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Summary. The results of bearing capacity, deformability
and fracture toughness of reinforced concrete beams with
the external reinforcement in the form of steel cut and
stretchy sheet, obtained due to the conducting of the
experiment and mathematical simulation which were
made of concrete of C40/50 class are given in the article.
Mathematical simulation of beam structures is done on
the basis of the deformation model which allows to
conduct calculations of the unified methodological
positions of different elements with diverse configuration
of cross section and reinforcement as well as take into
consideration elastic and plastic properties of concrete
and reinforcement, assessing the actual stress-strain state
of sections of reinforced concrete elements at different
loading levels, including ultimate one. The deformation
model is based on the actual diagrams use of concrete and
reinforcement materials deformation and conditions of
efforts balance in the normal section and hypothesis of
flat sections. The theoretical value of bearing capacity and
deformability, obtained as a result of the mathematical
simulation was compared to the experimental data. The
satisfactory coincidence of the mathematical calculation
of bearing capacity, deformability, fracture toughness and
experimental data gives an opportunity to use the
algorithm not only for beam structures with bar
reinforcement but also for beam structures with the
external reinforcement in the form of steel cut and
stretchy sheet.

Key words: mathematical simulation, bearing capacity,
deformability, fracture toughness, beam structure, steel
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INTRODUCTION

The determination algorithm of bearing capacity of
reinforced concrete elements at normal sections requires
the step-by-step method of the successive loads. The
iteration process of the relevant deformations in the basic
areas is implemented at every stage of this method.

The deformation model allows conducting
calculations of the unified methodological positions of
different elements with diverse configuration of cross
section and reinforcement as well as take into
consideration elastic and plastic properties of concrete
and reinforcement, assessing the actual stress-strain state
of sections of reinforced concrete elements at different
loading levels, including ultimate one [1-3].

THE ANALYSIS OF RECENT RESEARCHES AND
PUBLICATIONS

A significant contribution to the problems solution of
the stress-strain state research which are the deformation
theory basis, is done under the guidance of Ukrainian
eminent scientists of State Enterprise “State Research
Institute of Building Constructions”: O.B.Holyshev [4],
A.M.Bambura [5-7], V.Ya.Bachynskyi [8]. The first
recommendations as to updated calculation of reinforced
concrete elements taking into account the full
compression chart appeared due to their developments

The works of Ye.M.Babych [9], A.M.Bambura,
V.M.Barabash [10], A.Ya.Barashykov, V.Ya.Bachynskyi,

Z.YaBliharskyi, V.V.Bilozir [11], A.A.Hvozdiev,
0.B.Holyshev, V.S.Dorofeiev, F.Ye.Klymenko [12],
A.S.Zaliesov  [13], Yu.V.Zaitsev, D.V.Kochkariov,
L.L.Lemysh, P.B.Mitrofanov [14], A.M.Pavlikov,
I.E.Prokopovych, S.1.Rohowyi, 0.V.Semko,
L.l.Storozhenko,  I.LA.Uzun, E.D.Chyhladze [15],
L.M.Fomytsi,  O.L.Shahin,  A.A.Shkurupii [16],
R.A.Shmyh, V.S.Shmukler, O.F.Yaremenko [17],

Ye.A.Yaremenko, Ye.A.Yatsenko and others are devoted
to the improvement issue of deformation model of
reinforced concrete structures calculation which is based

on the actual deformation charts ''o — &" of concrete and
reinforcement.

OBJECTIVES

The purpose of our research is to conduct
experimental investigations of the reinforced concrete
beams with the external reinforcement in the form of steel
cut and stretchy sheet, to develop algorithm of the bearing
capacity, deformability and fracture toughness calculation
of such structures under the loading on the basis of the
deformation model and to compare the data.

