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Devoted to the 120" Birth and to the 75™ Death Anniversaries

Kocherga N.K., PhD, Associate Professor
Perederiy 1.H., DSc, Professor
Poltava National Technical Yuriy Kondratyuk University

YURIY KONDRATYUK (OLEXANDR SHARGEY):
KNOWN AND UNKNOWN

At the beginning of the 21 century it became clear that the «heavenly» cosmic
philosophy of Tsiolkovsky and so called the «planetary» cosmic presented by F.A. Tsander
are both to some extend premature, and the «earth» or «ground» cosmic philosophy of
Yu.V. Kondratyuk is the most urgent for the Earth because it could realize some peaceful
space programs for the benefit of mankind. «The whole universe space is developing not in
accordance with Tsiolkovsky’s or Tsander’s theories but with that of Kondratyuk», said
B.I. Romanenko, the scientist, who has been studying the interplanetary space for many years
and who was Yuriy Kondratyuk’s colleague and biographer. In the history of national science
it is difficult to find more dramatic fortune than the life and career of the outstanding self-
taught scholar from Poltava.

One of the cosmism pioneers and space era forerunners, Olexandr Ignatovych Shargey,
lived and worked for many years under another name: Yuriy Vasyliovych Kondratyuk.
During the Civil War in Russian Empire he had to take someone’s name though he did not
commit any crime against people or country, and he had never taken his real name back, as it
was the period of Stalin’s repressions.

The name of Yuriy Kondratyuk had only gained the worldwide recognition in the period
of American Moon exploration. On March, 31, 1969, American magazine «Life» published
the article by John Hubolt, the NASA research center employee. He wrote: «When 1 was
watching the Apollo-11 launch and the first manned flight to the Moon, I recalled the
engineer, whose dream had been broken by people’s skepticism». Hubolt wrote about
the Ukrainian self-taught engineer Yuriy Kondratyuk, who had calculated the LOR scheme
50 years before and it became the best one for reaching the Moon’s surface [1].

Soviet people had known nothing about Yu.V. Kondratyuk’s outstanding contribution
to the space exploration development till the end of the 70s, when his name returned from
oblivion... [2]. Not knowing about the ideas of Tsiolkovsky and other founders of the space
flights theory, he answered the questions already solved by them, but he was often doing it in
his own way, thus confirming their results. However, he went further, particularly in the
problems of developing the economizing means of launching spacecraft from the Earth’s
surface, original rocket engine and interplanetary spacecraft design. He tried to achieve
reliable control and stability of a space flight. In his Petrograd manuscript Shargey went on
developing the idea of solar power usage which he had started in Poltava. He offered to utilize
thin-walled reflectors of various shapes, as means for installation near a spacecraft together
with concentrated solar heat receivers connected with water tubes. According to Shargey,
water in heated receivers is to be split into oxygen and hydrogen, i.e. fuel, (oxidizer and fuel)
for the rocket engine. He had designed reflector structure and estimated the sunlight intensity.
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By the autumn of 1919 he had finished the second manuscript, which was called
«To Those Who Will Read for the Purpose of Building». This was his most multi-aspect work
dated with 1918-1919. The manuscript was prepared for publication, but it was first published
only in 1964 in the book «Pioneers of Rocket Techniques»: Kibalchich, Tsyolkovsky,
Tsander, Kondratyuk. Selected Works. («Science», Moscow) [3].

In this work Shargey further developed economizing methods of launching a «shell»
from the Earth; he made his suggestions concerning flights stabilization with the help of
gyroscopes; shell control; multi-usage of solar energy with the help of light, reflectors which
can be mounted in the space both for the interplanetary spacecraft’s purposes and for «earth»
recycling. Here the author expresses the idea of using reflectors for «wireless telegraphy», i.e.
the idea is forecasting placement of beam reception and radiation antennas. The design issues
of the «shell» and its engine get their further development; an airlock is offered to contact
with the open space, and it is recommended, that one should get out of the shell’s chamber in
the suit, more or less identical to diving suits, having some air reserve» i.e. the idea of a space
suit is expressed. The safest crew location in the «shell» at departure is suggested
(when heavy acceleration is taking place) depending on the movement direction:
their location in separate «forms» — lodgments (cradles) perpendicularly to the movement
direction. Complications, which occur when flying at high speed through the atmosphere,
are considred; and the ways of avoiding «shell» overheating and using atmosphere
for the «aerodynamic descent» are indicated.

In his «Theory of Flight» Olexandr Shargey brilliantly predicted stages of space
exploration both for the present day and for the future. The most important of them was the
flight scheme from Earth to the solar system planets, suggested by the scientist, using small
take-off and landing module, that scheme is now called the «snail route of Kondratyuk»,
which has been successfully mastered by earthmen.

The young scientist was far ahead of foreign scholars of that time, working in the field
of rockets and interplanetary flights. He had made a new step in rocket science and
technology development. This research was carried out after the first works of Tsiolkovsky,
but not overlapping them and made independently of them, and finally confirmed the
complete priority of Russian science and engineering in the space branch.

The deep content of these manuscripts and the original study metho, used in them, have
presented us with the undisputed fact, that we are dealing with historical documents that
should be forever inscribed into the glorious chronicles of science.

In January, 1929, Yu.V. Kondratyuk published (on his own money) the main book of
his life, which was to reach the grateful descendants, «The Interplanetary Space Conquest»
[4] edited with a run of 2000 copies, where he had presented the study of interplanetary
flights in the best way, comparing to all available at the time of native and foreign literature.
Professor Vietchinkin said in his review that those papers contained a number of new issues
of paramount importance which other authors did not even mention about. They include:

1. Suggestion to take advantage of different substances burning in ozone, but not in
oxygen, which raises the combustion temperature;

2. Suggestion to use solid fuel (lithium, boron, aluminum, magnesium, silicon) in
addition to gases, both to raise the combustion temperature and to burn tanks after emptying
them from the liquid fuel process themselves and placing into the oven;

3. Kondratyuk was the first to give the formula considering that fuel and oxygen cells
weight effects the total rocket weight, and proved that the rocket that does not reset and burn
its cells on the move, can not overcome the Earth's gravity;

4. Yu. V. Kondratyuk not only pointed out the necessity of applying wings on the
rocket, but he had also performed detailed study of the conditions under which the wings
would be useful, what would be in that case the oblique angles of the rocket’s trajectory
towards the horizon, and indicated the best rocket reaction force at flying in the air;
it appeared to be equal to the initial rocket weight [5].
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In June, 1930, as a result false denunciation, Kondratyuk together with Horchakov
and other co-workers were arrested, accused of wrecking and sentenced to three years
of labor camps, and later he was exiled to the place of mining equipment plant construction
near Novosibirsk, where he was working until August, 1932, having managed to get a patent
and a copyright certificate in the field of mining equipment.

Judicial Division for Criminal Cases at the Supreme Council of RSFSR, by its decision
number CB-70-8 on March, 26, 1970, rehabilitated Kondratyuk for absence of crime in
the act. In 1932 Yu.V. Kondratyuk moved to Moscow for working in the wind energy field.
By this time he had already possessed nine patents and copyright certificates for his inventions.

On the 5th of July, 1941, Yu. V. Kondratyuk joined Moscow people’s emergency
volunteer corps. Private telephone operator Yuriy Kondratyuk participated in the combat
actions in the area of Kaluga, Smolensk region, defended Kaluga, the hometown of
Tsiolkovsky, Maloyaroslavets, fought near Tula. In the early of December, 1941,
Yu. V. Kondratyuk was the communication officer of the 1st Squadron, belonging to the 49th
Army of the Western Front. During the unsuccessful offensive at Bolkhov, while seizing
springboard on the west bank of the Oka river, near the village of Krivtsovo, in the interval
between 23 and 25, February, 1942, Yuri Kondratyuk died, providing communication among
the eastern bank and the springboard.

The decision of the International Astronomical Union was to name a crater on the dark
side of the Moon in honour of Yuriy Kondratyuk. One of the minor planets, asteroid under the
number 3084, opened by M.S. Chernykh, a Crimean astronomer, is also named in his honour.
The International Academy of Astronautics recommended to inscribe the name of
Yu.V. Kondratyuk into the list of 78 world scientists, submitted for inclusion in the
International Space Glory Hall [6].

The name of Yuriy Kondratyuk (Olexandr Shargey) is included in the Memory Book
of Ukraine.

By the decision of the Ukrainian Government, on June, 21, 1997, on the occasion of the
100th anniversary of the prominent space theorist, brilliant engineer - inventor and innovator,
his name was granted to Poltava State Technical University, whose scientists were developing
their research projects on improving the construction durability and reliability,
thus implementing the ideas of Yuriy Kondratyuk (Olexandr Shargey) into reality.
These lines taken from the University Anthem vividly express the place and role of Yuriy
Kondratyuk in the students life:

Kondratyuk, the glorious, has given you his name.

We’re proud to belong to that family of fame.

The best-loved University, we’ll keep in our hearts

Spirit of the sciences, spirit of the arts!
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IMPROVING OF TWO-LEVEL CAR
HAULER STABILITY

To improve the car hauler lateral stability indicatin optimal cargo location parameters,
elastically mounted on a platform, mathematical model of its motion was developed.
At the same time fluctuations in cargo and car hauler were considered. Simulation results
determined that for «hauler — cargo» system consideration of cargo elastic properties leads
to a significant decrease in the frequency and amplitude of the system vertical oscillations.
Therefore, the presence of the cargo can be regarded as a dynamic passive damping
(in the case of a correct choice and design of layout parameters). It is proposed to reduce the
distance between the cargo and the upper platform by determination of maximum values of
the cargo oscillations amplitudes. In turn, the reduction of platform height reduces center
gravity system height, improves the stability of car hauler.

Keywords: car hauler, dynamic processes, fluctuations, platform, stability.

IlTnunvka M.M., x.m.H., Ooyenm
Ilonmascevkuti HayionanvHutl mexHivnull yHieepcumem imeri IOpis Konopamioka

MIABUILEHHS CTIMKOCTI JIBOPIBHEBOI'O
ABTOEBAKYATOPA

Mna niosuwenns nonepeunoi CcmiuKocmi aémoesaxkyamopa WAXoM 6U3HAYeHHs
ONMUMANbHUX NAPAMEMmpIi8 pO3MAULY8AHHA 6AHMAACY, WO NPYIUCHO 3AKPINIEHUN Ha
naamegopmi, pospodreHo mamemamuuny Mooeib Uozo pyxy. Ilpu yvomy epaxosano
KOJIUBAHHS 8AHMAIICY MA aemoesaxkyamopad. 3a pe3yibmamamu MOOent08an s 6CMAHO8IEHO,
WO O cCuCmeMu «e8aKyamop — aHmMad;C» Ypaxy8aHHs NPYHCHUX 61ACMUBOCMEN 8AHMANCY
npUBOOUMsb 00 ICMOMHO20 3MEHUWIEHHS 4acmomu ma amniimyou 6epmuKalbHUX KOJIUBAHb
cucmemu. Omoice, 3’ACOBAHO, WO HAABHICMb GAHMANCY MOJNCHA pPO32NA0AMU AK 3ACiO
OUHAMIYHO20 NACUBHO20 2ACIHHA KOIUBAMb (Y pa3i NPAGUIbHO20 8UOOPY KOHCMPYKMUGHUX |
KOMNOHYBANbHUX NaApamempis). 3anponoHo8ano 3meHuy8amu iI0CManb Midc 8aHmMadicem i
8EPXHBLOIO NAAMPOPMOIO 3AB0AKU BUSHAYEHHIO BETUYUH MAKCUMATLHUX AMAAIMYO KOAUBAHHS
8anmaicie. Y c6010 uepey 3HUNCEHHA GUCOMU NAAM@POPMU 3MEHULYE GUCOMY YEeHMPA 6dlu
cucmemu, wo Ni0BUWYE CMIUKICMb a8Moesaxyamopd.

Knwuosi cnosa: asmoesaxyamop, OunamiuHi npoyecu, KOJIUBAHMA, NAamMopma,
CMItKicme.

8 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (48)" 2017.




Introduction. Stability — is one of the factors which provides driving safety.
It also allows to increase speed.

Electric systems are used to control stability of vehicle with a high center of mass,
But it impairs vehicle course stability — deviation from chosen trajectory for decreasing lateral
acceleration (which leads to rollover) [9]. The mass center's height significantly impacts on
transverse stability of vehicle. This feature also concerns to two-level car hauler with
elastically fixed weights, which fluctuate while driving.

Vehicles fluctuations are caused by road defects. Vehicle undergoing are low-freq.
(15 — 18 Hz) and high-freq. fluctuations. Hard fixed weights fluctuates with high-freqs
and elastically fixed weights fluctuates with low-freqs. Load of soft fixed masses is passing
by elastic suspension elements [10].

It was established in research [11] that transverse fluctuations impair the vehicle lateral
stability and depend on vehicle’s load. When vehicle drives elastically fixed weight, the
height of mass center is changing. It leads to deterioration of lateral stability while performing
maneuvers and the platform heeling.

Movable mechanical system with elastic fixed weights is quite common in vehicle
building.

Car hauler is also movable mechanical system with elastic fixed weight.
So it is essential to create a mathematical model of a car hauler with elastic fixed cars
which fluctuates while driving objective research and analysis dynamical processes.
This model should reproduce layout features and interaction of individual elements or parts of
real vibrating system. The fixing method characterizes lateral stability and driving smoothness
on the road. The typical fixing method provides hard fixed wheels by fixing straps.
The car with hard fixed wheels generates vibration and fluctuations which impairs car hauler
stability and driving smoothness. So the dynamic of vertical fluctuations should be researched
considering additional spring-loaded weight.

Analysis of the last research sources and publications. The truck train stability
improvements were researched by famous scientists, such as D.A. Antonov, P.V. Aksenov,
V.P. Volkov, A.S. Litvinov, M.A. Podryhalo, V.P. Sakhno, A.P. Soltus, G.A. Smirnov
[10 —14].

Many scientific works deal with researches of vertical fluctuations dynamic
[1-10]. The most part of researches is about cars and trains for general purpose. There are no
fundamental investigations of vehicle moving processes with elastically fixed weights, except
semi trailer auto transporter [11], where cars are regarded as separate discrete mass points,
elastically fixed on a platform.

Figure 1 — Doubled car hauler
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Car hauler is a complex mechanical system with lots of freedom degree. That's why it is
difficult to calculate some parameters of system.

The main problem is optimizing and damping of fluctuations considering the standards
ICO 2631-74 and GOST 12.1.012-78, which standardize fluctuations and vibrations and other
parameters which provide stability and driving softness.

Specifing unsolved aspects of the problem. Source analisys proves that influence of
elastic weight on vertical fluctuations dynamic and two level car hauler stability is not
researched.

Objectives setting. The article target is researching of two level car hauler’s vertical
dynamic (fig. 1); mathematical description of its simplified circuit (fig. 2) for minimizing the
amplitude of weight fluctuations by its rational positioning on a platform; improving a lateral
stability of vehicle by mass center height decreasing.

2:- "
m
L ,i;: :
. 7
‘{ S
b pvo
_-V' 'T" & .-‘.'_ 74
i,
G \E & {3#
z
{5 |

Figure 2 — Calculating circuit of car hauler

The mains and researches. Mathematical model of the fluctuations is described by
differential equations based on Lagrange 2" kind equations. It is based on kinematic and
dynamic analysis of car hauler structures:

doL_oL o 1
43, oq, 94, M
where L = T —U — Lagrange function;
T,U, R — in accordance kinematic, potential energy and dissipative function;
q j — generalized coordinate.
Lagrange 2" kind equations can be displayed like:

dOT_d3u _or _3u_oRr ,

di g, drdg, dq 9dq, 0q 2)

Shifting is calculated considering relative position of static equilibrium. Then equations

type stays the same with(out) the weight force which can be unspecified. Lets take

function (1) for car hauler movement. For Z axis elastic vertical movements were chosen and

for Y axis inelastic vertical movements were chosen in accordance with fig. 2.

Disturbing function X selected profile of single inequality as half sine wave [5].

Individual irregularities vibrations caused by the road vary according to a sinusoidal law. The
differences are quantitative and insignificant.

10 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (48)" 2017.




Mark: m; , m,— inelastic masses of appropriate axles of car hauler;
m3, my— masses of elastic weights;

M, [ — elastic mass of car hauler and its inertia moment of the central axis, that is

perpendicular to the plane of the figure;

c1, ¢, dasenn o ki ko, Ky Ko ki kay — appropriate equivalent stiffness of

suspensions and tires and their coefficient of viscous friction;
li, L, L1, l1, — appropriate geometrical parameters of car hauler.
Define the kinetic energy of the system:

1 P P | o1 o1 . 1 .
T ZEM e +§I~a'2 tom yi tomy i +om 2 tom, S
where is
_ btz _4 7%
L+, L+,
Define the potential energy of the system:

1 1 1 1
U zzcl(zl _yl)2 +§C1/(y1 _xl)z +Ecz(zz _y2)2 +EC£ (yz _x2)2 +

2 2
1 7,—2 1 Z,—2
+5C11 (Zn +11T122'111j +§C21 [Zzl +11Tl;'lzlj =

:%Q (22 22,y +y12)+%c1/ (y7 —2yx, +xf)+%c2 (23 =22y, +y; )+
+%c£(y22 —2y,x, +x22)+%c“(z121 +2z,00 0, + o) +
+%c21 (23, + 2201, +a713,).
Rayleigh dissipative function:
R=3k (5 =5) + 3K (=) + 3k (5= 5.) + 3K (. =5)' +

2 2
1 . Z,—2 1 . Z,—2
+5k11(Z11+ li+lz 'lllj +5k21[z21+ li+l; 'lzlj =

2

1 . .. ) 1 ) s 1 . .. .

=—k (Zl2 -2z, +y12)+§k1/(y12 =2yx +x12)+5k2(z§ -2z,y, +y22)+
(a2 e s ) 1 .2 .. 2242

+—k2(y2 2)’2x2+x2)+5k11(zu+2Z11a'lu+a111)+

1 . . .
+5k21 (5, +2z,0-1, +a’L)).

Derivatives are needed to prepare for the second kind of Lagrange equation:

1(2z, -2z
.(221.1224_222.12 .ll)+(zl—Z22):
2(ll-l_ZZ)

T M

o 2(l+1,)
M-C+I . M-L-[-1 .

:—2-21 +—2'ZZ’
(4 +1) (4 +1)

3)

“4)

®)

(6)
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d oT

Eg =a,% +a,3,
1
where
. M-+ G ML
n- . oY T 5 >
(4 +1,) (4 +1)
o M (-2 +2z,)

— (22,1, -1 +2z, - 17 ) +
aZ'Z 2(11"'[2)2 ( e 2 1) 2(11"'12)2
M LL=1 . M-L+]

z + :
(L+L) (L)

2y,

dor
dr 9z,

where

=04y tay,,

of 1 ) )

a_}-;lzz'ml 2y, =my,
aor_
dt 9y, 1

Similarly define derivatives:

ia_.T:mzyz’
dt dy,
aor_ .
dt 9z, M
i a.T =m,Zy
dt 9z,,

Find the partial derivative of potential energy (4) for the generalized speed dg; :

W _au_ou _au_av_au _
dz, 9z, dy, 9y, 0z, 0%,

0,

then

ddU _ddu _ddu _dou_dau _dau _,

dt 0z, dt 3z, dtdy, drdy, dtdi, dtdi,

(7)

8)

©)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

To compile the right of Lagrange equations of the second kind makes differentiation.
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Partial derivatives of kinetic energy T on generalized coordinates g; equal to:

dz, dz, dy, 9y, 9z, 0z,

0, (17)

Define the partial derivative of potential energy for the generalized coordinates ¢; :

ou 1

gZECI(ZZI _2y1):C1(Z1 _yl)’ (18)
I

ou 1

a—zzzacz(zzz —2y2)=c2(22 _yz)’ (19)

U 1

Lo -2 —5) @
1

ou 1

gIECQ(Z)’z —2x2):c£(y2 _xz)’ @D
2

ou 1

gzacll(zzll+2a'lll):cll(zll+a'lll)’ (22)
11

ou 1

¥:5C21(2z21+2a'~121)=c21(z21+a"121). (23)
21

Next, find the partial derivatives of Rayleigh dissipative function for the generalized
speed dg;

g—gzékl(zzl ~23,) =k (& - 5). (24)
=k (220 =k (5 5). 25)
&=k (25 26) =K (5, ~3) 6)
%:%k;(zyz—zxz)zk;(yz—xz), 27)
aaTIi:%k“(Zz'“+2d-lu):k“(z'”+d-l“), (28)
%:%k21(2221+20':-121)=k21(z'21+0'(-121). (29)

Substituting fragments (3) — (29) into Lagrange equation (2) to get a system of six
second order differential equations (30), that describes the vertical oscillations towing
considering the elastic weight properties.
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a,z +anz, +k (2, -y )+¢(z,—y)=0

a7 +ayi, +k, (2, —y,)+c,(z,-y,)=0

m 3y, +k/ (2, —%)+c (z,—x)=0

m, ¥, +ky (2, —%,)+ch(z,—x,)=0 G0
miz, +k,(z,+¢-1,)+c,(z,+a-1,)=0

m,Z,, +ky (221 +0'{'121)+C21 (ZZI +a"121)20'

On the basis of rational equations it is possible to determine optimal coordinates for
weight placing on vehicles provided minimum fluctuations on its platform. Set next:

c,-a-l C, -l
— 11 11 ’ a)z — 21 21 , (31)
m, m,
where ®; and m; is a weight fluctuation fregs.
To reduce the mutual influence of fluctuations and avoid resonance it is essential
toprovide the maximum frequency differentiation.

ol a-l
max \/Cu 11 |Ca 2 | (32)

m, m,

In cause, that

my -1y +myly, _
L +1,

Chosing /1, [; by method of finding the conditional Lagrange extremum

. c,-a-l C, -l m, -1, +m,l
0(1“,121): \/ 11 11 21 21 +/1( 3 ‘11 421J, (33)

ms my Ly+1y,

where A — Lagrange multiplier.
To find 1,1, [, write the Lagrange equation in cause, that:

6,=0; 6, =0;
e [ AE] o
2 my -1y, hi+1y I
lJ@fa+l?m¢ﬂj ~0 (34)
2\ my -1y hi+1y L,
my -l +myly, _
Ly +1y

Find the original

/?{mflnj :ﬂm3((l11+lz1)_l11j:ﬂ'm3'lz1 . (35)
lll

l11 + 121 (ln +lzl)2 l11 +lz1
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In cause, that

l ’C11~a' +}“‘m3‘lz; ~0
2\my-1,, (111+lz1)
l /021-a’ +ﬂ-m4-ll; ~0 (36)
2\m, -1, (111+lz1)
my -l +my -1, _
Ly +1,

The result of the decision system — rational coordinates for placing weights on a
platform /;; and /5.

As a result of calculation adopted by the initial data received schedules fluctuations of
car hauler and cars-weights on it. (fig. 3 — 6).

Fluctuations in the rear and front axles of car hauler represent sinusoid that are
exponented as damping. The maximum displacement is 0.0045 m in the first seconds of
motion when hitting an obstacle.

Moving of weights at both loading platform (Fig. 5, 6) is also sinusoids that is
exponented as damping. For the car, placed on top platform the maximum amplitude is
0.0035 m. The smallest displacement from equilibrium gets the car, placed on the bottom
platform. It is 0.0025 m. Thus it is possible to reduce the gap to acceptable level between the
car roof and upper platform to lower the center of gravity of the system.

oons T
0 and
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Figure 3 — Car hauler front axle shiftings
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Figure 4 — Car hauler rear axle shiftings
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Figure 5 — Car-weight shifting on bottom platform
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Figure 6 — Car-weight shifting on top platform

Conclusions. The simulation results indicate that considering of weight elastic
properties in system «car hauler — car» leads to significant decreasing of the frequency and
amplitude of the vertical fluctuations of the system. Thus, the availability of cargo can be
viewed as a mean of passive dynamic vibration reduction (in case of correct choice of
constructional and layout options). In this case there will be certain resonance speed of the
system, which will show this effect as much as possible.

