage individual elements as long as people safety is
guaranteed. Based on that the intensity and scheme of the experiments were chosen as follows
(Figure 4).
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Figure 4. Scheme of dynamic studies (from the top):
1 - mechanism of trapping the shock cart and compressing the springs;
2 —springs of the stand;3 — shock cart; 4, 5 — scheme of centering the shock spot;
6 — operating cart with the tested beam; 7 — elastic filling

The tested structure was safely put on the operating cart (6) using a special structure of the beam
clamping. Using the mechanism of trapping the shock cart and compression of springs (1) while using the
hydraulics of the stand spring (2) was compressed down to a specified level. The shock cart (3) was set
to motion due to the force of straightening of the springs. Applying some shock to the operating cart using
the device for centering of the shock (4, 5), it impacted the tested beam by accelerating through the
supports of a special structure. In order to obtain the second semi-wave of the acceleration of the
supports of the beam between the operating cart and support, an elastic filling was provided (6).

Dynamic tests of the beam elements were conducted on a universal dynamic stand (Figure 5). The
scheme of placing the beam and sensors on the operating cart is presented in Figure 6.
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Figure 5. View of the universal dynamic stand with the tested structure

Figure 6. Scheme of placing the beam and sensors on the operating cart (from the top):
1 -the beam attached to the cart;2 — support;3 — acceleration sensors;4 — tested beam;
5 —angle for placing the displacement sensor;6 — displacement sensors

Throughout the experiment the bendings of the beam were measured at three spots in the middle
of the span, accelerations on the support and the centre of the beam span, deformation of the
reinforcement in the centre of the beam span.

The measurements were performed using acceleration and displacement sensors and the
deformation of reinforcement using strain gauges. The resulting values were fixed by means of
intensifiers and oscillographs. In order to observe cracks and their development, the surface of the
beams was wetted with acetone.

Results and Discussion

The prisms and cubes were tested [25] under a static and dynamic load one by one. The test
results for the cubes are in Table 2. The cubes were made without reinforcement (series 1), with disperse
reinforcement with the fibre content of 1 % (series 2) and 2 % (series 3). The average cubic strength of
concrete at the time of the tests was 31.4 MPa. The average cubic strength of concrete for the dynamic
tests was 32.7 MPa. The strength of concrete during the dynamic tests was 4.2 % higher than that during
the static tests. The average cubic strength of fibrecocnrete for beams with a combined reinforcement
and those with a disperse one with 1.0 % of fibre reinforcement at the time of the tests was 32.6 MPa.
The average strength of such cubes of fibreconcrete during the dynamic tests was 34.4 MPa.

The strength of cubes of fibreconcrete for the dynamic tests was 5.5% higher than that for the
static ones.
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Table 2. Results of the compression tests of cubes

Ne Static Dynamics
g;rtir;z Sample labelling Failure load, kN Sample labelling Failure load, kN

K-B-S-1 702 K-B-D-1 735
1 K-B-S-2 709 K-B-D-2 739
K-B-S-3 710 K-B-D-3 738
K-FB-S-1(1.0) 739 K-FB-D-1 (1.0) 776
2 K-FB-S-2(1.0) 736 K-FB-D-2(1.0) 774
K-FB-S-3(1.0) 730 K-FB-D-3 (1.0) 771
K-FB-S-1(2.0) 742 K-FB-D-1 (2.0) 780
3 K-FB-S-2(2.0) 748 K-FB-D-2 (2.0) 785
K-FB-S-3(2.0) 746 K-FB-D-3 (2.0) 778

In Table 2 there are the following denotations: K is a cube; B is concrete; FB is fibreconcrete; S is
static;

D is dynamic; 1, 2, 3 is the number of a sample; (1.0), (2.0) is a percentage of a volumetric fibre
reinforcement.

The average cubic strength of fibreconcrete for beams with combined reinforcement and those with
a disperse one with 2.0 % of fibre reinforcement was 33.15 MPa. The average strength of such cubes of
fibreconcrete during the dynamic tests was 34.7 MPa. The strength of cubes of fibreconcrete during the
dynamic tests was 4.8 % higher than that during the static tests.

The compression strength of fibreconcrete was 4-6 % higher than that of standardized concrete
depending on the percentage of fibre reinforcement.

The results of the tests of prisms are presented in Table 3. The prisms were made in series 1 with
no reinforcement, in series 2 with a disperse reinforcement with 1 % of fibre and in series 3 with 2 % of
fibre.

