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Abstract. In the past decade, structures with non-metallic composite reinforcement (FRP)
find more and more widespread use in construction practice, especially in buildings and structures
for special purposes.

Due to its high strength, resistance to chemical and physical corrosion, dielectric and
diamagnetic properties, low weight and low thermal conductivity, FRP is increasingly replacing steel
reinforcement. However, the wider use of concrete structures with FRP is constrained by insufficient
knowledge of the features of their work, insufficient regulatory support and little experience in
operating these facilities.

Practice has shown the promise and economic feasibility of using FRP in road, hydraulic
engineering, transport construction, in the construction of bridge spans, treatment facilities, chemical
and food industry facilities, and foundations in an aggressive soil environment. At the same time, the
prospects for using basalt-plastic reinforcement (BFRP) are primarily due to the low cost of the main
raw material, basalt fibers, due to the presence of significant reserves of basalt in the world.

The basic principles of calculation of bending structures reinforced with FRP, in all foreign
standards, as well as in the domestic Manual, are the same as for elements with steel reinforcement.

The design models of the bearing capacity of the bearing sections of concrete beams
reinforced with BFRP are considered. The bearing capacity of inclined sections of elements with

large (a/h, =3) and medium (a/h, =2) shear spans should be determined by an inclined crack
using variable coefficients¢_,, o, ;,9,,, taking into account the real length of a dangerous inclined
crack I..,, a significant reduction in tensile stresses in transverse reinforcement to

(0,10—0,15) f, . The bearing capacity of the support sections with small (a<h,) shear spans must

be determined as for short cantilevers along an inclined compressed strip between the concentrated
force and the support using a variable coefficient k,. This approach provides satisfactory
convergence between the calculated and experimental values of the bearing capacity of inclined
sections (coefficient of variation (v=7,9%)BFRP.

Keywords: basalt-plastic reinforcement BFRP, load-bearing capacity, support section,
inclined section, shear span, coefficient, design model, dangerous inclined crack, compressed strip.

Introduction. Practice has shown the viability and economic feasibility of using non-metallic
composite reinforcement (FRP) in road, hydraulic, transport construction in the construction of bridge
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girders, sewage treatment plants, chemical and food industries, as well as special purpose buildings and
foundations in aggressive soil environments. At the same time, the possibilities for the use of basalt-
plastic reinforcement (BFRP) are due to the low cost of the main raw material - basalt fibers due to the
presence of significant reserves of basalt in the world, as well as their unique physical and chemical
properties. In particular, electrical and radio transparency, improved compared to fiberglass
reinforcement, chemical resistance to aggressive environments. However, the introduction of FRP-
reinforced concrete structures into construction practice is constrained by the lack of an appropriate
regulatory framework. Therefore, research to improve existing and develop new methods for
calculating concrete structures reinforced with BFRP are important and relevant.

Analysis of recent sources of publications. Comparison of experimental data [1, 2] with the
results of calculations [3] of load-bearing capacity of inclined sections of structures with FRP
according to European EUROCODE-2 [4], Japanese JSCE [5], American ACI [6], Canadian CSA
[7], Italian CNR [8] design standards showed unsatisfactory convergence (coefficients of variation
(bL=59-85%) because they are based not on real physical schemes of such structures, but on the

classical model of truss analogy W.Rittier — E.Morch and its various modifications, arched analogy
or a combination of truss and arched analogies.

Advantageously, in this respect, differs the method of limiting efforts found by O.S. Zalesov
and O.F. Ilyin in the edition of SNiP [9], which provides satisfactory convergence (v=17,5%) for

experimental reinforced concrete beams [10].

The purpose of the work — is to improve the existing calculation models of bearing capacity of
the supporting sections of concrete girder structures with non-metallic composite reinforcement.

Research methods. For predictive estimates of the bearing capacity of the experimental
elements before the laboratory tests were carried out modeling of their stress-strain state in the
tested PC "Lira-CAD". Experimental tests of concrete beams reinforced with BFRP and
manufactured in accordance with the theory of planning according to the three-factor, three-level
plan of Box-Benkin B3, under static action of transverse loading using modern measuring
equipment. The experimental data were compared with the results of calculations based on the
recommendations of existing national design standards and author's methods. For further
improvement, those calculation schemes were chosen that provided the best convergence of the
experimental and calculated values of the bearing capacity of the experimental elements.

