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Abstract. Non-metallic composite reinforcement (NKA) is increasingly used in modern construction, due to its characteristics such
as high strength, resistance to chemical and physical corrosion, low weight and low thermal conductivity, it is increasingly replacing
steel reinforcement. The wider use of NKA for reinforcing concrete structures is constrained by insufficient knowledge of the fea-
tures of their work and limited regulatory support. The regulatory documents of different countries of the world were studied to
calculate the bearing capacity of inclined sections of conventional single-span concrete beams reinforced with both steel and basalt-
plastic reinforcement (BFRP). A comparative analysis of the actual bearing capacity of inclined sections of reinforced concrete
beams and basalt-concrete experimental beams with similar structural factors is applied. A comparative analysis of the actual bearing
capacity of inclined sections of basalt concrete beams reinforced with BFRP, and its calculated values calculated according to the
recommendations of existing design standards of foreign countries, showed their unsatisfactory convergence. Basically, foreign
standards underestimate up to several times the real bearing capacity of research beams reinforced with both steel and basalt rein-
forcement. The bearing capacity of inclined sections of basalt-concrete beams with large (a/hy = 3) and medium (a/h, = 2) section
spans should be determined by an inclined crack using variable coefficients ¢, @3, 9.4, taking into account the real length of a
dangerous inclined crack lgrfland a significant reduction in tensile stresses to (0,10 — 0,15)fz,. The bearing capacity of the support-
ing sections in accordance with small shear spans a < h, must be determined as for short cantilevers by the inclined compressed
strip between the concentrated force and the support using a variable coefficient k. This approach provides satisfactory convergence
(U =7,9%) of the calculated and experimental values of the bearing capacity of inclined sections of rectangular basalt concrete
beams.
Keywords: basalt-plastic and steel reinforcement, bearing capacity, deformability, crack resistance, static and low-cycle loads.

Introduction. During recent decades the structures with  sections of ordinary single-girder concrete beams rein-
non-metallic composite reinforcements (NCR) find the forced with both steel and basalt-plastic reinforcement
ever growing use in the construction practice, particularly  (BFRP), and to compare them with experimental data, the
in the special purpose buildings and facilities. national design standards were chosen among foreign

Due to high strength, resistance to physical and chemi-  ones (European EUROCODE - 2 [1], Japanese [2], Amer-
cal corrosion, dielectric and diamagnetic properties, little  ican ACICODE [3], Canadian CSA [4], Italian CNR [5]),
weight and low heat conductivity, the NCR replace steel ~ which presented methods for calculating the load-bearing
reinforcement increasingly frequently. However, a wide capacity of concrete beam structures reinforced with
use of the NCR for reinforcing concrete structures is hin-  NCA.

dered by insufficient study of the peculiarities of their Methods for calculating the strength of supporting sec-
performance, inadequate regulatory support and scant tions of girder structures reinforced with steel and non-
experience of operating the appropriate facilities. metallic composite reinforcement (NCA), national design

Experience has shown that the use of NCR is promis-  standards of different countries, in addition to the well-
ing and economically justified when constructing roads, known method of limiting forces in SNiP 2.03.01 - 84 *,
hydrotechnical and transport facilities, erection of bridge  are based on the classical model of truss analogy W. Rit-
spans, treatment facilities, chemical installations and food  ter - E Morsh and its various modifications, arched analo-
industry facilities as well as special purpose buildings and gy or a combination of truss and arched analogy. All the
arrangement of foundations in corrosive soil environment.  above rules, including the previously valid domestic SNiP
At that, the application prospects of the basalt plastic  provide for a separate calculation of inclined sections on
reinforcement is explained by low cost of the main raw  the action of transverse forces and normal sections on the
material — basalt fibre as far as by the fact that in the  action of bending moments.
world there are considerable deposits of basalt which has Highlighting previously unresolved parts of the
unique physical and chemical properties, specifically, the  overall problem. The priority of research and publica-
better chemical resistance to corrosive environment as  tions on this topic in recent years is the development of
compared with the fiber-glass reinforcement. the regulatory framework in the field of building struc-

