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Tablj. 1 Composition of tests and chemical composition of steel
r' 0O s' dzf m° d3 ydzed?2 mME dzOH, %
- _I o = H t
tc ¢ C BJS5Y &M
i/ BBz |LcOL| d [n Si S P Cr Ni Cu
mls © h ks
1 0,21 | 0,48 | 0,01 | 0,021| 0,012| 0,04 | 0,02 | 0,03
2 |luls31 5 160 0,18 | 0,54 | 0,05 | 0,046 0,018| 0,07 | 0,02 | 0,05
3 0,19 | 0,55 | 0,06 | 0,041 0,014| 0,03 | 0,02 | 0,02
4 0,19 | 0,55 | 0,06 | 0,041| 0,014| 0,03 | 0,02 | 0,02
5 |els3] 6 143 0,18 | 0,60 | 0,08 | 0,028 0,008| 0,03 | 0,02 | 0,03
6 0,19 | 0,64 | 0,09 | 0,050| 0,011| 0,03 | 0,02 | 0,04
7 0,21 | 0,57 | 0,06 | 0,015| 0,020| 0,02 | 0,03 | 0,04
8 |luls31 8 132 0,21 | 0,65 | 0,08 | 0,027| 0,026| 0,04 | 0,02 | 0,02
9 0,02 | 0,55 | 0,06 | 0,030 0,018| 0,03 | 0,02 | 0,02
10 0,20 | 0,55 | 0,06 | 0,030| 0,018| 0,03 | 0,02 | 0,02
11 | ls3 | 10 50 0,19 | 0,52 | 0,09 | 0,023| 0,008| 0,04 | 0,02 | 0,04
12 0,19 | 0,55 | 0,07 | 0,021| 0,009| 0,04 | 0,02 | 0,02
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Fig. 1.Diagram( i Uof cold deformed reinforcement of class B500
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Fig. 2. Comparison of the distribution of the values of the yield strength of reinforcing bars with dial
of 5, 6, 8, 10 mm class B500 with the normal distribution law
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Fig.3. Comparison of the distribution of the values of the ultimate resistance of the reinforcing ba

diameters of 5, 6, 8, 10 mm class B500 with the normal distribution law.
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Fig.4. Comparison of the distribution of the relative elongation at the maximum logednéércing bars
with diameters of 5, 6, 8, 10 mm class B500 with the normal distribution law.
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Fig. 5. Comparison of the distribution of the ratio of ultimate resistance to the yield strength of reb.
diameters of 5, 6, 8, 10 mm class B500 with the normal distribution law
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Tablj. 2. Results of statistical processing of tests of atéformed reinforcement of class B500.
Yield strength.

1500 1L

sBtetsB ¢ d

od{ tc

dzts to G50 2z

sB k9o Odz

r gs' [in0O jSGEZzysils®
L tcO - -
C' o su(max) su(min) Sv(med) S Vv v]v ©8dLYJ %
h IS 'l / 03‘ w Og IE dZIS tG b
1/ B 1/ B 1/ B Y dzq dsts -
9 O da(
5 160 730,00 500,00 595,08 | 50,066 0,088| 0,971 | 0,950 | 1,124
6 133 683,00 500,00 579,64 | 39,777| 0,069| 0,977 | 0,950 | 1,086
8 142 800,00 515,00 616,86 | 61,366| 0,099| 0,972 | 0,950 | 1,155
10 50 652,00 500,00 568,24 | 32,441| 0,057| 0,982 | 0,950 | 1,062
1 O 485 800,00 500,00 594,42 52,33 | 0,088 | 0,964 | 0,950 | 1,143
B ' tg
C s
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vOB3g jLEd O MksOlsdmisdydes’ ©BtsBSd odftesBlzo Od -
vsddByomsesd?2 ' tc.

Tablj. 3. Results of statistical processing tests of colddeformed reinforcement of class B500.
Ultimate strength.

[ “ gf oy s ' dz!

&ils| co| ¢ vdBuUOmsaldR ©f'

B3| Mis'GL teOL ' '
: S s _|s S vV | 10BJLT

Is J(ma;) J(mlr;) J(mzd> W OC I dzts to A

1/ o3 9 O dz(

5 371 160 780,00 | 550,00 | 642,90 | 51,548 | 0,080 | 0,977 -

6 31 133 720,00 | 550,00 | 631,70 | 36,301 | 0,057 | 0,994 -

8 371 142 830,00 | 590,00 | 678,33 | 57,065 | 0,084 | 0,992 -

10 344 50 680,00 | 560,00 | 638,14 | 30,485 | 0,048 | 0,999 -

1 © odB| 485 830,00 | 550,00 | 649,8 | 51,256 | 0,079 | 0,974 -

vOB4lt jLEd SO MlOldmisdydes® BtesBSd odftetsBlze Odzr A
l " Hdesdzj odHBoy jdedzw fftod HBOSMdBOdz! desdZdz dzO 9 Odzls O

Tablj. 4. Results of statistical processing of tests of atddormed reinforcement of class B500.
Relativeelongation at the maximum load

[ Oddf OwC 5" d2)] sopdgj o' HdzsMdzj o dHSO Y j dz
G | msOd ¢ M dzls O j eail”

L tc L . "

h |s Umax Umax Umax S, V. 10BJ LY JN

max min med % W Odic!)s %‘;m'
0 0 0 Y -

L % L 9 O da(
5 3 Mm 160 4571 | 2,286 3,263 0,494 | 0,151 0,939 | 0,90
6 314 M 133 4714 2,286 3,346 0,527 | 0,157| 0,946 0,90
8 314 M 142 5,0®@ 2,441 3,289 0,575 | 0,175| 0,915 0,90
10 34 M 50 3,500 2,100 1,124 0,044 | 0,039| 0,956 0,90
10 o9dB’ 485 4,857 2,286 3,236 0,524 | 0,162| 0,946 0,90
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IV Hdztsh j dzdzgy s dBYyOmMtsoasets tsftstel HS dBiy' IsjSkytsmis'

Tablj. 5. Results of statistical processing of tests of atdformed reinforcement of class B5@atio of
ultimateresistance to the yield strength
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, L to @ ) o o o ) ) ; -
B cr 4 U/l /G | O/Gs | S, | V [1©9BdLTJ
h Is W OC 19 dzts te df
max mix med Y 020 & O 0zC
5 3§ fm 160 1,208 1,032 1,103 | 0,030]| 0,027| 0,962 0,90
6 3§ fm 133 1,236 1,050 1,113 | 0,037| 0,033| 0,956 0,90
8 34 m 142 1,309 1,046 1,124 | 0,053| 0,047| 0,921 | 0,90
10 3¢ fm 50 1,207 1,031 1,124 | 0,044| 0,08 | 0,956 | 0,90
1 ©O odB| 485 1,309 1,031 1,114 |0,041|0,037| 0,939 | 0,90
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STATISTICAL EVALUATION OF ME-
CHANICAL CHARACTERISTICS
COLD-FORMED CLASS B500 REIN-
FORCEMENT

Yulii KLYMOV

Summary. The paper presents the results of a
statistical evaluation of the mechanical charaiste
tics of colddeformed reinforcement of class B500.

The statistical evaluation was performed on the
basis of theesults of tensile tests of 485 samples of
class B500 reinforcement, made of St3ps steel wire
rod, with diameters of 5 mm (160 samples), with a
diameter of 6 mm (133 samples), with a diameter of
8 mm (142 samples) and 10 mm in diameter (50
samples), seleetl from skeins of industrial produc-
tion. During the tests, the main mechanical charac-
teristics of B500 class reinforcement were deter-
mined- yield strength {i;), ultimate resistancei),
ratio of ultimate resistance to yield strengt (),
total relatv e el ongati on ad),

elasticity of reinforcementE;) was determined.
Statistical evaluation of the mechanical characteris-
tics of the reinforcement was performed for each of
the investigagd parametersi, 1/ ¥l mal} for each

of the diameters and for the whole sample and in-
cluded the determination of the minimum, maxi-

mum and average values, root mean square devia-

tion, coefficient of variation, construction of histo-
grams of distributiorwith a comparison of them

#4lsOIlslsw
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state diagrams were constructed and the modulus of
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with the normal law of distribution, reliability and
comparison with the corresponding standardized
val ues, the reliabilisty
for cold-deformed reinforcement B500 when calcu-
lating structures accordirtg the first group of limit
states.

As a result of the tests, it was found that the me-
chanical indicators characteristics for different di-
ameters have close values, and their distribution is
close to normal. In general, for the sample, the yield
strengthvaries within the range of 500.00...800.00
MPa, the ultimate resistaneawithin the range of
550.00...830.00 MPa, the ratio of the ultimate re-
sistance to the yield strengthwithin the range
1.031...1.309, the full relative elongation at maxi-
mum load- within 2.286...4.857.

At the same time, the coefficient of variation of
the yield strength was 0.088, the ultimate resistance
was 0.079, the ratio of the ultimate resistance to the
yield strength was 0.037, the total relative elonga-
tion at maximum load wa0.162 and was close to
the corresponding values for hatled and thermo-
mechanically strengthened reinforcement. The yield
strength was 0.964, the ratio of temporary resistance
to yield strength was 0.939, total relative elongation
at maximum load was.®46, which corresponds to
the normalized valuefor these indicators, which
are 0.95, 090, and 0.90, respectively. The reliability

ﬂe Aéetial aéJéjwhoIe for the sample
was 1.143, which is less than that established in reg-
ulatory documats for the design of reinforced con-
crete structures.