Basic material and results. As shown by the comparison [3, 9, 11], the experimental and
calculated values of the load-bearing capacity of the inclined sections of the experimental
reinforced concrete and concrete beams reinforced with BFRP, have, in general, unsatisfactory
convergence. Coefficients of variation range from 17.5% (method of O.S. Zalesov, O.F. llyin, Y.A.
Klimov in the edition of SNiP 2.03.01-84*) to 85.2% (Eurocode 2). These differences are presented
graphically in the form of the influence of design factors on the bearing capacity of inclined
sections of reinforced concrete beams and concrete elements with BFRP.

As can be seen from Fig. 1, the previously valid SNiP 2.03.01-84*, which was based on the
experimentally provided physical picture of the run-down reinforced concrete structures, is better
consistent with the available experimental data ASD [12] than European standards EN [13], which
are based on a modified truss analogy.

Experimental data of A. Tselikova on research of bearing capacity of the concrete beams
reinforced by BFRP [2, 3], badly agree with results of calculations according to foreign norms,
coefficients of variation (L =59 —85,2%). The influence of the relative span of the cut a/h, is

especially inadequately reflected in them. It is obvious that the modified truss analogy or the
modified theory of compression fields, on which foreign norms are based, cannot serve as adequate
calculation schemes for determining the bearing capacity of inclined sections of beam basalt
concrete structures.

Features of calculation of bearing capacity of inclined sections of basalt concrete beams. Taking
into account the recommendations of O.S. Zalesov and O.F. llyin in the edition of SNiP [9], the

calculation of concrete beams reinforced in sufficient quantities (p,, =0,0025,p, >0,0100) with

Bulletin of Odessa State Academy of Civil Engineering and Architecture, 2021, no. 82, page 27-36



BUILDING STRUCTURES

basaltoplastic reinforcement BFRP (Fig. 1), on the combined action of transverse force and bending
moment to ensure their load-bearing capacity on an inclined crack should be carried out on the most
dangerous inclined section:

Vi <V +V Ve )
where V.,V iV, .. —components of transverse force, which are perceived, respectively, by
concrete, transverse basalt-plastic reinforcement and bends.
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Fig. 1. The calculated scheme of the supporting section of the basalt concrete beam in the
determination its bearing capacity under the action of transverse force and bending moment

The transverse force V, in condition (1) is determined from the external load located on one

side of the inclined section under consideration.
The component of the transverse force, which is perceived by the concrete of the compressed
zone is determined by the improved formula worked out by O.S. Zalesov and O.F. llyina:

1+, +¢ ) f., b, -d?
Vfc=(Pcz( (Pf Zn) ctd W ’ (2)

where a=c — the length of the projection of the most dangerous inclined section on the
longitudinal axis of the element (slice span);

0., — coefficient that comprehensively takes into account the influence of the size of the span
of the cut, the class of concrete and the number of transverse reinforcement BFRP. This coefficient,
in contrast to its prototype ¢,, =2 in SNiP [9] for heavy concrete, differentiates the influence of
design factors on the value of V.. The coefficient ¢_, is obtained experimentally from the inverse.

That is, having experimentally established adequate values of the projection length of the dangerous
inclined crack I, =C, (experimental-statistical dependence (3), as well as confirmed by direct

measurements of deformations €;, and modeling of VAT stress o,, in the rods of transverse
reinforcement, reliable values of components V,, were determined). And the components

Vi =V =V, . Inthis case, V, . =0 because the bends in the beams were absent.

