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Abstract. Non-metal composite reinforcement is increasingly being used in modern construction.
Composite reinforcement is a great step forward over steel, due to its higher strength and corrosion
resistance. An analysis of the use of these fittings was performed, which showed that the United States,
Japan and China are leading countries in the use of composite fittings. The more active pace of
implementation of composite reinforcement is limited by the fact that composite reinforcement does not
have a common method for calculating their bearing capacity. That is why the article discusses
regulatory documents on the calculation and design of structures reinforced with composite
reinforcement from around the world.

The article provides a comparative analysis of the calculations of the bearing capacity of
prototypes — beams, reinforced with basalt-plastic reinforcement, according to the available design
standards of foreign countries, which were among the first to use non-metallic composite
reinforcement for reinforcing span concrete structures. The methods of calculating the bearing
capacity of beam elements for concrete and non-metallic composite reinforcement according to
regulatory documents are examined in detail. A comparative analysis of the actual bearing capacity
of inclined sections of basalt concrete beams and its calculated values calculated according to the
recommendations of the existing design standards of foreign countries is carried out.

The analysis showed that the actual bearing capacity of the inclined sections of basalt
concrete beams and its calculated value showed their unsatisfactory convergence. A common
feature of all considered foreign design standards is the underestimation, up to several times, of the
bearing capacity of inclined sections of prototypes — beams reinforced with both steel and basalt-
plastic reinforcement. It has been established that the methods for calculating the bearing capacity
of supporting sections of spans of reinforced concrete and basalt concrete structures, presented in
national design standards, are based not on the new general method, but on partially improved
methods that were used in previously existing standards.

Keywords: non-metallic composite reinforcement, foreign design standards, basalt-concrete
beams, bearing capacity, recommendations, inclined sections.

Introduction. Reinforced concrete is widely used in modern construction, in which concrete and
steel reinforcement work effectively. Non-metallic composite reinforcement has higher strength, better
dielectric properties, low weight and does not corrode, increasingly replacing steel reinforcement,
especially in special purpose buildings. Its use for the reinforcement of concrete structures is
constrained by insufficient study of the features of such elements, limited regulatory support and little
experience in the operation of relevant facilities. Based on this, research on the operation of structures
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reinforced with basalt-plastic reinforcement (BFRP), and the development of practical
recommendations that would allow the use of such reinforcement in construction are relevant.

Analysis of recent sources of publications. Different countries of the world are engaged in
the development of normative documents for the calculation and design of structures reinforced
with composite reinforcement. The main normative documents, which provide methods for
calculating the load-bearing capacity of concrete beam structures reinforced with NCA are:
European EUROCODE - 2 [1], Japanese JSCE [2], American ACI [3], Canadian CSA [4], Italian
CNR [5], DSTU-N B B.2.6-185: 2012 [6] and DSTU B. V.2.6. — 156: 2010 [7].

Purpose and tasks: to make the comparative analysis of the results of calculations of bearing
capacity of inclined sections of experimental samples — the beams reinforced by BFRP; to get
acquainted with the existing design standards of foreign countries, which were one of the first to use
NCA for the reinforcement of reinforced concrete structures, under the action of static load; to give the
formulas of the component bearing capacity for concrete and the component bearing capacity for NCA.

Materials and methods of research. The materials of the research are the obtained
experimental values of the bearing capacity of inclined sections of single-girder concrete beams
reinforced with BFRP, and normative documents of different countries of the world. Obtaining and
comparing the calculated values of the bearing capacity of the supporting sections of the deflected
basalt concrete structures according to different normative documents, and a comparative analysis with
the actual bearing capacity of the prototypes.

Basic material and results. Composite reinforcement has a great advantage over steel, due to its
high strength and corrosion resistance. This material is not able to be magnetized, which makes it
possible to use this material in places of special equipment, such as hospitals, chemical plants and
more. That is why composite reinforcement is increasingly used in construction in different countries
(Fig. 1). An analysis of the use of these fittings was performed, which showed that the United States,
Japan and China are leading countries in the use of composite fittings. They were the first countries to
develop regulations for the design of structures reinforced with composite reinforcement.

