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Table 2Geometric dimensions of the reinforcement profile
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12 8 0,98.1,07| 8, 0é¢ 0,84 6, 6 699 | 0,065 0,056

16 8 1,15¢é/9,0é9 112 |8, 16¢2| 0,073 0,056

3 25 8 2. 06215, 1¢é| 1,625 |12,75.17,28| 0.069 0,056
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Note Y - minimumandmaximumvalues
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Fig. 2. Dependencef stresseén reinforcement 1 £500C on theslip of thefreeend a- testspecimen®f
reinforcementwithout corrosion damagds - test specimens of reinforcement with corrosion d:

age;fn- average on a series of samples without and with corrosion damages.
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Fig. 3. Dependencef stressedn reinforcement 1 A500C on the slip of thefreeend a - testspecimen®f
reinforcementwithout corrosion damagé; - test specimens of reinforcement with corrosion dami

f- average on a series of samples without and with corrosion damages
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Fig. 4. Dependencef stressedn reinforcement 2 A500C on the slip of thefree end a - testspecimen®f
reinforcementwithout corrosion damagé; - test specimens of reinforcement with corrosion dam:
f- average on a series of samples without and with corrosion damages
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Canadian Journal of Civil Engeneering/ 2006, reinforcement stored in the open air for 10 months
Vol.33. P.673682 from January to October, and sde® of rein-
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ny 2007. 27s ; .
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16.DSTU-10080:2009 Stal dlia armuvannia be ¢ . he | h of which 154
tonu. Zvariuvalna armaturna stal. Zahalni 1oM concrete prisms, the length of which was 15

tekhnichni vymohy (EN 10080:2005, IDTK., (d - diameter of thebar) with measurement in the

Derzhspozhyvstandart Ukrainy, 2012. 43s process of testing the shear of the free end of the
’ ' ' bar and subsequent plotting of tensile stress in the

reinforcement offset of the free end of the bar.
According to the results of tests of stable im-

INFLUENCE OF CORROSION : .
pact of the surface of ¢hreinforcement without

DAMAGE ON BOND

OF REINFORCEMENT IN CONCRETE corrosion damage and with damage caused by
atmospheric corrosion, not detected. The exception
Yulii KLYMOV is the fittings of the smallest of diameters
| 12A500C, for which the ne
Summary. The paper presents the results of r osi on damage in theéderang:
experimental studies of thafluence of corrosion explained by the fact that, other things being equal,
damage orbond ofreinforcementin concrete Ex- the same amount of corrosion damage to a greater

perimental studies included tests for bond to con- extent affects the bond of valves of smaller diame-
crete of reinforcemeritars without corrosion dam-  ters.

age and with corrosion damage in the form of rust
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vOBdz. 1Bt adgv dzdzy Hotsm Isdf ' o sty dzdMmisde § dzdls
Table 1L Comparison of two types of hollow slabs

1 5C0OL dgd € tlizdlzczo tl(iquzgo t " Ldadyw
1 |Idstolsd Bjlstdz, 117.3 1243 56
2 |1 2omdzo 020c0, Cq/ 33556 350.4 4.2
3 |[1cqddzodz dzd? 3 dz 73.9 81.4 9.2
4 |1 eddod dd? & d 56.0 58.7 4.6
5 |fo¢h. Otdks. 8 da 9.6 96 05
6 |j0CH. Otdzs. B d& 35.2 385 8.6
7 |1 sedd & 103 96 7.4
8 };109 ©dzis O3 § dzdzs &A@ 5 6560.0 6730.0 25

Butpatu d6etony, M3

BnacHa Bara, Kr/m2

MowmenTt Mx, kH

MonmeHT My, kH

Makc. apM. B HIIK. 30Hi, cM2/M
Makc. apM. Y BepX. 30Hi, cM2/M
IIporux, MM

HagaHT. Ha ninoH 1-ro noe., kH

IMImurat =260 MM  ®MITnnTa t = 240 MM

tdm. 20 06LOBO st o dgW dzdzv { tsQ4Dd3dzdtle O d3df tsStc s dz
Fig. 20.Diagram comparing the indicators of hollow slabs t = 240 mm and t = 260 mm
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vOBdd s odgv dzdz" § dzdlsd My’ dzr desets SO sty ddmisses .
Table 2 Comparison of a plate of continuous and hollow sections

) 1 & 50 1 &0 ,
P56 0L ded € t = 240 d t = 200 thcdedyr,

1 |1dtolsd ®jlstdt, 117.3 1441 18.6

2 |1dstosd msod |, 15298.9 20190.0 24.2

3 |1 Omdz0 920¢ 0, ¢ 3356 500.0 32.9
1 6dz0d dzd2 BB

4 lerse . ey 95.2 91.1 45
1 € dzOdz ded 2 3ts dzd

5 | syse . oy 48.2 46.2 4.3
1edz0d dzd2 B dBj

I S 73.9 86.8 14.9

7 |16d0d0d dd2  &sBd 56.0 64.0 12.5
& sk, ¢

8 |f0och. Okd& o Ydk 9.0 12.6 28.7

9 |Jo¢h. Okdk b Zog 35.2 38.4 8.3

10 |1 eseddz, 33 10.3 14.2 27.5

11 | L 9O Odels Oy J deazt 5 dzC 6560.0 6950.0 5.6
fseo., €1

12 |1 6ddOd dd? & 2470.0 2630.0 6.1
Mx , (N ]