Experimental-statistical dependence of the projection length of a dangerous inclined crack can be
represented by:

\?(lm) =176 +25X, +9X, —16 X, —9X2+8X2 -9X2-9X,X,, mm  ,0="5,4%, 3)
Then the experimental-statistical dependence of the variable coefficient ¢_, has the form:

A

Y (¢,,)=1,38-0,25X, —0,12X, —0,22X,X,,0=5,2%, 4)
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which after replacing the coded variables with natural values of design factors is converted into the form:

(pcz=1,38—0,25(%0—2)—0,12[(:153;\54%13“) 022(% j( 00003272]. (5)

Given the allowable extrapolation of the obtained results, the dependence (5) is valid when
changing design factors within the following limits:

— the magnitude of the relative span of the slice, (factor Xj), %'0 =1,0-3,3;

— concrete class, (X2), in MPa from C12/15 to C45/55;
— coefficient of transverse reinforcement, (Xs3), p, =0,0018 -0,0126 .

Based on the above and taking into account the available research data, the length of the
projection of a dangerous inclined crack in concrete elements reinforced with composite reinforcement,
including BFRP, with their static load (series 1) is recommended to determine the experimental-
statistical dependence (3), which after replacing the coded variables with natural values has the form:

_ ~0,0072
e, =[176 +25(a/hy —2)+ 9(%j—16 Pw — = 0¢ ~9(alhy—2)" +
15MPa 0,0043

+8(C—35Mpaj2 _g(pfw-o,omgjz _o(arn _2)(%_0,0072]]
15MPa 0,0043 0,0043
Dependence (6) is valid when the constructive factors change within the limits indicated for
expression (5).
The effort in the transverse reinforcement V., is traditionally determined by the formula:
Vfw:qfw'lcl:rfl’ (7)
where q,, — the force in the transverse rods (clamps) per unit length of the element, i.e. the
intensity of the transverse reinforcement, is determined by the formula:
Upy = Oy A /'S, (8)
where o, — stresses in the rods of the transverse composite 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/h,=3) is recommended to take o, =0,1f,, and in elements with medium shear spans

(6)

(a/hy=2)-0o,=0,15f. In this case, when used as a transverse reinforcement BFRP relative
deformations ¢, in it before the destruction of the test beams were, respectively, 0.0018 and
0.0028. These data are in good agreement with the recommendations of fib [14-16] to limit the
relative deformation of the transverse NCA of 0.20-0.25%.

In beam elements with small shear spans (a/ h, = 1), direct measurements and modeling of VAT
showed that in the rods of the vertical transverse reinforcement there are compressive stresses, the
average value of which in the beams with BFRP reached —363MIla ~ -0, 45 f, . With, &, =-0,0084.
It is obvious that in such elements there is almost the same probability of destruction of their supporting
sections both from the cut of concrete behind an inclined crack (maXT < fy /2), and behind an

CXz —
inclined compressed strip (maxo,, =(1,0-1,5) f, ).

But, given 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 of Fig. 2 with a cut of
concrete over the top of a dangerous inclined crack and without taking into account the operation of
the transverse reinforcement on them, so o,, =0 when a/h, = 1.
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A,, — the cross-sectional area of the crosshars or clamps in one cross-sectional plane of the element.
Transverse force perceived by the limbs:

Vs ine = Aiwinc ot - ©)

When determining q,, ;.. it is necessary to take into account the angles of inclination @ and it is

allowed to take the stress in them according to the recommendations [14-16] o, =0,25f, with

€¢.nc =0,0045 and provided reliable anchoring of the bends on the supports and spans of the

elements. The comparison of experimental data and calculated values of bearing capacity of inclined
sections V, adapted to concrete elements reinforced with NCA by the calculated model of O.S.

Zalesov and O.F. llyin [9] showed, in general, their satisfactory convergence. The largest differences
between the experimental and calculated values of V. were observed in basalt-concrete beams with

small spans. To improve the convergence of experimental and predicted values of the bearing capacity
of the supporting sections of the beams with small spans of the cut (a <h ) we calculate it according

to the recommendations of T.l. Baranova [9, 17] according to the scheme of short consoles,
transformed in our case to the form (Fig. 2). The legitimacy of this approach is confirmed by the results
of field experiments with the use of distribution plates with width 1, under concentrated forces and on

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

lSIII) I

Y
4

a=c<h,

h,
d=h,
h

d=

Fig. 2. The calculated scheme of bearing capacity of the supporting section of the basalt concrete
beam with a small span of the cut (a<h,) on an inclined compressed strip