Keywords. Cold-formed reinforcementclass
B500C mechanical characteristics, statistical indi-
cators; security.
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Tabl.1. Geometric characteristics of glass beams.

R, Frsoydfdz Jdmlsg zdteddzO [ OfmO
ult S R T [dsds [dsds 4
Br-1.1 100100 100.53 20.72 5050
1 Bm-1.2 1001.00 10011 20.85 5050
Bm-2.1 1000.00 150.02 20.80 7802
2 Bm-2.2 1001.00 150.00 20.16 7566
Bm-3.1 1000.75 200.00 20.70 10356
3 Bm-3.2 1000.75 200.00 20.78 10398
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Fig.2. General view of the glass beam testing setup:
O axonometric views- schematic of thexperimental setup with main dimensions.
1 - fixed base; 2 hydraulic jack; 3 ring dynamometer; 4traverse; 5 power metal frame; 6sta-
bilizing clip; 7 - hinged fixed support; 8hinged movable support;i9glass beam.
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RESEARCH OF GLASS BEAMS FOR
FOUR-POINT BENDING USING THE
METHOD OF DIGITAL IMAGE
CORRELATION

Roman KOZAK
Bohdan DEMCHYNA

Summary. The main elements of glass
structures commonly used in construction are

bending elements. The use of glass beams with a

large ratio of crossectional height to width is most
often encountered in practical use. This type of
structure is characterized thetphenomenon of loss

#lsOlsIlsw
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of stability from the plane.

Optical research methods are becoming more
and more popular due to the convenience and lack
of direct contact with the test specimen. Such a
research method is the method of digital image
correlation. In general, the method requires
specialized hardware and for a single experiment
without the need to record images at high speed, it
is also promising to use a publicly available user's
mirrorless camera as a recording device.

The subject of the study waglass beams
subjected to foupoint bending. Six doublkayer
glass beams were manufactured for the study. The
beams were tested with a stepwise increase in load
on a special test rig made for the study of glass
beams. The relative deformations were reedrd
using the method of correlation of digital images
and mechanical strain gauges.

The paper describes the method of using
mirrorless cameras with a colour matrix to study
glass beams in foyoint bending. The
methodology consisted of selecting the right
equipment and determining the characteristics of
the camera to obtain more information from the
images and prepare them for analysis. The images

Tek hni «thra no. n awele ydecolaizedh ankl htHe twhite balance was

adjusted using a photo editor. The images ready for
analysis wererainsferred to the specialized software
GOM Correlate Pro.

The glass beams were tested for fpaint
bending. The values of the maximum stresses were
obtained using the equilibrium equation of the
section, the relative deformations obtained
according to th readings of mechanical devices,
and the method of correlation of digital images.

Failure of the glass beams occurred in layers
with the initial crack formation in the lowe most
tensile zone, then the crack propagated with a-tulip
like pattern to the uppeone.

The study confirmed the disadvantage of glass
beams with a large heighd-width ratio, namely the
loss of inplane stability.

The method of digital image correlation using
publicly available user hardware performed well,
often showing values of d&uctive stresses close to
the theoretical values obtained by calculation. It is
recommended to use this method for further
research.

Keywords. Glass; glass beam; fopboint
bending; bending strength of glass; digital image
correlation.
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Fig. 1. Classification of stones by groups depending on the number and direction of cavities.
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Table 1.Classification of stones and blocks for masonry
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Table 2. Correspondence of general definitions of various stones and nomenclature to products produced by

industry
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Table 3.Classification ésolutions for masonry
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Table 4.Determination of the calculated masonry resistance according to DBN [3]
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Table. 5 Calculateccompressive strengths of masonry of all types of bricks and ceramic stones wiitk slit
vertical voids on heavy mortars according to SNiP [5]
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200 ] 150 | 100 | 7.5 | 50 25 1,0 0,4 0,2 0

30,0 39 | 36 33 30 | 28 2,5 2,2 1,8 17 | 15
25,0 36 | 33 30 28 | 25 2.2 1,9 16 15 | 13
20,0 32 | 30 2.7 25 | 22 1,8 16 1,4 13 | 10
15,0 26 | 24 2,2 20 | 18 15 1,3 1,2 10 | 08
125 i 2,2 2,0 19 | 17 1,4 1,2 11 09 | 07
10,0 i 2,0 1,8 17 | 15 1,3 1,0 0,9 08 | 06
75 i i 15 14 | 1,3 11 0,9 0,7 06 | 05
5.0 i i i 14 | 1,0 0,9 0,7 06 05 | 035
35 i i i 09 | 08 0,7 06 | 045 | 04 | 025
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Tabauna 6. XapakTepHCTHIHHI Omip KIagkH Ha cTuck f, . MITa (H/MM™) OpH BIINOBIAHEX KIacax PO3UMHIB i3 [IHHAHHX 6.J0KiB rpynu 1
k

Table 6. Characteristic compressive strength of masonry f; . MPa (N/mm?) for the corresponding classes of solutions from clay blocks of group 1

Minnicts Jlerxuii po39HH Jlerxuii po3unH

KAMeHIO Po3unH 3araabHOTO MPH3HAUSHHA S

Ha cTHCR, 600 < pa< 800 800 < pa< 1300

Jy» MIlIa 0B

) M20 | MI1S | M10 | M5 | M2,5 | M1 M10 | MS | M2,5 | M10 | M5 | M2,5

(H/mm?)
75 27,7 255 | 225 | 183 | 149 | 113 = 12,3 | 10,0 8.1 le4 | 133 | 108
50 209 192 | 17,0 | 138 | 11.2 8,5 209 9.3 7.5 6.1 12,3 | 10,0 8.1
30 146 | 134 | 11,9 | 96 7.8 5.9 13,5 6.5 5.3 43 8.6 7,0 5.7
25 12,9 | 11,8 | 104 | 85 6,9 5.2 11,6 5,7 4.6 38 7.6 6,2 5.0
20 11,0 | 10.1 8.9 7.3 59 45 9,6 4.9 4.0 32 6.5 5.3 43
16 9.4 8.6 7.6 6,2 5,0 3.8 79 4.2 3.4 2.8 5.6 4,5 3.7
12 7.7 7.1 6,2 5.1 4.1 3.1 6,2 34 2.8 2,2 4.5 3.7 3.0
10 6.8 6.2 5.5 4.5 3.6 2.8 53 3.0 24 2,0 4.0 32 2.6
8 5.8 5.3 4.7 3.8 3.1 24 44 2,6 2.1 1.7 3.4 2.8 23
6 47 43 38 3.1 2.5 1.9 3.4 2.1 1,7 1.4 2.8 2.3 1.8
4 3.6 3.3 29 24 1.9 1,5 24 1.6 1.3 1.0 2.1 1.7 1.4
2 22 2,0 1.8 1.4 1,2 0.9 1.4 1.0 0.8 0.6 1.3 11 0.9

Tadmuus 7. XapakTepHCTHIHHIT OIIp KIaJKH Ha CTHCK fi( . MIIa (H/Mm?) IIPH BIINOBIIHHX KIacaX POIIHHIB i3 [INHAHHAY 010KIB rpvoy 2

Table 7. Characteristic compressive strength of masonry f; . MPa (N/mm?) for the corresponding classes of solutions from clay blocks of group 2

MinnicTe Jlerxaiil posuns Jlerxuil po3IHH

KaMeHI0 Posuun 3araneHOro npH3HaueHHS —

Ha cTHCR, 600 < pa< 800 800 < pa= 1300

f»» Mlla 1I0B

) M20 | M15 | M10 | MS | M2,5 | M1 M10 | M5 | M2,5 | M10 | M5 | M5

(H/mm?)
75 22,7 | 208 | 184 | 150 | 122 | 92 = 102 | 8.3 6.8 123 | 10,0 8.1
50 17,1 | 157 | 139 | 113 9.2 7.0 19,5 7.7 6.3 5.1 9.3 7.5 0,1
30 120 | 11.0 9.7 79 6.4 49 12,6 5.4 4.4 3.6 6.5 5.3 43
25 10,5 9.7 8.5 6.9 5.6 4.3 10,8 4.7 3.9 3.1 5.7 4.6 3.8
20 9.0 8.3 7.3 5.9 4.8 3, 8.9 4.1 3.3 2.7 4.9 4,0 32
16 7.7 7.1 6.3 5.1 4.1 31 7.4 35 2.8 23 42 3.4 2.8
12 6.3 5.8 5.1 4.2 3 2.6 5.8 2.8 2.3 1.9 3 2.8 22
10 5.5 5.1 4.5 3.7 3 23 5.0 25 2.0 1,6 3 24 2,0
8 4.7 4.3 3.8 3.1 2.5 1.9 4.1 2.1 1,7 1.4 2,6 2.1 1.7
6 3.9 3.6 3.1 2.6 2.1 1.6 3.2 1.7 1.4 1.2 2.1 1.7 1.4
4 2,9 2.7 24 1.9 L6 1.2 23 1.3 1.1 0.9 1.6 1.3 1,0
2 1.8 1.6 1.5 1.2 1.0 0.7 1.3 0.8 0.7 0,5 1,0 0.8 0,6

32
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Tabmung 8. XapakTepHCTHUHHIA OMip KIaIKH Ha CTHCK fi( . MITa (H/MM) IIpH BIATIOBIIHHX KJacax pO3YHHIB i3 LAHHAHUX 010KiB rpymu 3