Table 3. Results of the compression tests of prisms

Ne Static Dynamics
of t_he Sample labelling Failure load, kN Sample labelling Failure load, kN
series
1 P-B-S-1 258 P-B-D-1 285
P-B-S-2 266 P-B-D-2 281
P-B-S-3 262 P-B-D-3 280
2 P-FB-S-1(1.0) 280 P-FB-D-1(1.0) 299
P-FB-S-2(1.0) 283 P-FB-D-2(1.0) 301
P-FB-S-3(1.0) 276 P-FB-D-3(1.0) 308
3 P-FB-S-1(2.0) 290 P-FB-D-1(2.0) 315
P-FB-S-2(2.0) 292 P-FB-D-2(2.0) 309
P-FB-S-3(2.0) 286 P-FB-D-3(2.0) 313

In Table 2 there are the following denotations: P is a prisms; B is concrete; FB is fibreconcrete; S is
static; D is dynamic; 1, 2, 3 is the number of a sample; (1.0), (2.0) is a percentage of a volumetric fibre
reinforcement.

The average prism strength of concrete at the time of the tests was 26.2 MPa. The average
strength of prisms of concrete during the dynamic tests was 28.2 MPa. The prism strength of concrete
during the dynamic tests was 7.6 % higher than that during the static tests.

The average prism strength of fibreconcrete for beams with a combined reinforcement and those
with a disperse one with 1.0 % of fibre reinforcement at the time of the tests was 27.9 MPa. The average
strength of such prisms of fibreconcrete during the dynamic tests was 30.3 MPa. The strength of prisms
of fibreconcrete during the dynamic tests was 8.6% higher than that during the static tests. The average
prism strength of fibreconcrete for beams with a combined reinforcement and those with a disperse one
with 2.0 % of fibre reinforcement at the time of the tests was 28.9 MPa. The average strength of such
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prisms of fibreconcrete during the dynamic tests was 31.2 MPa. The strenght of prisms of fibreconcrete
during the dynamic tests was 8 % higher than that during the static tests.

The prism strength of fibreconcrete was 6.5-10 % higher than that of standardized concrete
depending on the percentage of fibre reinforcement. The tests of prisms showed that the failure of prisms
of fibreconcrete was viscous unlike fragile failure of concrete prisms. It should be noted that the
distribution of fibre has a great influence on the nature of failure of prisms [26]. It is particularly the case
for the percentage of volumetric reinforcement of 1 %.

Non-reinforced prisms were originally deformed elastically. Then microcracks occurred and
transformed into localized microcracks that came together under a load and as a result, the prism lost its
strength. During the dynamic tests concrete prisms were almost torn into pieces. In order to take a
photograph of the samples, they had to be put together using a wire. In disperse reinforced prisms the
failure was more viscous with its nature having to do with the amount of fibre in concrete. The
comparison of the type of a failure of prisms during the dynamic tests is in Figure 7.

Figure 7. Typical view of failures of prisms following a dynamic impact:
on the left are concrete prisms, on the right are fibreconcrete prisms

The impact on the tested beams was an impulse by applying a dynamic load to the operating cart.
As a result of the impact, the resulting acceleration by using the supports of the tested structure was 18-
22 g. The time of impact of each of the semiwaves of acceleration was 9-10 msec. The difference
between the readings of the sensors of acceleration on different supports was 0.8-1.2%. The centre of
the span of the tested beam started displacement following 2.5-3.5 msec after the supports started
displacement. As a result, there was alternating loading and unloading occurring in the beams, which
caused a change in their stress-strain state. These led to the accumulation of residual deformations and
damages. The results of the tests of the experimental beams are presented in Table 4.

Table 4. Results of the tests of the beams using impacts such as “seismic” ones (the mean
values in the series)

Ne Maximum Time of . .
- i g Maximum acceleration
Sample displacement of the oscillations of the centre of the Notes
of the labelling centre of the span, of the
Series mm beam, msec span, g
1 B-ZHB-D 9 210 48
2 B-FZHB-D(1.0) 6 120 45
3 B-FB-D(2.0) 12 60 12 Fallttj)re of the
eam
4 B-FZHB-D(2.0) 5 105 40
5 B-FB-D(1.0) - _ 8 Failure of the
beam

In Table 4 there are the following denotations: B is a beam; ZHB is ferroconcrete; FZHB is
fibreferroconcrete; D is dynamic; (1.0), (2.0) is a percentage of the volumetric fibre reinforcement.

The ratio of the maximum acceleration on the support and in the centre of the span of the beam
was 0.6-0.7. In Figure 8 there are graphs of the oscillations of the centre of the span of the beam under
an alternating dynamic highly intensive impact.