13 :VIE d dzgldzj ded 2 &k 1970.0 2130.0 75

Burpari Getony. 33—

Burtparn cTami, kr

Bracha sara, xr/m2

MomenT Mx Ha omopi, kH
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Fig. 25. Diagram comparing solid (t = 200 mm) and hollow (t = 240 mm) sections
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Table 2. The results of instrumentaheasurements of the steps of the working reinforcement with their
statistical processing in a monolithic thiralled reinforced concrete cylindrical shell of the tower

trunk
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S,, ¢ Sg,m, Lg, ¢ A, qg S, df Sim Ly, C A, q
2 3 4 5 6 7 8 9 10
270 170
215 190 12:
0,500 240 238 950 20 210 204 730 16
225 160
240 290
190 150
215 230 12
0,500 230 211 1055 20 245 213 1065 Zd
250 230
170 210
200 150
215 200
3,600 255 243 970 20 220 205 800 12
300 230
245 225
230 190
190 215
3,600 220 231 1155 20 120 173 865 12
215 140
300 200
240 225
175 160 12:
7,600 195 231 1155 20 185 204 1020 Zd
260 210
285 240
190 210
105 115 12
7,600 200 218 1090 20 135 168 840 26
235 160
360 220
215 140
170 170 12;
7,600 220 231 1155 20 190 183 915 16;
330 200 20
220 215
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ESTIMATION OF VARIABILITY OF
STEPS OF ARMATURE IN A
MONOLITHIC REINFORCED
CONCRETE COVER OF A TOWER
INDUSTRIAL CONSTRUCTION

HennadiiHLADYSHEVY
DmytroHLADYSHEVY
RomanZHURAVLOV

Summary. The work considers one of the pos-
sible reasons for reducing the operatiorgiabil-
ity of monolithic thinwalled loadbearing rein-
forced concrete structures of existing industrial
structures in relation to their design solution. As
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IR 9 jdz d2 Cdfstlsy'
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this reason is considered the variability of distanc-
es between axes of cores of working inspected
armature of such designs is quite common.

Comparison of design solutions with the quality
of construction and installation work makes it pos-
sible to identify the influence of unaccounted fac-
tors in the design of monolithic thiwvalled rein-
forced concrete sictures, which reduce their ser-
viceability due to variability of concrete strength
characteristics and actual longitudinal and trans-
verse reinforcement due to variability of working
steps. While processing the results of the survey of
monolithic reinforce concrete thirwalled struc-
tures, which perceive the efforts of different levels,
the question arises: which step of the working rein-
forcement, from a large number of actually meas-
ured steps, to choose in verified calculatidns
average or maximum, withxgas.

In the current norms, an indicator as the average
value of concrete strength for the calculation of
reinforced concrete monolithic slab structures does
not appear, but is used as a statistically reasonable
value of concrete strength, which takeso ac-
count its normalized variability with 95% security.

Regulatory documents statistically estimates the
variability of reinforcement strength. At the same
time, they do not take into account the variability
of the actual reinforcement of monolithic mei
forced concrete structures, which is the subject for
reconstruction of additional loads, but they are
made without observing the design distances be-
tween the reinforcement in these structures.

When performing verified calculations of such
structures for tferent design situations, to devel-
op working designs for overhaul, reinforcement,
reconstruction or dismantling, it is necessary to
determine which actual step of the working rein-
forcement should be taken with other defined de-
sign parameters of the sttuce.

The authors instrumentally investigated and sta-
tistically analyzed the data of reinforcement of the
monolithic reinforced concrete shell of the tower
structure, which made it possible to reasonably
accept the values of the reinforcement steps in the
test calculations.

Keywords. Tower industrial constructigrvar-
iability of reinforcement stepsmonolithic rein-
forced concrete shell
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NODAL REACTIONS AND
COEFFICIENTS OF THE STIFFNESS
MATRIX OF A FINITE ELEMENT
BASED ON THE REPRESENTATION OF
DISPLACEMENTS BY POLYNOMIALS

Yurii MAKSYMIUK
OleksiiSHKRYlL,
Ivan MARTYNIUK
VladyslavBUCHKO

Abstract. The study of prismatic bodies with
constants along one of the coordinates of
mechanical and geometric parameters is most
appropriate to conduct on the basis of the semi
analytical finite element method (NMSE). Its
essence is a combination of finite elemen
sampling and decomposition of displacements in
the characteristic direction by a system of
trigonometric coordinate functions.

In [8, 15], a variant of the semivanalytic finite
element method for the calculation of prismatic
bodies when used as a systeh coordinate
functions of Fourier series was developed. The use
of trigonometric series provides maximum
efficiency of the semanalytical finite element
method, however, only the boundary conditions
corresponding to the object's support on an

4lsOlslsw dzOH " 2N dzO
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absolutelyrigid in its plane and flexible diaphragm
can be satisfied at the ends of the body.

As a result of the performed researches, the
basis of the representation of displacements by
polynomials is obtained, which allows to
significantly expand the range of balary
conditions at the ends of the body. In this case, it is
not possible to reduce the solution of the initial
spatial boundary value problem to a sequence of
two-dimensional problems, so a reasonable choice
of appropriate polynomials becomes especially
important.

Both the conditionality of the matrix of the
system of separate equations and, consequently,
the convergence of integration algorithms for its
solution, and the universality of the approach to the
possibility of satisfying different variants of
boundary conditions at the ends of the body
depend on their correct choice.

In addition, the question of methods of
integration in the calculation of the coefficients of
the stiffness matrix of a finite element (CE), which
is quite common, due to the si§joant complexity
of this procedure.