The bearing capacity of the compressed inclined strip of the specified element is determined
by the condition:
V, =F <k, -o@,, fy-bl.-sin6<3,5f,,-b-h,,
(pc4 (1+(pn) fctd bd2
a )

where 6 — the angle of inclination of the calculated compression strip to the horizontal;
| —the width of the calculated compression band, which is determined by the formula:

. =1, -sino, (11)
where | ,, —the length of the load transfer site along the span of the beam;

K @y fy b1, -SINO> (10)

o,, — coefficient that takes into account the effect of transverse rods or clamps, if any, on the
height of the beam and is determined by the formula:

Puo :1+5a'uwl1 (12)
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where aa=E, /E_; pn,, =A,, /(0-S,);
A, —the cross-sectional area of the clamps in one horizontal plane (if any);

S,, — the distance between the specified clamps (if any) on the normal to them. At the same

time, the clamps horizontal and inclined at an angle no more than 45° to the horizontal with
observance of well-known requirements are considered.

For the presented design of the basalt concrete beam coefficient ¢, =1+0=1.

The coefficient k, in the method of T.I. Baranova [9, 17] is recommended to take a constant and
equal to 0.8. For basalt-concrete beams with a short cut span and short consoles a < h, in the reverse
way, the experimental value k, was found in experiments Ne 5,6,7,8,10 according to the experimental
plan according to the formula:

Ke =Vie 1 (@u - T b1, -sinO) (13)
subject to conditions (10).

Processing of the obtained values of the coefficient k, allowed to obtain an adequate

experimental and statistical dependence for these elements:
Qﬂq)=L67—Q25X2—Q21X3—098X2X3¢r=25%x (14)

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 coefficient k, taking into

account the change of concrete class from C12 / 15 to C45 / 55 and the coefficient of transverse
reinforcement within x (p,, =0,0018 -0,0126) :

- —-0,0072 — —-0,0072

%j_o,zl Paw 000 _0108(C 35MPaj P w . (15)
15MPa 0,0043 15MPa 0,0043

Geometric interpretation of the dependence of the coefficient k, on the ratio of design factors

is presented in Fig. 3.
The application of experimentally established coefficient ¢_, for basalt-concrete beams with

large (a/h, =3) and medium (a/h, =2), as well as the coefficient k, in elements with small
(a/h, =1) shear spans allowed to bring the experimental and calculated by the above formulas
values of bearing capacity of their support sections V,, to satisfactory limits (v =7,9%).

The calculation of concrete T-shaped and I-beam concrete 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
supporting sections of the condition:

Vf z|:S013(pwfl.'(l)cl..I:cd.bv.d’ (16)

W

kf:L67—Q25(

where ¢,, — a coefficient that takes into account the influence of normal to the longitudinal

axis of the transverse rods or clamps on the bearing capacity of the supporting sections of these
beams. It is recommended to determine by formula (12) and take no more than 1.1;

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

It is recommended to determine the coefficient ¢_, according to the method of SNiP [9] with
the adjusted value of the coefficient B’ :
f @an
where p* = P2,

Do
¢,, and B — coefficients from SNiP [9], which for heavy concrete are equal to 2 and 0.01, respectively.
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Fig. 3. The influence of concrete class and the number of transverse reinforcement on the value of
the variable factor k, in the formula (10)

The bearing capacity of the supporting sections of T-shaped and I-beam basalt-concrete
beams is recommended to be determined by inclined strips between inclined cracks with limitation
of the coefficient value ¢,, <1,1 and application of the actual thickness of their wall b, .

Conclusions:

1. Comparative analysis of the actual load-bearing capacity of inclined sections of reinforced
concrete experimental beams (series ASD) with similar design factors and the use of steel longitudinal
and transverse reinforcement instead of basalt-plastic and its calculated values according to the method
of O.S. Zalesov and his students in the edition of SNiP 2.03.01-84* [9] and current in Ukraine
Eurocode-2 [4] in the form of DSTU BV.2.6-156:2010 [13] showed that the former domestic SNiP [9]
provides much better convergence (coefficient of variation (v =17,5%) compared to Eurocode-2 [4]
(L=64,4%) because it is better than European and other, as studies have shown [10, 11], foreign
standards reflect the physical picture of the experimental beams under load.