Proceeding from the above, it is a topical task to per-  tures and the introduction of the deformation method for
form experimental and theoretical research of the load- calculating their bearing capacity. In addition, if the study
bearing capacity of the structures reinforced with basalt-  of the load-bearing capacity of normal sections is devoted
plastic in order to accumulate the database and improve to numerous works of domestic and foreign researchers,
the existing and develop new regulatory documents that the load-bearing capacity of inclined sections of beam
enable to a wider application of such reinforcement in the  elements remains insufficiently studied.
indicated spheres of special facility construction. When designing real structures with NCA in the calcu-

Analysis of recent sources of research and publica- lations for the first group of limit states, the design char-
tions. To calculate the load-bearing capacity of inclined acteristics of materials and design forces are used. In
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order to determine the destructive forces and verify the
calculation formulas of national design standards, they
use the characteristic values of the strength of concrete
and basalt-plastic reinforcement (BFRP).

The basic principles of calculation of bent structures
reinforced with NCA in all foreign norms and domestic
guidelines [6] are preserved the same as for elements with
steel reinforcement.

Purpose and objectives of research. This work is
aimed at experimental study of strength, crack resistance
and stress-strain behavior of the BFRP concrete beams
and establishment of the appropriate databank for further
development of the physical and mathematical models of
the bearing capacity of the normal and transverse cross-
sections of the BFRP spanned concrete structures with
due account of the action of static and low-cycle high
level loads by analogy to similar models [0-0], that have
been developed for the reinforced concrete structures.

Methods of conducting experiments, materials and
equipment. In connection with the above, the system
experimental research [0-0] of the load-bearing capacity
of support zones of complex loaded reinforced concrete
beam structures are being performed in Odesa State
Academy of Construction and Architecture.

To achieve this goal two more series of field studies
were additionally accomplished by testing single-span
BFRP concrete beams subjected to static and low-cycle
repeated loads of high level in accordance with the central
government budget research projects (state registration
No0s.0107U000809 and 0108U000559) with the use of the
experimental design theory and efficient PC software
COMPEX of Prof. V.A. Voznesenskyi.

It is known from literary sources that the main perfor-
mance parameters of steel, fibre and basalt fibre rein-
forced concrete structures are governed by the Gaussian
law and that it is possible to process the results with the
least square method. As the studied factors can influence
the output function in a non-linear manner, it is expedient
to approximate it with the second order polynomial. That
is why the test samples were prepared with the use of the
three-factor three-level D-optimum Box plan B3 [0],
which ensures the same accuracy of the output parameter
prediction within the area that is described with the radius
that equals the conventional “1” with respect of the “zero”
point.

The following factors (design factors) were chosen as
the test ones that were changing at three levels: X; — rela-
tive shear span (distance from the support to the concen-
trated force), a/hy, = 1,2,3 at hy=d = 175 mm; X,— the
concrete grade C, MPa, C16/20, C30/35, C40/50; X5 —
transverse reinforcement coefficient pr, (ACB-800
(composite basalt-plastic  reinforcement)) 0.0029;
0.0065; 0.0115 for basalt fibre reinforced concrete beams
and pg,, (Bpl) = 0.0016; 0.0028; 0.0044 for the reinforced
concrete samples. Coefficients of the upper and low lon-
gitudinal reinforcement p,,=p;;=0.0176 for both beam
types with the design spans L,=9h,=1,575 mm and width
b=100 mm.

Each study of the field test provided for two twin
beams having four support areas. Altogether there were
tested 30+30=60 basalt concrete beams subjected to,
accordingly, stepped increase of the static and low-cycle
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repeated loading. For the sake of comparison, we used the
test results of similar reinforced concrete beams [0].

The tested beams were reinforced with basalt fibre
plastic in kind of two flat tied frames. These elements
were produced with the use of heavy concrete of the
above indicated grades plus the 5-10 mm granite chips
and 1.5 mm fineness modulus quartz sand. Portland ce-
ment grade 500 without additives was used as a binder. In
order to reduce the water/cement ratio, make it more
convenient to place concrete mix and shorten the cure
period, all tests were conducted with Relaxol-Super M
(ISO 9001 Ne 04.156.26) complex additive in quantity of
1% of the cement weight as recalculated to dry substance.

Special power installations were designed, manufac-
tured and certified for testing the sample beams. Loads
were applied according to the four-point scheme with the
aid of the DG-50 hydraulic jack and the load distribution
traverse beam; the concentrated forces were applied in
stages: with the step (0.04...0.06) F,;untilappearance of
the first normal and inclined cracks, and afterwards with
the step (0.08...0.12) F,;.until rupture. The time exposure
on a step was up to 15 minutes, and all measurements
were made at the beginning and at the end of each step.