Determination of the maximum amplitude of cargo's fluctuations enables to reduce the
distance between the cargo and the upper platform. In its turn lowering the platform reduces
the height of gravity center system, which improves stability car hauler.
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CAR ZAZ-1102 IMPROVEMENT IN FUEL EFFICIENCY
AND ENVIRONMENTAL PERFORMANCE
IN WARM-UP PHASE
AFTER ENGINE COLD START

The article considers the question that relates to optimizing fuel consumption and
reducing emissions of harmful substances in the exhaust gases of the vehicle in the following
modes cold start of the engine with spark ignition and warm-up. To solve this problem device
is proposed for increasing the temperature of the intake air at low temperatures, which will
improve the mixture formation, gas exchange and better distribution of the fuel-air mixture in
the engine cylinders. The use of this device is one of the promising directions of
implementation of energy efficient technologies in road transport.

Keywords: engine with spark ignition, cold start engine, heated intake air, improving of
gas exchange and mixture formation, increasing the efficiency of internal combustion
engines.
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HOJIIMIIEHHA NAJUBHOI EKOHOMIYHOCTI
I EKOJIOI'TYHUX ITOKA3ZHUKIB
ABTOMOBUIA 3A3-1102 B PEXKUMI ITPOT'PIBY
HICJIA ITYCKY XOJIOJHOI'O IBUI'YHA

Y cmammi poszenanyme numanmus, ske nog'azame 3 onmumizayiero eumpam naiuéa i
3MEHUEeHHAM eMICli WKIOIUBUX PedOosUH V 8IONPAYbOBAHUX 2A3AX ABMOMOOLISL 8 PeHCUMax
NYCKY XO0OH020 08USYHA 3 ICKPOBUM 3aNANIO8AHHAM ma 1020 npoepiey./{nsa eupiuients yiei
3a0auyi 3anponoHOBAHO BUKOPUCMAHHA NPUCMPOIO 01 NIOBUWEHHS meMnepamypu nogimps
Ha 6NYCKY 8 YMOBAX HU3LKUX MeMNepamyp, wo 003601Umb NOLTNUWUMU CYMIUOYMBOPEHHS,
2a3000MiH 1 OLnbW AKICHUL PO3NOOLL NAAUBONOGIMPAHOI CyMiwli NO YUNIHOPAX OBUSYHA.
Bukxopucmannua o0anozo npucmpoio € O0OHUM 3 NEPCHEKMUSHUX HANpAMIE peanizayii
eHepaoepexmueHux mexHon02il Ha A8MoMOOLIbHOMY MPAHCNOPMI.

Knrouoei cnosa: osueyn 3 ickposuMm 3anantO8anHHiM, NYCK XOJI00H020 08U2YHA, Nidicpie
nogimps. Ha 6NYcKy, MNOJINWEHHs 2a3000MIiHY ma CYMIWOYMBOPEHHS, NiOBULYEHHS.
eHepzoepexmusrnocmi J{B3.
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Introduction. Currently one of the priority development directions of all sectors of the
domestic economy is the creation of energy efficient technologies allowing the efficient use
of energy resources. This fully applies to the road transport.

Efficient vehicle operation at low ambient air temperatures is associated with different
challenges. The most significant ones are the start of the cold engine and subsequent warming
up. These modes are preparatory before operating the engine under load and are some of the
most unfavourable engine operating conditions in fuel economy and environmental safety.

According to various sources [l —4], emissions of carbon monoxide (CO) and
hydrocarbons (HC) with exhaust gases in the operation of vehicles with spark ignition engines
in low temperatures increase 6 — 10 times, and in the modes of start-up and warm-up engine
emits up to 70...80% of total emissions of incomplete combustion of CO and HC products.

Among the main reasons for the difficulties of cold engine starting in low ambient
temperature are:

— the deterioration of fuel evaporation conditions, which leads to non-optimal air-fuel
mixture;

— high vacuum in the intake manifold, which leads to deterioration processes of gas exchange;
— the increase in the required starting speed of the crankshaft;

— decrease the real capacity of the battery.

At low ambient temperatures, these causes occur simultaneously, exacerbating and
complicating the operation of starting and warming up of cold engine. According to [5],
the territory of Ukraine it is the temperate climatic zone. In the territory of the state it is
formed by temperate continental climate. Of the year (about 4 — 6 months), the cars are
operated at temperatures between +5°C and below.

In this regard, decisions of the tasks related to the operation of vehicles in conditions of
low ambient temperatures, is relevant.

Analysis of recent researches and publications. The influence of seasonal conditions
on the fuel efficiency of cars, the concentration of harmful substances in waste gases and the
reliability of cars are investigated by many authors. Seasonal conditions are the factors that
change periodically throughout the year. It is primarily climatic factors.

Climatic factors in different periods of the year are determined by temperature,
humidity, atmospheric pressure, rainfall, force and direction of winds, duration of snow cover
etc. Low ambient air temperature has significant influence on the temperature regime of the
car units, especially engine and systems, supporting its work and, through their changes on
fuel consumption. The most comprehensive analysis of the impact of ambient temperature on
fuel consumption and emissions of harmful substances in exhaust gases of cars is given in the
works [6 — 10].

It was established in [7, 11] that the fuel consumption by lowering the ambient
temperature increases by 10..30%. The increase in fuel consumption is associated with
increase in the viscosity of the fuel, deterioration of his ability to atomization and evaporation
and, consequently, deterioration of mixture formation and combustion efficiency of fuel-air
mixture. The increase in viscosity of gasoline may result in unacceptable depletion of the fuel
mixture. Viscosity primarily affects the volumetric amount of fuel passing through the jet per
unit time, and therefore on its consumption. Leakage of gasoline through the nozzle when
changing temperature from plus 40 to minus 40°C is reduced by 20...30%.

Depending on the time of year and temperature in the region, vehicle operation, the
percentage ratio of the concentrations of pollutants from «cold start», «further combined
heating» and «hot» car can be in various ratios. Climatic area «moderately warm» in the
calculations were obtained by the following relationship: in the warm period 2 — 3 — 95% in
the cold period 10 — 15 - 75% [12].
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Thus, at low temperatures of exploitation, the deterioration of the thermal state of the
motor has significant influence on the increase in fuel consumption and, consequently,
increasing the emission of harmful substances in the exhaust gases. In addition, the analysis of
the research showed that there is some optimal value of the intake air temperature at which
fuel consumption is minimal [13, 14].

Minimum fuel consumption of the internal combustion engine is warmed up. It is
observed at the inlet temperature at motor +35...+45°C, its change leads to increase in fuel
consumption. For the engine ZMZ-53 the decrease in air temperature in the range from plus
48 to minus 28 according to [14], causes increase in fuel consumption from 2.5 to 16%.

One of the possible ways to improve fuel economy of spark-ignition engines and
reducing the emission of harmful substances in the exhaust gas at cold start of the engine and
its warming up, is the provision of heated air entering the engine and to stabilize its
temperature at +35...+45°C in the future.

The selection not resolved before the general problem. To solve the task of reducing
fuel consumption and emissions of harmful substances in the exhaust gases in the modes of
cold start engine with spark ignition and warm-up, it is necessary to improve the mixture by
increasing the temperature of the air entering the engine.

Statement of the problem. The purpose of the experimental research is determination
of intake air temperature influence on fuel efficiency and emissions of harmful substances in
the exhaust gas of the car engine when it is warming up in idle.

The object of experimental research is the car ZAZ-1102, which has carbureted, four-
stroke, four-cylinder in-line engine MeMZ-245.

Experimental investigations were carried out in the laboratory of engine testing of
National transport University.

To ensure preheating of the intake air equipment with metal-ceramic heating element
was used. Tests were conducted on the gasoline A-95 at the same atmospheric conditions.
Engine starting and warming was carried out at an ambient temperature of about +3...+4°C at
the engine speed of 1400...1500 rpm (optimal steady frequency heating) to the temperature of
the engine coolant +85°C.

During testing of the engine the concentration of harmful substances in exhaust gases
was evaluated: carbon monoxide CO, carbon dioxide CO,, hydrocarbons HC behind the
analyzer of the META, and fuel consumption during warm-up the engine using the fuel flow
meter ONO SOKKI DF-311.

In addition, the following controlled parameters of the engine are the following: coolant
temperature teoolant, the temperature of the air to the carburetor tiuke air, the engine speed n
(Fig. 1).

Main material and results. According to the conducted researches the following
results were achieved:

equipment metal-ceramic heating element provides heating of the air entering the carb
around +60...+65°C at an ambient temperature of +3.5°C (Fig. 1).

The temperature of the coolant in the heating air inlet reached +60°C for 360 seconds
after starting the engine, without heating for 450 seconds. Time to warm up a cold engine
coolant temperature +60°C was reduced to 90 seconds, which is 20%, while the fuel economy
was 0,062 kg (about 14%).

Stabilization of the coolant temperature at +85°C was observed when using heated air
for 560 seconds, without heating — for 690 seconds after starting the engine. That warm
engine (to coolant temperature +85°C) when heating air inlet, is, according to the tests
for 130 seconds (about 19%) most of the time warming up the engine with the standard
system supply air (Fig.1).
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Figure 1 — The change in the performance of the engine in warm-up mode

Analysis were derived from experimental studies, dating on fuel consumption, given the

time required for warming up the engine coolant temperature +85°C, to determine its
quantity. Heated air inlet, fuel consumption is — 0.464 kg with the standard system — 0.582 kg.
That is, during the heating of the engine, the results of tests, fuel economy, while heated air
inlet is 0.118 kg (20%).
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Analysis of the obtained data on engine harmful substances emissions, exhaust gases
warming up in idle are showed the following (Fig. 1).

The concentration of carbon monoxide in the exhaust gas without heating the intake air
is stabilized at the level of 0,73% for 180 seconds, heating the air at the level of 0,53% for
120 seconds. The concentration of carbon dioxide in the exhaust gases as heated intake
air and with a staff almost are equal at the level of 13,4% after starting
the engine in 240 seconds (Fig. 1).

The concentration of hydrocarbons in exhaust gases during engine warm-up heated air
intake was observed significantly less stabilization occurred after 120 seconds and to the end
of the warm-up amounted to about 219 ppm, whereas when working with the standard system
stabilization is observed after 180 seconds until the end of the warm-up was about 271 ppm.

Concentrations of toxic substances in exhaust gases of the engine does not fully
characterize the harmful effects of the engine environment, as the amount of harmful
substances emitted to the atmosphere depends on the amount of combustion products that are
formed in the cylinders of the engine and the time of heating.

The calculation of the mass emissions of harmful substances has shown that when using
the heated intake air, their number 1s reduced compared to the regular system (Fig. 2).
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Figure 2 — The change in the mass emissions and total consolidated harmfulness of
exhaust gases in the warm-up phase
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During the test, the engine mass emissions in the exhaust gases averaged, taking into
account the time of heating (heated air intake — 560, with the standard system 690 seconds):

— carbon monoxide with heated air — 0,034 kg/h, with the standard system — 0,076 kg/h.

— hydrocarbons, heated air — 0,0039 kg/h, with the standard system — 0,0069 kg/h.

— carbon dioxide heated air 1,047 kg/h, with the standard system — 1.27 kg/h.

The total mass emissions of harmful substances in exhaust gases averaged, taking into
account the time of heating (heated air intake — 560, with the standard system 690 seconds)
heated air — 0,046 conditional kg/h, with the standard system — 0,11 conditional kg/h.

Conclusions. Thus, conducted experimental studies determined the effect of air
temperature at the inlet to the fuel economy and emissions of engine gasoline exhaust gases
with spark ignition MeMZ-245 with its warming idling, allow the following conclusions:

1. Warm-up time to the engine coolant temperature +60°C decreased by 20%, while
the fuel economy with about 14%, coolant temperature to +85°C was reduced by 19%, while
the fuel economy was about 20%;

2. Mass emissions of harmful substances in exhaust gases heated air inlet in comparison
with the standard system decreased on average:

— carbon monoxide by 55%;

— hydrocarbons by 43%;

— carbon dioxide by 18%;

— total mass emission are reduced to CO by 57%.
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TENSION AND DEFORMATIONS OF STAR-SHAPED SPRING
VERTICES WITH STRANGULATED ENDS
OF THE FLEXIBLE COUPLING

The article examines the structure of overload flexible coupling that contains internal
and external hubs, connected by a star-shaped spring with the circular vertices inserted in
grooves on the outer surface of internal hub and inner surface of the external hub. Position of
the star-shaped spring is fixed on the inner hub by the wedge, which allows the spring to be
made either solid or of separate circular vertices with strangulated ends.
Geometric synthesis of star-shaped spring with vertices of circular shape, depending on its
size was conducted. It is assumed that star spring vertices are the double-hinge arches of
circular form. Calculations of analytical solutions using the methods of structural mechanics
were done. Analytical expressions proved workability of the star-shaped spring of flexible
overload coupling during the torque transmission.

Key words: flexible overload coupling, star-shaped spring, circular vertices, statics
calculation, deformation.
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HAIIPYKEHHS I JE@OPMALII BUCTYIIY 3IPKOIOJIBHO]
MPYKWUHMU 3 3ALEMJIEHAMHU KIHLSIMM MTPYKHOI MY®TH

Onucana 6yoosa i npunyun pobomu 3ano0incHoi My¢pmu, wo micmums GHYMPIUHIO |
306HIWHIO NIGMYGMU, 3’ EOHAHT MidC COOOI0 3IPKONOOIOHOI0 NPYAHCUHOIO 3 BUCIYNAMU KPY2ILOT
Gopmu, 6cmanosieHow 6 3a2nIUOUHU HA 308HIWHIU NOBEPXHI 6HYMPIUWHbOI MA 6HYMPIUWHIL
no8epXHi 308HIWHLOI niemypmu. 3ipKONodiOHa NpyAHcUHA MOdce OYMU UKOHAHA CYYLTbHOIO
abo cknaoewa 3 OKpeMux 6UCmynie 3 zaujemieHumu Kinyamu. IIposedeno eceomempuunuii
cunmes 3ipKOBONOOIOHOI NPYdCUHU 3 BUCMYNAMU KpPY2080i ¢hopmu, 6 3anexchocmi 8io
HeobxiOHux posmipie. Ilputinamo, wo eucmyn 3ipKonooiOHOI NPYAHCUHU A6TE CODOI0 apKy 3
3augemnenumu Kinysamu i 01s Hei, memooamu OyOieenbHOI MeXauiku, NposedeHi po3paxyHKuU.
Ompumani ananimuyHi eupazu 00380JA10Mb pPOOUMU BUCHOBKU NPO pPOOOMO30AMHICMb
3IPKOBONOOIOHOI NPYHCUHU NPYHCHOT MYmu npu nepedaui Helo 06epMAaIbHO20 MOMEHM).

Knrwowuosi cnoea: mygma 3anobidxcua npysicHa, 3ipKONOOIOHA NPYICUHA, BUCHIVN
Kpy2080i hopmu, cmamudnuii po3paxyHox, oegopmayis.
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Introduction. Drives of hoisting, transport, building, road, land reclamation machines
and others often include different couplings, which are quite responsible mechanical devices
that can determine the reliability and durability of all equipment. The main purposes of
couplings are the shafts connection and torque transmission. Besides, elastic safety couplings
perform such responsible functions as compensation of the harmful effects of shaft ends
geometric axes offset, resulting from inaccurate production, installation or design features and
operating conditions of drives; amortization of vibrations, jolts and shocks arising during
operation; protection of machine elements from overload; facilitation of the machine start-up.
A variety of couplings maintenance functions contributed to the development of a large
number of constructions. But in all cases the work of couplings has still many shortcomings
that need to be eliminated due to their improvement.

Review of recent sources of research and publications. The modern technical
literature, for example [1-4] describes the safety cam couplings with shear pin or others that
through the direct contact of their half-sleeves transmit torque toughly, and it negatively
affects the work of drives elements and machine in general. The analysis of the shortcomings
of known coupling designs enabled to develop the new design of safety elastic couplings with
star-shaped springs at the level of patents [5-8].

Specifing problems unsolved earlier. Theoretical and experimental research for new
safety elastic couplings has not yet been held. Part of such research has been made for
couplings with a parabolic [9] and a circular vertices [10] and with hinged fastening of ends.

Problem statement. To conduct a preliminary analysis of power parameters of safety
elastic couplings including star-shaped springs with strangulated ends of vertices.

Main material and results. This article deals with static calculations of star-shaped
springs of safety elastic couplings [5-9] in operation, i.e. during the transfer of sustainable
torque. One of these couplings is shown on Fig. 1.

11 12 A, 3 10

) g% 7
[ | - P

Figure 1 — Scheme of safety elastic couplings with star-shaped spring
with strangulated ends

Safety coupling with the star-shaped spring has internal 1 and external 2 half-sleeves,
connected by a star-shaped spring 3 with vertices 4. Side surfaces 5 and 6 of the vertices 4
made convex apart from the axis of symmetry, and their internal ends set in recesses 7 on
internal half-sleeve 1 and fixed by wedges 8 with some tension and screws 9. The tops of the
vertices 4 are located in the recesses 10 of external half-sleeve 2, moreover, those recesses 10
are made with radius greater than the tops rounding radius.

Safety coupling with the star-shaped spring assembles in the following order. First,
internal ends of vertices 4 set in recesses 7 on internal half-sleeve 1 and fixed with wedges 8
and screws 9. Next, assembled internal half-sleeve 1 with star-shaped spring 3 set in the
external half-sleeve 2 so that the vertices 4 are in contact with the recesses 10. Safety coupling
with the star-shaped spring with strangulated ends of vertices is ready.
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Safety coupling with composed star-shaped spring works as follows. When rotating
internal sleeve 1 transmits torque through star-shaped spring 3 to the external sleeve 2, the
overload mode star-shaped spring 3 deforms, decreasing in its diameter along its outer
contour. The surfaces 5 and 6 of vertices 4 bent in direction of its convexity, providing
deformation of star-shaped spring 3 within the limits of its elastic deformation until they are
out of the recesses 10 of external sleeve 2. Rounding radius of recesses 10 are larger than
radius of peaks 4 so vertices 4 slide over the cylindrical surface of the outer external 2 until
torque is reduced to the nominal value. Star-shaped spring 3 can be solid or composed of
separate vertices.

Fig. 2 shows a model of elastic couplings with star-shaped spring, created in the
"KOMPAS - 3D", assembled (Fig. 2, a) and disassembled (Fig. 2, b).

v

Figure 2 — Models of elastic safety coupling: a — assembled; b — disassembled

Fig. 3 shows the scheme of the dimensions for the geometric synthesis of star-shaped
springs, where: D - inner diameter of external sleeve; D; - outer diameter of the internal
sleeve; R - radius circular performance; / - pitch (span) of circular vertices; /& - the height of
segment; r - radius of recesses in the internal sleeve; R; - radius of recesses in the external
sleeve; o - the height of recesses in the external sleeve; z - number of vertices.

Figure 3 — Scheme for geometric synthesis
of star-shaped springs with circular vertices
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The relationship between these dimensions can be described by

180°
[ =D, sin ; (1)
Z
12
h=R-,R>——; (2)
4
[-2R
rET R =(18-22)R; 3)
D=D+R-h-9. (4)
The length of the of the workpiece for manufacturing of the solid star-shaped springs is
L, =7T(R+7)z. ®)

When designing couplings it is recommended to take following parameters
construction:

D, <1,75d,
where d — shaft diameter;
R=(0,4...0,45) [,
z =6.

Set problem is solved with the following assumptions: vertices of star-shaped spring
deform the same along its axis of symmetry; acting load in vertices lies on this line of
symmetry in the plane of star-shaped spring that is perpendicular to rotation axis of coupling,
and equals

2T
F=—, (6)
Dzf
where T, — estimated torque, transmitted by coupling;
D — outer diameter of star-shaped spring;
z — number of star-shaped spring vertices;
f— coefficient of friction.
The vertices deform similarly. All calculations are reduced to calculation of circular
arch with strangulated ends using the method of Mohr [11].
Scheme for calculations of star-shaped spring vertex is shown in Fig. 4.

Figure 4 — Scheme for calculations of star-shaped spring vertex

According to [11] this arch with strangulated ends (Fig. 3) is three times statically
undefined system. The most suitable equivalent and main systems are shown in Fig. 5.
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Figure S - Equivalent (a) and main (b) systems of star-shaped spring vertex

Superfluous bonds are taken to unidentify X;. X,, X3. Arch is deformed identically to
star-shaped spring vertex. Unidentified forces in the equivalent system are determined from
zero equality condition for displacements in directions xi. x2, x3.

For this th following the canonical equation of the forces method is done:

O X, +0,X, +0,;X,+6,, =0;
0y X, +0,X, +0,,X;+6,, =0; (7

0, X, +0,X,+0,X,+0,, =0,

where 011, 02, 033 — displacement in the directions x;. x», x3, caused by forces X; = 1.
X, =1, X3 =1, respectively;
012, 013— displacement in the direction of the X;, caused by X, =1 and X3=1,

respectively;

021, 023 — displacement in the direction of the X, caused by X; = 1 and X3=1,
respectively;

031, 03y — displacement in the direction of the X3, caused by X;=1 and X, =1,
respectively;

O1F, O2r, 03 — displacement in the direction of X;. X;, X3, respectively, caused by the
external load F.

Main system can be derived from the equivalent system after its liberation from external
load F and unidentified forces X;. X», X3, that replace redundant links. Main system is shown
in Fig. 4, b, where R is the circle radius.

All this displacement are defined using the Mohr integrals

_ZJ-M ds’ _ZJ-M a’s, _ZJ-M ds’

M. M. ds M M ,ds M M ds
51222_[#§ —Zj ; —ZI ;

0

(8)

M. M.ds M .M. ds M .M. ds
S.. = el S. = et bl 5. = et el
23 Z}[ EJ 31 z_([ EJ 32 z_([ EJ

M M ,.ds M, M ,.ds M. M .ds
S ZI ’ ZI =X

0

where E — elast1c1ty modulus of the f1rst kind for spring material;

J — axial inertia moment of the section (see. Fig. 4), equals J = bA* 112

M;, M,, M;and Mr - bending moments from the forces X;. X», X3 and F, respectively:
M =X Rsina; M,=+X,R (1 —cos a); M, =X3; Mgp=F; R sin a, where F'; = F /2.

Fig. 6 shows the constructed diagrams of bending moments
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Figure 6 — Diagrams of bending moments from forces X;. X, X3 and F

From the analysis of integrand values of moments from expressions (7) and diagrams
(Fig. 6) we have that d;; = 0, 012 = 21 = 0, 013 = d3; = 0 and J;r = 0. Thus, the system of
canonical equations (7) is reduced to

0,X,+0,X;+9,, =0 )
O X, +0, X, +5,, =0

Using expressions (3) and bending moment diagrams (see Fig. 6), assuming that limit
integration for curved sections is s = D d a, and for angle o that varies from 0 to 7/ 2, it is got:

3 72 3
—8)R
0y, _R I(l—cosa)zda:M;
EJ 4E]
2 72 2
(T—2)R
0,,=0,=— |(l-cosa)dot =—"——""—
SR ) { ( ) 2E]
/2
R 7R
0, =— | dao=—; 1
¥ EJ ! 2E] (10)
3 72 3
0, = R I (1-cosa)sinada = R ;
EJ 2EJ
FR> "¢ FR?
P = sinado = .
0 EJ
To get a system of equations (4) relatively to unidentified X, and X3 it is used:
X. = 523(52253F _53252F )+ 52F . X. = 53252F B 52253F (11)
2 s 3 .
522( 522533 - 5223 ) 522 522533 - 5223

The final expression for determination of resultant bending moment in the vertex of
circular shape with the strangulated ends it is

M, =M,X,+M X, +M,. +M,,. (12)

Fig. 7 shows the diagram of resultant bending moment in circular vertex with
strangulated ends
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Figure 7 — The resultant diagram of bending moment
in circular vertex with strangulated ends

When o = 0, it is the maximum bending moment on the axis of symmetry of circular
vertex.

