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Abstract—The research results of beam bended
basalt-concrete and basalt-fibrous concrete
elements under the influence of one-time static
and low-cycle loads are presented. The use of
basalt-plastic armature for the reinforcement of
concrete structures has a significant aspect. The
cyclic loads influence on road bridges including
low-cycle loads of a high level. There were tested
48 beams from heavy concrete and concrete with
basalt fiber. Beams had a different percentage of
reinforcement. As a result of the study it was
found that low-cycle (on the basis of 10 cycles)
loads of 0.6 and 0.75 levels from the destructive
load do not affect the bearing capacity of the
beam bended basalt concrete and basalt-fibrous
concrete elements. The increase in the width of
the opening of cracks and the growth of
deflections under the influence of low cycle loads
is proposed to be taken into account by
introducing known formulas for calculations of
empirical coefficients determined as a result of
the research data analysis.

Keywords - nonmetal composite reinforcement,
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l. INTRODUCTION

Bridges in Ukraine, as well as abroad, are mostly
built from reinforced concrete. But there are defects in
reinforced concrete bridges during the operation that
reduce their bearing capacity. The most common
defect, which greatly affects the condition of bridges,
is corrosion of steel fittings [1].

The steel reinforcement under the influence of
moisture is corroborating and its bearing capacity is
decreasing and losing. The product of iron corrosion is
rust; it is a complex mixture of variable composition,
which takes a much larger volume in 2-7 times than
the initial volume of iron itself. The great efforts are
developed in the formation of rust that causes the
appearance of cracks in concrete, and then cracking
the protective layer.

The environment in concrete is alkaline at the
beginning of the use of reinforced concrete structures
and it contributes to passivation of the surface of the
reinforcement and protects it from the influence of the
external environment. After interacting with carbon
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dioxide, sulfur and other gases in the atmosphere, the
pH index of the concrete is decreased to values when
the corrosion of the reinforcement in the concrete
body begins [2]. The conditions of operation of
reinforced concrete bridges and chlorination of
concrete become worse as a result of anti-icing
treatment of coatings, and weakly acidic precipitation
from atmospheric pollution by industrial enterprises

[3].

In Ukraine, the following design terms for the
service of reinforced concrete bridges are established:
70 vyears for collective, 80 for collective and
monolithic, 100 years for monolithic structures [3]. But
the experience of bridge operation shows that in fact,
the terms of a significant number of bridges do not
exceed 50 years in our country [1].

Similar problems in the operation of reinforced
concrete bridges are observed in other countries. For
example, in Japan, the Ministry of Finance established
a life cycle of reinforced concrete bridges in 60 years
[4].

The use of non-metal composite armature for the
reinforcement of concrete bridge structures is
perspective. In many countries the various structures,
including bridges, were designed, constructed and
operated for many years [5; 6]. The main advantages
of non-metal composite reinforcement are corrosion
resistance, high strength, low specific gravity,
dielectricity.

Non-metallic composite fittings depending on the
type of used fibers can be fiberglass plastic, basalt-
plastic, organoplastic, carbon-plastic. In different
countries, physical and mechanical characteristics of
non-metallic composite reinforcement and works
under a load of concrete elements being reinforced
with such armature were investigated [7; 8]. A number
of countries have developed regulatory documents. In
Europe, the design of concrete structures being
reinforced with non-metallic composite reinforcement
is carried out in accordance with the Fib principles [9;
10].

Basalt-plastic reinforcement has better physical
and mechanical qualities than fiberglass and is
substantially cheaper than carbon-plastic one.
Research of concrete beams reinforced with basalt-
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plastic armature showed that the basalt-plastic
reinforcement of the periodic profile is reliably
included in the joint work with concrete and where the
beams were destroyed by a moment or transverse
force. Some studies of the coupling of basalt-plastic
reinforcement from a periodic profile with concrete
have shown that such fittings on the characteristics of
the coupling are comparable to steel reinforcement
[11; 12].

In Ukraine, there are significant basalt deposits
and there are factories that produce basalt-plastic
reinforcement. Under the guidance of Professor Yu.
Klimov it was carried out the comprehensive research
on basalt-plastic reinforcement and beam bended
concrete elements being reinforced with such
armature. On the basis of these studies, Ukrainian
norms were developed [13] and using them the
concrete structures being reinforced with basalt-
plastic armature can be designed.

As you know, bridges undergo the effects of cyclic
loads. During the operation, the bridge structures
experience the effects of millions of cycle loads of the
level up to 0.3-0.4 % from the destructive one. Low-
cycle loads up to 0.6-0.75 from the destructive one
also influence on the construction of bridges. Such
loads include passing through bridges the over
normalized heavy vehicles, full-scale tests and other
cases. In the studies by P. Koval and R. Paliuha, the
levels and the number of low-cycle high-level loads for
bridges that were operated on Ukrainian roads were
established [14].

The work of concrete structures reinforced with
basalt-plastic armature under the influence of cyclic
loads has not been investigated yet. Therefore, the
purpose of these studies was to determine the effect
of high-level low-cycle loads on the work of beam
bended basalt concrete elements.