Before making the test beams, chains of KF5P1-5-200
strain gauges were glued on the tensioned reinforcement
of one of the flat frames (base 5 mm) in compliance with
the technology recommended by the manufacturer (LLC
“Veda”, Kyiv).

Deformation of the test concrete samples were meas-
ured with the aid of wire and foil strain gauges with the
40 and 50 mm base according to the generally adopted
methodology; the strain gauges were glued on one lateral
and the top polished sides. The transfer from the strains
of the reinforcement measured during testing was accom-
plished according to Hooke law, and the strains in the
concrete were measured through the sectional elasticity
modulus. Deformations of the concrete located in the
compressed zone and in the tensioned reinforcement were
checked with the aid of the dial gauges and the vertical
displacements were measured with deflection indicators.

Presentation of the main material and results. It is
recommended to determine the bearing capacity of struc-
tures with non - metallic composite reinforcement under
the action of static loading by the deformation or defor-
mation - force model. In this case, the forces and defor-
mations in the normal cross section can be determined in
accordance with the prerequisites of paragraph 6.1 of
DBN B.2.6 - 98 [11], taking the relationship between
stresses and strains in composite reinforcement linear
according to existing recommendations in the normative
and reference technical literature.

The calculated resistance of composite reinforcement
located in the compressed zone of the concrete structure is
recommended to be taken according to [0]f.q = 0,2f.4-

The calculations allow the use of simplified depend-
ences "Stress - strain™ for concrete and the uniform nature
of the distribution of normal compressive stresses in the
compressed zone in accordance with p. 3.1.7.1 and 3.1.7.2
DBN B.2.6 - 98 [11].

For weakly reinforced concrete structures, in which the
bearing capacity of normal sections may be less than the
moment of crack formation, it is recommended to in-
crease the area of non-metallic composite reinforcement
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so that their bearing capacity is 1.5 times higher than the
moment of formation of normal cracks.

It is recommended to use non-metallic composite rein-
forcement, first of all, as longitudinal reinforcement in
constructions in which transverse reinforcement is option-
al by calculation. In this case, the longitudinal stretched
NCA must accept the additional tensile force caused by
the shear, in accordance with paragraph 4.6.3.8 of DSTU
B B.2.6 - 156 [12].

In solid, ribbed or hollow slabs with NCA, in which
the redistribution of transverse loads is possible, the
transverse reinforcement may not be installed with the
appropriate justification.

In rod, including beam, structures with NCA, which do
not require the calculated transverse reinforcement, the
authors [6] recommend to install structural transverse
steel reinforcement, the minimum number of which is
recommended to determine the formula:

0,084/ fex
pw,mm - fyk y

wheref,, — characteristic value of concrete compres-
sive strength, MPa;

fyk - characteristic value of tensile strength of steel re-
inforcement on the yield point, MPa.

In elements with longitudinal non-metallic composite
reinforcement, which require the calculated transverse
reinforcement, the authors [6] recommend to take as a
transverse steel reinforcement in accordance with DSTU
3760 and GOST 5781.

To calculate the load-bearing capacity of the support-
ing sections of bending elements that require calculated
transverse reinforcement, along with the general mechan-
ics of concrete reinforced with steel or non-metallic com-
posite reinforcement, deformation or deformation-force
model, it is recommended to use the best experimental
design. previously valid domestic SNiP 2.03.01 - 84 *
[13] taking into account the adjustments that are proposed
to be made to it based on the results of recent experi-
mental - theoretical studies.

1.1)
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Fig. 1.1. Calculation scheme of the supporting section of the
basalt concrete element when calculating its bearing capacity
under the action of transverse force.

Taking into account the recommendations of p.3.31
SNiP [13], the calculation of concrete beams reinforced in
sufficient quantities Prw = 0,0025, p;r = 0,0100
basaltoplastic reinforcement BFRP (Fig. 1.1), on the
combined action of transverse force and bending moment
to ensure their load-bearing capacity and inclined crack
must be carried out on the most dangerous inclined sec-
tion, provided:

Ve < Vee + Ve + Veine, (1.2)

18

where Ve, Vpy, 1 Vg i~ cCOmponents of transverse force,
which are perceived, respectively, by concrete, transverse
reinforcement and bends.