Keywords. Finite element method (FEM)
semianalytic finite element method (SFEM)
prismatic finite element (CE1massive thin-
walled prismatic bodiesrector of nodal reactions,
stiffness matrix coefficients.
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Fig.2. Stiffness of finite elements of the model.
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Fig.3. Stress distribution in brick walls from the total actmfrstatic loads.
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Fig.4. Estimated values of vertical displacements of nodes.
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INFLUENCE OF OPERATION OF
TECHNOLOGICAL EQUIPMENT ON
THE STRESSSTRAIN STATE
OF LOAD -BEARING STRUCTURES OF
A BRICK BUILDING WITH

OlegSKORUK

Summary. In modern conditions, the operation
of buildings, structures and their elements is im-
possible without taking into account the dynamic
effects of different nature. In the production pro-
cess there is always technologiemjuipment that
becomes a source of vibration, shock, etc.

This article presents frontal studies of the ele-
ments of loaebearing structures of reinforced con-
crete floors and brick walls of the finite element
model of the existing industrial building.

The onstruction of the SEM brick industrial
building was performed in the computer system on
the basis of actual measurement drawings, taking
into account the results of the instrumental survey
of the building. Next, static loads were collected,
which will create masses to perform a numerical
study of free oscillations of the general system.

The next step was to statically calculate the
CEM from the own weight of structures and the
mass of the equipment on the walls and ceiling of
the structure and determinestBpectrum of natural
oscillations of the numerical model of the structure
and compare the obtained values of numerical
research with field measurements.

t yAs a dynamic criterign for assessing the condi-
tion of the loaebearing structures of the building
wereused values of natural frequencies of oscilla-

t e ¢ h ntigns,dhgii agtgal measugement on different floors

of the existing building.

s . The obtained data will be used to assess the

stress state of reinforced concrete slabs in real op-
erating conditions..

0 Keywayds. gFiber;; fiber jcangrgge structures
load-bearing capacitydeformationsfinite element
model.
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WOODEN STRUCTURES MATERIALS,
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DenisMYKHAYLOVSKYI
MykolaKOMAR

Summary. Today, there is a growing need in
the construction industry for the introduction of
ecological urban space and the use of materials
from renewable natural resources, one of such
building materials from ancient times was wood.
Temples, castles, houses, bridged ather struc-
tures have been erected all over the world since
ancient times with the help of wooden structures.
A large number of buildings and structures made
of wood have been operating successfully for-300
400 years and are vivid examples of the duitgbil
of these structures. Nowadays, wooden construc-
tion is developing rapidly with the development of
Nel ytetcrﬁﬁloﬁigs. After 2alf, new woodworking
technologies allow obtaining a spliced array of
Wddd! Whith solves many different issues of wood
as a structud material. Recently, the construction
of glued timber (GT), which is often used to cover
large spans (more than 100 m) and the construction

K & Fosslaminated timber (CLT) or CLT (cross
Qaminat

timber), which are often from an odd
number of layers of dards with their mutually
perpendicular arrangement in adjacent layers. Pan-
els used in panel and pafi|dme construction of
buildings of various complexity of architectural
form and number of storeys are made of CLT. In
work (%51-3] studies of efficiency rad CLT and
e lot their caldufhtio? &edescribed in more
etail. However, some building requirements, such
as the conditions for limiting the building height,
when the use of relatively large cressctions of
plywood constructions, calculated in collmpce
with the requirements of the boundary conditions,
is not possible. Therefore, the search and study of
modified efficiencies, including reinforced ones, to
increase the bearing capacity while reducing their
cross section is becoming increasingly impot.
d_to the review of the

z ;dor?dﬁfcted fegearchds réiftotcld and reinforced

With Eomposite rhaferials of various efficiencies.

Keywords. Glued timber; laminated timber
constructions; reinforcement; strengthening; arma-
ture; compotse armature; composite tapes.
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FEATURES OF CALCULATION OF
REINFORCED CONCRETE FRAMES OF
BUILDINGS AND STRUCTURES FOR
TEMPERATURE AND CLIMATIC

INFLUENCES

Leonid SKORUK

Summary. Temperature exposure is primarily
related to daily and seasonal changes in ambient
temperature during the operation of a building or
structure. External temperature factors can also act
in combination with a certain (increased) thermal
regime and other external factors that occur during
the operation of the construction site. The most
favorable operating conditions for construction
sites ae formed under stationary temperature in-
fluence on them, in the conditions of steady mode
of operation, when they are in relatively constant
temperature conditions for a long time.

The nuances of determining the temperature
and climatic influences on rdorced concrete
buildings and structures during their calculation are
described.

The example of a fiwstorey frame shows the
difference in the stresstrain state with different
methods of setting the temperature load on the
structure.

This option ispossible to reduce the impact of
temperature load on the building frame (minimize
the difference between the ambient temperature
and the connecting elements), for example, due to
the final selfhealing of expansion joints after erec-
tion of the entire framand temperature stabiliza-
tion all structures and environments.

Keywords. Temperature influencesaverage
temperaturg temperature difference in the cross
section of the elementhe closing temperature of
the structure.

.11.21.

ITEZH" 9 jdz dz CtsdefmlstelzC y' A ./Q0R1] St



ISSN 2522-4182

(sl (tRIfCVUGIPALIL BRY L W [ fo] wrrp11C
1ofwy Jaruv 11 RM T LRLO[?P1RM [ Jrf(1v
1 I RrRue[sffwAr 1L 1ruvf1vV

[dzj 020 s ARz CMOdzHts rdDL ) 4?SRE

lvyjtedz 9jy' €d2 dzOy' sdzOdz dzgd?2 bkdz o jtefmdisjls ' d3j dzg'
58012, uv€twd dzO, & v jtwd2eoy' , okdz. sty Bsddz
2sd’  oefr €d2 dOY' sdz20dz' ded?2 bkde' 9 jtefdilsjls BEkH' oded yls
03037, VS O dzO, fWsME J” btseo ' SBBYW dztslsfp! ¢ d2,
! kutsikolena@gmail.com, http://orcid.org/0000-0002-4370-0221
2 zhuravskyi.od@knuba.edu.ua, http://orcid.org/0000-0001-7065-3312