Nikolenko S.D., Sushko E.A., Sazonova S.A., Odnolko A.A., Manokhin V.Ya. Behaviour of concrete with a
disperse reinforcement under dynamic loads. Magazine of Civil Engineering. 2017. No.7. Pp.3-14.
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Figure 8. Graphs of the oscillations of the centre of the span of the beams under an alternating
dynamic impact with the intensity 20 gbeams of series 1 (a), of series 2 (b), of series 4 (c)

The tests of the beams with a combined reinforcement (series 2 and series 4) showed that the
amplitude of the oscillations in the centre of the span of such beams is almost two times less than in
ferroconcrete ones (series 1). It can be accounted for with the fact that fibres additionally perceive some
of compression forces and curb a bending increase. Damping of the oscillations of fibreferroconcrete
beams was more rapid than in ferroconcrete ones and as the percentage of fibre reinforcement went up,
it grew even more so. Rapid damping of the oscillations of the structure has a positive effect on the
human behavior during earthquakes contributing to low levels of panic.

There were visible cracks all through the ferroconcrete beams and plastic deformations in the
longitudinal rod reinforcement in the centre of the span. Under an identical impact in the beams of series
2 there were visible cracks with less opening but not all through them. In the beams of series 4 there
were no visible cracks and in the longitudinal rod reinforcement in the centre of the beams there were no
plastic deformations. This is due to a great influence of the dynamic strength of concrete of initial defects
in the structure of concrete (e.g., microcracks). The use of a disperse reinforcement reduces this
influence to a maximum.

The tests of fibreconcrete beams showed the following. In the beams of series 3 the total time of
the oscillations was on average 60 msec, maximum bending of the beam was 12 mm with enough cracks
in the beams but they retained their integrity as a self-sustaining element. However, it was not able to
perceive the external impacts that followed. The beams of series 5 almost failed with a crack all through
them. The fibreswere largely stretched from the matrix. Due to a constant stretching of the fibres, the
failure was viscous.

Numerical Calculation of the Oscillations of the Beam

Numerical modelling of the oscillations of the beam under an impulse load was performed using
the finite element method by means of a computational tool Structure CAD (SCAD). In the software in
order to solve a dynamic task, an absolutely stablevatriant of the Newmark method was implemented in
the form of the “predictor-corrector” algorithm [27].

The sizes, mass of the beam, type of an impulse and parameters of the damping of the oscillations
were accepted according to the results of the experiment. A preliminary modal analysis of the dynamic
model of the beam (Figure 9.) showed that the first frequency of the oscillations was f = 26.74 Hz
(T1 = 0.0374 sec). The time of the shock impulse obtained during the experiment was t, = 0.018 sec. With
a relative time of the impulse t,/ T1 = 0.05 its time has no great influence on free oscillations of the beam
[28] as shown in Figure 10.

Huxonenko C.J., Cymko E.A., CazonoBa C.A., OmHonbko A.A., ManoxuH B.4. TloBenenne OeToHa ¢ qUCTIEPCHBIM
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Figure 9. Finite-element model of the beam of a rectangular section

While comparing the calculated linear elastic operation of the material obtained in the assumption
and experimental vibrorecord, it can be concluded that the nature of oscillations of the beam during the
experiment was non-linear due to damages of the concrete and reinforcement. Cracks and plastic
deformations in the reinforcement also contribute greatly to the saturation of the oscillation energy as
shown in the experimental vibrorecord.
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w107
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Figure 10. Calculationalvibrorecord of displacements in the middle of the span of the beam

The results of the studie sareinagreement withthoseobtained by otherre searchers [6, 8, 9, 10, 11,
12, 13, 14, 17, 18] and compliment them in terms of the use of disperse reinforcement with steel fibre
with a small I/d ratio in structures under an alternating highly intensive dynamic load.

Conclusions

1. The use of a disperse reinforcement with the use of fibres with a small I/d ratio has a significant
impact on the behaviour of structures with a combined reinforcement under an alternating dynamic highly
intensive load thus resulting in an increase in the crack resistance as well as a decrease in the amplitude
and time of oscillations of structures with a combined reinforcement.

2. Under alternating dynamic highly intensive loads it is reasonable to make use of a combined
reinforcement since structures with only one fibre reinforcement are not capable of perceiving such loads.

3. During an alternating deformationfibre shows extra resistance to the opening of cracks not only
due to cohesion with concrete but also thanks to the resistance in the transverse direction. If the
resistance of fibres is in the axial direction, after being stretched out of the matrix they continue to resist
due to the friction force along the surface of a resulting channel in the concrete.

4. Cubes and prisms with a disperse reinforcement has a higher compression strength compared
to a non-reinforced concrete under a static and dynamic impact for the employed geometric parameters
of fibres. An increase in the strength is due to “the ring effect’ created by a disperse reinforcement that
prevents transverse expansion.
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