35
30
25

20

%

15

10

(S,]

. H -

Europe Japan Russia CIS China USA

Fig. 1. The use of composite fittings in different countries

To achieve this goal in the laboratory of the Department of Reinforced Concrete Structures and
Transport Structures of the Odessa State Academy of Civil Engineering and Architecture was
implemented a series of field experiments with single-girder beams reinforced BFRP, under static load
of high levels according to the state budget theme (Ne state registration 0116U002340, 0114U000897).
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Prototypes — basalt concrete beams were reinforced with BFRP in the form of two flat knitted

frames. For the manufacture of these elements were used heavy concrete classes C16/20, C30/35,
C40/50 on granite crushed stone fractions of 5-10 mm and quartz sand with a size modulus of 1.5.
Portland cement grade 500 without additives was used as a binder. To reduce the water-cement
ratio, improve the ease of laying of the concrete mixture and reduce the time of accumulation of
concrete strength in all experiments was used a complex additive Relaxol-Super M (1ISO 9001
Ne 04.156.26) in the amount of 1% by weight of cement in terms of dry matter.
To test the beams, special power plants were designed, manufactured and certified (Fig. 2). The
load was applied according to a four-point scheme using a hydraulic jack DG-50 and a distribution
beam-traverse in two concentrated forces in steps: (0.04 ... 0.06) F,: before the appearance of the
first normal and inclined cracks, then — by (0.08 ... 0.12) Fy; to excessive opening of these cracks
and again on (0.04 ... 0.05) Fy up to destruction. The load endurance on the step was up to 15
minutes with all measurements at the beginning and end of each load step.

Fig. 2. Power plant

To compare the obtained experimental values of the load-bearing capacity of inclined sections
of single-girder concrete beams reinforced with BFRP, the available foreign design standards were
selected: European EUROCODE - 2 [1], Japanese JSCE [2], American ACI [3], Canadian CSA [4],
Italian CNR [5], DSTU-N B B.2.6-185:2012 [6] and DSTU B. B.2.6. — 156:2010 [7]. Upon detailed
study of these regulations, it was found that in the Japanese standards JSCE [2] the empirical
formula for determining the component load-bearing capacity of concrete when calculating the
transverse force is written in a form that repeats the formula for calculating the reinforced concrete
element, but taking into account the area of transverse reinforcement:

100A, -E,
V, =241/d -3 ———~ J_ b, -d, (1)

where by, — section width;
d — working height of section.

The component of bearing capacity on NCA is written taking into account the limitation of its
deformations by empirical dependence:

_Aw B ()

where ¢&,,,— the calculated limit of relative deformations of the transverse NCA, which is
determined by the formula:
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Equg = \/(L) - f L 1074, (3)
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in which p,,— the coefficient of transverse reinforcement of the beam;

z — shoulder of the inner pair of forces, z =0.9d = 0.9ho;
s — step of transverse reinforcement.
Based on the same principle, European standards Eurocode — 2 [1] propose to determine the
component of the transverse force on concrete by the formula:

200 A -E, 1/3
ch =012 1+ T . 100m¢a fck 'bW'd, (4)

- &£ . .
where the coefficient ¢, = L &, =0.0045, as an experimentally established value.
&
y
The component of bearing capacity of cross section on NCA in these norms is defined taking
into account restriction of its deformations by size of 0.25%:

A, -t -d
V:fwfw’ (5)

sf

where f,, =E,-0.0025.

In the American norms of ACI [3] at definition of a component of bearing capacity of an
inclined section on concrete is the same model, as for a reinforced concrete element, with
application of coefficient 12k/5:

V, =(12k/5)-0.167./f, -b, -d, (6)
A E,

—n, =—-.
b.d E

c

where k:\/pf N, ~2+(pfnf)2 —Ps-Ngs Py =

The component of bearing capacity of an inclined section on NCA in them is defined as for
steel armature, but with restriction of its deformations of 0.40% and restriction of durability for
NCA with bends:

V, = w7 0

where f,, =0.004E; < fg;
f,, — the calculated strength of the transverse reinforcement with bends or clamps. Usually
f, =05-0.6f,.

In the Canadian standards of CSA [4] the component of bearing capacity on concrete is
accepted without change concerning formulas for reinforced concrete elements:

V, =13-4-4-/f "-b,-d,, (8)
where A =1 for heavy concrete;
P =0.167 — coefficient that takes into account the shear resistance of inclined sections with
diagonal cracks;
d, =0.9d —shoulder of a pair of internal forces;

fc'— characteristic resistance of concrete to compression (peak point of the calculated

deformation diagram).
The component of bearing capacity of inclined sections of basalt-concrete beams on NKA in
these norms is accepted taking into account talc of 40% of strength of NCA:
04-A,,-f. -d
V, = W ©)

S
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The Italian CNR standards [5] use formulas from the Eurocode 2 methodology until it was
amended in 2004. In this case, the load-bearing capacity component of the concrete varies in
proportion to the rigidity of the NCA:

E 0.5
V, =13 =" | -z, -k(1.2+40p, b, d, (10)
cf E Rd f w

S

where 7, =0.25f_, —the calculated value of shear strength of concrete;
f.q — design tensile strength of concrete;

k — coefficient equal to 1, if more than 50% of the lower working reinforcement of the
bending element is not brought to the support and k = 1.6 — if all the longitudinal reinforcement is
accounted for. The load-bearing capacity component of the NCA in CNR [5] is determined taking
into account the coefficient of operating conditions of the transverse reinforcement of 0.5:
A, -f,-d 05-f_ -A,-d

S S

In domestic norms [6, 7] and many author's methods, only general information without
specifics is given. The analysis of the obtained results shows that the previously operating domestic
SNiP 2.03.01 — 84* have a much better convergence (coefficient of variation v = 17.5%) of the
calculated and experimental data of the bearing capacity of reinforced concrete beams compared to
the current in Ukraine Eurocode 2 [1] in the form DSTU B. B.2.6. — 156: 2010 [7] (v = 65.4%)
because they better than European and other foreign standards reflect the physical picture of the
work of experimental beams under load. However, in experiments with large shear spans (a/hy = 3)
and the maximum amount of transverse reinforcement (psy = 0.0044), the load-bearing capacity of
inclined sections of reinforced concrete beams predicted by SNiP [8] exceeds their actual strength
on average by 28% that is dangerous.

Comparison of the actual bearing capacity of inclined sections of basalt concrete beams and
its calculated values, calculated according to the recommendations of the existing design standards
of foreign countries, showed unsatisfactory, in general, their convergence. Thus, the coefficients of
variation according to Eurocode 2 [1] v = 85.2%; JSCE [2] v = 77.9%; ACI [3] v = 81.7%; CSA [4]
v = 61.1%; CNR [5] v = 59.0%. Calculations have shown that European Eurocode 2 [1], Japanese
JSCE [2] and American ACI [3] standards significantly underestimate the load-bearing capacity of
inclined sections of experimental concrete beams reinforced with BFRP. Canadian CSA A [4] and
Italian CNR [5] regulations significantly (up to 2 times) exceed the bearing capacity of basalt
concrete beams with long spans (a/hg = 3), which can create an emergency situation on real objects.

A common feature of all considered foreign design standards is the underestimation of the
bearing capacity of inclined sections of prototypes — beams reinforced with both steel and basalt-
plastic reinforcement up to several times.

Conclusions. Analysis of methods for calculating the bearing capacity of the supporting
sections of reinforced concrete and basalt-concrete structures presented in national design standards,
as well as author's methods showed that the vast majority of them are not based on a new general
method, but on partially improved methods used in the previously existing standards. In particular,
the calculation methods of Eurocode 2 [1] and other foreign countries are based on various
conditional schemes and analogies, which require the application of an empirical approach and the
use of an increasing number of formulas of the same origin. In this case, for a large number of
prototypes — beams with large spans of the section (a/hg = 3) there was insufficient reliability of the
calculation formulas, because the calculated strength of their inclined sections significantly
exceeded the actual load-bearing capacity of these sections.

Thus, the comparison of experimental and calculated values of bearing capacity of inclined
sections of experimental reinforced concrete and basalt concrete elements, calculated according to
the recommendations of these national design standards, showed that the best convergence of these
values is characteristic of those standards that are not based on modified truss analogy or modified,
and on those calculation schemes which better reflect a physical picture of their work under loading.

VRd,f = (11)
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HOPIB.HHJILHI/Iﬁ AHAJII3 JOCIIIHUX I PO3PAXYHKOBUX 3HAYEHDb
HECYYOI 3JATHOCTI 3AJII3OBETOHHUX I BABAJIbTOBETOHHUX BAJIOK
3A PEKOMEHJANIAMU HAINOHAJIBHUX HOPM ITPOEKTYBAHHS
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AHoTanis. Bce yacTime B cydacHoMy OYAIBHMLITBI 3aCTOCOBYETbCS HEMETaJeBa KOMIIO3UTHA
apmarypa. HemeraneBa KOMIO3UTHa apMaTrypa Mae OUIbII BHUCOKY MILHICTb, Kpallll JieJeKTpUYHI
BJIACTMBOCTI, MaJy Bary Ta He MiIA€TbCS KOpO3ii, caMe TOMY BOHA BCE YAaCTillle 3aMiHIOE CTaJeBY
apMaTypy. bulblll aKkTHBHI TEMIHM BIPOBAKEHHS KOMIIO3UTHOI apMaTypu OOMEXeHI THUM, MI0
KOMIIO3UTHA apMaTypa He Ma€ 3arajlbHOro MeToAy po3paxyHKy ii Hecydoi 3aaTtHocTi. Came Tomy B
CTaTTI PO3IJIAIAIOTHCS HOPMATHBHI JOKYMEHTH 3 pO3paxyHKy 1 IPOEKTYBaHHS KOHCTPYKIIH,
apMOBAHUX KOMITIO3UTHOIO apMaTypoI0, PI3HUX KpaiH CBITY.