The transverse force V; in condition (1.2) is determined
from the external load located on one side of the inclined
section under consideration.

The component of the transverse force, which is per-
ceived by the concrete of the compressed zone is deter-
mined by the formula:

P2 (1+ o+ On)feta " bw - d?
Vie = A \

wherea = ¢ — the length of the projection of the most
dangerous inclined section on the longitudinal axis of the
element (span of the section);

@, — a coefficient that comprehensively takes into ac-
count the influence of the shear span, the concrete class
and the number of BFRP transverse reinforcement. This
coefficient, in contrast to its prototype ¢;,, = 2 in SNiP
[13] for heavy concrete, differentiates the effect of struc-
tural factors on the value of V. - KoediuieHt ¢, is ob-
tained experimentally from the inverse. That is, having
experimentally established adequate values of the projec-
tion length of the dangerous inclined crack I, = Cy
(experimental-statistical dependence (1.4), coefficient of
variation U = 5,4 %, as well as confirmed by direct
measurements of deformation &, and simulation of VAT
stress oy, transverse reinforcement, the reliable values of
the components Vy,, were determined. And the compo-
nents Vg, = Vy — Vg, In this case, V; ;. = 0, because the
bends in the beams were absent.

) =176 + 25, + 9%, — 16x; — 9x} + 8x3

7
— 9x§ —9x;X3,MM, U = 5,4 %

The experimental-statistical dependence of the coeffi-
cient ¢, has the form:

Y(ps) = 1,38 — 0,25X; — 0,12X, — 0,22X, X5,V

=5,2%,

which after replacing the coded variables with natural

values of design factors is converted into the form:

(1.3)

U

crfl (14)

(1.5)

C — 35MIla 16
0o =1,38-1025 (a/h0 - 2) ~0,12 (7151\4“3 ) (1.6)
- 022 (a/h0
prw — 0,0072

_2)( 0,0043 )

Given the allowable extrapolation of the results ob-
tained, the dependence (1.6) is valid when changing de-
sign factors within the following limits:
the magnitude of the relative span of the
slicea/ho =1,0 —3,3;

concrete class in MPa fromC12/15 no C45/55;
coefficient of transverse reinforcementpy,, =
0,0018 — 0,0126.

The geometric interpretation of the influence of these
constructive factors on the value of the coefficient ¢,is
presented in Fig. 1.2.

The coefficient ¢f, which takes into account the influ-
ence of compressed shelves on the load-bearing capacity
of inclined sections of T-shaped and I-beam elements, is
taken in the wording of SNiP 2.03.01-84 * [13] and is
determined by the formula:
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(URL)I/p @7
b . ho
In this case, b}is taken as a value that does not exceed
the value of b + Sh}, and the transverse reinforcement

must be anchored in the shelf.

G 76/20

"
0,
Prw
Fig. 1.2. Complex influence of structural factors on the value
of the coefficient ¢, of beam structures with small (a/hy =
1), medium (a/h, = 2) and large (a/hy = 3) spans of the cut.

"yl ‘ e
X3 0,015 0072 0,0026

The coefficient ¢,,, which takes into account the influ-
ence of longitudinal forces on the bearing capacity of
inclined sections of deflection structures, is also accepted
in the edition of SNiP [13] and is determined by the for-
mula:

(1.8)

@n =01 <05

N

feta b ho

In prestressed elements in formula (1.8) instead of N
the force of pre-compression of concrete P is used taking
into account all possible losses. In this case, the positive
effect of longitudinal compressive forces is not taken into
account if they create bending moments that are identical
in signs with the bending moments from the action of the
transverse load.

Under the action of longitudinal tensile forces, formula
(1.8) is transformed into the form:

Lt = [176 +25(a/ho—2)+9(

(raseia) = oGa/mo =) (%

Dependence (1.12) is valid when the constructive fac-
tors change within the limits specified for expression
(1.6).