Il. EXPERIMENTAL PROGRAM SCHEME

The research program included testing 48 beams
(Table 1). They were divided into two groups. The first
group of beams, 12 basaltic concrete and 12 basalt-
fibrous concrete beams, was tested for one-time static
loads. These were the basic samples for comparison
(marking BO — a beam for one-time loads and BOf — a
beam for one-time loads using basalt fiber). The
second group of beams, similar to 12 basaltic
concrete and 12 basalt-fibrous concrete beams, was
tested on low-cycle loads of high level (marking BL —
a beam for low cycle loads and BLf — a beam for low
cycly loads using basalt fiber).

Table 1. Test program

Work One-time Low cycle
Ser reinforce- loads loads
1es ment ;
reinforce- sample Number | sample Number
ment Marking 8f Marking |
. . eams beams
coefficient;
I 1Z4RNPB I-BO 2 I- BL 2
0,00073 I-BOf 2 I- BLf 2
Il 1Z6RNPB II-BO 2 II- BL 2
0,00158
Il- 2 Il- 2
BOf BLf
1] 1Z8RNPB - 2 M- 2
0,00286 BO BL
- 2 - 2
BOf BLf
v 1J10RNP V- 2 V- 2
B BO BL
0,00446 V- 5 V- 2
BOf BLf
Y 1J12RNP V-BO 2 V- 2
B BL
0,00649 V- 5 V- 2
BOf BLf
VI 1J13RNP VI- 2 VI- 2
B BO BL
0.0077 VI- 2 VI- 2
BOf BLf

A. TEST SAMPLES

Experimental samples were beams of a cross
section of 100x200 mm and with a length of 2100 mm
(Fig. 1), which were made of concrete of the class
B40. The beams were of heavy concrete (marking
(BO and BL) and of heavy concrete with basalt fiber
(marking (BOf and BLf). The frameworks of the beams
consist of one rod of working reinforcement with
diameters 4, 6, 8, 10, 12 and 13 mm of basalt-plastic
reinforcement RNPB (Fig. 1). In the extreme third of
the run, a cross-section was done by reinforcement of
@ 6 mm of class A-l with a length of 180 mm. The
step of cross-sectional rods was 100 mm; the total
number of rods of transverse reinforcement was 16
pcs. The upper reinforcement was made by the rods
@ of 6 mm of grade A-1 with a length 730 mm in the
extreme third of the run. Coefficients of the
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reinforcement of the cross section in the structure
(pof,tot) is 0.00073; 0.00158; 0.00286; 0.00446;
0.00649; 0.0077.
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Fig.1 Design of basalt concrete beams (a) and beams
frames (b):

1-1A44; 6; 8; 10; 12; 13) RNPB; 2-2C6A-1; 3-
16 Z6A-I

B. METHOD OF TESTING

The tests were carried out on a power stand (Fig.
2) by two centered forces located in thirds of the run
according to the net bending scheme. Fiber
deformations of concrete at a beam height in the
middle of a run were measured by indicators with a
scale division of 0,001 mm on the basis of 200 mm
and by tensor resistors on the basis of 50 mm in the
complete set with the measuring device AVD 4M. The
deflection of the beams and the precipitate of the
supports were measured by the Aistov PA06. The
width of the opening of the crack was determined
using a microscope MPB-2 and a scale division of
0.05 mm.

Fig. 2 Investigation of the stress-strain state of

reinforced  with

bending structures composite

armature
The basis for assessing the work of prototype

beams on low cycle loads were data obtained from
tests of similar beams tested on single loads.

For our study the number N=10 cycles (Fig. 3) was
adopted for the low cycle loads, the number and the
levels are based on the research [15]. The values of
the destructive load Pcr were determined on the twin
beams at one-time static load. The base level of the

cyclic load was taken 0,6 Pcr., to which the samples
were proved with loads to the level of 0.75 Pcr.

In order to model the loading of the structure to a
higher level, after the first six cycles with a maximum
load level of 0.6 Pcr, at the seventh and eighth cycles,
the load level was brought to 0.75 Pcr. The 9th cycle
was carried out with a maximum load of 0.6 Pcr, the
tenth one — again to 0.75 Pcr. After the test base, the
beams were brought to the destruction by one-time
force attempt with the fixing of the damaging load.
Load levels were assigned according to the
parameters of the work cycles of road bridges, which
on average are ntop = 0,6 . 0,75. The sequence of
load levels in cycles is also determined on the basis of
observations of the traffic of heavy loads on road
bridges.