DOI: 10.32347/2522-4182.9.2021.87-93

o dztsls Oy 'dC.sted fyls O dzadBOIs Y & 1
dz' o dzj sBR '  Hdzy HdzW odcEts
Lsejssdzded s CsdemlstelzC y' 2,
Cdn &OoOdzlsOy jdzr . v LC
BSGE dzj sBr' Hdzs o dCstedMists
Bjlstsdz, wCd2 ®&®O' odmslk
HBISO G OL sdzj f totsdzdnldsdz2f§ 15 ‘f,ls
oHWECd Mmeat'’ h' dzt dats’ fmls t
odMmMsC R Yyddrs Bjlstsde @9 HO
sd tetsL & tod §§jte] ydscs
sdd3 MOBdd3 L d&3j dg" dIsd o Ock
o dz" dzdz’ L Ctdhistez¢y' wdd
BJIstsdzlz.

Jdzji $MOdzHte r vt
LO9 "  Hkzoa Oy < OW
LOdz' L 5B j Istsdzdzd
CdeflstezC y* 2,
H.Is. dz., ftesWjfmtsts

I s’ d208 H] B - B | o gpodd?2 OdROd L S MY

, , , . : J¢Mmy jtedc
Gd cals Ol sl bdUde  HENE Mspisduedr L @owj & dj hEys’
L L 5B J dedzd = B stsdedzd » BOdZsS L odfMtsCtdi ydz

YyoQdzsets Bijlstsdalz ftod 41, . o :
'[f‘rJSclj-ZtSTSBdZ&iZdZo IIgt%tsgtggodzd39GJBJlslﬁdi:.zllzl’ fsf jtoj ydesdsz L ¢ ddz
s !H)iJ' 1 w 9 B"LL ‘ B ISR SY w .\ .
eoB o Ofdglzd B j SBOLS ' o g% id% ?ﬁ%?ﬁ@'%m”&rgs?sagc‘%?
dzv o qL dzOYJ deder &' ydz fls dagm 5 H AP [fgsgatsgg%c%n o dzts
OEOCIjtedMmisds Bjltd o t %%qm @Edzo o RES "

Gz dzdzv 5O o (ftsBlLoe Odzdg H s e o
dzq': BOdZth dzo H‘B U'Bq'JtGJ_nI_A_.‘rl-\ A A M Al N A A

iEas odfusstoods bud Pleor flso 1Ll frR
ff]t;;i'SdZ# P'dzw]azﬁigigﬁ‘sidzcgs u!Iqufr]_dzJ BLkH' 8dZ_Cfu'_llsats :C:
kOdedz" 5 Bj sOC Osd dgz O gL B dz' N jdzdeV d3 s jtentso sfls
1 Of o Sdzetse Odzd 2 Oz stedlsY! 3z L tesMisOs Is!  dzOe Odzls O
Uys' LHOdsMls' Lceddod dd¢ sdefmistelz € y* ° . -
‘st W O HiWGSEEOY 2dsBz 1 0 HOdd?2 &sdjdds o ‘o totst
o' Mis: oz BshMsBRAE Mist Stits odMtsSt®R yYydzds Bjlstd o
Lizd b®EEOnzdst odCtdOdsfErdg" h L & ydz Mmlss d&zO Mls
Odzestdlsdsd, “¢d2 ®©JjOdE (1 0s0¢° Bjltsdd sdetltse dv
Mathcad. L totse dzj ded B3 (et BOBI

11T T

9 dcts
LOdz L tsBJ Istsdz

IR o jd df CdflstlzS Yy A . Q0L s v ° fwOCIdSCO 87


mailto:kutsikolena@gmail.com
mailto:zhuravskyi.od@knuba.edu.ua
http://orcid.org/0000-0001-7065-3312

ISSN 2522-4182

%Oo jHj dzgdz bk dzgstekOkdodh s o Bjltsd dz02MdkzOs" dds
dedr HfjtojHBOodr SO dZORYj i3 delsdzd?2 SO dz@ . [ ' ydg
Bt Ljtejdz 90wy EYUSES HHSC K tesfstey' 2dzs L Odzd y g Is-
hzs yd -wpisBisdzlsdzi MY 99" yj o3 desdesets MY 99" Hdesh j dz
0,15, HBMYWEO' ds'dipy Hds L dzd ¥y j dzdz® BLEdzts  jteh dds L G
[10. v Yy sk oadfOHCE ftsjClskoOd dzdSOdRg. 1 € st
ydz B[l 188Hq ddr f ZOMisdW¥ " COkste' 8 HO
vfjthj odtOL codimsStsLB' d hdilsd & ydz flsdz n Oto
o dCBtdMsOdd?2 k 1929 w©d o.
H'  adedylsa © odfMmtslsdedr BE ) B Isss o ff totso OH MnjdafdBY
dfm: dese' Bjlktsdd kO ' Bjlstd 8 o MkyOmds fBmEH' o
O Mlsdms we@R [aOMYdOdtesL tsBdlsd &jlsBHISE L 6
O MOk} k& 1" & yudde , gy 2 L bOSdna BJbtd jo-. 14
stsded Bkdzd GREBOMT &dfste’ odvd dd2 OdOdz L tEGB
flstsd Islsw. | 1966 t. oddr SCtdhstekz¢y 2 L dYMES
Bzdzs tSlsted d3Odes B jIstsdz LyoO2detsets B jIstsdz o .
140 [1 O, © 9 1988 ts. n
9dGetslstse dzv dzd ! st fgle dze §! fruvl{rrse tdr1toémuysv

[1,3,7]