THE MAIN RESULTS OF THE RESEARCH

The experimental concrete samples of C40/50 class
(Fig. 1), section of 135x 270 mm of the total length 2300
mm and the calculation span of 2000 mm (B-1, B-1*; * —
beams-analogues) were produced for the beams work
study with the external reinforcement in the form of steel
cut and stretchy sheet [18-19]. The research of reinforced
concrete beams, reinforced by steel cut and stretchy sheet
was done on the special stand, where the loading was
performed by two symmetrical concentrated forces,
applied on the top of the beam pattern. Fig.2.
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The loading was held by 0,05+0,1 degrees from
destructive ones with the break of 25-30 minutes between
them. During the beam sample loading process after
every degree the indexes of micro indicators, attached to
the beam sample surface, were noted. The deflections of
beams were measured by indicators of 0,01 mm division
value, which were set in the middle of the beam and on
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the axis of the external forces application (see fig. 2).
Simultaneously, the side beam structure was examined
and the appearance and development (growth and width
of opening) of cracks in concrete were recorded. The
development and opening of cracks were observed with
the help of the measuring microscope MPB-2M.
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Fig. 1. The reinforcing scheme of the experimental samples

Fig. 2. The general view of the test stand

The stress-strain state of reinforced concrete elements
of rectangular section as for bending moments and
longitudinal forces is determined by the formulas:

5 n
Py 5 Bepprs 36,4, N=0; €y
Y et k+l i1
bfcd ZS: a‘k k+2 % _
= 257 +Z 04 (X;-25)-M=0, (2)
2t k+2 i=1
X
€.\ -€
where: :E:M — curvature of bent axle in
r
the section;

€y — concrete deformations of compressed fiber;

€, — average deformations of tensile fibers of

concrete;

€ .

the height of the

» X =€y /%
€a
ComprESSEd area,

X=X/ €, — relative curvature;

&, — deformation at the maximum stress is taken
according to Table 3.1 [20];

Z,— the distance of i bar or reinforcement layer
from the most compressed ultimate line of the section;
a, — coefficients of polynomial;

N i M — meaning of the longitudinal force and
bending moment respectively.

We accept chart "o, —¢&. " at the compression
according to paragraph 3.1.4 [20].
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where: 77 =
Eerek

One should have the deformation chart of concrete in

tension in order to find M . We accept the chart

« Oy — &y » for the tension in the following form:
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where: 7 = —;
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— 2 fctm
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Eck
This chart is accepted similarly as at the compression
but &, is taken in accordance with paragraph 6.1 of this

standard.

By the time of cracks formation, diagrams of

5 . . .
_ K deformation and stress are accepted in the following form
= fom kZam @) (Fig. 3, b, ).
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Fig. 3. The calculation of the bending elements as to the deformation model:
a) cross section; prior to the cracks formation moment; b) deformations diagrams; c) stresses diagrams; after cracks

formation; d) deformations diagrams; e) stresses diagrams

The equation of equilibrium for reinforced concrete
element, reinforced by steel cut and stretchy sheet can be
recorded as following:

Ncc+Nsl_th_N52_N53:0’ ®)
Ns; — efforts in the compressed reinforcement;
Ng, — efforts in the bar reinforcement;

Ns; — efforts in steel cut and stretchy sheet.
Internal efforts in the compressed concrete:

k
jfckz ( hsmk ]xbdx

K k+1' ©)
5 a ( Eq t+E g.h "
kabZ k c(2) c()
Tk+1| hgclck Eer) T Ec(2)
Efforts in the reinforcement:
z\e. .y + & )= €D
N, =& E A, = s;( c(1) r;3(2)) c() E.A,. (7)
Efforts in tensile concrete:
_ irs S (‘9c(1) + gc(z))xt ‘ K _
th - _([ fclm s ak (hgau XI bdxt - . (8)

Kk k+1
f bi a, ((gc(l) + EC(Z))Eck hgc(z)
om k + 1L 2 fctm h Ec(l) + 8c(2)

Moments are determined by formulas:

= J.O'c(t)xc(t)dF , (9)
F

Msi = Nsi(zsi _Xl)' (10)
In regard to the neutral axis, the moment is found:

(11)

k=1 K+ ZL 2 fctm 1) + {;‘C(z)
(12)
h
M si — Osili| L — ‘0 (13)
Ecn) T Ec(2)
Similarly, the bending moment for reinforced

concrete element, reinforced by steel cut and stretchy
sheet can be recorded in the following form:

M=M_,+M,+M_,+M_,+M,. (19
The cracks formation moment is determined at
o(2) = 2 fom / E - The experimental cracks formation

moment for pre-production samples B-1, B-1* is M o~" =

crc
871,00 kNxcm; The theoretical cracks formation
‘I SSU

oe = 792,82 kNxcm. After cracks
formation we will take into consideration the gradual
reduction of the height of tensile concrete zone in

accordance with the proposals, designed by V.V.Bilozir
[11]. Figure 3 shows:

moment is

=—an, (15)
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hence: X M . (16) _ > ak ((gc(l) + gC(Z))ECk
2 = =f, bz
k2 2f,h 2
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Otherwise: — =

k+2
< (17) 2f,.h
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hence: £y = EauXe , (18) Thus, after cracks formation we use the equations (5)
Xa i (14) with the substitution N, andM in them,
After permutations and transformations we get: determined from equations (21) and (22).
(80(1) + &‘C(Z))Xt For statically defined elements of the constant section
fa =" (19)  which work under the beam chart, the deflection has been
» f h determined by the formula:
1
2 = (20) f==k,I”. 23
Eck( ()+5()) o (23)

Efforts in the tensile zone (with the increase of \yhere: k - coefficient, which is determined by table

Ee) and €¢(2) ) will gradually decrease and be equal to: 5.5 [21]:
x s K | - design beam span [22].
J. z ( + &y )Xt belx = g pan [22]
hg (21)

(( g())Eck 2f h k+1
fctmbzk_}_lk chtmh Eck( ()+6())

The moment component of the tensile zone:
Output data for Mathematical Simulation Conducting is provided in Table 1.
Table 1. Output data for Mathematical Simulation Conducting

Bar Reinforcement
Concrete Steel Cut and Stretchy Sheet 206
A240C
fokprism | fom, , | area fa | EX10°, | ¢ area ko Ex10°, z
Class | MPa | MPa | E«x10% | Al | MPa | MPa “ | Acem? | MPa | MPa v
MPa Cmé '
C40/50 36 2,76 36,49 1,92 271 2,05 | 0,025 | 0,566 316 2,01 0,023

fck orism— design value of concrete strength on compression at 28 days;
fm— design value of concrete strength on axial tension;

Ewx10° _ module of concrete elasticity;
A, —area of cross section of steel cut and stretchy sheet;
fy, — design value of reinforcement resistance;
Es_ module of reinforcement elasticity;

&,q — ultimate relative elongation deformation.

The comparison of the experimental deflections values with theoretical values, calculated by the deformation model
is provided in Fig. 3 and Table 2.
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Fig. 3. Experimental and theoretical deflections of the pre-production samples
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Table 2. Experimental and design values of ultimate bending moments and deflections close to operating loading levels

Experimen Design Experime | Theoreti
tal moment as to Experimen ntal cal
; State deflection | deflection | ftheor _ g exper
ultimate MSSY e tal
Beam bending Standa_rd of # Operating f exper’ Ftheor, § exer,
code moment Ukraine M, moment mm mm
A P (SSU) % Mexger, %
to s ssu KN x cm
KN x cm I 7, kNxcm
B-1 1657.50 1570.30 -5.23 1274.90 1.28 1.45 +13.2
B-1* 1657.50 1570.30 -5.23 1274.90 1.31 1.45 +10.6

As we understand (see Table 2), the developed
mathematical model gives a positive result for the
ultimate destruction moment and reinforced concrete
beams with the external reinforcement in the form of steel
cut and stretchy sheet and these deviations amount for
5,23 %, deflections — 10,6-13,2%, that is acceptable for
engineering calculations [22].

CONCLUSIONS

1. Applied methods of pre-production beam samples
making were used, accepted indicating instrument and the
scheme of their location gave chance to obtain reliable
research material for the description of stress-strain state
of reinforced concrete beams with the external
reinforcement in the form of steel cut and stretchy sheet
from the beginning of loading to the destruction.

2. The developed deformation model allows
analyzing the stress-strain state of reinforced concrete
beams with the external reinforcement in the form of steel
cut and stretchy sheet at all loading stages and provides
the satisfactory coincidence (-5.23%) of ultimate bending
moments determination.