The force in the transverse reinforcement V., is tradi-
tionally determined by the formula:

Viw = Qw * lerp1s (1.13)
whereqy,, — the force in the transverse rods (clamps)
per unit length of the element, ie the intensity of the

transverse reinforcement, is determined by the formula:

OfrwArw
Qpw = i . f (1.14)

whereay,, — stresses in the rods of the transverse com-
posite reinforcement, which intersect with a dangerous
inclined crack. According to full-scale measurements of
deformations and modeling of the stress-strain state in the
transverse rods of beam structures with large shear spans
(a/ho = 3)it is recommended to take of,, = 0,1ff, and

15MPa

C-35MPa P w—0,0072
—16(Ew "2
0,0043
w—0,0072
0,0043

19
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The total value of the increasing coefficients (1 +
@5 + qon)is recommended to be taken not to exceed 1.5 at
this stage of research.

The value of V., calculated by formula (1.3), by anal-
ogy with SNiP 2.03.01-84 [13] should be taken not less
than the value:

Py = 9003(1 + [ + (pn)fctd b hO- (110)

In this case, the value of the coefficient ¢.; for heavy
concrete must be reduced by the formula:

Oz = (Pcz'(/’b3. (111)
Pb2

whereg,,, Pp3 are the coefficients from SNiP
2.03.01-84 *, which for heavy concrete are equal to 2.0
and 0.6, respectively.

Transverse forces Vp,, andVy ;,., which are perceived,
respectively, by the transverse reinforcement and bends,
which are crossed by a dangerous inclined crack.

The length C, of the projection of a dangerous inclined
crack on the longitudinal axis of the element SNiP
2.03.01-84 * [13] recommends determining the minimum
expression Qp + Qs + Qs ine, iN Which when calculating
Q,, instead of the length of the slice a = c is used C,. The
value of C,obtained in this way according to SNiP
2.03.01-84 * [13] should have come not greater than the
value of 2hyand not more than the value of C, as well as
not less than the value of hy, if C > h,.

However, numerous field experiments have revealed a
significant discrepancy between the experimental and
calculated by SNiP 2.03.01-84 * values of C,, which calls
into question the feasibility of such an approach, includ-
ing the adoption of Q,,, = Q.

Based on the above and taking into account the availa-
ble research data, the projection length of the dangerous
inclined crack Iz, in concrete elements reinforced with
composite reinforcement, including BFRP, with their
static load (series 1) is recommended to determine the
experimental-statistical dependence (1.4), which after
replacing the coded variables with natural has the form:

)= 9(a/ho - 2)* +8(

) -
)] mm, U = 5,4%.

in elements with medium shear spans (a/h, = 2) —
0rw = 0,15f¢. In this case, when used as a transverse
reinforcement BFRP relative deformations &, in it be-
fore the destruction of the experimental beams were,
respectively, 0,0018i0,0028. These data are in good
agreement with the recommendations of fib [14] to limit
the relative deformation of the transverse NCA of 0,20 —
0,25%.

In beam elements with small shear spans (a/hy, = 1),
direct measurements and modeling of VAT showed that
compressive stresses occur in the rods of vertical trans-
verse reinforcement, the average value of which in beams
with BFRP reached —363MPa ~ —0,45f,. In this case,
grw = —0,0084. It is obvious that in such elements there
is almost the same probability of destruction of their sup-
porting sections both from the cut of concrete behind an

=02 (L9)
n )

C-35MPa
15MPa

(1.12)
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inclined crack (maxt,,, < f./2) and behind an inclined
compressed strip (maxao,, = (1,0 — 1,5) fo)-

But, given the fact that the height of the compressed
zone of concrete under the concentrated force F applied at
the end of the span of the cut, artificially decreases (by
25% or more), still, there is a probability of destruction of
these areas according to the calculation scheme. 1.1 with
a section of concrete over the top of the dangerous in-
clined crack and without taking into account the operation
of the transverse inclined crack and without taking into
account the operation of the transverse reinforcement on
them, sooy,, = 0 for a/h, = 1.

Ay, — the cross-sectional area of the cross bars or
clamps in one cross-sectional plane of the element.

The transverse force perceived by the bends,

Vf,inc = dfw,inc " lcrfl- ) (1.15)

When determining gy, inc it is necessary to take into
account the angles of inclination aand it is allowed to
take the voltage in them or = 0,25f;, With & ;p. =
0,0045 according to the recommendation of fib [14] and
provided reliable anchoring of bends on supports and and
spans the element.