2. 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
design standards of foreign countries, also showed their unsatisfactory convergence: the coefficient of
variation according to Eurocode 2 [4] was v =85,2%, Japanese standards JSCE [5] — v=77,9%,
American ACI [6] — v=81,7%, Canadian CSA [7] — v=61,1%, Italian CNR [8] — v=59%. In
general, these standards underestimate several times the actual load-bearing capacity of experimental
beams reinforced with both steel and basalt-plastic 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 a modified theory of compression fields, but on experimentally confirmed and improved
calculation schemes of O.S. Zalesov, O.F. llyin, T.l. Baranova and others, which better reflect the
physical picture of the experimental elements under load.

3. The bearing capacity of inclined sections of basalt concrete beams with large (a/h, =3) and

medium (a/h, =2) spans should be determined by the inclined crack using variable coefficients
?,,, .5, ¢,,, taking into account the actual length of the dangerous inclined crack 1., and a significant
reduction in tensile stresses (till (0, 10-0, 15) f. ) in the transverse reinforcement. The bearing capacity

of the supporting sections with small spans of the cut (a<h,) should be determined as for short
consoles on an inclined compressed band between the concentrated force and the support using a
variable factor k, . This approach provides a satisfactory convergence (v =7,9%) of the calculated and

experimental values of the bearing capacity of the inclined sections of basalt concrete beams of
rectangular cross section.
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AHoTauis. B ocTanHI JecATUIITTS BCe OUTBII IUPOKE 3aCTOCYBAHHS B MPAKTHI OYAiBHHIITBA
3HAXOJATh KOHCTPYKII 3 HemeraneBoi kommno3utHoi apmatypu (FRP), oco6mmBo B OyniBisx i
CHopyJiax CIeIiaTbHOr0 MPHU3HAYCHHS.

3aBASKM BHMCOKIH MIIHOCTI, CTIMKOCTI A0 XiMi4HOI 1 (i3M4HOI KOpO3ii, AICICKTPUYHHM 1
JNIMarHeTUYHUM BJIACTHBOCTSIMHU, Mayiid Ba3i 1 HU3bKiH TerutonpoBimHicTe FRP Bce wactimre
3aMiHIO€ cTaneBy apMmarypy. OnHak, OUTbII IIMPOKE 3aCTOCYBAaHHS OETOHHUX KOHCTpyKLii 3 FRP
CTPUMYETBCS HEIOCTATHHROI BHBUYCHICTIO OCOOIHMBOCTEH iX POOOTH, HEJOCTATHIM HOPMATHUBHUM
3a0e3MeyeHHsIM 1 HEeBETUKUM JIOCBIIOM eKcrulyartanii 3a3HaueHux o0'ekTiB. [IpakTuka mokaszana
MEPCIEKTUBHICTD 1 EKOHOMIUHY AOIUIBbHICTh BUKOpUCTaHHS FRP B 1OpokHBOMY, T1IpOTEXHIYHOMY,
TPaHCIOPTHOMY OyAiBHUIITBI, IPU 3BEJCHHI IPOrOHOBUX Oy/I0B MOCTIB, OYMCHUX CHOPY[, 00'€KTiB
XiMig4HOi 1 Xap4yoBOi NPOMHCIIOBOCTI, YJAITyBaHHI (YHJAAMEHTIB B arpeCHBHOMY IPYHTOBOMY
cepenopuili. Ilpu 1BOMY, NEPCHEKTUBHICTh BUKOPHCTAHHSA 0a3albTOIUIACTUKOBOI apMaTypu
(BFRP) oGymoBneHa, mepur 3a BCE, HEBHUCOKOIO BapTICTIO OCHOBHOI CHpPOBHMHH-0a3aJIbTOBHX
BOJIOKOH BHACIIIJTOK HasIBHOCTI B CBiTi 3HAYHUX 3araciB 0a3ajibTy.