1 jteh' odMss sd3 ydz Bj Istdz H datf ¢ tBISstaydeigiifg zu® L H O
oditedmissolzs yd ystemisC L ¢ i@z tzdr o d U3tz fdzls* o 6
stsolzr ud MYJjydw’® yd' MYLsd@weQls diz L 'OdzW dajedglzizO i3 [ 4,
SO OolstsC &zOodzj Iso jteH ' dzdz" . 1l zdzs o dWw o dzj dats,

wWwQ W

- 5 1

= ) pr , 0 (1)
@6Q »

_ . . )
— :ETW , 0 @ «a L T8 (2)

\ . 5
LOdj ydshisws (1), (2) Le Rdes 5] : ©
- - CtedodL dz® odedzzls®~? HfESMdO CwedodL dzO:
fjtejte L' (1/ &) : _

P~ p 3) |
' , -0Oftelzy j dzdz" ©® OttdzOlskzts"

, . . A Yy -9 HfMlsOdz' o' H yYj dzstc® o
0 ' Hdzsdz HIG 8/ GBSO U B % s 1 Misddkzlss' ¢6odz

Bjlstsdz o Mmisdmdazls 2 ¢ Seas j §d 4 CRE F f sd dzts GO,
- -9 HdsSMde HIWBBEOU 5. s Qdzd Vo @B REsmis® o' W |
BJIlstsdalz o tetsL IsW G dzlzlsgz?y dztSffas © Y fold ezt 2L ¢ ' H dzs  d
2-9"' Hdztsh j dzdgw ' Hdetsfded At " B §lz2W telztcOy12, (2) HtdH
fls d i s ¢ e Otgd wded = .
0 0 m (7)

[ — (4) 0 0 Oh (8)
w-adMslsO Misdmdzz s ts° Ltsgzj{:(d:s):

S

—; (6)

88 ITZn e jdz d2 CodmlslzSy' A ./Q0PLj St W



ISSN 2522-4182

0,0 -LEkfmdddy o Mmisdmdklzls'\2zoSddzdzvE J g5t d oHdffny sdEfo dzv © A3t
o dziz ; w tste dzlz dzd (11), (12) H d
0,0 -fzd3Oteds’ L kfmd dzdzv 8@@33;%%5%@' 1@ W st Bz dzts ®
: : dé@ dz' g d 2?2 o
tsLfdhjds L dzOuj dzdz" SdZ%LSqt%s L'Zé? b L 2O7 2 dz
anB&t BJmW UBQ&BQBSB
i &GO & L dzOyj dedz? o Hdetsfpdzad s Hj W st
6 = DI n O Lsd  fitit LeCj fshd H
P LB ' dz hiz' Is' fwy dz@ o j dzd ud dzkz
) ) ) i BLIOREdtsE odCtsdzlz’ s+ Mw
v , O ., 0 N (10) Okzested sz, WwWed2 tj Odz' Lt
; B o Mathead
0 % !
- Q ¢ 2
EFSBE~I
0 O . O (.0 G (12) 8z 252}%00
00 w a 8 | ’
| Of iz g GRAWBOEtE" : -
" 0O w «a (13) i .
‘ tdm. 1(2&_!1?\4;6411&6{2 74t
t e e 4 t$ A . Vo NP -
&z ]frJ 5 th :’ Cdé\:'vv dz:; © q,(SQq) L’ dch( 10) Fig. 1.Cross section of experimental beams
(zjjz; stcj ls%f]é{zdz dzthISL tGG):dIszéQ d
5 5 v H dzw H S H n B Odzts
“ “ T%%H (14) fjtejte'" Lz L ftsHe 2dzdd3 Otcd
Gy ' { BL mC)  dz¢ d od¢ tsdzlzo Odzd f
m; tc B O dzt=Cd, ¢ BsCs' 0 dmj lrlzizd L
Hd . tc' L@BGB CazOmEz ( lsOB 0z 1) .
& 0 O a 6 O a ; (15) { BLIEOREdRE 859 0 Mnj BO B O
' ' SHd@ tse sdztso Iz B Odz$ Iz L
- . . s stceOd3d , weo L O9 Odzls O
. - 00 (16) LMt Hyjdddizsd MddzOd o &
0 0 N  soyddz0 ftocsetdz MisOdatsoe d Is
¢ 3Q © r (17)
3Q - —
0% Q o
OB d. " ydz' Misdz' SO HjWBtdBOIdods? ~ROtOSIsjtedMmMisdSd BJ Istsd
Table 1. Strength and deformability characteristics of concrete for experimental beams
4 it skkBdS 890 d3 yq ltdLddtsa O &' yd [ sHkzdz {fte
J fcm,cube fck,cube fcm,prism fcd [m3103’ ,[ 10
1-w 31,45 24,49 22,86 13,69 26,47
J-wuw 79,50 61,90 71,14 42,61 37,42
J-www 85,05 66,22 79,51 47,62 42,83
tdLizdz sOIsd tesLtcOrzdzeS g j Mzay®H JzisOIlsdz’ Mis! -w B OdzC
CteOW ' ¢ d -Cctaipfsodz(jLdals0 € , w ¢ diPls Cold@oojgHsj2dzt 3 ¢ 1 &3, -a@dz€
dz0 tedfm. 2. MlsOdztsodIs3, §9 €1 d3, -B@OWS d

I ZH" 9]

dz' dz'

CodeflstelzC y' A ./Q0R1j st W

feOCkdC O

89



ISSN 2522-4182

MlsOdztso d Is 4= 3,91 ¢ d3.

M, (kHm)

e g e o Ep——— [
Y i Sttt bbbtk Sl t— ;‘,‘A-’Tm::'
3,2 y H
Xl e L ﬁéi~ wwwwwww ﬁ~
24 / - "

2 v !