According to comparative calculations in beam struc-
tures with large and medium spans, in which the trans-
verse reinforcement is installed by calculation, the condi-
tion must be met:

¢03(1+(Pf+(ﬂn)'fctd'b (116)

qfw = 3
as well as the relevant design requirements.

The calculation of concrete elements reinforced with
longitudinal NCA without transverse rods and clamps, on
the combined action of transverse forces and bending
elements in order to ensure their load-bearing capacity by
inclined crack by analogy with SNiP 2.03.01-84 * [13] is
recommended to perform the most dangerous cross sec-
tion conditions:

Vf — (pc4(1+‘ﬂn?fctdb'dzl

a

in which the right part is taken as a smaller value of
2,5f,tqa " b - d and not less
®c3(1+ @n)fera b d. (1.18)
The coefficient ¢ ,is recommended to be determined
taking into account its reduction compared to the coeffi-
cient ¢, with SNiP 2.03.01-84 * [13] by the formula:
Pc2 (1.19)

Pca = E‘Pm-

For heavy concreteg,, = 1,5.

The comparison of experimental data and calculated
values of bearing capacity of inclined sections V,;; ac-
cording to the calculated model SNiP 2.03.01-84 *
adapted to concrete elements reinforced by NCA [13]
shows in general, their satisfactory convergence (U =
11% ). The largest differences between the experimental
and calculated values of V, were observed in basalt-
concrete beams with small spans. To improve the conver-
gence of experimental and predicted values of the bearing
capacity of the supporting sections of the beams with
small spans (a < hy), calculate it according to the rec-
ommendations of SNiP 2.03.01-84 * [13] according to the
scheme of short consoles, transformed in our case to the
form (Fig.1.3). The validity of this approach is confirmed
by the results of field experiments using distribution
plates with width [g,,, under concentrated forces and on

(1.17)

supports, resulting in artificial reduction of the shear span,
as well as the results of modeling VAT of concrete and
transverse reinforcement, which in all beams with such
shear spans deformed.

l F

d=

- £ =
TR = =
- I
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Fig.1.3. The calculated scheme of bearing capacity of the
supporting section of the basalt concrete beam with a small span
of the cut (a < hg) on an inclined compressed strip between the
concentrated force and the support.

The bearing capacity of the inclined strip of the speci-
fied element is determined by the condition:
Vi~ F <kf @y fea b-lc-sind <3,5fq-b-hy,

Oea(L+ Qp)fera b+ d? (1-20)

ki @wz fea bl -sing = a

where@ -the angle of inclination of the calculated
compression strip to the horizontal;

l. — the width of the calculated compression band,
which is determined by the formula:

lc = lgyp + sing, (1.22)

wherel,,,, — the length of the load transfer site along
the span of the beam;

.2 — a coefficient that takes into account the influ-
ence of transverse rods or clamps, if any, on the height of
the beam and is determined by the formula:

Pwz =1+ 50!/; Hw1, (1.22)
— . _ Afw,
wherea = Ef/E¢; y, = P

Ay, — the cross-sectional area of the clamps in one hor-
izontal plane (if any);

S,y — the distance between the said clamps (if any) on
the normal to them. In this case, horizontal clamps and
inclined at an angle of not more than 45° to the horizontal
in compliance with well-known requirements are taken
into account.

For the presented constructions of basalt concrete
beams the coefficientp,,, =1+ 0 = 1.

The coefficient k¢ in the old SNiP 2.03.01-84 * [13] is
recommended to be constant and equal to 0.8. For basalt-
concrete beams with a short span of the cut and short
consoles a < hy in the opposite way, the experimental
value of krwas found in experiments by the formula:

ke =Vur/(@wz " fox " b - lc - sinb) (1.23)

subject to conditions (1.20).

Processing of the obtained values of the coefficient k,
allowed to obtain an adequate experimental - statistical
dependence for these elements:

Y(ks) = 1,67 — 0,25X, — 0,21X;3 — 0,08X,X3, U

=2,5%,

replacement of coded variables, in which the natural
values of structural factors in the field experiment allows
to obtain an empirical formula for determining the coeffi-

(1.24)



cient k taking into account the change of concrete class
from C12 / 15 to C45 / 55 and the coefficient of trans-
verse reinforcement within (pg,, = 0,0018 — 0,0126)):

k
£
=167 — 025 (C - 35Ml'[a) +021 (pfw - 0,0072)
- ’ 15MIla ’ 0,0043 (1.25)
C — 35MII —0,0072
- 0,08( a) (pfw )
15MIla 0,0043

Geometric interpretation of the dependence of the coef-
ficient k; on the ratio of design factors is presented in Fig.
1.4.