OCHOBHI IPHUHILIMIIKA PO3PAXYHKY 3THHAJBHUX KOHCTPYKLiN apmoBaHux FRP, y 3apyOixHuX
HOpMax, a TaKOX BITUM3HsIHIN HacTtaHoBi, 30epexeHi TaKuMU XK, K 1 ISl €IEMEHTIB 31 CTaJIEBOIO
apMaTyporo.

PosrnsimatoTecst po3paxyHKOBI MOJENi HECY4Oi 3JaTHOCTI MPUOIMOPHHUX IISTHOK OETOHHUX
Oarnok, apmoBanux BFRP. Hecydy 3natHicTh moxmimmx mepepisiB eneMeHTiB 3 Bexukumu (a/h, =3) i

ceperrimu (a/h, =2) mpomporamu 3pi3y CIlii BU3HAYATH 3a MOXWIOKO TPINIMHOKO 13 3aCTOCYBaHHIM
3MIHHUX KOE(ILIEHTIB @_,, P, ;,P,,, YPAXyBaHHAM PEaabHOI JIOBKUHHA HEOE3NEYHOI IIOXUIIO] TPIIIMHH,
ICTOTHOTO 3MEHILIEHHS PO3TATYIOYMX HalpyKeHb, B IONEpeUHill apmarypi 10 (0, 10-0, 15) fo .

Hecydy 31aTHiCTh TPHONIOPHUX AUISHOK 3 ManMu (& < h,) mpomnsoTramu 3pizy HEOOXiHO BU3HAYATH
SK JIIs1 KOPOTKMX KOHCOJIEH 3a MOXMJIOK CTHUCIIOI CMYTOI0 MK 30Cepe/DKEHOI CHIIOI 1 OMOpOIo 3
BUKOPHCTAHHSIM 3MiHHOTO KoedimieHta K,. Takwmii migxiz 3abesnedye 3aq0BUIbHY 30DKHICTH
PO3paxXyHKOBUX 1 €KCIIEpUMEHTAJIbHUX 3HAUYE€Hb HECYYOl 3/1aTHOCTI MOXWJIMX Mepepi3iB (KoedilieHT
Bapiailii 6eToHHUX Oasok, apmoBanux (v =7,9%) BFRP.

Kuarouosi caoBa: 6azanbpromnactukoBa apmarypa BFRP, necywya 3gathicTh, mpuomnopHa

JUISHKA, TIOXUIIMM mepepi3, MpOJiT 3pi3y, po3paxyHKOBa MojeNb, HeOe3leyHa MoXuia TPiluHa,
CTHCIIa CMyTa.
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ya. Auapuxcona, 4, r. Oznecca, 65029, Ykpanna

AHHoTanusi. B mocnennee necstuietuss Bce Ooliee IIUPOKOE MPUMEHEHHE B TPAKTHKE
CTPOUTENHCTBA HAXOIAT KOHCTPYKIHMH C HEMETaJUIMYeCKONM KoMIo3uTHoi apmatypoit (FRP),
0COOEHHO B 3[JaHUSIX U COOPY)KCHUSX CHEIMATLHOTO Ha3HAUCHUSI.