To determine the displacement 0 it is used Mohr method and the basic system
(see. Fig. 5, b). In the direction of displacement ¢ it is exerted power unit (X = 1) and from it,
bending moment diagram M, = R/ 2 is done,

X=0,5| | X=05
11

Figure 8 — Diagram of bending moment M, from the force X
Then use the moments’ value Ms and M4, and obtain:

R
5:E(M2X2+M3X3+M2F+M3F). (13)

The nature of the deformation of of vertex with strangulated ends of star-shaped spring
is shown in Fig. 9.

Figure 9 — Diagram of deformation of vertex
with strangulated ends of star-shaped spring

Conclusions. Analytical dependence (13) between deformation and the load in star-
shaped spring with the circular vertices with strangulated ends may be used in designing of
new safety elastic couplings.

Expression (12) allows to determine the maximum value of bending moment for
dangerous intersection and to find a tension for it by formulas.

The proposed method of theoretical research of dependence between the load and
deformation in star-shaped springs with circular vertices with strangulated ends can be used
for springs with different number of vertices and is the basis for further safety elastic
couplings studies.
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ANALYSIS OF WORK CONDITIONS AND CAUSES
WEAR HOLES SEPARATING SIEVES IN SERVICE

Advantages and disadvantages of sieves for the crusher were considered. The research
focuses on changes of the holes of the sieves toroidal shape and establishes common time to
failure. The result of experimental research is to establish the durability of the separating
sieves with holes design close to the wear in comparison with standard sieves. The result
shows the efficiency of using sieves with toroidal form of holes similar to the natural wearing,
which persists for the entire lifetime and provides high-quality completion of the separation
process. The principal difference in the experimental separation of the sieves is that they are
in the process of operation and wear effectively perform the function of sifting the grain mass
desired fraction. The new form of holes, close to form normal wearing has led to the
possibility of such profiles forming that change their shape.

Key words: sieve, exploitation, grinding, durability, shape normal wear.

boiiko A.L, 0.m.n., npogheccop
®Deouenko 3.A., acucmenm
Hayionanvuui ynisepcumem 6iopecypcié i npupoookopucmyeanus Ykpainu

AHAJII3 YMOB POBOTH TA ITPUYHUHU 3HOLTYBAHHSA
OTBOPIB CEIAPYIOUHMX PEIIIT B MPOLECI EKCILTYATAII

Poszensanymo nepesacu ma HeloNiKu pewimHux Kiacu@ikamopié npu YmpumaHHi
opobapku 6 excnayamayii. J{ocniodcenHss cnpaAMOBaHi HA BUGUEHHA 3MIHU OMEOPI8
mopoioanvHoi Gopmu pewiim ma CMAHOBIEHHSA 3A2AIbHO20 HAPOOIMKY 00 BIOMOBU.
Pezynomamom  nposedenux — excnepumenmanvHux — 00CHIONCEHb €  6CMAHOBNIEHHS
006206IYHOCMI Cenapyruux pewiim i3 KOHCMPYKYIEI 0mMe0pie HAOAUdiCeHOi 00 dopmu
NPUPOOHO20 3HOULYBAHHS 6 NOPIGHAHHI i3 cepiunumu pewemamu. Ilpunyunogoro pisnuyeio 6
PpobOMI eKCnepuMeHmanbHux Cenapyrdux pewim € me, wo 80HU 6 npoyeci excniyamayii i
3HOWLYBAHHS epEeKMUBHO BUKOHYIOMb (QYHKYII0 3 NPOCIIOBAHHS 3ePHOB0I MAcu NOMpPIOHOT
¢paxyii. 3acmocysanus Ho60I popmu omeopie HabaudCeHoi 00 Gopmu NPUPOOHO2O
3HOULYBAHHS NPU3EENO 00 MOACIUBOCMI (YOPpMYSaHHA MAKUx npoghinie, wo HavmeHuie
3MIHIOIOMb CB010 POPMY.

Knrwouosi cnoea: pewemo, excniyamayis, noopiOHeHHs, 008208iUHiCMb, Gopma
NPUPOOHO20 3HOULYBAHHSL.
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Introduction. In the process of shredding, grain material moves in the inner circular
perimeter flow chamber. At steady state intensity of the crusher particles passing through the
sieve is almost constant and corresponds to a certain number of them that go from the camera
to remove.

Fractional composition of grain and milled grain is determined by the size of the holes.
Changing these holes during operation is result in the loss of this indicator. At the same time,
the quality of grinding grain mix is the main factor that influences consumer properties of
feed, and ultimately weight gain in animals.

In the process of deterioration in the operation of crushers, sieves openings separating
lose their original geometrical parameters. This profile of the peripheral part of the returned
inside the camera takes the shape of January curve that gradually develops may lead to full
wipe membranes between holes.

Analysis of basic research. The main disadvantage of mills is that the grinding
products during an intensive wear of hammers edges holes in separate sieves. Much work
was conducted to improve the life of the hammers. At the same time less attention was paid to
disability of sieves as the main separating working parts.

Analysis of literature and patent sources indicates that the prospects for the
development of technical means to perform the process of grinding and separation of raw
materials in the manufacture of animal feed in the direction of number and quality increasing
can be achieved as a result of the working mills improvement [1 - 4].

According to the operation it needs to replace parts and components of separating
working bodies after operating timel1000-1800 tons. The lowest operating time among them
are cylindrical sieve with holes (1070 tons).

A crusher for crushing grain mass often use smooth sieve with holes 3, 4, 6, 8 and 10
mm, made of sheet steel 1 ... 3 mm. Checked uneven wear sieves, which are much faster lose
original shape holes in the bottom of the camera.

There is some work to improve sieves, which are aimed at improving productivity
crushers. For example, the idea of the possibility of changing the area by adjusting the
passage opening sieve displacement presented in [5]. This design consists of two adjacent
sieves that are able to move relative to each other. Due to this, is the quality and productivity
of grinding mills.

It is proposed to establish a place sieve deck with the working surface which has a
corrugated shape, and rounded holes [6] .In this case, energy consumption in the process of
crushing is reduced, that is economically justified.

Noteworthy research results [7] increase productivity crusher, crushing process, reduce
energy and improve quality of the product through the use of real and personal sieves,
rectangular holes. Movable sieve has the ability to guide displaced along the crushing
chamber to immovable sieve over distance not exceeding a length of perforated holes.

Setting objectives. The aim of work is to analyze the main types of damage crushers, to
find possible ways to eliminate these problems, to continue work of sieves and their reliability
in general. Another objective of the study is changes dynamics in the shape of holes in the
sieves separating shorts in serial is to develop method removing fingerprints at working
surface [8]. Removing the replicas of the studied sites performed at regular operating time
(AQ =100 t), followed by a photo obtained profiles.

Profiles, formed in the process of operation determine the dynamics of changes in the
shape of the holes of the sieve, which gives the opportunity to build according to changes of
the geometric parameters of permissible and ultimate forms. Changing the geometry of the
holes indicates the formation of a particular surface in a separation process and can be
measured: wear on the thickness and area of worn portions in cross-section.

36ipuuk HayKoBHX Tpailb. Cepis: [any3eBe MammHoOyqyBaHHs, OyaiBHuLTBO. — 1 (48)" 2017. 35




Quantitative evaluation linear wear lengths of the holes (Ah) depends on the amount of
sifted material passing through the holes and it is functionally described by the formula:

Ah=f(Q).

The specific functional depends on the profile holes of the sieve set according to the
results of experimental studies using the mesh wear.

Change of surface shape of the holes in sieve during the process of operation is
submitted by relevant curves C, D, E, F,G, H . Distance between the created profiles is layer of

material, worn over a period of hours (AQ). The thickness of this layer can be determined
using the held normal to one of formed surfaces of wear equal to the amount of linear wear in
the corresponding points of the openings in each period (AQ). Thus, the system of the profile
curves and the normal made them form grid of wear. This grid describes the general nature of
the shape changes of holes and the distribution of magnitude of wear on friction surfaces in
full.

Main material and results. Practical operation of crushers proved that the working part
of the sieve is subjected to rapid wear and loss of original form holes, thereby forming a
geometric shape that is significantly different from the inherent design. Curved surface
formed due to wear form increases the perimeter interacting with the grain weight and
ultimately leads to deterioration in the quality of the output product.

The experience of working parts separation indicates their low durability. This leads to
the need for further research related to ensuring healthy state, for their longer life.

The physical nature of separating sieves wear practically, as consequence of the
complexity of the structure of their working surfaces, has not been studied. The main
hypothesis of the wear surfaces are caused by influence of grain mixture flow and small
amount of abrasive particles having more hardness than hardness of the separators material,
the number of which in feed material is up to 0,5%, and the dust 0,26% of the total weight.

The presence of solid components, causing partial deformation and scratches on the
surface during contact with the sieve is destroying gradually. Therefore, the wear of the sieves
working surfaces is regarded as natural process of loss form under contact interaction of
working body of the material, which is crushed.

The quality of grinding depends on the physic-mechanical properties of the grain
material, which determine its destructive characteristics. Thus, the moisture content primarily
affects its strength in the future, the increased grinding efficiency. With increasing moisture
content of the grain material increases its ductility, which leads to increase intensity of the
hammers blows and sticking it to the working parts. When grinding excessively wet grain
consumes and deteriorates the quality of the output product. Also, this type of grinding grain
increases the intensity of wear, as well as the impact of aggressive environment.

Characteristics separating sieves as perforated details and characteristics of wear holes
are given, promising to improve the resource, to increase longevity using all constructive
methods. This is due to operating conditions and manufacturing sieves, where the use of
hardening coatings or wear resistant materials is not technically feasible and economically
justified.

One of approaches is constructive method which provides making sieves with form that is
resistant to wear holes (Ukraine patent for utility model number 96341). Form holes are made
on the concave surface, close to the toroidal obtained as a result of natural wear and tear.

Characteristic feature of job profiles sieves with holes toroidal shape is that they are
fundamentally different from those projections holes for serial sieves [9]. However, the rate of
formation of profile curves on the side (A) is intensively opposite side (B).

General view of curves core hole family with image net of depreciation is shown in
Figure 1.
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Figure 1 — Net depreciation experimental separating sieves after operating time:
B—new;C-100t; D-200t; E-300t; F—400t; G-500t; H-600t;
I-700t;,J-800t; N-900t; P—1000t; U—- 1080 t (wear limit);

0, I, 11, 11l — line depreciation for the entire period of operating time;

V, — direction of the grain material.

The family received the curves, indicated essential identical nature of the profiles wear.
At the same time there is some uneven distribution of values of linear wear normal position.
Thus, for the normal "0" is smaller than normal for higher numbers. This trend continues as
the inclusion of new areas of wear area of the cylindrical surface of the hole. Detailed analysis
of the distribution of linear wear side openings, by determining the thickness of the material
lost (Ah) operating time in each period is shown in Figure 2 and Figure 3.

The group of curves obtained to indicate the general nature of the formation of stable
structures. At all stages of deterioration pilot sieve after working hours, meaning the
thickness of the material decreases lost and moving deep into the profile material sieve.
As the wear profiles, the value (Ah) retains their general character even incremental
movement (Figure 2 and Figure 3) in the direction of reduction.
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Figure 2 — Dependence of thickness loss of material sieve pilot holes on the side (A)
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Figure 3 — Ependence of thickness loss of material sieve pilot holes on the side (B)

Reducing the thickness of the material loss along the normal «0» is associated with
redistribution pressure fine particles of grain while passing through the separating holes.
Normal higher order increases in the thickness loss in each period AQ.

From these dependences it is shown that the thickness of the wear in every period of
operating time practically is unchanged. This result confirms that the use of separating sieves
with holes toroidal shape is effective to increase their durability. Operating hours pilot sieve
to wear full is about 1000 tons of crushed grain sieving.

The result shows the efficiency of sieves with holes toroidal shape close to the shape of
the natural wear and tear, which is stored in furthering lifetime and provides high-quality
separation process of passing. The new design reduces the loss of holes form surface,
increasing the life of the sieves and crushers in general.

Studies of wear holes in sieves experimental section shows the uneven shape by losing
parties, observed with serial wear sieves. Therefore, to improve the durability and working
full potential resource it is necessary to sieve turning it 180 ° (reverse). Performing this
operation is advisable for operating time after the crusher 750 tons. Important characteristic
that reflects the specific features of forming surfaces during wear, is to determine areas of
worn areas that are between two formed profiles wear in every period of operating time AQ
results of these studies show that the distribution of values in each period AQ is the amount
equal, and the party (A) is 0,084 mm? , and on the side (B) ~ 0,041 mm? of the total area.

Because turning sieve (reverse) after an operating time of 750 tones or less worn side
(B) takes position on the side (A), continuing to deteriorate both parameters of the opposite
side (Fig. 4, b,,) and vice versa (Fig. 4, A,,). As a result, the area of demolition party
gradually aligned closer to each other. When the wear limit sieves parties (A and B) holes lose
the same amount of material (Fig. 4, and 5), it exhauses its resources.

Based on the results of experimental studies conducted in actual use it was found that
longevity sieves with holes toroidal shape, close to the shape of the natural wear and tear are
1470 tons of recycled materials. Thus, with respect to durability experimental batch sieve
with a modified form of openings it is increased 1, 75.
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in the operation of experimental sieves before
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5 — maximum values holes extended wear life

Wear sieves with holes toroidal shape leads to a special profile, which increases
their efficiency. Thus, the grinding module is always within Me = 1, 58-1, 62 mm.
Number of original product that meets the requirements of zootechnical feeding is increased
by 5% compared with serial samples. This indicates better quality experimental screening
sieve, and it is characterized by round shape of the holes close to the natural shape wear.

Conclusion. It is advisable to increase durability sieves lay in the original structural
form apertures that ensures minimal wear of their intensity. Toroidal shape is close to natural
shape wear.

The principal difference in the experimental separating sieves is wearing during
the operation and function of effectively screening the desired grain mass fraction.
The use of new form of holes is close to the natural shape wear. It leads to the possibility such
profiles forming and at least changes their shape. The service life of sieves showed the
effectiveness of their use in comparison with the serial.
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APPLICATION OF NEW ALTERNATIVE MODELS OF FINITE
ELEMENT METHOD IN PROBLEMS OF ROD TORSION

The work is dedicated to the problem solution of prismatic bars torsion with a
rectangular section by the finite element method with the use of standard and alternative
serendipian models. By the solving of the inverse problem considering the precise value for
maximum shear stress, the new improved models on the biquadratic and bicubic serendipian
elements were received. By using new alternative models as well as standard models, the
shear stresses in two dangerous points of section and the torque for different ratio of the
rectangle’s sides were defined. The obtained results allow to solve various application
problems of physical fields restoring occuedr in technical systems and objects by developing
new mathematical models.

Keywords: prismatic rod, stress function, torque, shear stresses, finite element, basic
Sfunction.

Apmum B.L, 0.m.n., npogpecop

Kamaesa C.0., k.m.n., doyeum

Jee O.M., k.¢p-m.1., doyenm

leano-Ppankiecokuii HayioHaNbHUL MEeXHIYHUL YHIGepcumem Hagmu i 2azy
Tonoexo I'.B., k.m.u., 0oyenm

Ilonmascvkuii HayionanbHuti mexuiynuil yHieepcumem im. FO. Konopamioka

3ACTOCYBAHHSI HOBUX AJIbTEPHATUBHUX
MOJAEJEM METOAY CKIHHEHHUX EJIEMEHTIB
Y 3AJJAYAX ITPO KPYYEHHA CTEPXKHIB

Pobomy npucesaueno po3e’azyeannio 3a0aui npo Kpy4eHHs NPUSMAmMUYHUX CIMepIHCHIE 3
NPAMOKYMHUM NONEPEYHUM NepepizoM MemoOOM CKIHYEHHUX eeMeHmI8 3 8UKOPUCMAHHAM
CMAaHOapmHUxX ma anbmepHamusHux cepenounogux mooeneu. Lllnaxom posse’szanns
obepHeHoi 3a0ayi 3 Ypaxy8aHHAM MOYHO20 3HAYEHHS OAd MAKCUMATbHO20 OOMUYHO20
HanpysicenHss 0y10 OMmMpUMAHO HOBI B0OCKOHANEeHI MoOeni Ha O0IiKeadpamuyHomy ma
OIKYOIUHOMY CepeHOUNo8UX eleMeHmax. 3 GUKOPUCIAHHAM HOBUX AJIbMEPHAMUBHUX MOOelell,
a makodc i Cmamoapmuux mooenel, OY10 BUSHAYEHO OOMUYHI HANPYHCEHHA Y 080X
Hebe3NeyHux moyKkax nepepizy ma KPYMHUU MOMeHmM Ol PI3HUX BIOHOWEHb CMOPIH
npamoxymuuxa. Ompumani pe3yiomamu 0aiomb MONCIUBICMb SUPTULYBAMU DI3HI NPUKIAOHI
npobemu, no8'sa3ani 3 6iOHOBIEHHAM DI3UYHUX NOI8, WO BUHUKAIOMb 8 MEXHIYHUX CUCTEMAX
ma 00'exmax, waaxom po3pooKu HOBUX MAMEMAMUYHUX MOOEJel.

Knrouosi cnosa: npuzmamuunuil cmepaiceHv, QYHKYIs HANPYICeHb, KPYMHUL MOMEHM,
OOMUYHI HANPYIHCEHHSA, CKIHUEHULl eleMeHm, OA3UCHA QYHKYIL.
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Problem definition. Currently, approximate methods increasingly used in applied
problems since the precise solution of differential equations with partial derivatives are quite
bulky and it is very difficult or even impossible to find it. Therefore, for example, under bars
torsion the approximate method of Ritz [1] is used (which gives the erroneously low result) or
Treftz method [2] (which gives the exaggerated result) or two methods together to reduce the
error of the approximate solution. But among many engineering problems one of the most
popular computational methods is the finite element method (FEM) [3] that is successfully
used in solving various problems. However, the problem of FEM schemes improvement in
order to decrease the expenses on their implementation is not only relevant in Ukraine but
also in the whole world.

Analysis of recent research and publications. The first works using FEM for
structural mechanics problems are published in [4]. With the advent of computer engineering
it became possible to expedite bulky calculations and to obtain more accurate results.
However, work on improving of the universal computing applications continues. So in recent
research [5], [6] due to geometric modelling, new improved FEM models used in this article
were obtained.

Description of general problem unsolved aspects. The problem of torsion rectangular
cross section bars using new improved models was considered in [6]. The torque and
maximum shear stress were determined. Then these results were compared to the exact results
obtained in [7] and the results for the standard models. But the value of the shear stress in
another dangerous point was not determined; also research for rectangular aspect ratio of
more than 2.5 was not conducted at all.

The purpose of the study. To implement the FEM to solve the torsion problem of
prismatic rectangular cross section bars using standard and alternative models and to analyze
the accuracy of the results.

Main research. This work is dedicated to solve torsion problems of prismatic bars with
rectangular cross section 2ax2b and b 2a (fig. 1).

VA

A =
[

v 11 A

ry 0 ’I
[

\ C

- it Pl e r

Figure 1 — The bar’s cross section

The mathematical model of this problem is the Poisson equation
e 0
e ) (1)
ox” dy

where ¢ — the stress function (the Prandtl function) must satisfy the differential

equation (1) and be equal to zero along the edge of the cross section;
G — the modulus of elasticity of the second kind (shear modulus),
® — the relative angle of twist per unit of length.
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The way of solving the equation (1) using the membrane analogy [7] is shown in the
theory of elasticity.
The torque, knowing the stress function, is determined by the formula
ab

M, = 2.[ J.¢(x,y)dxdy, (2)
-a-b
where a, b — half sides of the rectangular section (fig. 1).
The exact calculation of M, is quite bulky and is reproduced in [7]. For practical

purposes the simplified formula for M, is used [7]
M, =kGO(2b)2a), (3)

where k; — numerical coefficient that depends on the ratio of b/a .

It is also argued that the maximum shear stresses 7, in the torsion of rectangular cross

X
section bar occur at the surface in the middle of longer sides of rectangular section (in points
A) and are equal [7]

T =—M’
" b 2a) “)

where k, — numerical coefficient that depends on b/a .

The shear stresses occured at the surface in the middle of smaller sides of rectangle (in
points C) are smaller. They are calculated by the formula

T= kz}mx’ (5)

where k =k, [k, .

Some values of k,, k,, k coefficients are listed in the tabl00e in [7].

The same problem was being solved in [6]. A variety of the standard models were used.
For the further study, two models from [6], which produced the most accurate results, are
used.

Model 1. We are using biquadratic elements of the serendipian family (8 nods) (fig. 2, a)
[8, 9], covering the bar’s cross section with the four 8-nods elements

A 4 VA
. alb 5 10 9 qal 8 %
o o o o o o o
11 6
o) Q
-a a -a 7,
L—
? 0 4 X 12 9 5 X
0 o]
7z o, E—p—e—o,
a) D)

Figure 2 — Biquadratic (a) and bicubic (b) serendipian elements

The basic functions are [4]
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N(ey) =5 (1= 2=y 1-x- ),
(6)
N?&Jﬂ=%ﬁ—fxﬂ-

Model 2. Bicubic serendipian elements (12 nods) (fig. 2, b) [8, 9], covering the bar’s
cross section with the four such elements are used. The basic functions are [4]

NiEm) == gi-nl- 1049 )]
(7)
N3Em) ==& i-n)i-3¢).

In addition to standard models (6), (7), due to geometric modelling, new alternative
models on these elements are obtained [5], and the unlimited quantity of models with
different features through “scaling” them is received. By the solution of the inverse problem
with account of the precise meaning for 7, ,, for the square cross section, the new models of

the biquadratic element were received [6]

N (x, y) = —— (1= x)1 = )= 569 — 569x — 569y — 69xy),

2000
| (8)
NY(x, 1-x2)1—- y)1069 + 69
e y) = 2000( 1= y) y).
and on the bicubic element
- 1
- 1- &)1 -n)13789 —12789(&2 + 2 )+ 3789202,
NG = =6 =) (&2 +7)+37808%°]
)
NU(En) = 64000( = E)1-n)(7263 — 21789& + 8425 — 842 — 4215 + 294777

These optimized models were tested for solving problems of torsion of prismatic
rectangular cross section bars with ratio sides of 1<b/a <2,5 only. In this article the study is

continued. The relative error of calculations for 7,,, and M, in comparison with accurate

ax

[7] for rectangles with the ratio of sides b/ a > 2,5 is determined. These results are shown in

the table 1. The comparative analysis with the corresponding results for the standard models
(6) and (7) are shown in this table as well.

Table 1 — Relative errors for 7., and M, for rectangular cross section bar, [%]

b/a 3,0 5,0 7,0 10,0
MOdel Z.max Ml Z.max M[ Tmax M[ Z.max M[
6) 13,2 4,1 13,8 4,0 14.0 4,0 14,1 3,9
(7) 18,1 2,8 18,9 2,5 19,2 2.4 19,3 2,4
8) 8,6 2,8 9.1 2.5 9,3 2,3 9.4 2,3
) 1,3 0,8 1,6 0,7 1,7 0,67 1,7 0,67
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It has to be noted, that these results were obtained dividing the bar’s cross section
by only four elements. As shown in [6], covering the bar’s square cross section with
16 elements significantly improves the results of calculation for standard models (6) and (7).
The same situation occurs on rectangles with different sides ratio. The best result was
obtained for the model (7).

However the determination of the shear stress 7 in another dangerous point, which is
located in the middle of the smaller side of rectangle (point C) using new improved models
was not conducted in [6]. Note, that the determination of the value for 7 in point C is
necessary not only to get more results by different methods and compare them with accurate
(although this is important), but also because it opens up the possibility to solve complex
problems in which the bar of rectangular cross section works not only in torsion, but, for
example, bending with torsion too. In this case it is difficult resistance. As it is known from
the materials mechanics, the greatest normal stresses [10] occur in the points of smaller sides
of the rectangle, thus in point C too. Therefore, when calculating bar structures for strength
for the third or fourth failure theories the value of shear stress 7 in point C can’t be ignored
because this value is also considerable. For the different ratios of rectangle’s sides it is within
0,743t ST< T, [7].