VY crarTi HaBOUTHCS MOPIBHJIBHUN aHaNI3 PO3PAaXyHKIB HECYUOi 3aTHOCTI AOCIIIHUX 3pa3KiB
— OaloK, apMOBaHUX 0a3aJbTOIUIACTUKOBOIO apMaTypolo, 3a HAasBHUMU HOpPMaMH IPOEKTYBaHHS
3apyOLKHUX KpaiH, sIKi O/1H1 3 MEpIIMX MOYald 3aCTOCOBYBATH HEMETAJIEBY KOMITO3UTHY apMaTypy JUis
apMyBaHHSl TMPOTIHHUX OETOHHMX KOHCTPYKLIH. JleTaqbHO pO3IIISIA€ThCsl METOAMKA PO3PaXyHKY
Hecydoi 37aTHOCTI OalKOBUX €JIEMEHTIB 10 OeTOHY 1 HeMeTaleBid KOMIIO3UTHIA apMaTypi, 3T1IHO
HOPMAaTHBHUX JOKYMEHTIB. 3po0JIeHO MOPIBHIIBHUN aHali3 (pakTHUHOI HECY4ol 37aTHOCTI HMOXMIINX
nepepiziB 6a3aIbTOOETOHHUX OaJIOK 1 PO3PaXYHKOBUX iX 3HA4YEHb, OOUMCICHUX 3a PEKOMEHAIlISTMHU
HasIBHUX HOPM MPOEKTYBaHHS 3apyOKHUX KpaiH.

Amnaii3 nokasas, 110 (pakTH4Ha Hecy4a 3/IaTHICTh MOXWIHX Mepepi3iB 0a3aibTOOETOHHUX OaoK 1
PO3paxyHKOBE ii 3HaYEeHHSI, [T0Ka3aJI0 He3a10BUIbHY 1X 301KHICTh. CIUIBHOIO PUCOIO BCIX PO3IIISIHYTHX
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3apyOlKHUX HOPM IPOCKTYBaHHS € HEIOOIIHKA, A0 JEKIIBKOX pa3iB, HECYYOi 3MaTHOCTI MOXMIMX
nepepiziB  TOCHIMHUX 3pa3KiB — OalloK, apMOBAaHUX SIK CTAJIEBOIO, TaK 1 0a3aJbTOIUIACTUKOBOIO
apMaryporo. BcTaHOBIEHO, 10O METOOM PO3PaXyHKY HECy4dOi 3AaTHOCTI TNPHOMOPHHUX JUISTHOK
MPOTiHHUX 3aJ11300€TOHHUX 1 0a3aIbTOOETOHHUX KOHCTPYKIIiH, SIKi 3aKJIa/IeHi B HALIOHAIbHUX HOPMaXx
NPOEKTYBaHHs, 0a3ylOTbCs HE HAa HOBOMY 3arajlbHOMy METOJi, @ Ha YaCTKOBO BIOCKOHAJICHUX
METOJIMKAX, SIKI BAKOPUCTOBYBAJIMCS CBOTO YacCy B paHIIIe IIF0YNX HOpMaXx.

KawuoBi cioBa: HemerajneBa KOMIIO3UTHA apMmarypa, 3apyOiKHI HOPMH TIPOSKTYBaHHS,
0a3abTOOCTOHI OaJTKK, HECy4Ya 3/IaTHICTh, peKOMEHAallii, TOXHJII TIepepi3u.