- i N s
, I -l
1,2 / ,ij ——Gll
038 // g

I

0,3 i:: N,(1/ M)i

0 0,01 0,02 0,03 0,04 0,05 0,06 0,07

tdmMuvdBiejIsd ydz ¢ COwd £ dz@esdpyddls Hisfdz' Hdzd » B Odzt
Fig. 2. Theoretical graphs of "momentirvature” for experimental beams

COIsstc® GEBHJdzdA] SS9 G Wetss d 4
(sl (tRICLVUOSPrw 1 JufHw dfd 0,01 d3ds.

Il ttsLlkwedkIls' 2 L sdzOr od
{ $MY j tod d3d dzls O dz! dz HsMS OlststeOdsd & sH d dzezcf Ibis 9 ('G5
9 Odzd ! dz© COWJjHt Ldztse fsH" &z6d O, 001 dgdyz dzO
COd30 v dzd ~ CodmlstezCy' 2 L stejLdmishdc@dd dad® BOL ' 5 (
dz' detsets kdz' 9 jtemdIlsjlsk B JWBtEdOYOtcdzOIs 2 tc dzd - fGls j toy
sztfAf9. 1tOLSCd odctslstse co Odzd iy Isj dzL 546 £ wAd M@ tc © B
Hts M dzOHE wEEts a:tsHWZO BE. zdteddzz tetsL Ctedlslsw
(Hotsr WO BOS540D6@ 2 9 Odzd LO HBfBHRRsGEH 3" € t.ts

ttytsed?2 ' Mt ( @3 IzdzJ y' dets¥ ftsH' &z¢d 0, 05 dzdz. 1
Yyd 34 dzls O d ,(500, HSIS ZOH Odzs! L O HGY SBsSESE 6
5O c¢'fjtef ZOMsdi SOt OO yjteiL MdHEEHEz BYy o
2597), 8BHO (J/A=0,32j dde" MeaffaddzOFOzOM! EWO W
Ol d o dz COCIjtedMsdS HgRZOBE®R] Ste® € ORj e Is b dadzts G
sOB dz. 1. ofMisOdetse dzj dzgd 2 dzO BHdz 2 L
(v jSiyfjtedBidsOozidef | t©jLkd O' odftetselzo Oc
odStstedMmlsOdets Istcd Mt "dzs¢ Glsted Oz L dzO Yok dlEflzy o
BOd&zSd o Ctsy dz 2 mMdte" " fted wedna L O6wWedddm: dzts te d3
1200 A& IO fjtjt' Lsdz dzOoOxgglsdz!s, Ffted wCdm Ltelz2
dzd iy ! 9 tLilswedzzls' 2 LtBOdZzSd. | dzOyj dzdz?y ydnr dzOa (
1120400, O o MmMbdimdzkzls' des’ BOXREd IO fr]JtQJHdz‘ " A
dzj &3 FuB I etedf. 1) . I sfjmjt’’ dOejHjd o lsOBddy
| 5luse WECO ofmMlsOdaso dzj dz0 L ¢ &BERSCtsBichbOEZzd3dEs Dls' o o d {f
ftodtsf stedzgdr L s5dz0Rr HBo )y ddetsse 4B0@AzCdff. L o dMmMsCtsd3 y
10dz¢d BfidteOdzd ! dzO Hiswwuelf tsdetel hd Qs db jtso- dzbtize ) ‘o
ks 1000 &k O L Oo OdzlsDQE o Gylakf e O HiHESBHOS Los - & H
Md e HY jdzd s Mmd dzOd3d , W= S5tcthL BN s Qdz2dzOdz®9, 6 % O
o' HiNlsOdz' 333 BB o  H Isidsl)ls( BEfphs3 )uBREBES 4MEE) Lk
10 Cydz 2 fbkfjdd L OozOdzB@y P dadzelz] alaf 3" t8¥ -H Istc’ h o
o 0dzd ! fJesedded B OdZS d fp Otc- HEFTRBe t€£1 ) . dzH d -

90 ITZn e jdz d2 CodmlslzSy' A ./Q0PLj St W



ISSN 2522-4182

i - ’ 2
\ /3% f
— y
- b
3 >

tdfmulsd dzH Hdzv odftctsBlzo Odzdz? HtsMdz' Hdzd~ B OdzsC .
Fig. 3.Bench for testing experimental beams.

v OB df jJ 2zdz' OId jS¢MYf jteddsj delsOdz? dedm HBMdz HY jd&@ BOdSE
Table 2. The results of experimental studies of beams

S| jotgql @0 0db O Jdedet St 5y ) ROa O dk @
g J G B O dzC Fcrc,l, C 1
SHdzSG 5 MdtcjHd BHdBEB L fMd toj H dz
1-wl 8,1 13,5
1-uP 6,0 10,0
1-w uB 6.2 7,3 100 10,75
1-ué 8,9 9,5
1-wru 6,7 11,5
| J-wil 6,0 11,0
J-ww PRI 6.1 6,4 108 11,05
1-wrdd 6,8 10,9
J-wtdw 4.6 11,5
J-wtdw 51 13,5
J-ww W B W 59 51 12.9 13,03
J-wedw 4.8 14,2

v OB dzf CBY J tod d3d dzls Odz dz' SO Isjttejlsdyds L dzOyg dzdzv L G d dzC
BOdzts ¢
Table 3.Experimental and theoretical values of bending moments at destruction of experimental beams

R [ sd3d dzls § tod to,lz 2 Tz dg O dzdz' {
Isj stej Isd ydzd 2 JCMmYy Jtedd3d dzls Odz ¢
1-w 2,83 3,58
J-ww 3,69 3,68
J-Wwuw 3,91 4,34