The obtained relative errors of calculations for 7 in point C using new alternative
models in comparison to precise [7] and standard models for different ratio of rectangle’s
sides b/a are shown in table 2.

Table 2 — Relative errors for 7 in rectangular cross section bar, [ %]

b/a 1,0 2,0 3,0 5,0 7,0 10,0
Model T T T T T T
(6) 2,37 9,12 12,6 13,8 14,6 15,2
(7 12,06 14,3 16,1 17,6 18,4 18,7
(8) 0 3,0 4,2 5,3 5.4 5,6
) 0 0,32 0,81 0,94 1,2 1,24

Conclusions. The new alternative models of the finite element method on the
biquadratic and bicubic elements were received. Using these models and dividing the bar’s
cross section only by four elements the quite precise results were obtained. While using the
standard models, the acceptable results were obtained only covering the bar’s cross section
with 16 elements. But the amount of computing work was essentially increased.

The obtained results allow to solve various application problems of restoring of the
physical fields that occur in technical systems and objects by developing new mathematical
models.
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INFLUENCE OF LONGITUDINAL FORCES
FOR DETERMININGTHE FREQUENCY OF FREE
OSCILLATIONS DISCRETE DYNAMIC SYSTEMS

In the research flat and spatial rod system as a part of many engineering and technical
structures were considered. A new construction with a simultaneous increase quality of their
design requires finding new ways to improve dynamic analysis and calculation of complex
rod systems. It was analyzed, that longitudinal forces consideration when determining
discrete dynamical systems free oscillations frequency together with use of modern computer
hardware and software systems allows to reduce time for such calculations, and use the
innovative schemes and methods that were previously inaccessible through large amounts of
computing. The problem of road systems free oscillations frequencies with finite number of
freedom degrees in bending with considering of longitudinal forces was considered. The
examples of quantitative assessment influence of longitudinal forces on the frequencies of free
oscillations were shown.

Keywords: free oscillations, longitudinal force, frequency, dynamic system, load.

LlIxypynii O.A., k.m.n., npoghecop
Mumpodgpanos ILb., k.m.n., doyenm
Ilonmascvkuii HayionanbHuti mexHiynuil yHigepcumem imeni FOpiss Konopamioxa

YPAXYBAHHS NO31OBXKHIX CIJI
ITPU BUBHAYEHHI YACTOT BIJIBHUX KOJINBAHDb
JAAUCKPETHUX ITUHAMIYHUX CUCTEM

Poszenanymo nnocki i npocmoposi cmepoichesi cucmemu, wjo 6x00amsb 00 CKAAOY
bazamvox iHocenepuux 1 mexuiunux cnopyo. CKOpoueHHsi CmpOKi8 pOo3poOKU HOBUX
KOHCMPYKYIU 3 00HOYACHUM NIOGUWEHHAM AKOCMI iX NPOEKMY8AHH NOMPEOYE 3HAXOONHCEHHS
HOBUX WLTAXIB 01151 YOOCKOHALEHHS OUHAMIYHO20 AHANI3Y Ul PO3PAXYHKY CKIAOHUX CINEPIHCHEBUX
cucmem. IIpoananizoeano, wo ypaxyeanus NO3008XHCHIX CUN NPU BUSHAUEHHI YACTOM BITbHUX
KONUBAHb  OUCKDEMHUX OUHAMIYHUX CUCmEeM CYMICHO 3 BUKOPUCMAHHAM  CY4ACHOI
KOMN 10MepHOi MexXHIiKU i NPOSPAMHUX KOMNIIEKCI8 00360J1A€ 3MEHWUUMU YAC O]l NPOBEOEHHS
MAaKux po3paxyHKie, a MaKodc 8UKOPUCIOBY8AMU NPUHYUNOBO HOBI cCXeMUu ma Memoou, sKi
Oynu HedocmynHi paiuie yepes eluki oocaeu oouuciensv. Posensinymo 3adavy oouucienms
CneKmpa 4acmom GLIbHUX KOIUBAHb CMEPIHCHEe8UX CUCmeM I3 KIHYe8UM YUCIOM CMYNeHis
BIIbHOCMI NPU 32UHAHHI 3 YPAXYBAHHAM NO3008%CcHIX cul. Hasedeno npuxnaou xinvkicnoi
OYIHKU 8NIUBY NO300BICHIX CUL HA YACTNOMU BINbHUX KOJIUBAHD.

Knrouogi cnoga: 6invni KonusauHs, no3006dCHA CUld, 4acCmomad, OUHAMIYHA cucmema,
HABAHMAIHCEHHS.
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Introduction. The article contains results of theoretical research of longitudinal forces
quantitative assessment influence in the spectrum of dynamic rod systems free oscillations
frequencies with a finite number of freedom degrees in bending. The results of quantitative
assessment impact forces in the longitudinal frequency spectrum free oscillation in bending
shown as graphs depending on the free oscillations frequency of the longitudinal forces
values.

Analysis of quantitative assessment influence of longitudinal forces in the spectrum of
free oscillations frequencies in bending shows that longitudinal forces significantly alter the
frequency of free oscillations (compressive — reduce the frequency and stretching — increase
them). Longitudinal forces also took position on the frequency spectrum.

It is proved that the calculation of the free oscillations frequency spectrum must
consider the influence of longitudinal forces.

Review of recent sources of research and publications. It is known that the physical
properties of real structures exactly display discrete-continuous models, for which there is no
comprehensive approach that allows with desirable accuracy and minimal expenses perform
their full dynamic calculation [1, 2]. Additional difficulties arise when calculating spatial
branching structures, they are connected with the necessity of modeling compatible
oscillations, considering the density of the frequency spectrum and the influence of different
factors: the transverse and longitudinal loads, type of concentrated impurities, shear median
surface, deplanation and turn sections, damping, elastic links type and other boundary
conditions. Even with modern computing tools and technologies many dynamic problems
remain inaccessible for direct solution [3 — 5].

Parts of the common problems unsolved earlier. It is known that when calculating
linear deformed rod systems with a finite number of freedom degrees on small free
oscillations for calculating frequencies spectrum, frequency equation is solved [2 —7]. The
coefficients of this equation are expressed through relevant elements of matrix stiffness or
pliability system. Usually elements of these matrices are determined by undeformed system
scheme and depend on its mechanical properties. When calculating system by the deformed
scheme manifested mutual influence of certain types deformations; for example, when the rod
bent transverse load longitudinal forces causing an additional bending. This leads to the fact
that the stiffness will depend on the longitudinal forces, and accordingly, free oscillations
frequencies of such a dynamic system also depend on the longitudinal load.

Purpose of the work. To quantify the influence of longitudinal forces in the spectrum
of dynamic rod systems free oscillations frequencies with finite number of bending freedom
degrees.

Main material and results. Consider free oscillations of the cantilevered beam with a
point mass m at its end (Figure 1, a). (EI = const; EA = const).

If the longitudinal force is zero, then the circular free oscillations frequency without
considering the resistance forces @ was calculated by the formula

1
w= , 1
s (D

where &8, = I’/3EI (Figure 1, b).
In the case where N#0, calculate displacement &), from F =1 (when N<O —
compression, Figure 1, ¢) and displacement J/; (when N > 0 — stretching).
The corresponding differential equations of curved beam axis shall be:
— for N<O, EN ==Ny+d&, N+({—x); 2)
— for N>0, Ely"=Ny—6/|N+(l{—x). 3)
Denote k> = N/EI and write the general solution for (2 and 3) in the form:
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(+ NG, (l—x)

—for N <0, y=—( jcoskx+%sinkx+ +9,,; “)

{4+ NO/, 1 ({—x)
—for N > 0, y= (THJCth—mSth— N +5]I;. (&)

For determination of the necessary displacements J;; i Jf] it used use conditions: when
x={andN<0 y=06(;when x=/ and N>0 y=7/].
Then from the equations (4) and (9) it is obtained:

—when N<0 5 = v S(1gkl — kL) ©)
3EI  (kt)
3
3EI  (kt)
3
a) J . 0
B m. . N —
[ /4 L
1 i
b)
ﬁ —— 1511
c) TF=1
M = FL+ 6N
4@ — N [
N, W T
F=1

i )

Figure 1 — Design scheme of the beam

Thus, when calculating free oscillations frequency considering longitudinal forces in the
formula (1) instead &, it needs to substitute values calculated by formulas (6) and (7).

The results of displacements calculation oy, 51’1 and also the frequencies ratio af/,
@'l @ are shown in figures 2 and 3.

614(67 1)/8 14
12
10 /,
8 —e—0c/0 /
—a—0p/d /
° [
4 /
2 .,——4//
. ‘::___.-0-——"""""
D T T T T T T T k'l‘

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

Figure 2 — Displacements &), and /], calculated by the formula (6, 7) when PIGED =1
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Figure 3 — The dependence of frequencies ratios af/ wand of/@from kl

The dependence of frequency @f/@on the ratio N/N,, isillustrated in figure 4.

As can be seen from the graphics the influence of longitudinal compressing forces on
the frequency of free oscillations is less than 5% to the ratio N/N. = 0,1. With increasing
longitudinal forces, frequency reduced significantly.

For example, when N/N,, = 0,58, ¢f/@=0,65.

Consider the dynamic rod system with two degrees of freedom (figure 5).

we /w

1 \

0.75 L\k“\
\\ ——ux/w
0.5 \
0.25
N/Ncr
0
0 0.2 04 0.6 0.8 1

Figure 4 — The dependence of frequencies ratios ®“ / @ on the ratio N/N,,

C
y IF=1
m:

v N
®

O

0/3 77

v =

Figure 5 — Design scheme of the dynamic system (m; = m; = m)

Differential equations of curved beam axis (figure 5) have the form:
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— for the area to the left of the force F when N<O (0<x</—c¢)

ElY"=—Ny—Fcx/ /! ; (8)
— for the area to the right of the force F when N<O (/—c<x</)
Ely"=—Ny—F({—c)(l-x)/!; 9)

After solving the system of equations (8) and (9) it is obtained the equation of the bent
axis which to the left of forces F (figur(e 5) has form [3]
F -sin(kc) . F-c
vE Nk-sin(ké)sm(kx) N (10)
on condition that k> =N/EI .
Equation (10) allows to calculate displacement in the points of the dynamic system
mass location from the F=1.
Considering that the dynamic system is symmetric, it is got:
when x =21/3, c=1/3, On= 1,
whenx=1/3, c=1/3, 8= 5;.
Thus, the expressions for these movements will be:

F-sin(kt/3) . (2ke\ 2F¢ F-0(9-sin(kl/3)-sin(2kl /3)—2k( - sin(k?)
6,=0,= ) Siny - = . , (11)
Nk - sin(k?) 3 9N N 9kl - sin(k?)
5 =5, = F-szn(k€/3)sin(k€/3)_ F-t _F-t 9-sm(kz/s)-sm(@/3)—k£-sm(k£) Ca
Nk - sin(k?) 9N 9kl - sin(k?)
Ft_ Ft _ 1.0
N k?El  (k¢)EI
3 3
When k/=0, J,, =9, :i'g_, and 0,, = 9, =L€—
486 EI 486 EI

The results of calculating frequency spectrum @, i @, depending on k¢ and their ratio
w, / @, are shown on figures 6, 7 and 8 respectively.
Wwia
© _F"’M

5

4

2

1 \

0 .
0 04 08 12 16 2 24 28 3.2

ki

Figure 6 — The dependence of frequency @, from k! when a=-/m¢’ /(EI )
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Figure 7 — The dependence of frequency @, from k¢ when a =-/m¢* /(EI )
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Figure 8 — The dependence of frequency ratio o, / @, from ks

The dependence of frequency @, on the ratio N/N,, is illustrated in figure 9.
18

4 “\\

-~
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Figure 9 - The dependence of frequency @,a on the ratio N/N,, when a=+m¢’ /( EI )
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As can be seen from the graphics, the influence of longitudinal compressing forces on
fundamental tone frequency is less than 5% to the ratio N/N.,=0.1. With increasing
longitudinal forces, frequency significantly reduced.

For example, when N/NC,:1-10'5 frequency @, =5,692/a, and when N/N.=0,58
frequency decreased to @, =3,675/a, which is 35,4%.

Conclusions. Analysis of longitudinal forces quantitative estimation influence on
frequency spectrum of dynamic rod systems free oscillations with finite number of freedom
degrees at bending are showed. Longitudinal forces considerably change the frequency of
free oscillations (see figures 3, 4, 6, 7 and 9). Compressive forces reduce the frequency of free
oscillations but stretching forces increase them. Longitudinal forces also are changing
frequencies position on the frequency spectrum of free oscillations (see figure 8).
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THE CONSTITUENT ELEMENTS STRUCTURES COVERING
OF HYPERBOLIC PARABOLOID

Hypar is a hyperbolic paraboloid representing translational ruled developable anti
classical surface, i.e., the surface of negative Gaussian curvature. Shaping of the parabolic
elements corresponds to buckling of the shell and the main tensile forces are arranged in the
ascending direction of parabolas, and the main compression force - in the direction of the
descending parabola. Composite materials are formed from the combination of two or more
layered materials, each having very different properties. ANSYS Composite PrepPost
software provides all the necessary functionality for the analysis of layered composite
structures. The paper discloses a possibility of using for shell covering negative curvature.
Design solutions into constituent elements structures and computations such structures are
presented.

Keywords: Hypar, negative curvature, negative Gaussian curvature, ANSYS Composite
PrepPost , shell, software.

Cmosanoe B.B., 0.m.u., npoghecop

Keanni IlI., acnipanm

Ooecvka depacasna akademis 6YOiBHUYMBEA Ma apXimeKmypu

Cmosanoe B.O., acnipaum

Llenmpanvruii Hayko60-00caiOHUL iHcmumym 06yoigenbHux Koncmpykyiu im. B.A. Kyuepenxo

MOKPUTTS TUITY TTNEPEOJIIYHUAN ITAPABOJIOL]]
31 3bIPHUX EJIEMEHTIB

Linap — cinepboniunuti napabonoio, wo mMac mpaHcIayiuny JiHiuamy Hepo32o0pmaioyy
AHMUKIACUYHY — NOBEpXHIO,  MOOMO  NOBEPXHIO  He2amusHoi  2aycoeoi  KpueusHu.
Dopmoymeopenns 3 napaboniuHux —enemenmie iOnogioae  BUNUHAHHIO OOONOHKU 1
20I06HI  3YCUNIA  PO3MAZYBAHHA PO3ZMAULOBYIOMbCS Y  HANPAMKY GUCXIOHUX napaoboll.
Komnoszuyitini mamepianu maromos aHizomponHi Xapakmepucmuxu, ¥ 36 A3Ky 3 4um ix 4acmo
BUKOPUCMOBYIOMb ~ NpU  BUPIWEHHI  Cneyu@iyHux  KOHCMPYKMOPCLKUX — 3A80AHb.
ANSYS Workbench cneyianizosanuii npoepamuuti npooykm — ANSYS Composite PrepPost
(ASP), y axoeo 6ci CNOUOHI elemenmu 00380A10Mb OYIHIOBAMU MIYHICMb 3d 00NOMO20H0
PI3HUX Kpumepiig pYUHY8aHHsA (Kpumepii MAKCUMALbHUX Oegopmayill, Hanpyau, yasi-gy,
xawiuH, eunomesa yasa-xuin). Hadaemvcsa koncmpykmuene piulenHs pi3Hux munie ckiaooeux
eleMenmis, a MaKodIc PO3PAXYHKU MAKUX KOHCMPYKYIL.

Knrwouosi cnosa: 6id'emna eaycoéa KpususHa, 0OO0NIOHKOBI NOKPUMMISA, KOMHO3UYILHI
mamepianu, ASP, kpumepii pyunyeanus.
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Introduction. The shell has low weight and at the same time very robust constructive
form. The bending deformation property of shells due to the curvature of the surface has
better performance comparatively to the plates. The middle surface of the shell — a hyperbolic
paraboloid is ruled translational anti-classical surface, i.e. surface negative Gaussian
curvature.

In building two types of shells are used:

— Shell with contour, composed of straight lines (with form of twisted rectangle or
parallelogram);

— Shell with contour, composed of curved lines;

The middle surface of both types shells is identical —hyperbolic paraboloid. Shell with
the contour of straight lines is widely used [1]. Shell of the constituent elements of certain
sizes fill one petal (Figure 1) or petals system at shell size 36x24 m (Figure 2) [2-3].

T
e

Wi
I

Figure 2 — A fragment of shell 36x24 m

Hyperbolic paraboloid surface causes certain difficulties for the approximation of the
shell surface in the prefabricated components. Large resistance to this form shell buckling is
explained by the main tensile forces located along the ascending direction of parabolas, and
the main efforts of compression - in the direction of the descending parabola (Figure 3) and
(Figure 4). The longitudinal joints are perpendicular compressive forces and focus on
diagonals on the supporting part. Active load results in enhanced pressing element
longitudinal of sandwich panels longitudinal edges are increasing. Parts shaping parabolic
panels are detailed in the monograph [1].
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Figure 3 — The cutting surface of the shell to the petals parabolic prefabricated elements
and shell parabolic profile size 1,5x1,5 m:
a — the ascending parabola (ac); b — the descending parabola (bd);
¢ — parabolic elements (I1-1) — (I-5); d — the joints parabolic elements (1-1) — (4-4).

The problems of the construction industry are inextricably related with the reduction of
material, labor and energy construction resources and buildings and structures operations.
They are the cause of permanent searching new methods and improvement of existing design
solutions. The most promising ways to address these problems, as well to achieve a
significant reduction of the building and structures weigh while maintaining the highest
strength and stiffness properties it is considering appropriate practical application of the
construction lightweight design in the form of parabolic panels.

e L "

Fo

- >
-

Figure 4 — General view of parabolic element

Review of the latest research sources and publications. Among the unique designs
executed by individual projects and structures different from mass production in the first
place by its shape, wooden hyperbolic shell are included. Such shell structures are received in
Germany, England and several other European countries. Experimental study of shell
hyperbolic from composite materials such as wood and plywood were investigated in a
number of papers [1 — 7]. For example, in [2] presented testing data shallow shell model on
quadratic plan, collected from 10 ribbed panels with twisted configuration were shown.
Considering the fact that in Ukraine the construction of coverings experience with the use of
combined structures is limited to only a few examples of shell hyperbolic, but it is possible to
elaborate on the actual results of the their cost-effectiveness evaluation, performed in [5] and
[6]. Particularly these works indicated that the two-piece shell construction plan dimensions
of 2x10x10 m were fabricated by five qualified workers for only one month. By value, in
practice shell structure can be compared with the design of modular panels of hyperbolic
shell. The comparison shows that the shell is 30% more economical.
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Problem statement. The aim of this work is to study the effect of forming on the
carrying capacity and deformation property the shell in the shape of hyperbolic paraboloid. In
this context, the authors assumed the construction of light metal-wood prefabricated
hyperbolic coverings (Figure 5), composed from sandwich constructions of standard panels
(Figure 3) and (Figure 4).

Figure 5 — Side view of the shell from a parabolic panel size 3x3x0,35 m in the
laboratory of the department MW &PC, OSABA.

The effectiveness of structures created on the basis of sheet materials and nonflammable
lightweight materials, is determined by their low weight, simplicity and speed of assembly,
high operational reliability. Buildings erected by using light sandwich panels, have widely
used in the world practice of building, which to some extent determines the relevance of their
use. However, experience of design and operation discussed structures is insufficient relative
to parabolic prefabricated elements (as the sandwich panels) (Figure 4). Sandwich panels
consist of profiles skins exterior and interior, which are 0.4 mm thick, among that is an
insulating layer of polyurethane foam, and specified step are cross wood elements. All panels
are joined together through longitudinal frame timber elements, consisting of longitudinal and
transverse members directed downward and upward parabolas.

The basic material and results. On the basis of calculations performed in the ANSYS
software system [8 — 10], it was examined the influence shaping the shell (Figure 6) of the
component elements considering pliability joints on the state of shell stress under the action of
uniformly distributed load.

N1, Ny

w y Y LS ; . Y
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= / / _/ _J \ = 5/4_/ 3_/ J_J \
! X F
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Figure 6 — Comparison calculation models of two types of compound shell
a — shell from the parabolic elements;
b — shell from asymptotic elements as the a twisted rectangle;
1 — Diagonal axis of symmetry; (2-6) — Panels 1; 7 — Symmetry of typical panel axis
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Examination of presented diagrams and graphs shows:

— Figure 7. The curves represented the maximum deflection under load for shell from
the parabolic elements and asymptotic (in the form of a twisted rectangle) with the same
suppleness in the joints of the elements. Comparison of deflection shells graphs shows that,
vertical displacement increase considerably almost twice in comparison 2nd and 3th shells,
thus shell from the parabolic elements perceives the load better than relatively asymptotic
elements. Also in Figure 8. contour plots of displacements in z were depicted, which shows
that the biggest deflections in three shell available at points is close to a quarter of the span.
From the deflections distribution in (Figure 9) it is noted a great similarity between the first
and 3th shells that substantially demonstrates the commitment of the 1st shell work as rigid
shell, due to increase in the active load and clamping parabolic elements.
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Figure 7 — The dependence of the load-deflection
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Figure 8 — Displacement contour plots in the direction Z
a — Rigid shell; b — Shell from the asymptotic elements;
¢ — Shell from the parabolic elements
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— Figure 9 is characterized by elastic-plastic structure work area, and it is observed in
the elastic deformation stage, large proximity works of first and 3th shells, while the 2nd shell
experiences the most effort. Similarly, in (Figure 10) the main compressive stress, easily
visible individuality stress distribution between the first and 3th shells is represented.
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Load x 15, KN

Figure 9 — The dependence of the maximum equivalent stresses
the Von Mises on the load

Figure 10 — Contour plots main stress,
compared to the model based on three types
of constructs under consideration shell:

1 — Shell from the parabolic elements;

2 — Shell from the asymptotic elements;

3 — Rigid shell;

— It is shown in (Figure 11) that the main compressive stress is much increased to
bottom support, and reaches the highest value at points close to them, and they decrease in
shells field, and they has decreasing character.

36ipHuK HaykoBux npaik. Cepist: [amyseBe MamuHOOy xyBaHHst, OyaiBHAIITBO. — 1 (48)" 2017. 59




1000 2000 30pQ 4000 S000 3 e The rigid shell

9
50 a:_ o
|
|
= =100 4
:
F i 2 —— Shell from asvmptotic
E 150 elemenis
-
)
-200 A 11
iy ] L Shell from (he
parabolic elements

=¥, M
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— From (Figure 12) in the middle zone of shells, the normal value of the stress is low,
but in marginal zone they grow to the clamped edges, and may become of the same order of
magnitude as the shear stress (Fig. 13). As a result, there is high probability formed biaxial
compression zone.
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Figure 13 — The diagram of shear stress in the shell along the line y = 0,5L
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Conclusions. Under uniformly distributed load, work shell using parabolic and

asymptotic elements is substantially different. The use of parabolic panels unlike asymptotic,
enhances compression in joints under conditions uniform load distribution.
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STRENGTH OF REINFORCED CONCRETE
IN BENDING ELEMENTS CALCULATIONS

The concept of the design strength of reinforced concrete in bending elements is proposed.
This concept can be considered as generalized description of concrete. Such approach makes it
possible to consider not only the separate strength of concrete and reinforcement, but also their
interaction. The design strength of reinforced concrete is determined by ratio of force, which
causes destruction of the standard reinforced concrete specimen, to the corresponding geometric
characteristic. It was found that using the introduced concept reinforced concrete elements
calculations can be reduced to well-known formulas of the strength of materials. It is based on
generally accepted hypothesis and stress-strain diagrams of materials. The engineering method is
developed, which allows to calculate the strength of the bending reinforced concrete elements of
rectangular and circular cross-sections equally simple.