Table 8. Characteristic compressive strength of masonry f; . MPa (N/mm?) for the corresponding classes of solutions from clay blocks of group 3

Minnictsb Jlerkmii po3aHH Jlerkmii po3uns

KaMeHIo Posmin sarameHOrO MpHU3HAIEHHA Tomuit

HA CTHCK, 600 < pa< 800 800 < pa< 1300

fy» MIla IIoB

5 M20 | M15 | M10 | M5 | M2,5 | M1 M10 | M5 | M2,5 | M10 | M5 | M2,5

(H/vm?)
75 17,7 | 162 | 143 | 116 9.5 7.2 = 8.2 6.7 5.4 10,2 | 8.3 6,8
50 133 | 122 | 108 | 88 7.1 5.4 13.9 6.2 5.0 4.1 7.7 6.3 5.1
30 9.3 8.5 7.6 6.1 5.0 3.8 9.0 43 3.5 2.8 54 4.4 3.6
25 8.2 7.5 6,6 5.4 44 33 7.7 3.8 3.1 2,5 4.7 3.9 3.1
20 7.0 6.4 5.7 4.6 3, 28 6.4 3.2 2,6 2.1 4.1 33 2.7
16 6.0 5.5 4.9 4.0 32 24 5.3 2.8 2.3 1.8 35 2.8 23
12 4.9 45 4.0 3.2 2,6 2,0 4.1 2.3 1.8 1,5 2.8 23 1,9
10 4,3 4.0 35 238 23 1.8 3.5 2,0 1,6 1.3 25 2,0 1.6
8 3, 3.4 3.0 2.4 2,0 L5 29 1.7 1.4 1.1 2.1 1.7 1.4
6 3.0 2.8 2.4 2.0 1.6 1.2 23 L4 1.1 0.9 1.7 1.4 1,2
4 2.3 2.1 1.8 L5 1.2 0.9 1.6 1.1 0,9 0,7 1,3 1.1 0.9
2 14 13 11 0.9 0.7 0.6 0.9 0.6 0,5 04 0.8 0,7 0.5

Taomums 9. XapakTepPHCTHUHHIT OIip KIAJKH Ha CTHCK f, . MITa (H/vu?) TIPH BUINOBLIHHX K1acaX PO3YHHIB 13 IIMHAHMUY 010KiB rpvnou 4

Table 9. Characteristic compressive strength of masonry f; . MPa (N/mm’) for the corresponding classes of solutions from clav blocks of group 4

MinHicTh Jlerxmil po3ulH Jlerkuii po3unH

KAMEHI0 Po3uiH 3ara’lbHOrO NpH3HAYEHHS S—

HA CTHCK, 600 < pa< 800 800 < pa< 1300

f3» MIIa II0B

5 M20 | M15 | M10 | M5 | M2,5 | M1 M10 | M5 | M2,5 | M10 | M5 | M2,5

(H/mm?)
75 17,7 | 162 | 143 | 116 9.5 7.2 = 8.2 6.7 5.4 102 | 83 6.8
S0 133 | 122 | 108 | 88 7.1 54 9,7 6.2 5.0 4.1 7.7 6.3 5.1
30 9.3 85 7.6 6.1 5,0 38 6,3 4.3 3,5 2.8 54 4.4 3.6
25 8.2 7.5 6.6 54 4.4 33 54 38 3.1 2.5 4.7 3.9 31
20 7.0 6.4 5.7 4.6 3.8 2.8 45 32 2.6 2.1 4.1 3.3 2,7
16 6.0 3.5 4.9 4.0 3.2 24 3,7 2.8 23 1.8 3.5 2.8 2.3
12 4,9 45 4.0 32 2.6 2.0 2.9 23 1.8 1.5 2.8 2.3 1.9
10 43 4,0 3.5 2.8 2.3 1.8 2,5 2,0 1.6 1,3 2.5 2,0 1.6
8 3.7 3.4 3.0 2 2.0 1.5 2,0 1.7 1.4 1.1 2.1 1.7 1.4
6 3.0 2.8 24 2.0 1.6 1.2 1.6 1.4 1.1 0.9 1.7 L4 1.2
4 23 2.1 L8 L5 1.2 0.9 11 1.1 0.9 0.7 1.3 1.1 0.9
2 1.4 1.3 L1 0.9 0.7 0.6 0,6 0.6 0.5 0.4 0.8 0.7 0.5
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Tabmuna 10. XapakrepueTHasnil omip KTadkl Ha cTHeK f, . MIla (H/am) mpe BLIMOBIIHEX KIacax

POIUMHIE 13 cHAIRATHAX 6a0KIB rpvom 1
" . e . - 5 -
Table 10. Characteristic compressive strength of masonry f, . MPa (N/mm-) for the corresponding

classes of solutions from silicate blocks of sroup 1

MinHicTE KAMEHIO

Posuns 3araneHOro OpH3HAYECHHEA Torxmit
i 'I:;[::?;E\m) M20 M15 M10 M5 M2,5 M1 OB
75 27,7 25.5 225 18.3 14.9 11.3 =
50 209 19.2 17.0 13.8 11.2 8.5 222
30 14.6 134 11.9 9.6 7.8 5.9 14.4
25 12,9 11.8 10.4 8.5 6.9 5.2 12.3
20 11.0 10.1 8.9 7.3 5.9 4.5 10,2
16 9.4 8.6 7.6 6.2 5.0 3.8 3.4
12 7.7 7.1 6.2 5.1 4.1 3.1 6.6
10 6.8 6.2 5.5 4.5 3.6 2.8 5.7
8 5.8 5.3 4.7 3.8 3.1 24 4.7
6 4.7 4.3 3.8 3.1 2.5 1.9 3.7
4 3.6 3.3 2.9 24 1.9 1.5 2,6
2 2.2 2.0 1.8 1.4 1.2 0.9 1.4

- " . Yo, - "
Tabmuna 11. XapakrepueTHaHn omip KIadkH Ha cTHCK f, . MIIa (H/aw”) mpe BiImoBiTHEX KIacax

PO3YHHIB 13 CHIIRATHAX 0.10KiIB rpvom 2

. .. . - 4 .
Table 11. Characteristic compressive strength of masonry f; . MPa (N/mm") for the correspondimg
classes of solutions from silicate blocks of group 2

Ctdelstelz €y A 2/2028) stg* W

MinnicTs KaMeHD Posums sararsHOrO NpH3HAYCHHA Tonxuit
oA CTHER, M20 M15 M10 M5 M2,5 M1

fys MIIa (H/mw?) - ImoB
75 22,7 20.8 18.4 15.0 12,2 9.2 =
50 17.1 15.7 13.9 11.3 9.2 7.0 18.1
30 12.0 11.0 9.7 7.9 6.4 4.9 11,7
25 10.5 9.7 8.5 6.9 5.6 4.3 10.0
20 9.0 8.3 7.3 5.9 4.8 3.7 8.3
16 7.7 7.1 6.3 5.1 4.1 3.1 6.9
12 6.3 5.8 5.1 4.2 3.4 2.6 5.4
10 5.5 5.1 4.5 3.7 3.0 2.3 4.6
8 4.7 4.3 3.8 3.1 2.5 1.9 3.8
6 3.9 3.6 3.1 2.6 2.1 1.6 3.0
4 2.9 2.7 2.4 1.9 1.6 1.2 2,1
2 1.8 1.6 L5 1.2 1.0 0.7 1.2
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Tadmuns 12. XapakTepHCTHUHHIT OMip KIAIKH Ha CTHCK f;, , MITa (Hv?) MPH BIATOBLTHHX KJacax po3uHHIB

13 DeTOHHUX 6.10KiB rpymu 1

ISSN 2522-4182

Table 12. Characteristic compressive strength of masonry f; , MPa (N/mm”) for the corresponding classes of solutions
from concrete blocks of group 1

MiunicTs JleTkuil po3dnH

Hl;a::,;:lc[z, Pos1nH 3araasHOTO IIPI3HAYECHHA Tomara 600 < pdg T

J»» MIla o3

) M20 | MI15 | M10 | M5 | M2,5 | Ml M10 | M5 | M2,5
75 27.7 | 255 | 22,5 | 183 | 149 | 11.3 = 184 | 150 | 122
50 209 | 192 | 17,0 | 138 | 11,2 | 85 22,2 139 | 113 | 9.2
30 146 | 134 | 11,9 | 96 | 78 5.9 14.4 9.7 | 7.9 6.4
25 9 | 11,8 | 104 | 85 6.9 5.2 12.3 8.5 6.9 5.6
20 110 | 10,1 | 89 7.3 5,9 4,5 10,2 7.3 5.9 4.8
16 9.4 8.6 7.6 | 6.2 5.0 3.8 8.4 63 | 51 4.1
12 7.7 7.1 62 | 3.1 41 3.1 6.6 5.1 42 3.4
10 6.8 6.2 55 | 45 3.6 2.8 5,7 45 | 37 3,
8 58 | 33 | 47 | 38 3.1 2,4 7 38 | 3.1 2.5
6 47 | 43 3.8 | 3.1 2.5 1.9 7 31 | 2.6 2.1
4 36 | 33 | 29 | 24 1.9 1.5 2,6 24 | 1.9 1.6
2 22 | 20 1.8 | 14 12 | 09 1.4 L5 | 1.2 1.0