O Z2Ode'zR? dzz¥ ydr dz09 OdzlsCo dlstsC fftod LB dz' M jdede dzOo
Lsof' o5 feslsqdzj yd L dzOo Odzdz? BOdzsC o Oz HEC H
Wj dzdzr Bhkdd ©® wUOESIOEBHROY' 2 s § b ubdEs Qodsk sl butal
Fo=10, 75 §1. Aj dzO 2, 7ck2dzgbo Odedz? Mlsdmdezls s’ L 5
fls' BOdSQW. A, 051 €1 ) o Odzgdg® Oz  zOMIsd yded?2 =7 C
17,5% d&Bjdhj o' H BudEskzise stoj dzadz? O tolz 2 dalmau© de@w
(=13, 03 €1) . J-www dBOdzd Hihs " dhd2 ROt
st hddeskzlso tstej dgdzy SO dgv  ste' hddz f sYOdztsfy: tcOdz
o Odzdz" B OdmsCo ‘st o Odzs ! f)j tow. L HdZOS ' 7 by d &S
detsé MR j dite'dzd € dzj dzdzrdzd&sBLO KOS dd ' dalsj dedo dad 5 W S
ste' hddz o tetsLlwaEdezls' 2 1ted tokz2 dzko Odzdz -wia O He@&WI -

I EH 9jd d& SdflstekCy A QOB s W | fwOCKdCO 91



ISSN 2522-4182

odMtlsO Misdmdzzlsts’ L sdzd sOdizEeY.L: dzQ Y dzts) @ eSS v C 16O
2y © BORMUOR] g eyt o IS Odzd ¢ ts- _
tedL sdzls Odz dz' Istc' h , b. EN 19%’:2@04&” e 7 Desighw ot -
dzskz 5O Mmisdmdzlskz L t5dzq Bc N ctured?art]: eneral rules and

1 ted OdzﬁOdz,;Cfnl]’Jth’

Isd yded = L dz2@ dzpPdz dz Bts
02 G o O HEn § gt AT P Bsqenens

"Ade HtBEK] MY S'IGH‘-dde tonPH| ACI d%#\tes“lS
wuw. [ dzw BGLdZBl@lﬁungﬂtdslSJQBtQulszog{

L dzOud dadzaf™ o f dzd )¢ dzd ¥ ud BFds IzeuqH; PEMTI - btc®adds o2
tod d3j dzls O dz dzd WzOo 20 B8 @D YL &% fls Odzcz” o & Jnlssts dels' izt
1 SH' B dg& Hisfpdz' H Y j dedgv o ()& g Gz datOoglizd e ZHY f BAS pylise 2 o O dz

fer b December,
C.j-.SJ dals © dz!} usse %% %o 25p

BiSIsOn [10é12] SO Ijtedlsste’ Odz' dzj -l¥fjdzGidzlz o O
LB toiggd S . s1ludifp.,, 61.,-2016,
Il R [ 1 sR 449.
8$|zud‘+‘ Li? fﬁtéewdequS?odZI
Lo 1 dtsdod J‘””U“Gddﬁ ls B(Eudz ‘%ZJ IZJHl;t(S;E)g;SSZJ dzl
HY J dgdg?¥ L Odz' L tsB | Istsdgdzd - gdil ) ?n , f 16
dZsets SO LodyoO?2 desets BJIS tsa‘]'d‘ﬁ§@'tg qUop%c}Wg 20
&' HM dedesfls® " nde tGBBQISqIOﬁQGd sy te) ydats dsiz
Ledds . 1z ok Dddsdl @ A3 @B 93 whj Clskzo Odaday LOdZ LB j Istso
www 9dSOdzd etedL sdzlsOdz' de'¢ ys®m i dedled C WL " ¢ . t6tJL. H 1 Ok
dzv dzd tetsL Isvwedzzlskz IO Mmisd e IOr | sbzd [BEYdSEdR @0 [ . 1.
2. 0dzOd L tGJLIzdzJLsOls'athFq-I]’th-Bllz-sOdz@%Bq’EﬁGﬁO@- sq’ o
LOs, htc & BOXRSOAF L od B2 dlzsBts B Issdlz
(fMj ebww)l Iste" hdded L oOowWoe f'ﬁgzhur&;"é‘g Eﬁaﬂt’;]gB%paﬁ'Wp?f tSteeId
B Od&zC OF -wiyj 480" 1 4 (ﬁulggéongs?it st%?% mxua:fz;t/renresresse
3 14 fMEzy® L HOI fr]lsi
¢fs Bjltdilz L dgOYdzts qho 5. Fa308 R nezﬁgo 5“90185
sets Bjlstsdgz B dz ' dZ Z:hurasskyl t d and Example of

4. 100y sdse Odzd 2 O dZG' BRIt of & rbited® RelrdiéedZBending
dzj Mzyts’™ L HOIdesMmis' L ¢ d de@rézhedd Aourhatizhfdiidaisal Maching B

BOLE s mMw dz2O0 HJ W tsted3Oy' Builisgdzldvil Etgndethglissue 1 H(G'4 ) 6 p
sy dzd o H gk O dz! 88 Istsydz 46, Padsadkfaiizez 2020.
9o0Isd tjLEzd IsOIs(. 120. Zhuravskyi, V. Tymoshchuk, N.
Zhuravska, M. Hajiyev. Influence of
fwsrtosut o Strengthening Flat Slab by External Prestressed

Reinforcement on Deformation Characteristics
of the ,Slak, 4 Proceedings of the 3rd

lL.ijte [.C., ZJtGBOQtSS § ! T
I 7 S s tesydz [2. : B jusldstas Q/q’/L J[nternational  Conference on  Building
1971i196 f. Innovations. Vol. 181, pp. 44956,

2.1 11 1-9220Bs sdzmstelzs Yy’ * B bk eWVigellayd 20820
M stclzH. 1 j Is ts dzdz' s © N ke bl ke dzd
CodemlstelzC y*' . [ fdzts-p dz' REFERENCES
[ " detej 6" tsdz v T@OMdzed, 201

1. Berh O.la., Shcherbakov E.N., Pysanko H.N.

3. Kut s i Efficigncy of using higkstrength
gncy g 1 g Vysokoprochnyi beton /M.: Stroiyzdat, 1971.

concrete //Build-masterclass2017, pp. 181

1196 s.