Keywords: design strength of reinforced concrete, bending, beam.
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Hayionanvnuii ynieepcumem 8001020 cocnodapcmea ma npupoooKopuUcmy8aHHs
TI'apvkaea O.B., k.m.H., doyenm

Ilonmascovkuti HayionanvHull mexHivHul yHieepcumem imeri FOpis Konopamioxa

MIOHICTD 3AJII3BOBETOHY B PO3PAXYHKAX
3I'MHAJIBHUX EJIEMEHTIB

3anpononoeano noHAMMA pPO3PAXYHKOBO20 ONOPY 3ANI300€MOHY 6 eneMeHmax, uo
3a3Haromes 32uHauHA. Lle noHammsa 0038018€ po3nA0AMU  Y3A2ATbHEHY XAPAKMEPUCTIUKY
3anizobemony. Takuii nioxio dae 3mM02y 8paxo8yeamu He MiIbKU OKpemMo MiyHicmb OemoHy ma
apmamypu, a i ix e3aemoodito. Po3paxynkosutl onip 3aniz00emory 8U3HA4AEMbCsl GIOHOUEHHAM
3ycunisa, Npu  AKOMY DPYUHYEMbCA emAlOHHULl  3ani300eMOHHULL  3pA30K, 00 6ION0GIOHOT
2eOMempUYHOi  Xapakmepucmuky. 3’5c08aHO, WO, BUKOPUCTNOBYIOYU B8B8e0eHe NOHAMMIAL,
PO3PAxXyHOK 3aNi300eMOHHUX eleMeHMI8 MONCHA 368ecmiu 00 3a2albHOBI0OMUX (hopMYN Onopy
mamepianie. Y 11020 0CHO8Y NOKIAOEHO 3A2ANbHONPULHAMI  2inome3u ma oiacpamu
oehopmysanns mamepianie. Po3pobneno imdceHepHuil Memood, Kompuil 00360Ji5€ BUKOHYBAMU
PO3PAXYHKU MIYHOCMI OOHAKOB0 NPOCMO 32UHANLHUX 3A1i300€MOHHUX eleMeHmMi6 NPIMOKYMHO20
ma Kpyaio20 nonepedrux nepepisie.

Knrouosi cnosa: pospaxynkosuii onip 3aniz00emony, 32uHanHs, OaiKa.
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Introduction. Modern methods of calculating of bending concrete elements involve the
use of non-linear stress-strain diagrams. This allows to assess the strength of these elements
more accurately not only with different reinforcement (single, double, distributed), but
different in shape (rectangular, circular, tee, etc.) with common methodological aspects. But
implementation of stress-strain diagrams [1, 2] into the practice of calculating of the building
structures is needed in computer technology use, which often requires the results of computer
testing verification by simple engineering techniques. One of these methods is proposed in
this article.

Recent sources of research and publications analysis. Almost all existing approaches
to create engineering design procedures of reinforced concrete elements are based on more
accurate definition of design values of parameters used in the methods specified in the rules,
particularly in the normative document [3]. Many scientists [4 — 8] devoted their works to the
development of advanced engineering methods for calculating of the strength of bending
reinforced concrete elements sections. Thus in their studies, they show that the use of non-
linear stress-strain diagrams of materials in the calculation of the bearing capacity of
reinforced concrete elements allows using unified methodology for calculation of almost all
kinds of cross-sections and reinforcement. At the same time, these works suggest that for
reinforced concrete elements with cross sections other than rectangular, solving many
problems even with the use of computer technology is quite complex. Therefore there is still
need for specific simplifications, including taking more simple stress-strain diagrams
«0, — &» and «oy — &», or using specified ratios. This eliminates the majority of engineering
techniques universality and the required accuracy of the calculation, which is inherent in a
general method based on nonlinear deformation model, implemented with the help of
computer technology.

Specifing still unsolved aspects of the problem. Designed for today engineering
methods of calculation of the bearing capacity of bending reinforced concrete elements
mainly is devoted to elements with rectangular and T cross-section with the single and in
some cases double reinforcement. Practical recommendations for the strength calculations of
elements of a circular cross-section are largely absent. But these elements can be successfully
used in construction practices, and lack of proper engineering calculation methods inhibits
their widespread adoption. There is a need for a practical engineering method of calculation of
bending reinforced concrete elements with a round cross section because of this.

Assignment formulation. The main objective is to develop practical method of
strength calculation of normal sections of reinforced concrete elements with rectangular and
round cross-section based on the entered for them design characteristic — strength of
reinforced concrete.

Basic material and results. In general, the design strength of the material is determined
by the ratio of force, under which the sample of the material is destroyed, to the
corresponding geometrical characteristic. Area of the section of specimen is used to find this
characteristic under compression. Resistance moment of the section is used in bending.
This approach to determination materials characteristics regulates the testing of samples from
a single material. As a result, the strength and deformation characteristics of concrete are set
without considering the strength of materials, working with it, such as steel reinforcement.
To eliminate this gap, this paper proposes to use generalized characteristic — the strength of
reinforced concrete — instead independent design characteristics of concrete and steel.
Thus, this characteristic is determined by testing samples of reinforced concret.
This approach defines reinforced concrete given in standarts as a material formed of concrete
and principal reinforcement [1; b6]. Thus in the process of identifying synthetic material
strength like reinforced concrete, the fact that it consists of two materials: concrete and steel is

36ipuuk HayKoBHX Tpailb. Cepis: [any3eBe MammHoOyqyBaHHs, OyaiBHuLTBO. — 1 (48)" 2017. 63




considered. Using this approach, the concept of reinforced concrete design strength as a
composite material, in general, is presented in the following formula:

filaw,...a,) = Feq ! f(b,...by,), (D

where fi(aj,...a,) — design strength of composite material (reinforced concrete) in the
section of the element provided the destruction in i-composite (material), MPa;

Fgqs — external force factor, the value of which corresponds to the destruction of concrete
elements in the considered section;

f(by,...b,) — corresponding geometrical characteristic;

ay,...a, — physical and mechanical parameters of materials, cross section of element
consists of;

b,...b, — geometric parameters of cross section of reinforced concrete elements.

It is known that the strength of sections of reinforced concrete elements depends not
only on the strength of materials, but the location of reinforcement in which (single, double,
distributed). Therefore, the design strength of reinforced concrete elements with different
reinforcing schemes will have a different value.

Design strength of reinforced concrete is determined by the minimum value of strength
provided the section collapse of the element in all materials it consists of,

f= min(fl(al,...an),...fi(al,...an),...fn(al,...an)) , )

where f— total material design strength (reinforced concrete) of the section.

The following conditions are accepted in order to determine the dependencies for f
values:

1. Flat cross-section hypothesis are considered, ie,

lzi or Sczlx, 3)
roox r

where x — neutral axis depth;

1/r — curvature.

Violation of the flat cross-section hypothesis occurs during the formation of cracks due
to sharp reduction of force in the tension zone. That is the so-called «scrapping» of the section
in compressed and tensioned zones. The lower the reinforcement ratio is, the greater
«scrapped» one is. The section straightens again with further deformation of element. In
general, the linear strain distribution in the section of element identifies the principle of
minimum potential energy. Thus, the smaller the difference between the time point of
cracking and the time point of destruction is, the more strains linearity is disturbed. But
elements of this reinforcement ratio is rather limited in building practice, besides there are
structural limitations of minimum reinforcement ratio.

2. The stresses in the concrete compressed zone are distributed according to the «stress
— strain» diagram that meets the ultimate deformation criteria [4, 5]. This diagram can be
obtained by testing standard concrete prisms in hard mode or by transformation diagrams
«0, — &», obtained by testing prisms according to norms.

3. Stresses in reinforcing steel are described by idealized bilinear diagram.

4. Work of tensioned zone of concrete is not included.

The equilibrium equation is worked out using the accepted prerequisites for any section
of element shown in Figure 1:
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N, = Z N.., (4)
i=1

nS
Mc = ZMs‘i = MEd s (5)
i=1
where M, M, — respectively internal bending moments in concrete and in the i-th
reinforcing bar about the neutral axis;
ny; — number of reinforcing bars in the section of the element.
After simple transformations using assumptions, it is got:

“ [ k.d
.[ O-C (X, gC)dAc = EsAsi (i__ j, (6)
0 i=1 X

4, n, d 2
[o.(x.6)xdA +EA, Zecx(L = 1) =M, (7
0 i=1 X

where o.(x, €.) — the function of stress distribution in the concrete compressed zone obtained

under the premise 2;

A,; — area of the i-th bar in the section of reinforced concrete element.

It is necessary to equate (6) and (7) apply the criteria of destruction to determine the
bearing capacity of bending element in the section under consideration. The next

dependencies are taken as criteria of destruction:

dM
——L =0 when € <¢,,
de,
Oy =€, < frgs i=lon, )

£, <¢g,, i=1l.n

In the system of equations (8) &, — relative ultimate deformations of reinforcing steel
meet the yield strength, &, — maximum possible relative deformations of compressed

concrete.
Expressions (4), (5) and (6) make it possible to calculate the bearing capacity of

bending concrete elements, after taking the stress-strain diagram for concrete. This calculation
is usually performed by iterations using a computer.
]

ki
O £ X (fd)o-ﬂAs?
NN _ - N L -
7 . -
% / A 857
I
£ >
! T 852 T
=) Nz R o |
&
/ \ i f0)0si Ast
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Figure 1 — Stress-strain state of the reinforced concrete bending element
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To get the basic equation of reinforced concrete strength considering that in case of
rectangular cross sections

Ac=bd, W.=bd/6, )
and in case of circular cross sections
Ac=7xd 14, W.=rxd/132, (10)

equations (6) and (7) for element with a circular cross section (including addictions (10) and
symbols in Figure 2) are brought into view:

j C.dA,
_ LS Z (kk—1), (b
7Zd /4 -
j o xdA, )
Ep e 3 (kk—1)" = My (12
xd’ 132 kn /8 S W,
The following designations are introduced in deriving dependencies (9) and (10):
4A n d a
=—" k=—, n,=—= (13)
o= x d

All designations are conformed to ones given by [4, 5].

The type of function-approximation «o, —&» of stress-strain state of concrete is
substantially irrelevant for further change dependencies (11) and (12). The main thing is that
it contains conventional parametric points.

Integrals in expressions (11) and (12) can be established by the direct integration of
functional relationships or by replacing the curved chart into barchart. The integral sign can
be replaced by corresponding summation symbol in this case. Inacurracy of this method is
equally predetermined when a sufficient number of areas. The transcendental equations will
be received with direct integration of analytical expression «o, — &», solution of which can be
performed by iterative methods.

The second method is considered in more details. The compressed zone of circular
cross-section is presented with a certain number of parts (Fig. 2). The strain values is assumed
constant within each of parts and those that are corresponded to the value of strain at the
gravity centre of each rectangle (Fig. 2).

In this case, the internal forces in the concrete compressed zone are determined by the
formulas:

N

c

O e O oy

o ( Za £,)bh, . (14)

M,

o,(x.&)dA, = Z Vbhx, . (15)

The strains of the concrete compressed zone of the i-th part are defined by the

expression
€., (1 1= 2’] (16)
2n

where n. — number of areas on which the concrete compressed zone is broken; i = 1... n,
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by

X1

Figure 2 — To the definition of internal forces
in the concrete compressed zone of a circular profile element

Finally, equations (11) and (12) are taken the following form after simple
transformations:

ne 2 2 g
$ O_C(xm)8ec(1+m)\/(l+na) ‘(Hn”ﬂj _EP S k). -

i=1 ”nck 4 2 k I’ls i=1
N 8-(“”")2 Ep € < » M
o (x.)————\-mlk+nk+m) |+ —— kk—1) =—£ 18
p= o )znck3/64\/ (ken, )] kn, /8 21:( =) W, (18)
where

The left side of expression (18) in conjunction with criteria (8) is the formula for
determining the design strength of reinforced concrete of the circular section of bending
elements, ie,

g

f =n2 o.(x )gc(l—m)z\/—m(mnmm) +M2(k.k—l)2 (20)
M T kP 64 ‘ kn /8 S '

Similar expressions are obtained for reinforced concrete bending elements with
rectangular cross-section with a single, double and distributed reinforcement [8]. The concept
of the strength of reinforced concrete can be used in calculations of bearing capacity of
reinforced concrete elements. The tables of the strength of reinforced concrete values are
stacked depending on the reinforcement ratio and the strength class of concrete and
reinforcement.

Tables 1 — 3 shows the values of the design strength of reinforced concrete for various
classes of materials and reinforcement ratios for cross-section of the bending elements.
Function (3.4) in the norms [1] is accepted as the stress-strain curve of concrete "o, — &" in
calculating these values.

The general condition of normal sections strength of the reinforced concrete elements in
bending is given by
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M,
U4

c

Jou 2 : 1)

where f.u =f(C, pys f,a)— design strength of reinforced concrete in the bending elements
taken from Tables 1 — 3;

W. — elastic moment of resistance of the effective section of concrete: W.=bd 26 — for
the rectangular cross-sections;

W=7 /32— for the circular sections.

Condition (21) allows to solve all problems with the design of reinforced concrete
elements: to check for their carrying capacity in the considered section, to define
reinforcement. This method allows to reduce calculation method of reinforced concrete
elements to classical strength of materials method, but considering its nonlinear deformation.
It should be noted that the proposed method of calculation is not simplified. After all, the
strength of the cross-section calculated using the formula (21) for the corresponding values of
reinforcement ratios coincides with the strength determined by computer according to the
norms [1] in the relevant software systems.

The method is universal. It can be used for various loads: permanent, cyclic, impact,
dynamic and others. It is necessary to obtain stress-strain diagram for concrete under
corresponding loads at first. The proposed method of calculation significantly reduces the
process of designing the reinforced concrete elements and in many cases allows to avoid
errors when using the computer.

The application of the proposed method is illustrated by the example of definition of the
required amount of reinforcement in reinforced concrete elements.

Task 1 (see Fig. 3). Calculate the area of reinforcement required for reinforced concrete
bending elements with concrete class C20/25 and steel class A400C if the external bending
moment Mg,=150 kHm. The sections of the elements are:

1) rectangular section with single reinforcement, bxd=40x55 cm;

2) rectangular section with double reinforcement, bxd=40x55 cm;

3) round section diameter D = 60 cm with the effective depth of the section d = 55 cm.

400 . /AIM @i ALO00
| L ".
Y”f :"H
Ty
-3
3 3 - 28
. T
: ; 1
=3 -3
* = 9 vl —f .
A & - A
& 16 A40a0 6 ALO00

Figure 3 — To determination the cross-sectional area of reinforcement
for bending elements
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Solution. The required design strength of reinforced concrete:
— for rectangular sections

3
For = M., _ 6M§d _ 6><150><10 —7.44 MPa:
W, bd 4055
— for circular sections
M, M, 150x10°
= = = =9,02 MPa.
Tt W, 011d° 0,1x55°

The necessary reinforcement ratios are finded in corresponding tables:
— rectangular section with a single reinforcement py;=0,363%;
— rectangular section with double reinforcement pp=0,355%;
— circular section p3=0,722%.

Determine the cross-sectional area of reinforcement:

— rectangular section with a single reinforcement

A= xbd=0,363/100x40x55=7,99 cu’,

take 4916 A400C, A,=8,04 o’ (see Fig. 3);

— rectangular section with double reinforcement

Ay =Ay=ppxbd=0,355/100540x55=7,81 cv’,

take 4216 A400C, A,= A, =8,04 e’

A+ A;=16,08 cu’ (see Fig. 3);

— circular section
A=ppxnd’/4=0,722/100x3,14x55°/4=17,15 e,
take 12216 A400C, A;=24,13 cn’ (see Fig. 3).

Table 1 — The design values of reinforced concrete strength f;,;

for bending elements with a single reinforcement

(fya = 375 MPa; A400C), MPa

Concrete Reinforcement ratio ps
class 0.05 0.5 1 1.25 1.75 2 2.5 3
C8/10 1.078 | 9.205 | 13.545 | 13.992 | 14.590 | 14.802 | 15.123 | 15.354
C12/15 1.083 9.714 | 16.956 | 18.643 | 19.626 | 19.982 | 20.531 | 20.936
C16/20 1.086 | 10.033 | 18.233 | 21.646 | 25.196 | 25.736 | 26.582 | 27.217
C20/25 1.088 | 10.220 | 18.981 | 22.814 | 29.359 | 30.978 | 32.138 | 33.021
C25/30 1.089 | 10.326 | 19.403 | 23.474 | 30.679 | 33.807 | 36.553 | 37.645
C30/35 1.089 | 10.405 | 19.718 | 23.966 | 31.643 | 35.072 | 40.687 | 42.062
C32/40 1.090 | 10.465 | 19.961 | 24.345 | 32.386 | 36.043 | 42.630 | 46.307
C35/45 1.091 | 10.522 | 20.189 | 24.702 | 33.086 | 36.957 | 44.058 | 50.238
C40/50 1.091 | 10.561 | 20.342 | 24.941 | 33.554 | 37.568 | 45.013 | 51.679
C45/55 1.091 | 10.592 | 20.468 | 25.137 | 33.939 | 38.071 | 45.799 | 52.810
C50/60 1.092 | 10.623 | 20.590 | 25.328 | 34.313 | 38.560 | 46.563 | 53.911
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Table 2 — The design values of reinforced concrete strength f,;
for bending elements with double symmetrical reinforcement

(fya = 375 MPa, A400C, n = 0,06-0,1), MPa

Concrete Reinforcement ratio ps
class 0.05 0.5 1 1.25 1.5 2 2.5
C8/10 1.089 10.341 20.621 25.764 30.907 41.196 51.486
C12/15 1.108 10.370 20.647 25.788 30.930 41.216 51.504
C16/20 1.128 10.405 20.679 25.818 30.959 41.243 51.529
C20/25 1.146 10.438 20.712 25.851 30.990 41.272 51.556
C25/30 1.159 10.466 20.740 25.877 31.016 41.297 51.580
C30/35 1.171 10.494 20.766 25.904 31.042 41.322 51.604
C32/40 1.182 10.520 20.794 25.930 31.068 41.347 51.628
C35/45 1.194 10.550 20.827 25.962 31.098 41.376 51.656
C40/50 1.203 10.574 20.855 25.989 31.124 41.399 51.678
C45/55 1.212 10.597 20.882 26.017 31.151 41.423 51.699
C50/60 1.221 10.623 20.915 26.050 31.184 41.453 51.726
Table 3 — The design values of reinforced concrete strength f,;
for bending elements with a circular cross-section
(fya = 375 MPa, A400C), MPa
Concrete Reinforcement ratio ps
class 0.05 0.5 1 2 3 4 5
C8/10 0.868 6.852 12.716 23.338 33.651 43.931 54.200
C12/15 0.887 7.161 13.138 24.278 34.619 44.888 55.128
C16/20 0.901 7.473 13.583 25.232 35.634 45.873 56.055
C20/25 0.909 7.643 13.963 25.738 36.480 46.678 56.787
C25/30 0.915 7.769 14.251 26.141 37.089 47.248 57.285
C30/35 0.919 7.877 14.503 26.508 37.592 47.709 57.672
C32/40 0.922 7.969 14.720 26.842 38.033 48.126 58.034
C35/45 0.925 8.061 14.932 27.184 38.420 48.486 58.332
C40/50 0.927 8.122 15.073 27.426 38.685 48.745 58.559
C45/55 0.928 8.171 15.181 27.621 38.856 48.909 58.696
C50/60 0.930 8.218 15.281 27.814 39.015 49.071 58.839
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Conclusions. The application of idea of the design strength of reinforced concrete
allows to obtain simple calculations of bearing capacity of reinforced concrete elements. The
proposed method of calculating the strength of reinforced concrete bending elements with
rectangular and circular profiles by applying the design characteristics of strength of
reinforced concrete can be used in engineering practice.
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ULTIMATE ELONGATION OF CONCRETE

It is shown the results of experimental studies of the deformation and concrete fracture
process under the axial tension and under the conditions of non-homogeneous state of stress
when changing the deformation gradient over the cross section. The test samples were loaded
by the short duration load to the point of structural and with load alleviation under the
stresses close to destruction. The basic influencing factors on the ultimate elongation of
studied types of concrete are found out and the analytical dependences for their description
are proposed. The experiments have shown that under the non-uniform stress state the
ultimate elongation is not constant; it varies within a wide range and depends on the critical
strain gradient. For solving applied problems, the suitable, for practical use, universal form
of connection load — deformation was offered, which truly reflects the unity of the relation
between stress and deformation of concrete, which is in the condition of homogeneous and
non-homogeneous stress states.

Keywords: stress-strain diagram of cracked concrete, ultimate elongation of concrete,
axial tension, the deformation gradient.

Kypean I1.I'., k.m.n., ooyenm

Oodecvka depacasna akademis 6yO0iBHUYMBA Ma apXimexmypu

Kypean C.IL, mazicmp

Jlenapmamenm [lepacasnoi apximexmypno-6yoieenvroi incnekyii 6 Qoecvkiti obaacmi.

T'PAHUYHI JE®OPMAIIIL PO3TATHYTOI'O BETOHY

Buknadeno  pesynbmamu  eKCNEPUMEHMANIbHUX — OOCNIONCEHb  3aKOHOMIpHOCmel
oegopmyeanus i npoyecy pyUHysamHs 6emoHy NpuU OCbO8OMY pO3ms2y i Npu HAAGHOCMI
epadienma Oegopmayii no nepepizy. Hocnioni 3pazku 3a86aHmanicy8aiucs KOpoOmKoyacHuM
HABAHMACEHHAM OO0 PYUHYBAHHA 1 3 PO36AHMAINCEHHAM NPU HANPYIHCEHHAX, ONUZLKUX 00
pyuHysanHs. Busnaueni ¢paxmopu,ujo eéniuearomev Ha cpanuuni oegpopmayii posmacHymozo
bOemoHy pisHUX 6Udi@ ma 3aNPONOHOBAHO  AHANIMUYHI  DIGHAHHA Ol IX  ONUC).
Hocnioamu 6écmanogneno, wo npu HEOOHOPIOHOMY HANPYHCEHOMY CMAHI 2PAHUYHI
Odepopmayii He nNOCMIlHI, a 3MIHIOIOMbCA 6 WUPOKOMY OIANA30HI Ma 3anexdcams 6i0
epadiecnma Odegopmayii. s supiuieHHs NPUKIAOHUX 3A0ay 3aNPONOHOBAHO VHIBEPCATbHY
Gopma 38'a3Ky «Hasanmadgcenus — Oegopmayii», sIKA OO0CMOBIPHO 8i000paddcac €OHiCMb
368’A3KY MIdC HANpYJ#CeHHAMU ma Oepopmayiamu OemoHy wo 3HAXO0UMbCs 6 YMOB8AX
00HOPIOH020 MA HEOOHOPIOHO20 HANPYIHCEHUX CIAHIS.

Knrwouosi cnoea: oiacpama Hanpydscenns — odeghopmayii  po3msacHymozo 0Oemony,
2paHuuHa oepopmayis po3macHymo20 6emony, 0Cbos8ull pozmse, 2padicHm oeghopmayiii.
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Introduction. Planning of concrete and reinforced-concrete constructions is carried out
on the basis of data of materials’ durability and udeformations, which were got by the test of
samples, as a rule, under the single-axis loading in laboratory conditions that are only the
models of the real elements of constructions. Thus, the law of geometrical similarity was
reckoned in, supposing the complete identity of samples’ properties and the process of
concrete deformation and destruction. However, the mechanism of concrete deformation in
the conditions of the inhomogeneous high-pressure state is not identical to the axial tension
and does not allow credibly to estimate deformations and durability. Therefore the
experimental researches of the influence of different significant factors on durability and
ultimate deformations of the cracked concrete have practical value.