~ - o : P 2 : :
Ta6mung 13. XapakTepHCTHYHIIT OMIp KIATKH Ha CTHCK f; . MITa (H/MM’) mpH BinmoBinHmx

KJIacax pO3YHHIB i3 6eTOHHHX 6J0KiB rpynm 2
Table 13. Characteristic compressive strength of masonry f, . MPa (N/mm”) for the corresponding

classes of solutions from concrete blocks of group 2

MinnicTh Jlerxuil po34ns

I:;a::.;:lcll(:’ Po3unH 3aralbHOTO TpU3HAYCHHA o —— i Epds o

Jy» MIIa II0B

(Hn) M20 | M15 | M10 | M5 | M2,5 | M1 M10 | M5 | M2,5
75 227 | 208 | 184 | 150 | 122 | 9.2 = 184 | 150 | 122
50 17.1 | 157 | 139 | 113 | 92 | 7.0 18.1 139 | 113 | 9.2
30 12,0 | 11,0 | 9.7 | 7.9 64 | 49 11.7 9.7 | 7.9 6.4
25 105 | 97 8.5 6,9 56 | 43 10,0 8.5 6.9 5.6
20 9.0 8.3 7.3 5.9 48 | 37 8.3 7.3 5.9 43
16 7,7 7.1 6.3 5,1 41 3,1 6,9 6.3 5.1 4.1
12 6.3 5.8 51 | 42 3, 2,6 5.4 51 | 42 3.4
10 5.5 5.1 45 | 3.7 30 | 23 4.6 45 | 37 3.0
8 47 | 43 38 | 3.1 2.5 1.9 3.8 3.8 3.1 2.5
6 3.9 3.6 3.1 2.6 2.1 1.6 3,0 3.1 | 26 2.1
4 29 | 27 24 | 19 1.6 1.2 2.1 2.4 1.9 1.6
2 1.8 1.6 1.5 1.2 10 | 07 1,2 1.3 1.2 1.0

IEH 9 jdz d27 CtdzmistckzC y' ~ 2/2028] ste* W
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Taomuna 14. XapaktepucTHannii omip k1agkd Ha ctHek f, . MITa (H/an”) mpn BinoBiaHmx

KJIACAX PO3YHHIB i3 DeTOHHHX OJ0KiB rpvom 3

Table 14. Characteristic compressive strength of masonry f, . MPa (N/mm?) for the

corresponding classes of solutions from concrete blocks of group 3

MinnmicTs RaMeHID PosumnH s3araITsHOTO NpH3HAYEHHA Tomrni

/. f{“ﬂ":'{‘;“m) M20 M15 M10 M5 M2,5 M1 0B
75 20.2 18.5 16.4 13.3 10.8 8.2 =
S0 15.2 13.9 12.3 10.0 8.1 6.2 13.9
30 10.6 9.7 8.6 7.0 5.7 4.3 2.0
25 0.4 8.6 7.6 6.2 5.0 3.8 7.7
20 8.0 7.3 6.5 5.3 4.3 3.3 6.4
16 6.8 6.3 5.6 4.5 3.7 2.8 5.3
12 5.6 5.1 4.5 3, 3.0 2.3 4.1
10 4.9 4.5 4.0 3.2 2.6 2.0 3.5
3 4.2 3.9 3.4 2.8 2.3 1.7 2.9
6 34 3.2 2.8 2.3 1.8 1.4 2.3
4 2.6 2.4 2.1 1.7 1.4 1.1 1.6
2 1.6 1.5 1.3 1.1 0.9 0.6 0.9

- . < .- . N . .
Taomuna 15. XapakrepueTHannii omp k1azkd Ha cTHek f, . MITa (H/av”) mpn BiamoBiasms

KIacax PO3UHHIB 13 0eTOHHHX 0J0KiB rpvom 4

Table 15. Characteristic compressive strength of masonry f, . MPa (N/mm?) for the

corresponding classes of solutions from concrete blocks of group 4

MinnicTe KaMeH0 Po3unH 3ararsHOro IpH3HAYCHHA

i f[’r;:';;;‘w) M20 M15§ M10 M5 M2.5 M1
75 17.7 16.2 14.3 11.6 9.5 7.2
50 13.3 12.2 10.8 8.8 7.1 5.4
30 9.3 8.5 7.6 6.1 5.0 3.8
25 8.2 7.5 6.6 5.4 4.4 3.3
20 7.0 6.4 5.7 4.6 2.8
16 6.0 5.5 4.9 4.0 32 24
12 4.9 4.5 4.0 3.2 2.6 2.0
10 4.3 4.0 3.5 2.8 2.3 1.8
8 3.7 34 3.0 24 2.0 1.5
6 3.0 2.8 24 2.0 1.6 1.2
4 2.3 2.1 1.8 1.5 1.2 0.9
2 1.4 1.3 1.1 0.9 0.7 0.6
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Tadmmus 16. XapakTepHCTHIHHIT OMIp KIAIKH Ha CTHCK f, . MIla (Hhnt?) TIPH BiATIOBITHHX K7TacaxX POUNHIB

i3 0JIOKIB Hi3IpHOBaTOro deToHY rpymm 1

Table 16. Characteristic compressive strength of masonry f; . MPa (N/mm?) for the corresponding classes of solutions

from blocks of aerated concrete group 1

MinnicTe Jlerkuit po3vnH

Hl\;la::i:lclz’ Po34nH 3araasHOro TIpHU3Ha4YCHHA T oK o0 Spds B

1> MIlIa II0B

Hhor) M20 | M15 | M10 | M5 | M2,5 | M1 M10 | M5 | M2,5
75 277 | 255 | 22,5 | 183 | 149 | 11.3 = 184 | 150 | 122
50 209 | 192 | 17.0 | 138 | 112 | 85 22,2 139 | 11.3 | 9.2
30 146 | 134 | 119 | 96 7.8 5.9 144 97 | 79 6.4
25 129 | 11,8 | 104 | 85 6.9 5.2 12,3 8.5 6.9 5.6
20 11,0 | 101 | 89 | 7.3 5.9 45 10.2 73 | 59 | 48
16 9.4 8,6 7.6 | 6.2 5.0 3,8 8.4 6.3 5.1 4.1
12 7.7 7.1 6.2 3.1 4.1 3.1 6.6 5.1 4.2 34
10 6.8 6.2 55 | 45 3.6 2.8 5.7 45 | 37 3.0
8 5.8 5.3 47 | 3.8 3.1 2.4 47 3.8 | 3.1 2.5
6 47 | 43 38 | 3.1 23 1.9 3.7 3.1 | 2.6 2.1
4 3.6 | 3.3 29 | 24 1.9 1.5 2,6 24 | 19 1.6
2 22 | 20 18 | 14 12 0.9 1.4 1.5 12 1.0

~ - a . 2 : :
Tabmuna 17. XapakTepHCTHYIHNET OMip KIATKH HA cTHCE f, . MITa (H/vv®) mpr Bizmopizsmx

KIACAX POSUHHIE i3 DeTOHHAX 610KIB 3aB0ACHKOr0 BHTOTOBAEHHS rpvom 1
. . e . ~ 5
Table 17. Characteristic compressive strength of masonry f, . MPa (N/mm-) for the

corresponding classes of solutions from factorv-made concrete blocks of group 1

MinnicTe KaMeHO Posuny saransHOTO NPH3HAYCHEA Tonrkni

i f{“ﬂ“:';;'[“““) M20 M15 M10 M5 M2,5 M1 0B
75 227 20.8 18.4 15.0 12.2 9.2 =
50 17.1 15.7 13.9 11.3 9.2 7.0 20.9
30 12.0 11.0 9.7 7.9 6.4 49 13.5
25 10.5 9.7 85 6.9 5.6 4.3 11.6
20 9.0 8.3 7.3 5.9 4.8 3.7 9.6
16 7.7 7.1 6.3 5.1 4.1 3.1 7.9
12 6.3 5.8 5.1 4.2 3.4 2.6 6.2
10 3.5 5.1 4.5 3.7 3.0 2.3 5.3
8 4.7 4.3 3.8 3.1 2.5 1.9 44
6 3.9 3.6 3.1 2.6 2.1 L6 34
4 2.9 2,7 24 1.9 1.6 1.2 24
2 1.8 1.6 1.5 1.2 1.0 0.7 1.4
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Tadmuma 18. XapakTepHcTHUHHI omip KIagkn Ha cTHCK f; . MIla (H/an™) mpr BiznoBLIHHEX