The application of the experimentally established coef-
ficient ¢_c2 for basalt concrete beams with large (a/hy =
3) and medium (a/h, = 2), as well as the coefficient k,
in elements with small (a/h, = 1) spans allowed to ap-
proximate the experimental and the above formulas the
value of the bearing capacity of their supporting sections
to satisfactory limits (U = 7,9%).

Ks

25

0,0072

0,015
) pfw

Fig.1.4. Influence of concrete class and number of transverse
reinforcement on the value of the variable coefficient k; in
formula (1.20).

The calculation of concrete T-shaped and I-beam con-
crete beams reinforced with basalt-plastic reinforcement,
with the combined action of transverse force and bending
moment is performed to ensure the strength of inclined
strips between inclined cracks in their walls on the sup-
porting sections of the condition:

Vf ~F <0,30w1 " @1 * fea " bw - d, (1.26)
whereg,,; — a coefficient that takes into account the in-
fluence of normal to the longitudinal axis of the trans-
verse rods or clamps on the bearing capacity of the sup-
porting sections of these beams. It is recommended to

determine by formula (1.22) and take no more than 1.1;

b,, — wall thickness of T-shaped or I-beam sections.

The coefficient ¢, is recommended to be determined
by the method of SNiP 2.03.01-84 * [13] with the adjust-
ed value of the coefficient g*:
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@p2and B — coefficient with SNiP 2.03.01-84 *, which
for heavy concrete are, respectively, 2 and 0.01.

Conclusions:

1. Comparative analysis of the actual load-bearing ca-
pacity of inclined sections of reinforced concrete experi-
mental beams (series ASD) with similar design factors
and the use of metal longitudinal and transverse rein-
forcement instead of basalt-plastic and its calculated val-
ues according to SNiP 2.03.01-84 * [13] and current in
Ukraine Eurocode [1] in the form of DSTU BV.2.6 - 156:
2010 [12] showed that the previously existing domestic
SNiP [13] shows a much better convergence (coefficient
of variation U = 17,5%) compared to Eurocode 2 [1]
(U = 64,4%) because they are better than European and
other, as previous studies have shown, foreign standards
reflect the physical picture of the experimental beams
under load.

2. A comparison of the actual load-bearing capacity of
inclined sections of basalt-concrete beams reinforced with
BFRP and its calculated values, calculated according to
the recommendations of the existing national design
standards of foreign countries, also showed their unsatis-
factory convergence. Thus, the coefficient of variation for
Eurocode 2 [1] is U = 85,2%, Japanese standards JSCE
[2] - U = 77,9%, American ACI [3] - U = 81,7%, Cana-
dian CSA [4] - U = 61,1%, Italian CNR [5] - U = 59%.
In general, these standards underestimate several times
the actual load-bearing capacity of experimental beams
reinforced with both steel and basalt reinforcement. This
comparison showed that the best convergence of these
values is characteristic of those norms that are not based
on a modified truss analogy or modified compression
field theory, but on experimentally validated calculation
schemes that better reflect the physical picture of experi-
mental elements under load.

3.The load-bearing capacity of inclined sections of
basalt concrete beams with large (a/h, = 3) and medium
(a/hy = 2) spans of the section should be determined by
an inclined crack with a predominant action of transverse
force using variable coefficients ¢ ,, @3, Qc4,, taking into
account real inclined crack l;,;,and a significant reduc-
tion in tensile stresses (up to (0,10 — 0,15)ff) in the
transverse reinforcement BFRP. The bearing capacity of
the support sections of the experimental elements with
small shear spans (a < h,) should be determined as for
short consoles on an inclined compressed band between
the concentrated force and the support using a variable
coefficient k. This approach provides satisfactory con-
vergence (U = 7,9%) of the calculated and experimental
values of the bearing capacity of inclined sections of

P =1=8""fea, (1.27) basalt concrete beams of rectangular cross section.
whereg* = (’:;LB,
b2
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