Analysis of the last researches and publications. Operating rules [1], during
calculation of durability of concrete constructions’ standard cross-sections and crack strength
of reinforced-concrete constructions, set the limit state, coming from the presentations, and
dopted from the strength theory of elastic and inelastic materials. For the estimation of the
stress and stress state of cross-sections, including the uniaxiality fabric hypothesis (the
diagram o, — &, under the axial tension is identical to the connection for the conditions of the
inhomogeneous high-pressure state) and the supposition that the limit state is reached upon
condition the extreme fibers achieve the ultimate strain of tension &, = —2f,; / E., Thus, it is
considered that ultimate tensility is invariable.

Experimental data, given in literature [2 — 4], show that under the non-homogeneous
tension the ratios &p /&, and 6M, / bhzfct (for the beams of rectangular cross-section) are
non-constant, change in a wide range and depend, mainly, on the gradient of ultimate strain.

There isn't the very opinion at explaining of physical nature of variety of these sizes, the
researchers offer different hypotheses.

It is supposed that the effective mechanism of stress grading acts in tension sides of the
concrete beams, allowing the plastic flow to develop deep into the cross-sections. Such stress
redistribution, maybe, takes place due to the nonlinear creep of concrete. However, direct
experiments do not confirm this suspicion: nonlinearity of concrete creep under tension is
rather weak, and elastic strains of the non-homogeneous cracked concrete are higher, than
under axial tension. There is also the hypothesis about the possibility of concrete behavior in
the «cracked» state and the statistical theory of concrete brittle strength. They describe the
stress-strain state of beam’s normal cross-sections in different ways, and, accordingly, offer
the different computational schemes of ultimate states [2, 4, 6]. Analogical principle is
characteristic and for the conditions of non-homogeneous pressure [5, 8 — 10].

All this information about the specific of deformation of heterogeneously cracked concrete
and heterogeneously compressed concrete, point to iniquity of some hypotheses adopted from the
theory of elastic and inelastic materials for the estimation of its stress and strain state.

Selection of problematical parts of general issue and setting the task of researches.
The requirement of reliability at designing of concrete and reinforced concrete constructions
actualizes caring out the special experimental researches according to this issue with the
purpose of studying such questions:

— to investigate experimentally numerical influence of significant factors on common
denominator of concrete resistance under non-homogeneous tension;

— to estimate ultimate tensility &, under bending in comparison with maximum axial
tensility &, and to develop recommendations on the determination &, taking into account
influencing factors;

— to investigate the features of destructions’ development (strength and contractible) in
the cracked concrete;

— to estimate the actual deformed state of normal cross-sections of concrete beam and
construct a calculation model.
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Basic material and results. For the quantitative estimation of influence of different
factors (macrostructure and viscoelastic properties of concrete, type of the tense state,
gradient of ultimate deformations, loading conditions) on ultimate tensility of concrete, the
special experimental researches are carried out.

For the design of macrostructure and viscoelastic properties the model fine-grained
concrete (MC), normal heavy concrete (HC) and light ceramsite concrete (LC) of wide range
of compression breaking strengths are used from 10 to 80 MPa. Every class of investigational
types of concretes contained from 3 to 24 samples.

The preproduction test was carried out under axial tension and in the conditions of the
non-homogeneous state of stress. The wide range of gradients of ultimate deformations was
designed by the deflection test of similar beams of cross-sections h = (1 — 60) cm, siding b =
(1/3 and 3)h and bearing distance 1 = 6 h. Nonrigid behaviors of concrete under axial tension
are determined at the test of samples-cylinders with the diameter 12 cm, length 40 cm.
The samples (cylinders and beams) were tested in the short run by the step load till the
destruction with the aggregate exposure on each state. For development of deformation of
simple bending the beams were loaded by two concentrated forces in three spans, the
cylinders — with the use of the device allowing to except centering error in the process of load
application. For the selection of completely recoverable deformations of concrete expansion,
the part of samples was off-loaded after every stage of loading. Deformations were being
measured on the long bases and locally.

The tests verified the idea about the mechanism of concrete deformation in the
conditions of axial uniform extension as about the process of starting and development of
dispersed cracks that unite in the cross-section of destruction in a critical crack with the load
growth. In the cracked concrete the tiny cracks appear long before the destruction and do not
cause its bearing-capacity failure. There are the micro-discontinuities in concrete under axial
tension with the loads N, =(0.3-0.8)N, in the tests. Body shrinkage-related stresses are able

to break down soundness of coating surface or in isolated point reach the value similar to the
limiting values before load application. In this case the behavior of limit equilibrium of ties is
arrived even under the light external load, and there are micro-fractures of local character.
Thus, cracked, under axis stress, concrete works with cracks and deforms on the length of
sample very homogeneously ensuing incipient micro-fractures. The character of concrete’s
local deformations along the length of the centrally cracked sample with the growth of the
load is shown on fig. 1.

The deformations, measured by devices with a different base, are different and
incomparable. Devices, measuring local deformations, where cracks are formed in the base,
show deformations that outnumber the values by several timeds according to the devices on a
large base. In the next cross-sections with a progressive crack the local deformations can have
even an opposite sign (reduction deformations), that is the result of initial surface-tension
(for example, devices 11 and 15, fig. 1).

Inhomogeneity of the structure and micro-crack forrmation (shrinkable and power
destructions) in the cracked concrete is responsible for the large nonuniformity of
deformations both on length and on cross-section of samples, and, as a result, stochastic
changeability of measurable deformations of concrete. In this case such concept, as
«maximum tensility» usually used in the theory of concrete strength, is conditional.
In the article the category «maximum tensility» of concrete under the axial tension &
is interpreted as peak deformations (the end of rising branch), corresponding to the
concrete tension f,, and the deformations, measured by devices on a large base
(smoothed deformations).

For all tested types of concrete the diagrams o, — &, are plotted under axial tension and
the association between the parameters of concrete &, and f;, is set (fig. 2).
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Figure 1 - Strain distribution along the length of the centrally cracked sample
local deformations; ------ normal deformations.

Deformation of concretes under axial tension with the load growth has nonlinear
character. Nonlinearity is characteristic not only for total deformations but also for immediate
elastic ones. It decreases with the growth of concrete class and less expressed for MC and LC,
than for HC. The size of pseudo-plastic deformations, measured by devices on a large base, is
insignificant, and the destruction of samples, regardless of type and class of concrete, takes
place brittle.

For the solving the applied tasks, the analytical dependences, comfortable for practical
use, are offered, describing the diagrams o, — &, under axial tension definitely:

c., =f{1—(1—€/3 j } (1)
£, =8m{1—[1—“% ” )

N o—a-fayn, 3)
u ctl

The physical meaning of n expands: n = f./€1E¢o = Ve , Where v, — is limiting factor
of concrete elasticity under axial tension.

Equations (1) and (2) were got at the solving of differential equation (4):

£ :dO'c,_E

ct - Hcto

“)

Equation (4) of the module of deformations under short standard tension satisfies to the
basic phenomenological requirements to the arc

do, =E, and o,=f, — %:0 ).
£, de

ct

(1- &)1—" .

0., —¢&, (Gct =0 -
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Formula (4) corresponds to concrete downloading with V_ =const so it does not

describe the descending arm of diagram o, —€, (V, =const).
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Figure 2 — Diagrams o, — &, under axial tension (a) and relation
of maximum tensility &, from concrete strength under axial tension f; (b)
1, 2, 3 are MC, accordingly, strength f . ... =23,7;41,8 and 59,5 MPa;

Ch

4,5,6-HC, f, . =280;475,76,5 MPa;
7,8,9-1C, f. . .. =11,1; 19,4, 29,9 MPa;

cm.

10, 11, 12 —relation ¢, (f,,) for MC, HC, LC.

According to test results (fig. 2b) ultimate deformation under short axial tension for
investigational concretes changes in a range &, = (6,8+12,5)10’5. Variability of elements &
is high; however, there is certain conformity in its arithmetic mean values, depending on a
type and size of aggregate, cement content and class of concrete. Lightweight concretes have
more deformability, than high weight concrete. MC and HC have, practically, identical
valuesé&.. However, there is tendency to increase &;; with decreasing of aggregate size. They
are more in MC than in HC. The researches show that total ultimate deformations of tension
for all tested concretes increase with increasing the strength. Between these characteristics
there is correlation relationship that is approximated by equation:

gctl = Afc‘tz ’ (5)
where f, in MPa; A and « — parameters of this concrete type (for HC — A = 5,35 107 ,
a=1/2; MC - A = 6,41-10'5, a=1/3;LC-A= 10,91-10'5, a=1/3).
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It should be noted that restrictions & (f.;1) have private character, as the properties and
component type of concrete mixture, storage instructions and age of samples, technological
factors, conditions of deformation of standards etc. influence on a value&..

Inhomogeneous tension brings substantial change in behavior of concrete deformation.

The results of beams’ tests show that their deformation, as well as under axial tension, is
accompanied by progressive development of destructions in the cracked concrete long before its
destruction. From the first stages of load application new micro-cracks are formed in a sample
with force action with the simultaneous opening of solidification shrinkage cracks.
With light load the speed of destruction development is low, it dies out, and does not result
momentary drop of bearing strength of concrete beams. With load increasing the micro-cracks
gradually develop and, closing up, they form macro-cracks, their accelerated development
results to crushing of sample. It is set experimentally, that the width of micro-crack opening in
concrete beams before crushing is a considerable size, i.e. the beams in the tension side work
with cracks. Local deformations along the length of beam in the area of simple bending, both on
the most tensile face and on the depth of section, are very different. The devices, the micro-
cracks are formed in their base, show sharp increasing of local deformations of tension
(«pseudoplastic» deformations by O. Berg or «separated» deformations by M. Holmyanskiy).
In nearby cross-sections increasing of deformations discontinued or decreased. The
deformations of shortening in the tension side to the moment of destruction sometimes were
£ = (4+6)107.

According to the size and speed of local deformation it is possible to judge what will
happen with destruction of beam cross section. The cross-sections, where were a few critical
cracks forming along the length of zone of simple bending, but, as a rule, only in one of them
the crack was, resulting in destruction in future, progressing under the load (0,7-0,9)M / M,,.
Critical cracks divided the zone of simple bending into separate blocks.

The character of local deformations changing is different in the compressive side of the
beam. The non-uniformity of local deformations changing along the length of the beam in the
compressive side is inconspicuous. It is conditioned, mainly, by of concrete structure
heterogeneity. However, under the high load levels there is some growth acceleration of local
deformations of shortening, located in those cross-sections, where the critical cracks (moving
of zero axis) develop in the tension side.

The development of micro-cracks in concrete with the deformation gradient takes place
otherwise, than under the uniaxial state of stress. The cracked concrete can not be examined
as a solid uniform body, following only the laws of elastic-plastic deforming [2, 4, 5, 7].
This material is heterogeneous with broken soundness of coating surface and works in the
«cracked» state. The theory of equilibrium cracks (Hriffits, Ervin), elaborated for the
materials such as concrete, confirms this idea.

The analysis of concrete centerline deformations shows that normal sections are plane
with the growth of load, i.e. the tests confirm acceptability Bernoulli hypothesis for normal
sections only the case if the deformations in the tension side are measured (averaged) on a
sufficiently large base. This behavior is observed under all levels of the fraction loading.

Micro-crack formation in the cracked concrete causes some displacement of neutral
layer with the load growth toward the compressive face. Its position is determined according
to the normal total centerline deformations of the compressed and tension fibers of beams and
specified according to the completely recoverable deformations of fibers, came up under
unloading:

X £,
6= ho E,+E ©
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For comparison the relative height of the compressive side &, is also calculated through

beam deflections and compressive deformations &, their variableness is small:
gl
Y8k

The differences in averaging values &,, determined by different methods (6) and (7),
under other equal terms, are scant; and the value &, is 0,446 for a fine-grained concrete; 0,407
— ceramsite concrete; 0,425 — heavy-weight concrete.

The test results of geometrically similar beams of experimental concrete types of the
wide strength range show that total ultimate deformations of fibre tension under the bend &,
are higher, than under the axial tension &, of analogical equally efficient concrete, and
substantially depend on the gradient of ultimate deformations grad(€.1/h) (depth of beams).
With increasing of beam depth the deformation &, decreases and under high values
(h > 40 cm) tends to &. For the beams of low depth (h <2 cm) the ultimate deformation &,
more than 4 times & (fig. 3a, 0).
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Figure 3 —The relation of ultimate deformations of beams fibre tension
under bending &, from the depth of beams (a)
and the gradient of ultimate deformations along the cross-section (b).
1, 2 — MC, accordingly, the strength f,, = 23,7; 41,8 MPa.

The increment of ultimate deformations of border fibers of the tension side under
bending (considering deformations &) above ultimate deformation under axial tension is
related to the depth of beam by hyperbolic dependence:

(mugcﬂ —&

ctl

+a€,)h® =8 =const . )
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The value of parameter S is determined by the test of standard beam, where &, = 0.
The depth of standard beam corresponds to the diameter of cylinder (12 cm), according to it
&1 is determined. In the relation (8) the coefficient m, = &, / (1-¢,) takes into account the
limit displacement of neutral axis of beams, and the value Ag, — the difference of shrinking
deformations of upperbound tension of cylinder and beam of this depth, caused by
the inequality of concrete shrinkage. This type of function (8) also allows to estimate the
influence of shrinkage-related prestress in the samples of different sizes on ultimate tensility
of concretes. For massive elements (h > 40 cm) and concretes with the enlarge cement content
the shrinking deformations & tend to&..

It is important to notice that this relation of ultimate deformations under heterogeneous
tension from the gradient of deformations also belongs to elastic deformations, got during
beam unloading that directly connect with the tensions. This circumstance testifies that the
actual tensely-deformed state of the tension side of concrete beam does not rise to calculation,
got according to the complete diagram of axial tension taking into account a descending
branch. Connection between tensions and deformations under heterogeneous tension is
different comparing to that under axial tension. At the same time, the diagrams «load —
deformations» of the bending elements are well described by equation (9), analogical to the
connection, «load — deformations» (3) of axial tension:

M _ 1-d _i)% ,
Mu ct2

where n=f, /¢ E, =V

ctl™cto ctu *

(€))

The elastic ratio under bending is approximately equal to the elastic ratio under axial
tension. Equation (9) estimates the deformations of beams for all levels of loading.
Taking into account the succession of hypothesis of plane cross-sections, it allows to
define the connection between an external moment and deformation of any fibre of the
tension side (fig. 4).

B
/é d f/ 5/;/ .

N WA

iY/Z8 ‘

Figure 4 — Diagrams «load — deformations» of the tension fibers
of the beams of different depth
1,2,3,4,5, 6 —accordingly, the beams from MC with the strength f,,, = 23,7 MPa
Depth of sections 40; 20; 7; 5; 1,9; 1,0 sm

Conclusions. Experimental data show that deformation of concrete beams is
accompanied by development of micro- and macro-cracks in the cracked concrete (beams
work in the «cracked state»). Shrinkable and power destructions, creating in the concrete,
cause the very difficult field of deformations in the tension side of beam and allow to suppose
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that the mechanism of beam’s fiber deformation is not identical to the axial ladening
(the hypothesis of uniaxiality fiber works is not acceptable). Total ultimate deformations of
the concrete (including elastic ones) under non-homogeneous tension are not constant.
They depend on the gradient of ultimate deformations and are changed in a wide range
En | €1 = 1+5. Such conformities give reason to take equivalent cross-section with the depth
of crack development ¢ = i (1-2&,) in the tension side, the three-cornered form of deformation

epure and border &, depending on the depth of cross-section of beams as calculated
deformed cross-sectional beams in the ultimate state. Bernoulli hypothesis is acceptable to
this cross-section and the position of neutral axis is known.
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AN EFFECTIVE STRUCTURE FOR STRENGTHENING
REINFORCED CONCRETE BEAMS

The study presents a new system of strengthening reinforced concrete beams.
The system includes strengthening bars acting on the beam through other strained flexible
elements. It operates in a conditionally paradoxical way. It does not compress but strains
directly the upper beam zone compressed under the load. Additional flexible elements
are made in the form of rods placed obliquely. The study provides the results of determining
the most efficient angle of inclination of transverse bars for the external system of
strengthening. The paper calculates an efficient angle of inclination of transverse bars that
are to unload the beam by the moment reverse in sign of the moment from external load.
It also analyzes the results obtained after examining the strengthening by means of a
longitudinal-transverse external system and building the diagrams of moments.

Keywords: bars, cross-section, stress, strain, strength, rigidity, span.

Yekanosuu M.I'., k.m.n., npoghecop

Pomanenxo C.M., cm. suxnaoau

Anopieecoka A.11., acnipanm

XepcoHrcwbKutl OepacasHull azpapHutl yHigepcumem

EPEKTUBHA CXEMA IIACUJIEHHSA
3AJII3OBETOHHUX BAJIOK

3anpononosano HO8Y KOHCMPYKMUBHY cUcmeMy RIOCULEHHA 3a1i300emOoHHUX OaJloK,
KA BKAIOYAE 3aMANACKY, WO OI€ Ha OANKY yepe3 IHWll SHYUKI pOo3MACHYMI eleMeHmuU; B0Hd
NPAYIOE YMOBHO NAPAOOKCANILHO — He CHMUCKAE, d pOo3ma2ye 0e3nocepeOHbo 8epXHIO CIMUC-
HYmMy ni0 HABAHMANCEHHAM 30HY Oanku. J{o0amkoei eHyuKi eleMeHmu GUKOHAHO ) U0l
NOXUTIO PO3MAU08AHUX cpudicHis. Hasedeno pesynbmamu noulyky Hanudiivul epexmusHo2o
Kyma HAaxuiy NONEepeyHux CmpudiCHié Ol 308HIUHbOI cucmeMu NIOCUNeHHs OanKu.
Busnaueno payionanvruu Kym Haxuiy nonepeyuHux CMpudiCHis, SKIi Maioms po36aHmadicyeamu
0anky MOMeHmOoM, 360pOMHUM NO 3HAKY 00 MOMEHMY 6I0 308HIUHbO20 HABAHMAINCEHHS.
Ilpoananizosano pezyromamu, OmMpuMawi RNicasi OOCHIONCEHH NIOCUNEHHS NO03008XHCHbO-
nonepeunoIo 306HIUHBOIO CUCEMOIO MA NOOYOOBAHO entopu MOMEHMIE.

Knrwowuosi cnoea: 3amsoicka, nepepis, HanpyodiceHHs, Oegopmayii, MiyHicmb,
JICOPCMKICMb, NPOJIIM.
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Recent sources of rresearch and publications analysis. Strengthening of reinforced
concrete elements such as beams and slabs is widely used in construction practice. In recent
years, reinforcement application has increased due to a significant increase in the share of
reconstruction in construction. This is the result of changes in stress, physical deterioration of
existing buildings because of their poor maintenance and other factors, which leads to bearing
capacity loss; thus structures need to be strengthened to ensure sufficient performance under
normal maintenance and reliability. [1, 2].

Different methods of strengthening bending concrete elements were developed [3-14].
The findings of national and foreign authors, such as E.M. Babich, A.M. Bambura,
G.I. Berdichevsky, V.A. Roach, A.A. Gvozdev, A.B. Golyshev, E.A.Hrynevych,
F.S. Zamaliyev, M.Y. Izbash, V.G. Kvasha, F.E. Klimenko, F. Leonhardt, E.A. Luchkovskyy
V.V. Mikhailov, N.M. Onufriev, S.F. Pichugin, E.G. Ratts, L.I. Storozhenko, L.N. Fomytsya,
E. Freyssinet, Jiang De, A.L. Shahin, Richard W. Plavidal, Thomas Keller and others make
the scientific, design and technological basis for using reinforced structures in construction.
The variety of mentioned methods can be divided into 3 groups: strengthening with a change
in the constructive and design scheme of a reinforced concrete member; strengthening without
changing the work pattern of structures by building up their cross-sections with additional
external reinforcement; strengthening by prestressing beams with horizontal ties.

There can be three types of tie bars: horizontal, sprengel and combined ones.
When applying prestressed tie bars, the strengthened elements change their original
constructive scheme because they turn into a combined system. Due to this fact, conventional
bending elements are compressed noncentrally, and with their supports additional bending
moments are created, which in turn influence the initial span moments. In this case, in all the
variants of reinforcing beams with tie bars there are still significant reserves of increasing
carrying capacity.

Specifying aspects of the problem unsolved before. After considering many schemes
of reinforcement it can be concluded that their disadvantage is the inability to effectively
unload the compressed zone of concrete beam effectively, which greatly affects rigidity and
bearing capacity.

Setting objectives. The aim is to study the most efficient inclination angle for placing
cross bars of the reinforcement system. The angle is to meet the following requirement:
maximum unloading of the beam by the moment reverse in sign to the moment of external
load.

Research objectives:

— to conduct research setting different angles for the inclined transverse reinforcing bars;

— to identify relative and absolute elongation, tensile value in the bars;

— to analyze the results obtained after examining the reinforcement with a longitudinal-
transverse external system, and build diagrams of moments, to choose the most efficient
inclination angle;

— to evaluate the results of experimental studies;

—to determine the effectiveness of strengthening reinforced concrete beams with a
longitudinal-transverse external system of reinforcing bars.

Basic material and results. For experimental studies three series of reinforced samples
of reinforced concrete beams were conducted. Reinforced concrete beams were 2.1 m long,
had a cross-section of 100x200 mm and were made of concrete of class C45/55. They were
reinforced with frames made of rebar of nominal diameter @ 6 A240S. The BIIIT beams series
were strengthened according to the patent. [15] Three options for the location of inclined bars
at different angles such as 30°, 45° and 60° were considered. The external reinforcement
system is presented in Fig. 1. It is proposed a design solution of a stressed-regulated beam
containing a reinforced concrete body and tie, mounted at the ends onto the beam interacting

82 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (48)" 2017.




in the middle with the stressing element contacting the lower part of the beam, and lateral
external reinforcement interacting at the ends of the beam with its upper and lower parts, and
interacting with the tie in its middle part. Transverse reinforcement bars are strained, flexible

and placed symmetrically in the area near the supports of the beam with an inclination to the
longitudinal axis of the beam.

Figure 1 — Scheme of strengthening BIITI-III-1 beam
with external longitudinal and transverse rebar

Inclined strands are composed of identical reinforcing bars that are connected with the
tie by welding. When external force is applied, inclined bars deform and bend. Fig. 2 shows
the initial position of the inclined bar at an angle of 30 °.

The work of the strengthening system was examined at the level of load n =0,9.
The force in the tie was fixed in all experiments.

Figure 2 — Starting position of the inclined bar at an angle of 30°,
before load application.

When placing the bars at an angle of 30 ° the design scheme the following form is
obtained, shown in Fig. 4.

To build a diagram of deformations, it is wused the solution proposed by
Timoshenko S.P., James M. Gere. [16]. The diagram shows the deformations schematically in
Fig. 5.
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Figrky 3 — Scheme of testing a strengthened beam of BIIII-III series:
1, 2 — force meter; 3-7 — flexometer with a value of a division of 0.01 mm
to measure beam deflection;

8-17 — indicators with a value of a division of 0.001 mm
to measure the deformation of concrete

.ﬁ‘-

.
|

175

Figure 5 — Estimated diagram to determine the elongation of bars
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After applying the load onto the deviation angle of the inclined bar was 1.54 °, and the
vertical deformation was 4.88 mm; the data are presented at an angle of inclination of 30 ° for
transverse bars.