KI4CAX PO3UMHIE 13 §JI0KIB OPHPOIHBOr0 KaMeHI rpyvom 1

Table 18. Characteristic compressive strength of masonry f, . MPa (N/mm?) for the

corresponding classes of solutions from natural stone blocks of group 1

MinsicTe RaMeHI0 Posuny 3aransHOro IpH3HAYSHHA
HA CTHCK, M20 M15 M10 M5 M2.,5 M1
s MIIa (H/vm")
75 22,7 20.8 18.4 15.0 12,2 9.2
S0 17.1 15.7 13.9 11.3 9.2 7.0
30 12.0 11.0 9.7 7.9 6.4 4.9
25 10.5 9.7 8.5 6.9 5.6 4.3
20 9.0 8.3 7.3 5.9 4.8 3.7
16 7.7 7.1 6.3 5.1 4.1 3.1
12 6.3 5.8 5.1 4.2 34 2.6
10 5.5 5.1 4.5 3.7 3.0 2.3
8 4.7 4.3 3.8 3.1 2.5 1.9
6 3.9 3.6 3.1 2.6 2.1 1.6
4 2.9 2.7 24 1.9 1.6 1.2
2 1.8 1.6 1.5 1.2 1.0 0.7

ste' &5 bsets, k MsOtdn &OBEOEJFS skt oo d usdz@ - dzkz o
W dzdz® &' ydz Misdedn 0 Ot Qfjls eLdenjlsid Sy ' ¢ @iso K dzts dzOH O C
CHOHCd odCttdMmisse zo Oddyff deddy’ dz' UsPstaits L WD Hds-] ) .
CspOdj ydesls' (W sidkdd)d s sk @afdda@E 0 HsOdgY. = 0w OC k
L A0~ [ 3] ftosy sdiizd dsdz@)” , d3' Ofclidf jfds fiplsA{ At BOIs
Yjteel, odL dzOyOld & ydf @zBEX d -0 Py dsty © e Hf (qdf (Is *
CO®ROW dzs® S &OHCd 1§ tow d3dSdis toaf dys OEzA a0 dfdey jiid" ) © dals *
CodStejlsdedn Ol jtc' Oz o 5B U My » KgsB®s EBHOL EAT dzS s
fotsjClskzo Odzdz" . w Is' dz' C ek dH EEOE Cqfj €k, HEsT kM-
CO'Is! mw ¢ dzdzw o dst g Mdzd S v OOBPC esisdsd [ 3] God §Jc¢
edMmisdS € OdoW dats’ -oQzcGHSCHY' yedafsdntists Fflsek® dzeis’ ( dets fls ©
CELEOREdS e L Odjy dshdte s dedigidsmas] jeds &'
(esLH' d 8.6 [3]). uftcQO®OWEES & CltORIE,d, " ts sy d'tc
pdftcsBzo Odgdg" COROW dzgts’ Y AOHE GC Oz dftselzohil) tof jlist 0 dzulgf
ddh &Oljt' Od' o sy kls! friadsc deh' ko Ols o THPSIGHE] @ BEBO L
COLBSd & YydmMiss | GgPeb ddzdzez § jtojodh 2@ d X0 L[O-
COLddCd o ydesfmls' ¢ OHBlEE ik o DS © dsfiplsid digebds tf a5t ¢
UsttRBzdz ' sOBdzd ydzd B H O dacifRdzdztsk jif,J @] ofpphids eCQUY ke d5z0. iyl

®Bsyd fedreojMmisd vt | CsdaOdgd &P cofisdlf - fctsOddidgz  J
6" Odz' 8 2O CdeStoj sdes Bz Mz @IsYls 1.0 [ 1 O.

v 8l d[ 5] o HRBEJYLDOLEZ] HLigH&z0 " OOS k| @fMbds O
fsdzsz o Odzd ! L OREZWSAa5000 wWiO dstapQadofdd’'] L od
S st YA tod to' L dzdrn o fudedde A0 O el qdz'teSs yd dzgz ¢ v
ftod MisdmMSk SCO®ROW dats’ € dz@O{d dafizi to jdfs HHEZ devts  Piatstiey dzts i)

BsHEZdY Hj Y EBEOGEE)SISE 5 YO

38 JEH' o jdz dz CtsdalstelzCy' 2/2028) stg' W



ISSN 2522-4182

dzOo Odzls Ol j pzdlzl 5L 2O O' B.rfgw W-I2:260s Odso v dz' SO Ofe B!
BO' L dzgOyj dedzv dzdh j 700 Is8S @nds@Ed < q,[?dZIs'NQ U294tf=0 ez
HOLBS s [3]).190%08 yd 4%1{90% q;%g %% %(g c
odecdk"HO' HBMJIs! fr]lzd3dz Sd%CEC%S% "éz\k? (Btcd'
[ 3] HBHOISE :Bq_o dzwbmdgiglsild J@@Sdzm; 1B
o' dz dzSMdIsf? HAEDLICKEEGbEY € ¢ C O’ dd 25 Isoltrpbdzdchl) L 01.04
o' dz £ B'dzh'2 & ' ks yiediiuzpBlL s OfkE dzazOjc Ofs | Asits ¢ O
f OtcOd3j stcOd3, dg' Histjisadz,*‘Q‘deﬁlJS@ ;dﬁ@dﬂjﬂ#ﬁé‘@ﬂilzﬁll983
I tsfdatse dz' 2 yOfmisddz HSC W) dilst

HtcOL 2z 9 dH dzfs, h ts Bﬁjdztsa%z&lgjl{g% %% tsdzof;
BOLE" Is! fqw dz0 Bj ssHdY H d%%is "'(Zb 'ﬁ f%%zdf Id342
sts¢ t k2 Biyz CF° & $jo ddig eBOdcoL- HIS adQdeOdzd
' Odz' @ w1 dl [ 5] Hd W tstedsig azd D/ Wslsem@sqmzlzj@rs.

Ud dedzv 2HEIS! efmbkyjtedy L7 ishdetso dzthsidy fes@izts i HasH d -z OF

dz2v osd 1 41 . }{dz'l QQUO %%chpémmq%md%qm;v
cShts fste’ ade"Isd 8 % Mmse ¥ L s
od2 '8 CHOHSJ O fnlsq’ﬁ]?ctsljzg%q:%” %4@2% R Tt R
sCk t [3] kO SB&OR o Ods tﬁzWL%] S ot cglzdzq%q,wm
8Li(8.4), Hfsts Lodf@ggtsdzdz” SW@t&Gg}Lcﬂ@" YOdzdz", O OCty
Elsi fpw By Mt 2 1,8 ®BRL s, 9] ,[m(@mltrﬁ’dzﬂdhfﬁfnlisét
[1 0 9" Hfts9 " Hdts) . sO ydo ' dz' dzOw Oty jodzj:tc' M) v [/}
stz k2 dzOMmlskzf dzedr toj HO %u fv.n JJJQ%J”?E?%(}W]- dzjo0-1 7. Ot
Mot f $ 3 1
=27 uas Oct miones0Rd s hoke pEk ity ey son
' 1 O yoOdzr dzgd?2 s " BdedS [/ ¢.
] Ot I DBEISO O: 1 0y tedz@ dz dzq
I'rRep [ 18R kjls cltdklsOom: $O fid jnd
StsdzH tcOlss CO277 2192 2.
JudodHdes, ©hts 'fndzlzﬂu'QﬂzEt&lﬂmﬁ&szHmﬁlslz&{s Hdzv  f to
d34 dzls d we! H'BlsJ 2O kjttdetse' ¢ [voStctsQ sezlf 6 SHYSes ] ¢
L tcORzdSz COBOWded R 5O dB ted3tE IS CrlyBNSIBFGIF AC sidzff-4 & U,
stezCy' 2 ftslstcjBlzs Is! lchtz?rﬂlﬁl420&&wfantq% c@oté%%vdz‘-_gdz .
LOyY" By MmsBtss . A 4otk 0% Is gt d "
. f 45 0 dztp s B" n9 jolsd¢
gztég(gaq”edmz zOoMmls iz § dzd = ’&5 Baatb%mr& ?’]dﬁmsﬁ*og'”dz, s . J
: 1 O2C 0O IsO BIEH2 o CERANE U .
40-45.
Jwort ¢pvut 11u4mdzsg¢,azouz L efddelk dfk
F1Gdedzis CdzOHCd o
lL.uCtstclzC ) flesBdzj di3d ¢ Ote d3ts dz' ch i 5. s. /I @dH O,
2 dzdr deSte3 N BHEB tiSLOR kgl Qg oWug;(cf lspaz@;@;tsdzdzts 5 dz
BEC Odo ™ ded » O 8 dzf sl Ry "OXzdC s gl  toj dzy " d3tstISHq"" J dz
[ " Y dzOte s H dztsls | ‘iA@'z q dete s ledzw¢4gt%4|z W' dz7 L OH O ﬁpmwg@fn q':
clbkrn' oad kO MmMiswiznd MY My O%Gdzw%ts&ﬁ@h@@mazzo
YJ dzdzv @ BOIj 6’ Odzd 5O Q@Z@Oﬂdﬁdﬁlﬂ&r}he deSign of (pf&if HaddAry in
fletsc tdsABOIS § L H‘S? Bo CrwJ b.dz2fuddhg structures to Eurocode 6 The
2023 t.TuR3®Ls d° Institution of Structural Engineers. London,
2.1 v 1 ENlJlZO)JSDG | otetSS BH 20081136 to.
ltesj Clskzo Odadz” € Odsa ™ d2dny= 1%@%%%FQQSAHGIQCKCAbSChatzung
ISquFCDil]OGOEZJdZ U’AtG 9c[ndz® Kﬁzi’vc@fﬁG%ﬁQ@dZ%thi@WPhdg gel
dzj Ot d3tso Odzd A OB W dedn € ﬂ%ﬂ(’?f@c?rgrﬁat?lgéﬁ Mauersteinr
19961-1 : 2005|,$-LUDL1) dthE]JSth‘fT]IS(925004) H. Springer Ve
Z, B IzH3003 ylse © IsO N dls-

s € s Bz dz0 dz! dzts &t

- ! ¢ sH @4sc RiRLPwW. BrénfePub8RAC.A. Graubner,
201171 9 6iyfd.dzded 2 L

SdzOdz! detse s totsL 9 dIs€
0 -07-20W.3-Jager,DerVEur006d«§i .. r

IkH' 8 jd d CtdimbtekSy' ' 22028 ste' v ' fOCkdcOo A 1 39



ISSN 2522-4182

Deutschland. DIN EN 1996: Bemessung und 7. Metodychni vkazivky do vykonannia

Konstruktion von Mauerwerksbauten mit kursovo-ho proektu~ 1, praktychnyk

Nati onal en Anh?2ngeni Ko mnraesamostimai toleoty Staderdiw 1 dystsypliny

Berlin, 2013J 173 s. cZali zobetonni konstrukt s
15. Marcel Hurez, Nicolas JuraszekMa r ¢ P e | ¢ ®nstruktsii (dlia studentiv 3; 4 kursiv dennoi ta