_Maximum load level in
cycles, %

1234567 I\?gc?'f%rqecycle

Fig. 3 Scheme of low cycle loads
Il RESULTS

The comparison of bending moments, where the
basalt concrete beams have been destroyed, shows
that the low-cycle loads of a high level did not
significantly affect the bearing capacity of the beams.
So, for the I-IV series beams the bearing capacity
after low cycle loads was higher on 3 - 15.2% from the
bearing capacity of beams of single loads. The
bearing capacity of the V-VI series beams after low
cycle loads was on 2.25 - 13.70% lower than the
bearing capacity of beams after single loads. The
distribution of the obtained data is within the limits of
the allowable values in the experimental studies,
therefore it can be argued that the low-cycle loads did
not reduce the bearing capacity of concrete beams
reinforced with basalt-plastic armature.

The ability of the basalt-fibrous concrete beams
after low-cycle loads of a high level is slightly different
from the bearing capacity of the basalt-fibrous
concrete beams under the action of one-time loads:
from 4.5% less to 6% higher bearing capacity.

As a result of the obtained experimental data, it
can be concluded that the low-cycle loads (at the base
of 10 cycles) of a high level of 0.6 Rcr and 0.75 Rcr do
not affect the ability of the beam bended basalt
concrete and basalt-fibrous concrete elements, and
when they are calculated by the first group of
boundary states, such loads cannot be taken into
account.

As experimental studies have shown, under the
influence of low-cycle loads of a high-level in beam
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bending basalt concrete structures, the width of crack
opening increases and the deflections are growing.
Therefore, it is advisable to make additions to the
calculations of such structures by the second group of
boundary states under the influence of low cycle
loads.

The width of the opening of the normal cracks acrc
to the longitudinal axis in the beam bended basalt
concrete structures of the bridges under the influence
of low cycle loads is proposed to be determined by the
formula (3.85) [16] using the empirical coefficient that
takes into account the effect of cyclic loads:

cac O
Ar =V El// = Acr 1)

where .’ is a coefficient that takes into account
the effect of cyclic loads using the table 2;

o — tensile stress, which is equal to the non-
elastic reinforcement of tension &8s in the most
stretched (extreme) rods of the basalt-plastic
reinforcement;

E — modulus of elasticity of basalt-plastic
reinforcement;

Iy — the coefficient of crack opening, which is

determined depending on the radius of reinforcement
(considering the influence of the concrete of the
stretched zone, the reinforcement deformations, its
profile and operating conditions of the element),
adopted in accordance with the article 3.109 [16],

A, — the limiting value of the calculated crack
width, which is 0.8 mm [14].

Table 2. The coefficient value /g

f@)= vl M0 (9ax @

where M(X) — is during determining the
deflection f — the function of bending moment from
the unit force applied in the direction of the desired
deflection f , defining the angle of rotation & — the

function of a bending moment from the unit moment
applied in the direction of the desired angle of rotation;

1 .
—(X) - the curvature of an element in the same

section from the load, where a deflection or an angle
of rotation is determined (the sign is taken in
accordance with the sign of the bending moment in
the specified section);

In formula (2), the summation is done in all
sections (along the length of the run), which differ in

the laws of the change in the quantities M(X) and
1

—(x).

P

chyc — the coefficient that takes the effect of cyclic
loads and is accepted according to the table 3.

Table 3. The coefficient value l//cfyc

N Low-cycle Low-cycle
Coefficien | |oad level load level
t
0,6 Pcr 0,75 Pcr
. f
W 1,11 1,46
cye

Low-cycle Low-cycle
Coefficient load level load level
0,6 Pcr 0,75 Pcr
l//crc 1,12 1,5
cyc

The empirical coefficient /g is determined by the

results of the study of basalt concrete and basalt-fiber
concrete beams in accordance with the program of
experiments (Table 1). The increase in the width of
crack opening due to the effect of low cycle loads in
basalt concrete and basalt-fibrous concrete beams
was a close value, therefore these data were used for
joint processing of results.

The effect of low-cycle loads on the deflections of
basalt concrete beams is proposed considering the
introduction of the coefficient in formula (3.92) [16]

coefficient 1//nyc

The value of the coefficient l//cfyc was obtained

from the experimental data of research of basalt
concrete and basalt-fibrous concrete beams under the
influence of low cycle loads. The growth of deflections
in basalt concrete and basalt-fibrobone concrete
beams was close in magnitude; therefore these data
were used for joint processing of results.

IV. CONCLUSION

It was established that low-cycle (on the basis of
10 cycles) loads of a high-level of 0.6 Rcr and 0.75
Rcr do not affect the ability of beam bended basalt
concrete and basalt-fibrous concrete elements.
Therefore, during the calculation of such beams for
the first group of extreme states, they cannot be taken
into account.

In the calculation of basalt concrete and basalt-
fiborous concrete beams for the second group of
extreme states it is proposed to take into account the
effect of low-cycle loads of a high level in the following
way:.
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- to determine the width of the crack opening, it
is important to enter the coefficient /¢, into formula

(1), which during the repeated loads of 0.6 Rcr level is
1.12., at loading level of 0,75 Rcr - 1,5;

- to define deflections, it is necessary to enter
into formula (2) the coefficient 1//nyc, which at repeated

loads of 0.6 Rcr is equal 1.11, at a level of 0.75 Rcr -
1.46.
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