The forces acting in the upper and lower parts of the cross rod can be expressed by the
theorem of sines:

N o= Psin & )
" sin(180- (8 +¢€)) b
N, = Psin ¢ 5
> sin(180-(8+¢)) @
where: vy =180—(J+¢),
Absolute elongation of bars is:
Ni-L;
AL =—, 3
L £ A (3)
N2 L»
AL, = . 4
L A “4)

To determine the displacement of the point of maximum deformation of the inclined
transverse cross bar, it is obtained the crossing of radii [,,+ AL, and [,,+AL,. Due to the

small value of deformations, it can be added the value of every elongation and drawn a
perpendicular from the point obtained to the direction of the bar. The diagram of the
elongation of bars is shown in Figure 5. The diagram shows that AL, is the algebraic sum of
the projections of horizontal A, and vertical sA, displacement of the specified point in the
direction of the Ist bar, but AL, is equal to the sum of the projections A, and Ay in the
direction of the 2nd bar. The position of the maximum displacement is determined by the
system of equations:

AL, =—A,cos0+ A,sin0
(5

AL, = A.cosQ— A, sin@ '

After calculating the forces in each bar at different angles of inclination, it is obtained
diagrams of moments of external loads and from the strengthening system for getting
maximum efficiency and the most efficient angle of inclination. For beams with a 30 ° angle
of inclination of transverse bars, the angles were 0 = 57.46 °; ¢ = 52.54 ° under the load
n=0.9.

Research results. Fig. 5, 6, 7 show the diagrams of moments at different angles of
inclination under the level of load 1 = 0.9 on the strengthened beam.

Stress-strain state of each cross-section of reinforced beams can be determined under
the equilibrium of the bending moment and longitudinal forces in the cross-section:

ZMZO Mm:jo'chdAc‘i'Zn:GSAshi"'Mnx+MnY, (6)
A i=1
SN=0 Nu=[oda+Yo.A. ™
A i=1

where 6. — compressive stress in concrete;
o, — stress strain in reinforcement;

A, — cross-section area;

A, — cross-section area of steel;

M;x, M,y — moments under strengthening.
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Figure 6 — Diagrams of moments considering strengthening at a 30°
angle of inclination of transverse bars
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Figure 7 — Diagrams of moments taking into account strengthening at a 45°
angle of inclination of transverse bars
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Figure 8 — Diagrams of moments considering strengthening at a 60°
angle of inclination of transverse bars

Depending on the angle of inclination of transverse bars near the supports of the beam,
the values of the moment were obtained. The most efficient angle for placing the inclined bars
was 45° under the level of load n =0.9. The efficiency of strengthening is 59,28 %, which is by
4,31% more than for the angle of 30 ° and by 9,34% higher than for the angle of 60°.
The main research results are shown in the table.

Table of results

P M
Inclination angle —r
My+ My, Ms,
No of the bars of the ~ + - 'Z M ne+ M ny Effect,
. kg-cm kg-cm %
strengthening system, o
1 30° 32792.8 26856,8 1,81 54,97
2 45° 35360,72 24288,88 1,68 59,28
3 60° 29791,6 29858 2,00 49,94

Conclusions. The findings proves that the effect of the application of the developed
system of strengthening reinforced concrete beams is within 49-60%. The most efficient angle
of inclination of transverse bars of the external reinforcement is 45°.
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STRESS-STRAIN STATE OF REINFORCED CONCRETE BEAMS
STRENGTHENED WITH A NEW EXTERNAL STEEL STRUCTURE

The study presents a new structure for strengthening of one-span reinforced concrete
beams in rectangular cross-section using external steel bars. The specific feature of the
proposed strengthening is the unloading of the compressed upper zone of a beam with
simultaneous compression of its lower stretched zone. The article considers some variants of
making the strengthening structure with rigid and flexible reinforcement elements for faster
tension of external bars, and the variant including only flexible elements. It provides a design
scheme and method for such reinforced beams. The study provides experimental research
data on the series of beams with different parameters of the strengthening structure in the
form of «bending moment — deflection» and «bending moment - deformation of concrete»
dependencies.

Keywords: strengthening, reinforced concrete beam, external steel bars, stress-strain
state, deflection, deformation, bending moment.

Kypaxiecokuui B.I1., acucmenm

Yekanosuu M.I'., k.m.u., npoghecop

Yekanoseuu O.M., k.m.H., doyenm

XepcoHncwbKutl OepaicasHull acpapHutl yHigepcumem

HAINIPYKEHO-IE®OPMOBAHUI CTAH 3AJI30BETOHHUX
BAJIOK, IIIICUJIEHUX HOBOIO 30BHIINTHBOIO
CTAJVIEBOIO KOHCTPYKII€IO

Ilpeocmasneno Ho8y KOHCMPYKYil0 NIOCUNEHHA OOHONPOIbOMHUX 3ANI300eMOHHUX
Oanox npAMOKYmHO20 nepepizy 3a 00NOMO20K0 308HIiUHbOI cmanesoi apmamypu. 3’4c08aHo,
wWo 0cooaUICMIO 3aNPONOHOBAHO20 NIOCULEHHS € PO3BAHMANCEHHS 6EPXHbOI CIMUCHYMOI 30HU
OanKu npu 0OHOYACHOMY CMUCKAHHI iT HUJCHLOI po3zmsacHymoi 30uu. Pozenanymo eapianmu
BUKOHAHHS KOHCMPYKYII NIOCUNEHHS OAN0K 3 JCOPCMKUMU U CHYUYKUMU eleMeHmamu
niOCUNenHs: Ol NPUCKOPEHO20 HAMA2Y 3068HIUHbOI apmamypu i eapianm Juuie 3 SHYYKUMU
elemMeHmamu. 3anponoHo8aHo pPo3paxyHKoBy cxemy O makoi niocuneHoi 6anku ma
Memoouxy pospaxyuky. Haeedeno excnepumenmanvhi Oani 00CniodxiceHHs cepili OAlIOK 3
PI3HUMU napamempamu KOHCMPYKYIl niOCunieHHs, wo HaseleHi y 6uenadi 3aiedcHocmell
«32UHANLHUL MOMEHM — NPOSUH» T «32UHATbHUL MOMEHM — Oedhopmayii Oemony».

Knrwouoei cnoea: niocunenns, 3anizobemoHHa Oanka, 3068HiWHA cmanesa apmamypa,
Hanpysiceno-0edhopmMosanull Cmau, NPo2uH, deghopmayii, 32UHATLHUL MOMEHM.
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Introduction. In recent years, the majority of long-maintained construction objects of
the Ukrainian building complex require upgrading, reconstruction and strengthening of
existing structures. Concrete beam elements are among the most used in such buildings, and
their carrying capacity should be restored or increased.

Analysis of the latest research findings and publications. In order to increase the
carrying capacity and reduce deformability of bent elements, the cross-section of a structure is
increased, using ties or sprengels in the strained zone, arranging duplicating elements. There
are many ways of strengthening bent elements, reflected in the works of outstanding
Ukrainian and foreign scientists [3-9, 12-15]. The most effective and conventionally used
ways of strengthening include ties and especially sprengels.

Specifying the unsolved aspects of the general problem. Thus, the application of a
sprengel-type structure is accompanied by additional compressive forces that load
additionally the beam’s compressed zone, thereby accelerating the time of its failure.
Therefore, the question of simultaneous unloading of both the stressed and compressed zones
is currently unresolved. In addition, the evaluation of the work of the external strengthening
system is quite a challenge because beam-strengthening system is statically indeterminated
and requires additional experimental and theoretical researches.

Problem statement. The aim is to propose, make and research an effective structure of
strengthening reinforced concrete beams that regulate forces in the beam element and
compensate the negative impact of external load, while using the strength properties of
concrete and steel.

Basic material and results. A new design solution for the system of strengthening one-
span reinforced concrete beams performed by external steel bars and protected by patent [10]
is shown in Fig.1.

Figure 1 — Scheme of the beam with the proposed regulated structure
of strengthening with external bars with levers, BII-I - BII-VI series:
1 — reinforced concrete beam; 2 — steel plates fixed on the surface of the beam;
3 — external bars; 4 — guiding element; 5 — stressing structure in the form of two levers;
6 — hinge; 7 — roller; 8 — guiding rollers for elements 4

The specific feature of this structure is the ability to unload the compressed zone of the
beam, in contrast to conventional sprengel ties that have an additional load on it. In addition,
the system can work effectively under symmetrical load.

In order to test the proposed structure of strengthening reinforced concrete beams, there
has been developed an experimental research program that included testing of samples of
concrete cubes, prisms, steel bars. The measurements of beam samples were the following:
length — 2100 mm, cross-section — 100x200 mm. Concrete class was the same for all
experimental beams and was accepted C35/45.

The study accepted the reinforcement of beams with spatial frames of bars with a
diameter of 6.5 mm. The working bars were of class A-240C. Reinforcement bars of the
external strengthening system were of steel wire @5 mm for all samples of experimental
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beams. Seven series of reinforced concrete beams strengthened with external bars with
different parameters of the strengthening system, and a series of conventional reinforced
concrete beams were experimentally investigated.

The following beam marking was accepted: the first letters show whether the beam is
strengthened (BIT) or not (bO), the second number indicates the number of series, the third -
the number of beams in each series. Geometric characteristics and number of external wires of
experimental beams are given in Table 1.

Table 1 — Geometric characteristics of strengthened beams

The number | Characteristics
Roller L Type of
Beam . of external of the guiding .
Ne . diameter . strengthenin k, mm
series wires, element
d, mm g
N ¢, mm
1 BO - - - - -
2 | BII-I 35 1 @5 mm 100 620
3 | BII-II 55 1 @5 mm 70 620
4 | BII-III 55 1 @5 mm 40 Rigid levers 620
5 BIT-IV 55 2 @5 mm 70 620
6 | BII-V 55 3 @5 mm 70 620
7 BIT-VI 55 2 @5 mm 70 Without 620
8 | BII-VII 55 2 @5 mm 70 levers 185

In Table 1 it is marked: » - number of external steel wires in each branch of the
strengthening system; ¢ - distance from the bottom ends of the beam to the point of maximum
curvature of the external bar near the ends of the beam; k - distance from the beam support to
the point where the flexible external bars are fixed to the bottom of the beam.

a) 0)

Figure 2 — Testing of reinforced concrete beams strengthened
with external steel wires of BII-V series including rigid levers — a,
and of BII-VI series without levers - b

The testing of beams was conducted according to the given deformations in the certified
building materials and structures laboratory (LBMK). Special mechanical jack was used.
Control of the deformations of tested beams was performed using clock type indicators with a
point value of 0.001 mm on the base that was 200 mm and the row of tensoresisters.
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According to the experimental data the dependences «load - relative fiber deformation
of concrete» and «load — deflection» were obtained. The results of the experimental data are
presented in Table 2 and are shown in the dependency «carrying capacity M - deflection w in
the middle and in the thirds of beam span» for conventional and strengthened beams in Fig. 3.
In diagrams load is presented as a bending moment.

Table 2 shows the maximum values of deflections and bending moments achieved in
the experiment and their values under the fixed parameter. In the first case the moment is
shown under fixed deflections and in the second case the value of deflection is shown under
fixed bending moment for beams.

Table 2 — The results of testing of beams

Bending moment, Deflection in the middle of the beam
The name of the M, KNm span W, mm

beamseries | ile e | while W = 2L00L0 while Myq: | while M=4.79 xHn
bO 4.79 4.772 14.29 14.29
BII-I 11.39 10.423 14.41 1.429
BII-1T 11.96 11.878 9.22 0.718
BII-IIT 12.90 11.033 16.33 0.975
BII-IV 16.57 16.570 10.02 0.714
BII-V 18.41 18.377 10.28 0.896
BII-VI 15.69 14.407 15.04 0.897
BII-VII 21.193 16.086 19.85 0.621

a)

&
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=]
=
=
=

= W, wli
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Figure 3 — Dependence «M-w» in the middle of the span - a
and in the thirds of the span - b of strengthened and conventional beams

Comparative analysis of the carrying capacity and deformability of strengthened beams
compared with the conventional beams is presented in Table 3.

It is proved, the carrying capacity of strengthened beams was higher than of the
conventional ones. According to the results of experimental studies the carrying capacity of
reinforced beams was significantly higher than the control one. Thus, while strengthening
beams with the system including rigid levers and one external wire element with a diameter of
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5 mm in each branch the carrying capacity of beams increased up to 2.7 times; when two
external wire elements were used in each branch, the carrying capacity increased up to 3.5
times; when three wire elements were used, carrying capacity increased up to 3.85 times. But
this variant required additional costs on making rigid steel levers. Therefore, beams without
levers with two wire elements in one branch were developed, manufactured and tested. An
increase in carrying capacity amounted to 3.3 times (BII-VI) when the branches were fixed in
the places where rigid levers were fixed. After determining an efficient place for fastening the
strengthening branch, carrying capacity increases up to 4.42 times (bII-VII). The strengthened
beams have much greater rigidity than the regular ones; a beam with rigid levers and three
wire elements in one branch showed the greatest rigidity among the strengthened beams.

Dependence «load M - relative fiber deformations of concrete €» on the central cross-
section is presented in Table 4 and diagrams in Fig. 5.

Table 3 — The strengthening effect

My Wen

The name Mg, Wio

of the beam series ] 1
while w,,, | While W = 2—00 L, while M,,,. |while M=4.79 kHwm

BO 1 1 1 1
BII-1 2.378 2.184 1.008 0.100
BII-11 2.497 2.489 0.645 0.050
BII-III 2.693 2.312 1.143 0.068
BII-1V 3472 3472 0.701 0.050
BII-V 3.843 3.851 0.719 0.063
BII-VI 3.276 3.019 1.052 0.0628
BII-VII 4.424 3.371 1.389 0.043

Table 4 - Relative fiber concrete deformations of the beam central cross-sections

Relative concrete deformations according
to the bending moment that is equal to
The name of beam . . carrying capacity
. carrying capacity, .
series Mo kNm of the conventional beam
e M=4.79 kNm
&l x107 &2 x107 Eel x107 &2 x107
BO 320.7 -489.3 320.7 -489.3
BII-1 68.7 -135.1 28.7 -49.3
BII-1I 46.3 -55.5 13.79 -21.1
BIT-1II 77.3 -870.1 17.4 -16.3
BII-IV 46.7 -49.6 15.5 -16.1
BII-V 125.0 -90.0 46.1 -25.1
BII-VI 106.3 -133.7 21.6 -16.1
BII-VII 125.0 -119.1 16.4 -16.5
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Figure 6 — Dependence «M - £» on the beam cross-sections located
in the thirds of their spans

It has been established that significant reduction in deformations of concrete is
observed in strengthened beams in comparison with conventional beam series under the same
load levels.

The character of crack formation and failure of the series of strengthened BII-I - VI and
conventional control beams BO is shown in Fig. 7.

The study proposes a calculation method of such strengthened beams. It is considered
the algorithm of calculation by the example of strengthened beam BIT-VI without rigid levers.
The method consideres the loss of tension because of friction under contact of external wire

with rollers. The scheme of determining the forces in the branch of external wire is shown in
Fig. 8.
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Figure 7 — Characteristic crack formation and failure of experimental beams
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Figure 8 — Scheme of distribution of forces due
to the action of the strengthening structure
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According to the above scheme (Fig. 8) the resulting force on the lateral guiding
element from the external reinforcement was obtained. The loss of the stress force in
strengthening wire because of friction on rollers was considered. The calculation was
conducted for the strengthening force of 19.796 kN in each branch of the reinforcement
system for BII-VI beams. The value of the strengthening force was found in the experiment.
The forces in the external wire in each part, from point 7 to point 1, is determined by the
formula [5]:

N.

Niw =777 M

where N; — force in the leading branch;

N;.; — force in the passive branch;

f — friction coefficient “steel on steel”;

@ — angle of the contact between the branch and the roller.

After determining the resulting horizontal and vertical force the main calculation
scheme of the strengthened beam has the form shown in Fig. 9.
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Figure 9 — The calculation scheme of the strengthened beam
under the load of two concentrated forces F and live weight

The diagram of total bending moment of the beam series BII- VI, strengthened with
external bars, is shown in Figure 10.

The solid line shows total bending moment of the beam of BII- VI series (from
unloading forces of the strengthening system and external load and live weight); the dotted
line schematically shows the value of the bending moment without strengthening. In the
calculations, the bending moment of the horizontal forces of the strengthening system was
determined against the neutral line in each cross-section along the length of the beam, with
the consideration of the variable eccentricity of beam deflections [1, 2, 11].

For the BII-VI series of reinforced beams the calculated bending moment was 15.508
kNm, and the corresponding experimental bending moment was 15.523 kNm. For this series
of beam the discrepancy was insignificant, which confirms the adequacy of the calculation
model BII-VI.

36ipuuk HayKoBHX Tpailb. Cepis: [any3eBe MammHoOyqyBaHHs, OyaiBHuLTBO. — 1 (48)" 2017. 97




"ssssssanbesssnamna

Figure 10 — Diagrams of the total bending moment
of strengthened beams of BII- VI series

Conclusions. New strengthening system with external reinforcement for one-span
reinforced concrete beams of a rectangular cross-section is presented. According to the results
of experimental studies, carrying capacity increased up to 2.7 times in the beams strengthened
with the system including rigid levers and one external wire element with a diameter of 5 mm
in each branch; when two external wire elements were used in each branch, carrying capacity
increased up to 3.5 times; when three wire elements were used. carrying capacity increased up
to 3.85 times. Increase in the carrying capacity of the beams strengthened without levers
amounted to 3.3 times (BII-VI) when the branches included two wire elements. After
determining an efficient place for fastening the strengthening branch carrying capacity
increases up to 4.42 times (BII-VII). Here, the strengthened beams had much greater rigidity
than the regular ones. The beam with rigid levers and three wire elements in one branch
showed the greatest rigidity. Convergence between the theoretical and experimental data by
the example of BII-VI beams meets the requirements of calculation accuracy.
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MULTISTORY FRAMED BUILDINGS WITH SLAB CAST OVER
PRECAST JOISTS: RECOMMENDATIONS FOR DESIGNING
CONCRETE ELEMENTS KEY JOINTS

The role of joints which are used to provide interoperability of separate elements in
prefabricated monolithic frame design systems with flat slabs was researched. Special
attention is paid to key joints that are exposed to significant shear strength and provide the
structures’ solidity during the operation. On the basis of the experimental studies,
recommendations for the joints design are suggested. In Poltava National Technical
University a key joints calculation method has been developed, which considers the damage
nature, a set of determining impact factors and is recommended for extensive use.
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Ilonmascvkuii HayionanbHuti mexHiynuil yHigepcumem imeni FOpiss Konopamioxa

BATATOINIOBEPXOBA KAPKACHA BY AIBJIA
31 3BIPHO-MOHOJIITHUM NEPEKPUTTAM: PEKOMEHJIAILIT
JO0 NPOEKTYBAHHSA IHNITOHKOBUX 3°’€/IHAHb
3AJIIBOBETOHHUX EJIEMEHTIB

Buceimneno ponv cmukie, Kompi SUKOPUCMOBYIOMbCA O 3a0e3neyeHHs CNilbHOI
pobomu oxkpemux enemenmie 30IpHO-MOHONIMHUX KAPKACHUX KOHCMPYKMUBHUX CUCMEM I3
nrockumu nepexkpummsamu. Ocobnusy yeacy NpuoileHo WNOHKOSUM 3 €OHAHHAM, SKI
CRpUUMAalOms 3HAYHI 3YCUNIA 3CY8Y Mma 3a6e3neuyoms MOHOIIMHICMb KOHCMPYKYIT 8 nepioo
excnayamayii. Ha ocHo8i 6ukoHaHux excnepumeHmanvHux OOCHiONHCEeHb 3aNpPONOHOBAHO
pexkomenoayii 0na npoekmyeauHs cmukis. Y Ilonmascbkomy HAYiOHANbHOMY MEXHIYHOM)
yhisepcumemi imeni FOpis Kounopamioxa po3pobieno mMemoouxy pO3PAxXyHKY UWNOHKOBUX
CMUKIB, 3a 00NOMO2010 SKOI 00CHI0NCEHO Xapakmep pPYUHY8aHHs, CYKYRHICMb GU3HAYANbHUX
Gaxmopis eniusy; ii pekoMeH008AHO 00 WUUPOKO20 3ACMOCYBAHHSL.

Knrouogi cnoea: 36ipHo-mononimna KOHCMPYKMUBHA CUCMeMd, CMUK, WHOHKA,
MIYHICMb, NAACMUYHICIND, 3DI3.
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Introduction. The experience of national and foreign multi-story residential and public
buildings construction shows that the most promising in this respect are framed systems with
flat discs of slabs.

Frames are suggested to be made of precast and cast-in-place reinforced concrete, that
permits their manufacture without additional costs as manifold statically indeterminate system
with great potential for redistribution efforts under load between its individual components,
reducing the size of sections and the amount reinforcement required, thus reducing material
consumption of structures. The use of precast components improves the products’ quality and
promotes the development of construction industry plants.

Analysis of recent research sources and publications. One of the first attempts to use
slab cast over precast joists with smooth ceilings is considered the «SOCHI» system [1]. It
includes columns and precast-monolithic discs of the slab (Fig. 1) formed by hollow core
slabs and monolithic girders with the height equal to the plates’ thickness. For longitudinal
slab-to-slab joints reinforcement is designed. Expansion reinforced joints between the slabs
and solid-cast bearing girders form a rigid cross-system of primary and secondary beams.
Leaning of plates on the girders is provided by means of concrete keys at the ends and on the
side faces of the plates, formed when the girders are concrete casted due to the concrete
mixture embedding of holes and cavities in plates. The system was not widely used, but it has
inspired other present-day popular systems.

Figure 1 — The «SOCHI» type slab cast over precast joists:
1 — solid-cast bearing girders; 2 — precast slab panels; 3 — precast columns; 4, 5 — solid-
cast beams between the columns and precast slabs

«ARCOS» structural system [2], in which: precast-monolithic discs of slabs using
hollow-core panels and monolithic bearing and braced girders with the similar cross sections
are made flat; reduced to the solid floor thickness is 12 — 14 c¢cm and provides usage of
spans with the length of 7.2 m or more (Fig. 2). Leaning of slabs on the bearing girders is
performed due to concrete keys formed in the plates’ hollows at their ends at the girders’
concrete casting.
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Figure 2 — Fragment of the <KARCOS» structural system building:
1 — columns; 2 — solid-cast bearing girders; 3 — solid-cast braced girders;
4 — precast hollow-core slabs; 5 — concrete keys of bearing girders;

6 — key size stopper; 7 — concrete keys between the slabs

The existing foreign analogues of slab cast over precast joists using hollow-core slabs
(even at a higher organization and manufacturing culture) for security reasons it is not
recommended to place the supporting concrete sections in the form of concrete keys. Ukraine
has a number of patents that improve the joint of plates with a solid-cast girder by reinforcing
concrete keys with flat or spatial frames in the form of a pyramid [3, 4], which increases their
reliability.

At Prydniprovsk State Academy of Civil-Engineering and Architecture a slab cast over
precast joists is suggested [5], which is different from that of Arcos in terms of the hollow-
core plates size which is made shorter in each site, and the width of solid-cast bearing girders
is due to it wider [6]. The hollow-core plate is connected to the solid-cast girder by means of
keys, reinforced by flat frames with longitudinal reinforcement 26 A240C.

Precast and cast-in-place building frame suggested by Ye.P. Gurov [7] includes
columns and precast-and solid-cast girders, which prefabricated parts are made with open or
hidden supporting consoles. Girders are installed on the columns floor-by-floor mostly
forming corbels. Hollow-core slab panels with anchor keys in the cavities at their ends are
having embedded anchoring wall ties. The keys arrangement is performed through a hole cut
in the top of the concrete slab by pour concrete casting through it. The key is reinforced by a
frame in which the longitudinal reinforcement is placed in the top and in the middle of its
height.

To increase the height of the pier cap at high loads, a technical solution is suggested
(Fig. 3), which provides key joint of the girder with the precast column without holes in the
floor level [8].

The current standards [9] when calculating key joints, are taking into account the
limited number of impacts, and therefore the strength standards are significantly loose
compared to the strength indicators demonstrated in the experiments [10 — 12].

At PoltNTU, a variance calculation method has been developed based on the plasticity
concrete theory [13], which is commonly used, accurate and simple enough, permitting to
calculate the strength of key joints at cutting, with account of all the determinants totality.
The method has passed a reasonable testing.
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Highlighting of still unsolved aspects of the general problem. In all the above
mentioned slab cast over precast joists, key joints are available providing strength and
reliability of the entire system of the building as a whole.