bnaromaps BBICOKOW NPOYHOCTH, CTOMKOCTM K XHMHYECKOM U (PU3MUYECKOH KOPPO3UH,
JUDJIEKTPUYECKUM U AMAMarHeTHYECKUM CBOKMCTBaM, MAJIOMY BECY M HU3KOHU TerutonpoBoaHoct FRP
BCE dYalle 3aMeHseT CcTalbHylo apmarypy. OpjHako, Oosiee IIMPOKOE NPUMEHEHHE OETOHHBIX
KoHCTpyKImi ¢ FRP chnepxuBaercss HEIOCTATOUYHOW HW3YYCHHOCTBIO OCOOCHHOCTEH WX paboTEHI,
HE/I0CTaTOYHBIM HOPMAaTHBHBIM OOECII€YEHHEM U HEOOJBbIIMM OIBITOM 3KCIUTyaTallud YKa3aHHBIX
o0bekToB. [IpakTMka TmOKa3ajia NEPCHEKTUBHOCTh U JKOHOMUYECKYIO  I€J1eCO00Pa3HOCTh
ucnons3oBanusi FRP B JOpOKHOM, TIHMAPOTEXHUYECKOM, TPAHCIOPTHOM CTPOMTENBLCTBE, IPU
BO3BEJICHUM TMPOJIETHBIX CTPOEHHH MOCTOB, OYHCTHBIX COOpPYKEHHH, OOBEKTOB XUMHUYECKOW H
MUIIEBOM MPOMBIIUIEHHOCTH, 00yCTpoiicTBe (hyHIaMEHTOB B arpecCHBHOM TpyHTOBOU cpene. [Ipu
3TOM, NEPCHEKTUBHOCTh HCHOJIb30BaHUS Oa3zanbromiactukoBor apmarypel (BFRP) o6ycrnosnena,
NpeXJe BCEro, HEBBICOKOM CTOMMOCTBIO OCHOBHOTO ChIPbSi-0a3aJbTOBBIX BOJIOKOH BCIIEICTBHE
HaJIMYUsl B MUPE 3HAYMTENIbHBIX 3a11acoB 0a3alibTa.

OcHOBHbIE MPUHIUIBI pacyeTa M3rHOaeMbIX KOHCTPYKIMM apmupoBaHHbIX FRP, Bo Bcex
3apyOeXHBIX HOpMax, a Takke oTeuecTBeHHOM HacTaBieHMM COXpaHEHBl TaKUMH K€, KaK U JJIs
2JIEMEHTOB CO CTAJIbHON apMaTypoOu.

PaccmatpuBaroTcst pacueTHbIE MOJIENM HECYIIIEH CITIOCOOHOCTH MTPUOTIOPHBIX YYACTKOB OETOHHBIX
6anok, apmupoBanHbsix BFRP. Hecyiiryro crmocoOHOCTh HAKJIOHHBIX CEYEHUN DJIEMEHTOB C OOJIBITUMH

(a/hy =3) ucpennumu (a/h, =2) nponeramu cpesa clieayeT ONpeaeNsITh M0 HAKIOHHOW TPELINHE C

NPYMEHEHUEM TIEPEMEHHBIX KOIQQUIMEHTOB ©,,,®,;,P,,, YIETOM DPEaJbHOM JUIMHBI OIACHOM

/

HAKJIOHHOHU TpeIuHsI |,

CYLIIECTBECHHOI'O YMCHBIICHH paCTATMBAOIINX HaprDKeHI/Iﬁ B HOHCpeLIHOI\/’I

apmarype 10 (0,10-0,15) f, . Hecymyio criocOGHOCTb MPHOMOPHBIX y4acTKoB ¢ ManbiMu (& < hy)
IpoJieTaMu cpe3a HEeOOXOAMMO ONpeneNsaTh Kak JUli KOPOTKUX KOHCOJEH M0 HAaKJIOHHOW CyKaTou
M0JIOCE MEX]Ty COCPEOTOYEHHOM CHIION M OMOpOM C HCIOJIB30BAaHUEM MEPEMEHHOro K03 HIIMeHTa
k,. Takoifi momxon oOecrednBaeT  YyJOBICTBOPUTENBHYIO  CXOIMMOCTb  PacyeTHBIX U
HKCIIEPUMEHTAIBHBIX 3HAYEHUH HeCYIIel CHOCOOHOCTH HAKJIOHHBIX CeUeHUH (KO (UITEHT BapHalliK
(v=7,9%) BFRP.

KiroueBble cioBa: 0OasanbToruiactTukoBas apmatypa BFRP, Hecymas crnocoGHOCTB,

HpI/IOHOpHHﬁ Y49aCTOK, HAKJIOHHOC CCUCHUC, IMMPOJICT CPpE3a, paCuCTHAA MOACIIb, OIlaCHAasA HAKJIOHHAaA
TpECIIMHA, CKaTasd 1moJjioca.

Crarts Haaiinuia qo penakuii 26.01.2021
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