Di mensi onner I es 0 U Vv r a gamchnoi iom nawnchannianantakoslukbachiv

Guide d'application de I'euroco@eParisi 320 druhoi vyshchoi osvity spetsinosti 19271

p. Budivnytstvo ta tsyvilna inzheneriid)Kharkiv.
16Zucchini A, Liovlercehma-nd c¢ B ndis.funt misk. hospra im. O. M. Beketova;

masonry in compression: Results from a uklad. N. O. Psurtseva, O. M. Shapovalov.
homogeni sat i orCompatgrp & o a ¢ Kldarkiv: KhNUMH im. O. M. Beketova, 2017.

Structures, 85(31), 2007, pp. 19204. T 20s.
17 Angelillo M. Mechanics of Masonry Structures, 8. Kamiani ta armokamiani konstruktsii. Prak
International Centre for Mechanical Sciences, tychni zadachi: Navchalnyi posibnyk / A.M.
CISM Courses and Lectures, 201451 s. Pavlikov, O.V. Harkava.i Poltava: Natsi
18. Roberts J.J., Brooker O.How to design ma- onal nyi uni ver syt et ¢ Po
sonry structures using Eurocode\&rtical re- i meni Yuriia Kio2idsr ati uka
sistance (TCC/03/36)The Concrete Cenrd 9. Morton Dzhon. Rukovodstvo dlya proekdi
2013. rovshchkov k Evrokodu 6: proektirovanie
19. Roberts J.J., Brooker O.How to design ma- kamennyh konstrukcij EN 199617 M.:
sonry structuresising Eurocode 6: Lateral re- MGSU, 20137 219 s.
sistance (TCC/03/37)The Concrete Centre, 10.Khokhlin D.O. Vyprobuvannia tsehlianykh ba
2013 lok-stinok poslidovnoiu diieiu vertykalykh ta
horyzontalnykh syl / D.O. Khokhlin, K.V. Popok
REFERENCES // Nauka ta budivnytgo.i = 2 ( 112BD7.1 S.
40-45.

1. Skoruk L.M. Problemy harmonizatsii budi 11.Tesliuk M.V. Analiz vplyvu typu pereviazky
velnykh norm shchodo rozrakhunku kamianykh na NDS tsehlianoi kladky v mistsi styku stin /

ta armokamianykh konstruktsii. Materia-ly 1V M.V. Tesliuk, T.K. Hunda, A.P. Sorochak //
Mizhnarodnoi naukowtekhnichnoi konferentsii Materialy  IX  Mizhnarodnoi  naukovo
cBudi vl t a spor ud-y s pekhnichnoakbnfetehtsii molpdykj wohenykh ta
chenni a: materialy ta [|stodendiv r Akkuali i zadachi Rsuodhasnykha
prohrama ta tezy dopowilei. 2627 kvitnia 2023 tekhnolohiii Ternopil 2526 lystopada 2020Q.
r. m. Kyivi S.6162. S. 133134.

2. DSTU-N B EN 19961-1:2010. Yevrokod 6: 12.Manual for the design of plain masonry in
Proektuvannia kamianykh konstrukt$ii Cha building structures to Eurocode 6. The
styna 11: Zahalni pravyla dlia armovanykh ta Institution of Structural Engineer$. London,

nearmovanykh kamianykh konstruktsii (EN 20081136 ts.
19961-1:2005, IDT). i K.: Ministerstvo 13. Graubner, C.-A.; Glock, C. Absch?2t zung

e

rehionalnoho rozvytku, budivnytstva ta zhytlovo Knickl 2nge mehrWeidtei ga uge

komunalnoho hospodarstva Winy, 2011.7 groCformatigen Mauerstein

196 s.ichynnyi z 01.07.2013. (2004) H. 6, Springer Ve
3. DBN V.2.6-162:2010Kamiani ta armekamiani 300-305.

konstruktsii.i K.: Minbud Ukrainy, 20111 94 14. C. Alfes, W. Brameshuber, C-A. Graubner,

s.T chynnyi z 01.09.201L. _ W. Jager , Déf. Eu D e iord.e 6 f
4. DSTU B V.2.6207:2015. Rozrakhunok i Deutschland. DIN EN 1996: Bemessung und

konstruiuvannia kamianykh ta armokamianykh Konstruktion von Mauerwerksbauten — mit

konstruktsii budivel ta sporud. K.: Minrehion Nationalen Anhangeni Komme

Ukrainy, 20161 256 s.i chynnyi z 01.04.2016.
5. SNi P-22-8lwKamennye i armokamemye
konstrukcii.i M.: Gosstroj, B83.17 40 s.T ne

Berlin, 2013 173 s.

15. Marcel Hurez, Nicolas JuraszekMar ¢ Pel c ®

d yuchij Di mensi onner | es ouvrage
6. Rozrakhunok mitsnosti  konstrukisii  z Guide d'application de I'eurocode Barisi 320

kamianoi kladky za DBN V.2.6162:2010 N _

metodychni vkaziky do vykonannia studentamy 16 Zucchini A, Goecémnsc®. |

praktychnykh robit / Uklad. L.A. Murashko, masonry in compression: Results from a

M.M. Posternak, O.M. Posternak.: KNUBA, homogeni sati orCompatgrp&oacho

2013.7 50 s. Structures, 85(3), 2007, pp. 19204.

40 JEH' o jdz dz CtsdalstelzCy' 2/2028) stg' W


https://www.eyrolles.com/Accueil/Auteur/marcel-hurez-94418/
https://www.eyrolles.com/Accueil/Auteur/nicolas-juraszek-94419/
https://www.eyrolles.com/Accueil/Auteur/marc-pelce-94420/
https://www.eyrolles.com/Accueil/Auteur/marcel-hurez-94418/
https://www.eyrolles.com/Accueil/Auteur/nicolas-juraszek-94419/
https://www.eyrolles.com/Accueil/Auteur/marc-pelce-94420/

17. Angelillo M. Mechanics of Masonry Structures,
International Centre for Mechanical Sciences,
CISM Courses and Lectures, 122D 551 s.

18. Roberts J.J., Brooker O.How to design ma-
sonry structures using Eurocode\grtical re-
sistance (TCC/03/36). The Concrete Centre,
2013.

19. Roberts J.J., Brooker O.How to design ma-
sonry structures using Eurocodel&iteral re-
sistance (TCC/03/37). The Concrete Centre,
2013

CHARACTERISTICS OF MATERIALS
AND MASONRY WHEN CALCULATING
ACCORDING TO DBN V.2.6-162:2010
"STONE AND REINFORCED STONE
STRUCTURES"

LeonidSKORUK

Summary. Currently, three regulatory docu-

ISSN 2522-4182

continuation of the main document of the DBN, the
DSTU, on the contrary, further confuses and intro-
duces confusion into the position of the calculation,
as it is based on a completely different ideological
foundation than the DBN. Moreover, everithin

the most basic document of the DBN there are pro-
visions that contradict each other.

However, sooner or later the time will come
when it will still be necessary to review, make ad-
justments and harmonize the current regulatory doc-
uments.

Unfortunately,since the release of the current
normative documents regarding stone and rein-
forced stone structures, no one has carefully ana-
lyzed them and implemented them in practice.
There were only isolated works that did not really
delve into the mentioned problem.

This article compares and examines the differ-
ences between the classification of stones and mor-
tars between the current DBN and the document that
was in effect before that.

Attention is paid to the main calculation depend-

ments are in force on the territory of Ukraine at the encies that take place in DBN amelw concepts that
same time, according to which it is possible to cal- have been introduced.

culate and design stone and stone structures. It is

On the example of the characteristics of stones

natural that these regulatory documents should be and mortars, as well as masonry, the contradictions

based on the samtheoretical principles and not

contradict each other. As a rule, the main document

in the construction industry regarding a certain di-
rection of design is a certain DBN. Lower DSTU,
DSTU-P, DSTUN, SOU, technical conditions, etc.
are aimed at the develment of DBN and for the
explanation of its basic principles.

An analysis of the current regulatory documents
relating to the design of stone and reinforced stone

that take place in the DBN itself are shown.

Recommendations and the author's vision of
how the tables with the estated supports of stone
masonry for various stones and mortars should look
are given. Limitations for certain combinations of
stones and mortars and their calculation characteris-
tics are shown.