CPABHI/ITEJIUI)HI)II?'I AHAJIM3 UCCJIEJIOBATEJIbCKUX U PACUETHBIX 3HAYEHUI
HECYHEHN CIIOCOBHOCTH KEJIESOBETOHHBIX U BA3AJIbTOBETOHHBIX
BAJIOK 10 PEKOMEHJAIIAM HAIIUOHAJIBHBIX HOPM TIPOEKTUPOBAHUA
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AHHOTanusi. Bce dyaiie B COBpEMEHHOM CTPOUTENILCTBE MPUMEHSETCS HeMeTalllndyecKas
KOMIIO3UTHAs apMarypa. bojee akTuBHBIE TEMITbI BHEPEHUSI KOMIIO3UTHON apMaTypbl OrpaHUYECHbI
TEM, 4TO KOMIIO3MTHAsi apMarypa HEe MMeeT OOILero Meroja pacuera ee Hecylled CrocOoOHOCTH.
VIMeHHO TO3TOMY B CTaTh€ pPAacCMATPUBAIOTCS HOPMATHBHBIE JIOKYMEHTBl IO pacuery H
IIPOEKTUPOBAHUIO KOHCTPYKLIUH, ApMUPOBAHHBIX KOMIIO3UTHOM apMaTypoii, pa3HbIX CTpaH MUpA.

B cratbe nmpuBOAMTCS CpaBHUTEIbHBIM aHAINW3 pPacyeTOB HECYIIEH CHOCOOHOCTH OMBITHBIX
00pa3loB — OaloK, apMUPOBAHHBIX 0a3aJbTOIUIACTUKOBOW apMaTypod, MO HMEIOIIMMCS HOopMaM
MPOCKTUPOBAaHMS  3apyOEKHBIX CTpaH, KOTOpble OJHHM W3 TIEPBBIX HAyall TPUMEHSTH
HEMETATIMYECKYI0 KOMIIO3UTHYIO apMaTypy JJIsl apMUPOBaHUsI IIPOJIETHBIX OETOHHBIX KOHCTPYKLIMI.
[TonpoOHO paccMaTpuBaeTcsi METOAMKA pacueTa HECYIIeW CIOCOOHOCTH OalOUHBIX 3JIEMEHTOB I10
OETOHY M HEMETAIMYECKOM KOMIIO3UTHOM apMaTypbl, COIJIACHO HOPMATHBHBIX JJOKYMEHTOB.
ITpousBeneH cpaBHUTENBHBIM aHaMM3 (DaKTMUECKOM Hecyleil CIoCOOHOCTH HAKJIOHHBIX CEYEHHUH
0a3a1bTOOETOHHBIX OAIOK U PACUETHBIX €€ 3HAUEHUH, BEIYMCIEHHBIX 10 PEKOMEHJALUSIM UMEIOLIUXCS
HOPM IPOEKTHPOBAHHUS 3apYOEKHBIX CTPaH.

AHanmu3 Tmokasaia, uTo (aKTHUecKash Hecyllas CIIOCOOHOCTh HAKJIOHHBIX CEYeHUH
0a3aJIbTOOETOHHBIX 0aJIOK M pacyeTHOE €€ 3HayeHHEe, [0Ka3ajlo HEYAOBJIETBOPUTEIBHYIO HX
cxoaumocThb. OOwIel yepToil BceX pacCMOTPEHHBIX 3apyOEKHBIX HOPM IMPOEKTUPOBAHUS SBIISETCS
HEJIOOIICHKA, 0 HECKOIBKUX Pa3, HECYIIEH CITIOCOOHOCTH HAKJIOHHBIX CEYCHUHN OMBITHBIX 00pa3IoB
— 0ajloKk, apMHUPOBAHHBIX KaK CTaJbHOW, TaK M 0a3aJbTOIIACTUKOBOIN apMaTypoil. Y CTaHOBIIEHO,
YTO METOJIbI pacuera Hecyllel CrioCOOHOCTH MPUOMOPHBIX YYACTKOB MPOJIETHBIX KeIe300€TOHHBIX
u 0a3aJbTOOCTOHHBIX KOHCTPYKIMH, 3aJI0’)KEHHbIE B HAIMOHAIBHBIX HOpMaX IMPOEKTUPOBAHMS,
0a3upyloTCs HE HAa HOBOM OOIIEM METOJle, @ Ha YaCTUYHO YCOBEPIICHCTBOBAHHBIX METOJUKAX,
KOTOpBIE UCIIOJIB30BAJIMCH B CBOE BPEMSI B paHEE IEHCTBYIOIIMX HOpMaXx.

KiroueBble cioBa: HeMmeTasiMueckas KOMIIO3UTHas apMaTypa, 3apyOexXHbIe HOPMBI
MPOEKTUPOBaHHUs, 0a3anbTOOCTOHHBIE OallKM, HECYIIas CIIOCOOHOCTb, PEKOMEHAlUK, HAKJIOHHBIE
CeUeHHUSI.
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