3. Cracks formation moment, determined by State
Building Standards B.2.6-98:2009, is smaller that the
research one and the deviation amounts for 8.9%.
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MATEMATHUYECKOE MOJAEJIMPOBAHUE
XKEJIE3OBETOHHBIX BAJIOK, C BHEIITHUM
APMIPOBAHUMEM B BUJIE CTAJIBHOI'O

[MTPOCEYHO-BBITSKHOI'O JIMCTA

C. Bypuens, P. IlImpir
AHHOTanus. B cTaTbe NmpuBEnEHBI pe3ysbTaThl HECYLEH

CHOCOOHOCTH, Ae(POPMATHBHOCTH M TPEIIMHOCTOHKOCTH
XKene300eTOHHBIX OaloK ¢ BHEIIHUM apMHpPOBAaHHEM B

BHJIE CTaJILHOTO TPOCEYHO-BBITSKHOTO JINCTA,
MOJTYYEHHBIX B PE3yNbTATE MPOBEACHHUS DKCIICPHUMEHTA U
MAaTeMaTHIECKOIO MOJICITHPOBAHUS, KOTOpbIE
HM3rOTaBIIMBAIUCE u3 Oerona  kmacca  C40/50.
MaremaTHuecKkoe MOJIETMPOBAHUE GaJI0YHBIX
KOHCTPYKIIHA, OCYIIECTBIIEHO Ha OCHOBE

JnehOpMallMOHHONH MOJENH, KOTOpas IO3BOJNACT BECTH
pacyeTol ¢ €AUHBIX METOAUYCCKUX HOBI/ILII/Iﬁ Ppa3JIMIHbIX
9JIEMEHTOB C Pa3IM4YHOW KOH(HIypalHeld MonepeduHoro
CEUeHMs 1 apMHUPOBAHUS, a TAK)KE B MOJIHOW Mepe y4ecTh
YIpYTo-IUTaCTUYECKHE CBOIcTBA OETOHAa W apMaTyphl,
OLICHNBas (PAKTUUECKUH HaNpsDKEeHHO-Ae()OPMHUPOBAHHOE
COCTOSIHHE CEUCHHH HKEIe300€TOHHBIX JJIEMEHTOB Ha
Pa3sHBIX YPOBHSIX 3arpy3KH, BKIIOYAs IpeACIbHBIN.
JedopmanmonHass  Monenb ~ OCHOBBIBaeTCS  Ha
UCIIOJIb30BaHUU PEAJIbHBIX JUarpamMM aedOopMHUPOBaHUS
MarepuaoB OETOHAa M apMaTrypbl, a TaK)Ke B YCIOBHUIX
paBHOBECHUSA CHJI B HOPMaJIbHOM CCEYCHHWU U THUIIOTEC3EC
IVIOCKUX ceyeHud. TeopeTnueckue 3HAYEHUs HeECyLIeH
CIOCOOHOCTH Y Ae(OpMaTHBHOCTH, TIONyYEHHBIC B
pe3yibTaTe MaTeMaTHYeCKOTO MOJICIMPOBAaHMS  OBLIO
CPaBHUMO c SKCHEPUMEHTATBHBIMU JTAaHHBIMH.
VY aoBneTBOpUTENbHAST CXOAUMOCTh MAaTEMAaTHYECKOrO
pacyera Hecymel CHOCOOHOCTH, Nne(OpMaTHBHOCTH W
TPELIMHOCTOMKOCTH U KCIIEPHUMEHTANIbHBIX JaHHBIX, AT
BO3MOKHOCTb HCIIOJIB30BaTh IPEACTABICHHBINA alrOPUTM
HE TOJIBKO /7151 OATOYHBIX KOHCTPYKIHH CO CTEP’KHEBBIM
apMUpOBaHMEM HO U Ui OalOYHBIX KOHCTPYKLIHH C
BHCIIHUM apMUPOBAHHUEM B BUAEC CTAJIBHOI'O IMPOCCUYHO-
BBITAXKHOTO JIMCTA.
KnroueBble ciioBa: MaTeMaTHYECKOE MOJEIUPOBAHUE,
HecyIas CIIOCOOHOCTB, nedopMaTUBHOCTS,
TPEIIMHOCTOMKOCTh, OaNoYHass KOHCTPYKIHMS, CTalbHOH
MIPOCEYHO-BBITSKHOM JHMCT, Ae(hOPMAIIOHHAS MOJIEIb.