Keywords. Stone and decorative stone struc-

structures shows that these documents differ signif- tures; stone stretigy solution strength; masonry

icantly from each other. Instead of beindpgical
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OPTIMAL HEIGHT OF STEEL
[-BEAMS WITH CHANGING THE
WIDTH OF THE FLANGES

ArtemBILYK
Sergio BILYK
Oleksandr GLITIN
LubomirDZHANOV

Summary. The article improves the methedo
logical approach to finding the besbnstructive
solution for a beam made of welded stebeams
with a variable flange width. An idealized physical
mathematical model of the construction of a beam
made of welded steeldeams with a tapered flange
depending on the consumption of steel andnges
in the geometric characteristics of the cresstion

width of the shelf along the length of the beam, has
been confirmed. Thus, in ams with a variable
shelf width at a constant wall height, the maximum
stresses occur in the cressction that does not have
the maximum geometric characteristics.

Analytical dependences of determining the
optimal height depending on the variability o&th
width of the flanges were obtained. The
methodology of research in the search for a rational
constructive solution is described. It is shown that
in the case of the variability of the width of the
flanges, the parameter of the optimal height of the
beam depends on the load distribution function
along the length of the beam.

A cantileverclamped elastic beam ofbleam
crosssection was studied. Through the relative
parameter of the variability of geometric
characteristics, it is shown that when the paramet

is described. The bending strength conditions of the of the variability of the shelf width is changed, the

beam are taken as limitations. The purpose of the calculated crossection moves toward the free end
research was to develop an approach to establish thewith smaller geometric characteristics.

regularity of a rational constructivesolution
depending on the variability of the width of the
flanges of the elastic steebkam along its length.

It is shown that determining the pattern of changes
in the stresstrain state of steel beams with variable
shelf width at a constant cresecton height is an
urgent task. As a result on the optimal consumption
of steel for the structure is shown. A pattern has

Corresponding numerical studies have been
carried out, which are illustrated by graphs.

The conductedresearch allows choosing the
optimal dimensions of a steel weldedhdam by
changing the width of the flanges that perceive
bending moments. According to the research
results, the degree of variability of the cregstion
is recommended for rational desgyof steel 4

been established between the variable parameter ofheams by changing the width of the flanges.

the width of the flanges and the coordinate of the
calculated section. The effectdisplacement of the

Keywords. Steel beams; beams with changing

calculated section of the beams in the direction of a the width of the flanges; beams with variable
decrease in the geometric characteristics of the stiffness; the strength of beanas optimal section

beams, depending on the degree of variability of the
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Fig. 3. Temperature distribution in a fragment of a fireproof reinforced concrete slab:
a’ finite-elements model of fireproof reinforced concrete slab;
B- at the 120 minutes of testing); at the 240 minutes of testing
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CALCULATED ASSESSMENT OF FIRE
RESISTANCE OF FIREPROOF
REINFORCED CONCRETE BUILDING
STRUCTURES BY PC LIRA-SAPR
TOOLS

Mariia BARABASH,

Andrew KOVALIOV,
Maryna ROMASHKINA
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Summary. The paper outlines a method for nu-
merical analysis of the strestrain state in a fire-
proof RC structure with account of ngtationary
temperature fields in concrete and reinforcement for
a standard fire temperature using the "'Thermal Anal-
ysis' system of the LIRASAPR program.

The paper also describes the finite element mod-

b e zels ¢hlat enabte hé yser ko tevialuate th©dffectivenbss

of fire protection in the structures and determine the
ultimate fire resistance of RC structures.

To illustrate the method, an analysis of a fire-
proof multicavity RC slab on fire resistance is
taken as an example. The paper demonstrates the fi-
nite element modeld direproof building structures
with fireproof coatings of various types. For such
structures, an analysis of fire resistance is carried
out, and the temperature distribution is determined
at nodes of the FE model. The physical and mechan-
ical properties ofmaterials are modified according
to the temperature fields obtained. The bearing ca-
pacity of the structure is checked for force and tem-
perature loads.

The authors obtained the temperature distribu-
tion in the FE model of a fireproof RC slab at 120
and 240minutes under a standard fire temperature.
The results of the numerical analysis of unsteady
heating of a fireproof RC slab in the LIRBAPR
software were compared with experimental tests in
a fire furnace. The convergence of experimental
data and valuesbtained in analysis is satisfactory.

The application of the proposed method makes
it possible to accurately evaluate the fire resistance
of reinforced concrete structures and predict their
stressstrain state during a fire.

Keywords. Finite element mods; numerical
modelling LIRA-SAPR softwargetemperature dis-
tribution; nonlinear thermal conductivitysteady
and transient heat transfepnvective heat transfer
concrete creegire resistancgfire protection
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Fig.1. Compressive strength indicators of acégistant alkaline cements on @2fth day of hardening.
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Table 2. Test results of cement dough samples measuring 20x20 mm using the express method
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1] 10 0 0 90 18,6 | 179 | 76,3 56,0 | 0,73 | 3,7
2| 10 2 0 88 17,9 | 161 | 75,0 725 | 0,97 | 10,1
3| 10 4 0 86 18,1 | 16,9 | 50,0 425 | 0,85] 6,6
4] 10 6 0 84 18,0 | 16,2 | 57,5 50,0 | 0,87 | 10,0
5| 10 0 10 80 16,8 | 152 | 57,5 475 | 0,83 9,5
6| 10 2 10 78 17,0 | 153 | 40,0 225 | 0,56 | 10,0
7| 10 4 10 86 159 | 133 | 35,0 17,5 | 0,50 | 16,4
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F., & Zhong, L. (2022). Durability of alkah chemical nature of their main hydrated phases.
activated materials with differentiGH and Binders activated by alkali are an alternative to
NASH gels in acid and alkaline environment. traditional Portland cement and are characterized by
Journal of Materials Research and Technology a number of special properties, especially if

16, 619630. appropriate modifications are made to the
component compositions of these cements. One of
EFEECT OF ADDITIONAL INPUT OF the main propertiesharacteristic of alkalactivated
NasPO/A 1 20HON ACID RESISTANCE binders is their resistance to the influence of
INDICATORS OF HYBRID aggressive environments.
ALKALINE CEMENTS Based on the literature analysis and taking into

account the domestic and world assets in this
. .. direction, a number of model systems were
Viktoriia ZOZULYNETS developedbased on blast furnace granulated slag
Oleksandr KOVALCHUK and an alkaline component using phosphate salt
] , with different percentages. Thus, the object of the
Summary. This work is devoted to the study of  yesearch is the slegkaline system "furnace
the direct influence of phosphate salt, using the granulated slag alkaline component (represented
example of trisodium phosphate GR&QA 1 D  py sodium metasilicatpentahydrate) trisodium
on the acid resistance index of hybrid alkali phosphate”. In the course of research, the main
activated cements. After all, acid resistance IS physical and mechanical characteristics of the
becoming an increasingly important property for geveloped compounds were determined and the
cement materials due to a wide range of applications resyits were analyzed. Determination of the acid
where they are exposed to aggressive acid esj stance i ndex ¢aiEi9o. 8)

environments, especially in the chemical and food of ysing NaPQ,A 1 20HN the production of acid
industries. Inaddition to the above, these include |egjstant alkaactivated cements.

sewage systems, agricultural environments, oil

wells, acid rain, and much more. Keywords. Alkaline-activated binders; acid

Conventional Portland cement binders are regjistance; phosphate bonds; normal conditions;
known to be sensitive to acid attack due to the gperating environment; trisodium phosphate.
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Fig. 8. Model of volumetric finite elements from KE36
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Fig. 13.Nodes are used to build connections between the substrate and the calculation model
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Fig. 14.Main data for the calculation of the 1 rope
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Fig. 15. Transmission of resulte LIRA-SAPR
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MONOLITHIC
REINFORCED CONCRETE
STRUCTURES WITH POST-TENSION
REINFORCING ROPES

et Dmytro SMORKALOV
VIS YsSodymyr VYNOKUR

Summary. In Ukraine, the use dposttension-
ing" technology, which consists in the use of mono-
lithic structures with preéensioned ropes, is grow-
ing. Domestic construction practice uses the term
"prestressed reinforcambncrete structures with ten-
sion of cable reinforcement on concrete." Rest
sioning technology is a modern approach to con-
struction that allows you to create monolithic struc-
tures with great strength and stability. Its main ad-
vantage is the use of ptensioned ropes, which
provide additional structural strength.

In this article, the main methods of calculating
such monolithic reinforced concrete structures are
presented and the experience of using this technol-
ogy in the construction of public buildings i
Ukraine is presented.

The use of prestressed reinforced concrete struc-
tures with the tension of cable reinforcement on
concrete has numerous advantages. They are more
durable, resistant to deformations and able to sup-
port large loads. Such structuresased in the con-
struction of bridges, overpasses, higge buildings
and other industrial and civil structures.

Ukraine is increasingly adopting modern and ef-
ficient construction methods, which is confirmed by
the increased use of this technology. Thip$eo
improve the quality and reliability of building struc-
tures, and also ensures optimal use of materials and
resources.

In general, the article aims to promote the popu-
larization, study and development of monolithic
structures with préensioning of chle reinforce-
ment on concrete, as well as the creation of an ap-
propriate regulatory and legal environment for their
design and construction. This will help improve the
quality and safety of building structures and ensure
further progress in the construgtiandustry of
Ukraine.