4 r1852+.u v 1 -156:2D106 . s s dzf B B b § y 2. DBN V.2.6-98:2009. Konstruktsii budivel ta
&' o ' MYtekH. I jlstdads sporud. Betonni ta zalizobetonni ketmakisii. fr) -
stk Sy L p0O3CGEt BjlSt Osnovni polozhenniaK.: Minrehion Ukrainy,

2011.-71 s.

92 IEH 9 jdz d2 CodembtelzC y' A /A0 stg’ W



3. Kuts i k Efficiency of using higkstrength
concrete //Build-masterclass2017, pp. 181
182

4. DSTU B V.2.6-156:2010. Konstruktsii bu
dynkiv i sporud. Betonni ta zalizobetonni
konstruktsii  z vazhkoho betonu. Pravyla
proektuvannia. i K.: Minrehionbud Ukrainy
2011.-118 s.

5. EN 19921-1-2004: Eurocode 2: Design of
concrete structure®art 11: General rules and
rules for buildings. [Final Draft, December,
2004]. Brussels: CEN. 2004. 225 p

6. ACI 318M-08. Building Code Requirements
for Structural Concrete. [June 2008].
Farmington Hills, MI: ACI Committee 318,
2008. 473 p

7. Kutsyk O.V., Zhuravskyi O.D. Analiz
vykorystannia vysokomitsnoho betonu u
suchasnomu budivnytstviMistobuduvannia ta
terytorialne planuvannia: Naukiekhn. zbirnyk.
TK., KNUBA,-Vyp. 61., 2016, S.44449.

8. Kutsyk 0.V., Zhuravskyi O.D. Mitsnist i

trishchynostiikist zghynalnyi elementiv  z
vysokomitsnoho betonu // Budivelni
konstruktsii. Teoriia i praktyka: Zbirnyk

naukovykh pres. TK., KNUBA,-Vyp. 1., 2017,
S. 199204.

9. Proektuvannia zalizobetonnyz konstruktsii.
Posibnyk / A.M.Bambura, HR.Sazonova, O.V.
Dorohova, O.V.Voitsekhivskyi Za red. A.M.
Bambura. Kyiv: Maister knyh, 2018. 240 s.

10.0.D. Zhuravskyi. Bearing Capacity of Steel
fiber-concrete Slabs with Biaxially Prestressed
Reinforcement // Journal of Strength of
Materials and Theory of Structures, Issue 105,
pp. 292301, Kyiv,Ukraine 2020.

11. O.Zhuravskyi. Method and Example of
Calculation of Comimed Reinforced Bending
Elements /Oournal of Industrial Machine
Building, Civil Engineeringlssuel ( 54) 0
40-46, PoltavaUkraine 2020.

12. O. Zhuravskyi, V. Tymoshchuk, N.
Zhuravska, M. Hajiyev. Influence of
Strengthening Flat Slab by ExternakBtressed
Reinforcement on Deformation Characteristics
of the Slab // Proceedings of the 3rd
International Conference on  Building
Innovations. Vol. 181, pp. 44956,
Switzerland, 2022.

4lsOIslsw dzOH " 2N dzO

1 H' 9 j dz dz&

HtS teJ HOGC YY"’

CodeflstelzC y' A ./Q0R1j st W

ISSN 2522-4182

EXPERIMENTAL AND THEORETICAL
STUDIES OF REINFORCED CONCRETE
BENDING ELEMENTS MADE OF
HIGH -STRENGTH CONCRETE

Olena KUTSYK, Oleksandr ZHURAVSKY]I

Summary. The use of quality materials is nec-
essary for the manufacture of lehdaring rein-
forced concrete structures that are subject to heavy
loads. To meet such requirements, it is necessary to
use highstrength concrete, which has high com-
pressive strength, wer and gas tightness, corro-
sion resistance due to its dense structure. The use
of highstrength concrete makes it possible to re-
duce the crossectional dimensions of structures,
thereby reducing the weight of structures compared
to structures of traditital classes of concrete.

The results of experimental and theoretical re-
searches of work of reinforced concrete beams
from high-strength and ordinary concrete at cross
bending are resulted in work.

A program of experimental research has been
developed, whig includes the manufacture and
testing of concrete samples of prisms and cubes to
determine the strength and deformation character-
istics of concrete of different composition, the
manufacture and testing of experimental reinforced
concrete beams for transge loading. Three series
of rays were tested, four in each. The composition
of the concrete mixture for higstrength concrete
using metakaolin and hyperplasticizer is proposed.

The proposed algorithm for calculating the
bearing capacity of bending elentgrnbased on the
method of deformation, allows obtaining results
with sufficient accuracy. The calculation is per-
formed according to the developed algorithm,
which is implemented in the Mathcad program.

The analysis of experimental and theoretical
values & bearing capacity of reinforced concrete
beams from higistrength and usual concrete at
transverse bend

Keywords. High-strength concrete load
bearing capacity prismatic strength bending
momenj curvature crack resistangemodulus of
elasticity.
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