Keywords. Posttensioned monolithiaeinfor-

ced concrete structures; pdshsioned; rope;
CALCULATION METHODS OF anchor methods; calculation of structures
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TREATMENT OF INDUSTRIAL problem of wastewater treatment containing heavy
WASTEWATER FROM CADMIUM metals quite relevant.
COMPOUNDS Among the developed approaches, sorption
methods are important, as they ensure the most
Oleksiy TERNOVTSEV, complete removal of toxidons, especially from

solutions with low concentrations that exceed
permissible standards. The successful development
of sorption water treatment technology is based on
o the development of highuality sorbents. The
Summary. The article is devoted to the problem  geyelopment of effective methods for tieatment
of solving an urgent environmental problerthe of industrial wastewater from heavy metal ions is an
rational use of water resources. The most harmful urgent problem of our time. The paper presents the
and widespread toxic substances in wastewater, andyegyits of experimental studies of water purification
in some cases in natural waters, are heavy metalfom cadmium ions using ferromagnetic sorbents
compounds, in padtular cadmium, which belongs  gptained from waste industrial solutionghe
to the 2nd class of hazard. The presence of a large gptimal parameters of the purification process from
number of metal processing enterprises, chemical, {he dose of magnetite, pH of the medium, at

machinebuilding, and metallurgical enterprises gitferent ratios of F& : F&* ratio in magnetite.
with electroplating shops for applying metal

Olena ZORIA,
Viktoriia STOIANOVA

coatings leads to the formatioha large amount of Keywords. Wastewater; heavy metals; electro-
metatcontaining wastewater, which makes the pating: purification effect; ferrite; iron oxides: cad-
mium.
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Tabl. 1. Automaticcalculationparametersf fire modeanalysis

Analysis typel Temperature/time domain

treq 30.00 min | Required time of fire resistance EN112(2.5)
Curve Standard ISO Temperature curve EN112(3.2)
prot Unprotected Steel member protection EN312(4.2.5)
expos 3 Section exposition (e.@.i on three sides] EN312(4.2.5)
gnr 1.00 Safety factor for radiation EN112(3.1)
gnc 1.00 Safetyfactor for convection EN112(3.1)

k1l 1.00 Adaptation factor EN312(4.2.3.3)
k2 1.00 Adaptation factor EN312(4.2.3.3)
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Fig. 4. Fire-resistanc@arametersf theK-1 column Fig. 5. Fire-resistancgparametersf the B1 beam
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Tabl. 2. Temperaturdime parameters ahe members

Oamax| 806.18| C | Max. member surface temperature EN312(4.2.5.1.(2))
ky,O | 0.11 Reduction factor for the steel yield poif EN312(3.2.1.(3))
S B dztselO KE.O | 0.09 Szgtjctlon factor for the steel modulus EN312(3.2.1.(3))
K-1 column Oa,cr| 488.92| C Member critical temperature at requir EN312(4.2.4)
time treq
g;m 11.16 | min | Max. Time resistance of a member EN312(4.2.5.1.(2))
;))?,m 758.81| C | Max. member surface temperature EN312(4.2.5.1.(1))
ky,O | 0.16 Reduction factor for the steel yield poif EN312(3.2.1.(3))
1 O0dzG10 1 kE.O | 0.11 Zzgtjctlorfactor for the steel modulus EN312(3.2.1.(3))
B-1 beam Oacr| 657.29| C Member critical temperature at requir EN312(4.2.4)
time treq
g');m 20.51 | min | Max. Time resistance of a member EN312(4.2.5.1.(1))
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FIRE RESISTANCE DESIGN Simulated rod diagram of the frame with loads.
ANALYSIS FOR STEEL An analysis of the stresgtrainbehavior(SSB) of
CONNECTIONS USING SPECIALIZED the elements under thaction of the emergency
3D MODELING SOFTWARE combination was carried out. 3D modeling of the

node was used for further calculation. The BIM con-
cept is implemented by integrating Robot Structural
Analysis PC with the IdeaStatica calculation com-
plex. It has been established tha connection of
] PC Robot Structural Analysis with the IdeaStatica
Summary. The work presents the design pro- - cajculation complex is rational for the design and
cess, analysis and practical evaluation of nodal con- cajcylations of buildings and structures in 3D space
nections of theneamcolumn frame of a lowise and allows using the results of the temperature ef-
building in the BIM design environment for the ac- - fect calculation to adjust thersttural solution in
tion of active loads and emergency temperature ef- order to reduce its metal consumption, labor costs
fects of fire. A study of the use of design tools was and rationalize the reserves of bearing capacity.
conducted. The conduct of such studies is due tothe  Tne presented process of designing frame nodes
need to increase étreliability of the steel frame in  gymmarizes approaches to the development of ef-
fire conditions and to update the requirements of the factive structural forms. The use of infication
normative documents of the Eurocodes regarding models simplified design, optimized work pro-
the fire resistance of metal structures. The standard cesses, and also made it possible to increase the
fire mode was considered, the heating parameters of compjexity of nodes both at the level of the design
elements corected in nodes were analyzed. A re- go|ytion and at the level of the calculation model,

tion of steel structures for the hig@mperature ef-  5ture influence.

fect of the working environment showed the feasi-

bility of applying a simplified method of calculation Keywords. 3D modeling metal structuressteel
and determinationf heating parameters according  connection desigriemperature influenc

to normative data.
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FEATURES OF TECHNICAL
INSPECTION OF ADJACENT
EXISTING BUILDING OBJECTS

Nataliia KOSTYRA
ValentinaBAKULINA

Summary. In connection with the wear and tear
of a large number of buildings and structures, the
volume of work on the technical inspection of build-
ing structures is constantly increasing. The need to
carry out such work arises in cases of elimination of
defects madduring design, manufacture and instal-
lation; in the process of eliminating the conse-
guences of emergency situations; as a result of nat-
ural disasters (earthquakes, fires, explosions, sub-

#4lsOlslsw dzOH " 2" dz@0.04.2023tc j H
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sidence, floods, etc.); reconstruction and moderni-

m @aiion of Ruildgjngsevaliama of the phusicaband |

moral value of structural elements, nodes and de-
tails; making decisions about repair, strengthening
and restoration of structures; determination of the
value of fixed assets during privatization; execution
of a secured banloan; technical certification of
buildings and structures.

Inspection of buildings and engineering struc-
tures is the most important part of the complex of
works on evaluating the technical condition of
structures and the building as a whole. During the
suwey, the actual bearing capacity and operability
of building structures and foundations should be es-
tablished in order to use these data to determine
their further operation or development of the recon-
struction project. At the same time, they perform a
seach for optimal options for a constructive and
planning solution, ways of possible strengthening of
load-bearing structures taking into account manu-
facturability, ensuring a minimum of labor costs,
material resources and time for their implementa-
tion.

Evaluation of the degree of wear and tear of
building structures or engineering structures is per-
formed, as a rule, during their technical inspection,
as well as for making economic (revaluation, terms
of sale, insurance, etc.) decisions.

Buildings and structes, regardless of their class
of consequences (responsibility), are subject to
physical and moral wear and tear.

The necessity to find effective methods for
strengthening the future constructions is spontane-
ously scientifically advanced to induce rational
models of the future deforming.

Keywords: inspection; reliability; technical op-
eration; monitoring of adjacent territories
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Fig.1. General view of the lower surface of the damaged floor slab.
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Fig.2. General view of the floor structure of the damaged floor slab.
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Table 4. Internal forces of the overlap element.
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Fig.3. Scheme ofeinforcement of floor structures, cross section.
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Fig.4. Scheme of reinforcement of floor structures, longitudinal section.
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Fig.9. Restored floor after strengthening the floor slab.
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REINFORCEMENT OF CAVITY FLOOR
SLAB STRUCTURES WITH METAL
BEAMS AND REINFORCED
FIBER CONCRETE

Oleg SKORUK

Summary. The operation of buildings and
structures is connected with the expansion of
production capacities, technical-egquipment of
existing enterprises, current repairs and a whole
series of different factors that arise and different
periods of their existencéll this leads to carrying
out and carrying out work on strengthening
individual elements or a building or structure as a
whole to ensure their bearing capacity for design or
new loads.

Nowadays, among the construction structures that
are installed in buildigs, a significant amount of
time is occupied by reinforced concrete elements of
industrial sulfur production, respectively. The need
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to strengthen them arises in the process of operationIn the conditions of current production or operation

not only during the reconstruction and technical re
equipment obuildings and structures, but also as a
result of improper operation, local or general
overloads, corrosive or mechanical wear of the
constituent elements of structures or buildings as a
whole. All this leads to a decrease in non
destructive ability and aa result of the occurrence
of preemergency or emergency situations.

Also, elements that require reinforcement are
located in operated buildings, where the
implementation of any construction work is
complicated and requires quick execution.

The main tradional methods of strengthening
structures are building up or increasing their cross
section due to the addition of new fragments or
elements to them, the introduction of ties or
sprengels with the creation of pt@nsion, the
arrangement of duplicating supporting elements
or the unloading of structures by their partial
dismantling or disassembly.
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of a building or structure, these methods of
reinforcement cannot always be applied due to the
compressedperformance conditions, the heavy
weight of the reinforcement structures, and the
complexity of installation.

The decision regarding the need to repair or
strengthen building structures in order to restore or
increase their bearing capacity and operational
suitability is made on the basis of data obtained
during their appropriate examination in accordance
with current normative documents, engineering
investigations, as well as taking into account the
results performed verification calculations.

The scope ah nomenclature of inspections and
searches is determined depending on the technical
condition, the degree of responsibility of the
buildings (structures), the features of the planned
measures for repair and strengthening.

Keywords. Strengthening; plate; fiber concrete;
fiber concrete structures; fiber
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