Setting the objective. The aim of the study is to submit proposals for the design of
concrete elements’ key joints in the precast and solid-cast systems.

Basic material and results. The suggested method of strength calculation is based on
considering the damage nature and taking into account the main impact factors. At calculating
a single-key joint, two possible cases of destruction are considered: «the key» and «the joint»
destructions that define a cinematically possible scheme of destruction and the ultimate load
value. The destruction type depends on the ratio of the joint’s geometric parameters [14].

The hollow-core slab panels’ joint with solid-cast bearing girders in the Arcos system
have a round cross-section of keys. At the slab deformation a spread occurs, leading to the
keys’ reduction. According to the current standards [9], the round section is replaced by the
equivalent square one.

The authors suggest scheme of cinematically possible destruction of evenly reduced
round concrete key, which is presented in Fig. 3 [15].

According to the suggested method, the known parameters in solving the problem of
durability are the dimensions of the key [, 2r, by, the embedding concrete strength
characteristics f.4, f.a, reduction.

The unknown values in the present problem are: the ultimate load ¢, slope angle & of

the AB platform and /3 platforms BC to the vertical, the ratio of speeds K=V, /V/.

The formula for determining the ultimate load is as follows:

5\0.5
q,=m 2B 1+l M -1 g}/(k_tgﬁ)lg—a+
4\ k—tgf 3 tgf+tga

t 7ok
y s y
tgf+tgax 4

+ fou (k+tga’)%><

where y=2r/h,

m=f.,—fuu
B=(1+x/1-x))/3,
l:fcrd/fcd .
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The round key’s strength turned to be by 10% lower than that of the equivalent square
one due to the load features and the form of the surface damaged. There is also the possibility
of considering the uneven reduction force application heightwise the key.

The joint strength calculation results for a round-hollow panel with the width of 1,5 m
(7 hollows) and the key diameter (the panel’s cavity) d = 159 mm, the length of /; = 100 mm,
the embedding concrete class C25/30: f.; = 15,3 MPa, f.., = 1,08 MPa, provided Y., = 0,9
with account of the cross-section shape, reduction and its application place and reinforcement
are presented in Table 1.

Table 1 — Comparison of the hollow-core panel
and a bearing girder joint’s strength performed by different methods

Source [17] [9] [13]
round equivalent round/ equivalent square
Joint type section | square section section
Load (kN)
Concrete keys 286,7 / — —-/77,14 —/ -
Reinforced concrete keys —/ - —-/115,1 202,65 /230,16
341,32 (207,69) /

Reduced concrete keys -/ - —/265,2 381.15(231.42)
Reduced reinforced —/- —/302,17 | 364,63 (239,2)/ 412,09 (268.7)
concrete keys
* in brackets the value of the joint strength is given for the reduction applied in the lower part of the key

At the calculations of reinforced concrete keys, their smallest possible reinforcement by
flat frames with longitudinal reinforcement is set 23 Bp-1.

The submitted suggestions as to improving the design of the hollow-core panel
with a girder, which provide the use of cylindrical frame instead of a flat frame and
its being performed as a hollow triangular pyramid that will provide equal strength of
the key joint both in the vertical and in the horizontal planes, will improve its reliability at
seismic impacts [16].

In [8], the joint of precast column with solid-cast girder, which has thickening on
support, is designed as three-keys joint (Fig. 4).

Figure 4 — Key joint of the precast column with solid-cast girders:
1 — columns; 2 — hollow-core panels; 3 — concrete keys; 4 — reinforcing frames;
5 — middle solid-cast girders; 6 — side of the column; 7 — thickening of the girders’ bearing;
8 — end hollows of the panel; 9 — stoppers; 10 — keys of girders
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According to the results of series of experimental studies performed at PoltNTU, it is
suggested to calculate the uneven behaviour of keys heightwise according to the suggested
empirical dependence:

Vi, =V (14095Inn, ), (2)

sh,n

where Vju —1is a single key’s strength,

ny — is the number of keys in the joint.

It is recommended to design keys of the trapezoidal shape, both in terms of the
increased strength and the technology of manufacturing joints, or triangular joints to avoid
inter-key space. The calculation method considers the shape of the key profile. The ratio of
the key depth to its height should be taken within /; / h; =0,25 - 0,5.

:'\
£ 2
. o225 MM -
L L £|
{5
{ | ’:l‘r:EHH
Vi = 2439 kN (1, /b, =03) V.. =36132kN (I, /h, =0.5)

Figure 5 — Geometric dimensions of the column
with a girder joint with the trapezoid and triangular keys

Conclusions. When solving the problems of the key joints’ strength in the reinforced
concrete elements of the slab cast over precast joists, the circular shape of the key’s cross-
section was considered together with the reinforcement features and the reduction effort’s
location. The relation was also suggested for the uneven keys’ behaviour lengthwise, which
improves the suggested calculation method, increases its accuracy and opens opportunities for
improvement of design solutions. All the joints considered are having the sufficient strength

reserve.
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STRESS AND STRAIN BEHAVIOUR OF REINFORCED
CONCRETE ANISOTROPIC SHELLS

The character changes deflected mode of «Monofant» system fragments.
For experimental studies state snippets new structural system of “Monofant” multi conformity
was deformed and method based on hydrostatic load when the load is given by the weight of
water, was used, and its value is governed by the height of the water column. To determine the
qualitative and quantitative research object deformation measurements displacement
cylindrical and spherical shells in 25 points was carried. However, the configuration structure
complexity was given, which in turn led to the emergence of both vertical and horizontal
movements of the studied surface shell under vertical load, the need to measure movements in
two directions in a cylindrical shell of vertical displacement and a spherical shell.
The study shows that the structural elements are endowed with all the necessary strength
characteristics and attributes rigidity bearing elements of reinforced concrete buildings.

Key words: stress-strain state, strain, envelope, reinforced concrete, experimental
research.
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HAINPYKEHO-IE®OPMOBAHUI CTAH 3AJI30BETOHHUX
AHI3OTPOITHUX OBOJIOHOK

Hocniooiceno xapakmep 3MiHU HANPYHCEHO-0ePOPMOBAH020 CmMaHy Gpacmenmia
cucmemu «Monoghanm». J[nsa excnepumeHmanvHux O00CHiodiceHb 0edOopPMOBAHO20 CMAHY
@pacmenmie HOB0I KOHCMPYKMUBHOI cucmemu 6a2amoKpumepiaibHo20 NPUHAYeHHs.
«Monoghanm» euxopucmano memoo, 3aCHO8aHUL HA 2i0POCMAMUYHOMY HABAHMANCEHHI,
KOJU 80HO 3A0A€EMbCSL 8A2010 800U, I il 8eIUUUHA PE2YNIOEMBCS BUCOMOIO 800AHO20 CMOGNA.
s eusHauerHs AKICHO20 Ma KilbKICHO20 Xxapaxmepy 0edopmy8anHs 00'€ekma 00CAiONCeHH s
30IlCHEHO BUMIpU nepemiujeHb Yurinopuunoi i cpepuunoi 060r0HoK y 25-mu mouxax. Ilpu
YbOMY 3 021140y Ha CKAAOHICMb KOHGI2ypayii KOHCMPYKYil, Wo y C8010 4epay 3yMOBUN0 NOABY
SAK 8epMUKANbHUX, MAK | 2OPU3OHMATILHUX NepeMiujeHb 00CTIONHCYBAHOI NOBEPXHI 000IOHKU
nio 0i€r 8ePMUKATIbHO2O HABAHMANCEHHS, BUHUKIA HEOOXIOHICMb BUMIDIOBAHHS NepeMilyeHb
Y 080X HANPAMKAX Y YUNIHOPUYHIU OOONOHYI U 8ePMUKAILHUX NepeMiujenb 6 cgepuunol
00010HYI. 3 NPoedeH020 D0CNIONCEHHA BUNIUBAE, WO KOHCMPYKMUBHI eleMeHmuU HAOLIeHO
6CiMa  HeOOXIOHUMU XAPAKMEPUCMUKAMU MIYHOCMI mMa HCOPCMKICHUMU ampubdymamu
Hecyyux eiemenmis 6yoieeib 3 MOHOIMHO20 3a1i300€mMOoHY.

Knrwuoei cnosa: nanpyosiceno-oeghopmosanuti  cman, nepemiujeHHs, 000JI0HKA,
3ani300€MoH, eKCnepuMeHmaibHi O0CAIONCEHHS.
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Introduction. Building structures own weight minimizing is one of the most important
trends in researching and enhancing construction options with limited resources. A new
construction system named «Monofant» [1] was developed by scientific efforts of the
building structure department of O.M. Beketov NUUE.

Using the large scale sheet blockouts of expanded polystyrene and mineral rock wool
significantly decreases building cost and enhances its thermal and sound insulation
parameters. Making the shells by the wet shotcreting method is the special feature of
«Monofant» spatial curved structures [2]. The formed structure saves concrete (up to 40-45%)
and provides slight saving of reinforcing bars as well.

In this case the shape and dimensions of created internal cavities drastically influences
on the character of stress and strains conduct of the system.

Analysis of recent research sources and publications. The research objects
are fragments of cylindrical/ spherical shells of the «Monofant» system of plan dimensions
22002200 mm. Each fragment is made of 50 mm thick external/ internal concrete coatings
and 160 mm permanent blockout of expanded polystyrene inserted between them.
Coating reinforcement is done with grid of 200x200 mm mesh, and d = 6 mm (A-]).
The 50 mm ribs providing combined operation of shells are arranged in diagonal direction of
the shell. The ribs are reinforced with flat frame of d = 10 mm (A-I). The general diagram of
structures is given in fig. 1 -- 2.
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Figure 1 — The geometry and reinforcement of the cylindrical shell
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Figure 2 — The geometry and reinforcement of the spherical shell

Main part of the research and obtained results. A finite element model of the
developed shell was built in the «<ANSYS» software within the research.

The toolset of the mentioned calculation package allows to carry out the automatic
triangulation of complex shapes into finite volumetric elements through the automatic import
from additional software package of 3D modeling (in this case «Autodesk Inventor»
was used). (fig. 3, 4).

Figure 3 — Building a cylindrical shell finite Figure4 —shell finite element model
element grid

The built cylindrical shell model contains 209,319 assemblies and 100,271 finite
elements, whereas the built spherical shell contains 459,061 elements and 261,791
assemblies.

Resting was chosen as swiveling and fixed on four angular points of the shell in the plan.

Evenly distributed load was applied to the shell surface according to diagrams described
in papers [3, 4]. Taking into account the structure rigidness, the evenly distributed load value
made 10 kN/m”. Once a stress-strain behavior theoretical analysis of a spherical shell
fragment had been completed, experiment series on fabricated elements followed.

Basic material and results. The completed theoretical analysis [4, 5] is supported by
experimental researches of new «Monofant» structural system fragments strained state against
many criteria and by the hydrostatic method.

Loading system. In the research the method based on hydrostatic loading was used, when
the load was created by water mass and its value was controlled by height of water column.
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The loading mode was chosen according to an experiment program. Loading level was
defined by height of water in the pool. In this case the mentioned level was provided by water
supply/ drainage system to/ from the pool. To register measured movements of the studied
object, series of dial indicators was installed; they allowed to measure stress-strain features of
the studied object. A device to test slabs and shells in situ under influence of vertical
short/long time loads was chosen as a basis for the mentioned tests.

The device contained the studied structure 1, installed on supports 2, boards 3 that created
a tank, being installed along the contour of the loaded area, waterproof film 4 inside the tank,
supplying/ draining hoses 5. Such structure is simple, cheap, and easy matching with the
measurement system.

Considering the difficult configuration of the loaded shell surface, and in order to evenly
distribute the water column pressure, the arrangement of additional partitions inside the pool
in the Ilongitudinal direction was considered as necessary. Therefore, the pool
constructed over the spherical shell was a cell system consisting of 121 cells with dimension
of 200200 mm and height of 1200 mm (fig.5).

Pool walls and internal partitions were made of 20 mm thick multilayer glued plywood
(fig. 6). The pool constructed over the cylindrical shell was a cell system consisting
of 11 cells with dimension of 200x2200 mm and height of 1200 mm.

Pool walls and internal partitions were made of 20 mm thick multilayer glued plywood
(fig. 7, 8).

Figure 5 — A general view of the cell pool  Figure 6 — The cell system over the shell
to test the spherical shell

[

Figure 7 — The cell system over Figure 8 — Boards forming a pool over
the cylindrical shell to carry out tests the cylindrical shell
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The pool external walls rested on the frame, whereas the internal partitions were rigidly
attached to the external walls by glue and self-tappers. 10 mm space was arranged between
the pool internal partitions and the shell. The space was filled with expanding foam to
distribute the pool own mass over the frame only. Specifically fabricated plastic pockets were
installed in each formed cell. It provided pool impermeability.

Measurement system. To define qualitative and quantitative features of studied object
straining, shell movement measurement were done in 25 points. In this case, considering
the complexity of the structure, that in its turn had preconditioned the occurrence of both
vertical and horizontal movements of the studied shell surface under the vertical load effect,
the necessity of measuring 2 direction movements (fig. 9) in the cylindrical shell and vertical
movements in the spherical shell emerged (fig. 10).
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Figure 9 — A diagram of indicator installation in the cylindrical shell
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Figure 10 — A diagram of indicator installation in the spherical shell

Besides, considering the shell significant rigidity, which had preconditioned the
smallness of the expected movement values, dial indicators with 2 um division value and
2 mm rod travel were used. The indicators were fastened in the indicated points by
specifically fabricated frames made of 40x3 mm square pipes and 10x10 mm metal bar
(fig. 11) that in their turn were welded to the main frame. Sequence of experiments is
illustrated in fig. 12 -- 16.

Six independent cycles of loading/ unloading were done according to each
loading diagram. Averaged data of six loading results were analyzed. The data are given in
the table 1 — 2.
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Figure 16 — The bench to carry out tests
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Table 1 — Averaged readings of vertical movement indicators
of the cylindrical shell

Indicator Vertical movements, absolute values (mm)
Full A 1/2 of the A 1/3 of the A
loading surface surface

1" 0,041 -0,007 0,01 0,007 0,024 -0,016
12 0,138 -0,006 0,062 -0,008 0,053 -0,007
13 0,228 -0,01 0,112 -0,015 0,086 -0,006
1'4 0,138 -0,006 0,062 -0,008 0,053 -0,001
1'5 0,041 -0,007 0,01 0,007 0,024 -0,016
2'1 0,012 -0,004 0,055 0,006 0,045 0,005
272 0,194 -0,007 0,069 0,0 0,056 0,0
2'3 0,237 -0,004 0,078 -0,011 0,063 -0,004
2'4 0,194 -0,007 0,069 0,0 0,056 0,0
2'5 0,012 -0,004 0,055 0,006 0,045 0,005
3'1 0,197 -0,003 0,098 0,007 0,081 0,007
32 0,217 -0,004 0,105 -0,001 0,086 -0,008
33 0,242 -0,013 0,117 -0,01 0,092 0,004
3'4 0,217 -0,004 0,105 -0,001 0,086 -0,008
3'5 0,197 -0,003 0,098 0,007 0,081 0,007
41 0,012 -0,004 0,166 0,005 0,131 0,005
472 0,194 -0,007 0,178 0,0 0,148 -0,006
4'3 0,237 -0,004 0,192 -0,011 0,157 -0,005
4'4 0,194 -0,007 0,178 0,0 0,148 -0,006
4'5 0,012 -0,004 0,166 0,005 0,131 0,005
5'1 0,041 -0,007 0,088 -0,012 0,088 -0,002
572 0,138 -0,006 0,102 -0,006 0,093 -0,007
5'3 0,228 -0,01 0,121 -0,005 0,111 -0,004
5'4 0,138 -0,006 0,102 -0,006 0,093 -0,007
5'5 0,041 -0,007 0,088 -0,012 0,088 -0,002

The completed analysis of vertical movements of the cylindrical shell at full loading,
1/2 and 1/3 of the surface portion is illustrated in fig. 17 — 19.
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Figure 17 — Graphical representation of cylindrical shell vertical movements under
the evenly distributed load of 10kN/m? over the entire structure surface
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Figure 18 — Graphical representation of cylindrical shell vertical movements under
the evenly distributed load of 10kN/m? over 1/2 of the structure surface
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Figure 19 — Graphical representation of cylindrical shell vertical movements under
the evenly distributed load of 10kN/m? over 1/3 of the structure surface
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Table 2 — Averaged readings of spherical shell indicators

Vertical movements (mm)

Indicator | Fyl] 1/2 of the 1/4 of the 1/8 of the
loading A surface A surface A surface A
1 0,275 0,021 0,117 0,004 0,044 0,026 0,016 0,006
2 0,382 0,009 0,136 0,000 0,055 0,024 0,023 0,006
3 0,419 0,082 0,153 0,021 0,068 0,013 0,027 0,007
4 0,377 0,013 0,133 0,003 0,051 0,003 0,020 0,009
5 0,264 0,030 0,115 0,006 0,039 0,031 0,015 0,007
6 0,383 0,008 0,157 0,023 0,142 -0,021 | 0,042 0,001
7 0,597 -0,021 | 0,195 0,004 0,149 -0,018 | 0,054 0,000
8 0,496 0,026 0,197 0,011 0,159 -0,003 | 0,063 -0,004
9 0,590 -0,014 | 0,185 0,014 0,093 0,003 0,049 0,005
10 0,387 0,004 0,153 0,027 0,050 0,004 0,039 0,003
11 0,417 0,084 0,231 0,020 0,208 0,014 0,077 -0,009
12 0,490 0,031 0,257 0,031 0,231 -0,014 | 0,091 0,000
13 0,686 -0,054 | 0,281 0,022 0,178 -0,026 | 0,096 -0,001
14 0,495 0,026 0,265 0,023 0,156 -0,005 | 0,095 -0,004
15 0,420 0,081 0,241 0,010 0,064 0,019 0,080 -0,012
16 0,384 0,007 0,295 0,005 0,233 -0,016 | 0,108 -0,016
17 0,595 -0,019 | 0,331 -0,010 | 0,237 0,011 0,130 -0,008
18 0,498 0,021 0,349 0,012 0,227 -0,018 | 0,184 -0,015
19 0,593 -0,017 | 0,335 -0,006 | 0,151 -0,020 | 0,127 -0,005
20 0,381 0,010 0,308 -0,008 | 0,059 0,020 0,103 -0,012
21 0,268 0,026 0,238 -0,039 | 0,178 0,021 0,120 -0,017
22 0,386 0,004 0,349 -0,008 | 0,236 -0,013 | 0,138 -0,011
23 0,413 0,088 0,405 -0,007 | 0,211 0,011 0,223 0,003
24 0,380 0,010 0,358 -0,017 | 0,144 -0,023 | 0,135 -0,008
25 0,275 0,021 0,246 -0,047 | 0,047 0,019 0,118 -0,015

Graphical representation of spherical shell vertical movements under the evenly
distributed load of 10 kN/m? over the entire structure surface, 1/2, 1/4, and 1/8 portions of it is
given in fig. 20 — 23.

Comparison of theoretical and experimental displacements spherical shell and
cylindrical shell is given in the table 3 — 4.
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Figure 20 — Graphical representation of spherical shell vertical movements under
the evenly distributed load of 10kN/m’ over the entire structure surface
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Figure 21 — Graphical representation of spherical shell vertical movements under
the evenly distributed load of 10kN/m? over 1/2 of the structure surface
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Figure 22 — Graphical representation of spherical shell vertical movements under
the evenly distributed load of 10kN/m’ over 1/4 of the structure surface
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Figure 23 — Graphical representation of spherical shell vertical movements under
the evenly distributed load of 10kN/m? over 1/8 of the structure surface
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Table 3 — Comparison of theoretical and research experimental spherical shell

Theoretical displacements
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Experimental displacements
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Table 4 — Comparison of theoretical and research experimental cylindrical shell

Theoretical displacements

Experimental displacements
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B) over 1/3 of the structure surface

Research conclusions, perspectives and further development. The following
research shows that structural elements possess all necessary strength and rigidity properties
of bearing members of monolithic reinforced concrete buildings.

In general it should be noted that the completed research defines «Monofant» system
representativeness and opens new capabilities of cast-in-place construction that is proved by

complex design in Kharkiv (fig. 24).
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Figure24 — Design («KMonofant» system)
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FIBRE-REINFORCED POLYMER BARS IN PRECAST SLABS
FOR ROADS TO OIL AND GAS EXTRACTION COMPLEXES

Considered an example of the application of fibre-reinforced polymer bars in precast
slabs for temporary roads to oil and gas extraction complexes. Found that samples of
products by geometric requirements similar Ferro-concrete products, but reinforced fibre-
reinforced polymer bars accessories instead of metal. The results of replacing metal fittings
on the fibre-reinforced polymer bars in the experimental samples. Given the comparative
assessment of the conformity of prototypes of requirements on indicates the ability and crack
resistance from. Found that fibre-reinforced polymer bars valves may be used in the
construction of a prefab temporary roads without reducing their carrying capacity.
It is proven that the use of this rebar for reinforcement of structures that work on resilient
basis, both at the stage of manufacture and operation. It is shown that the resulting
experience can be used in the planning and in the design, manufacture and test prototypes,
and the analysis of the obtained results allow you to identify opportunities for the
implementation of this direction in Ukraine.

Keywords: fibre-reinforced polymer bars, road slab, modulus of elasticity, crack
resistance.

Bockoobinunux CIL., k.m.n., ooyenm
Ilonmascvkuii HayionanbHuti mexHiynuil yHigepcumem imeni FOpiss Konopamioxa

MNOJIMEP-KOMITIO3UTHA APMATYPA B 3GIPHUX IIVIMTAX
JUIA JOPIT" 10 HA®TOI'A3OBNIOBYBHUX KOMIIVIEKCIB

Poszenanymo npuxknao 3acmocyéanus noaimep-KOMno3umuoi apmamypu 6 30ipHux
naumax O MuM4acosux oopic 00 HaAPMOo2az08uUd00y6HUX KOMNIeKCis. 3’acosano, wo
00CniOHI 3paszku 6upodi8 No 2eoMempuyHUM NAPAMEempPam aHAaI02iuHI 3a1i300emOHHUM
supobam, anre apmosami NONIMEP-KOMNOZUMHOW  APMAMypor  3aMiCmb  Memanesoi.
Haseoeno pesynomamu saminu memanesoi apmamypu Ha nOIIMeEP-KOMNOSUMHY apMamypy 6
odocnionux spaszkax. Haoano nopisnsanvhy oyinky 8ionogioHocmi 00CTIOHUX 3PA3KI6 8UMO2AM
no Hecyuii 30amuocmi ma mpiwuHocmiukocmi. Bcmanoseneno, wo noaimep-komMnosummuy
apmamypy MOMCIUBO 3ACMOCY8aMU 8 30IPHUX NAUMAax O MUM4acosux oopie 0e3 3HUNCEHHS
ix mecyuoi cnpomoodicnocmi. JlogedeHo, wjo 3acmocy8anHs yiei apmamypu O ApMy8aHHs.
KOHCMPYKYIU, SKI npayrooms Ha NPYICHIN OCHOBI, OOYLTbHO K HA CMAOii 8UC0MOBIEHH MAK
i npu excnayamayii. 3’1c06aHO, WO OMPUMAHUL OO0CBI0 MOJICHA GUKOPUCMOBYEAMU NPU
NIIAHYBAHHI OOCTIONCEHb MA NPOEKMYBAHHI, BUCOMOBIEHHI I UNPOOYBAHHI 0OCTIOHUX 3PA3KIB,
a 00epicawi pe3yibmamu npoeeodeHo2o aHalizy 0ams 3M02y GUSHAYUMU MONCIUBOCMI OISl
BNPOBAOICEHHS MAKO20 HANPAMY 8 YKpaiHi.

Knrwuosi cnosa: nonimep-komnosumua apmamypa, niuma O1s  0opie, MOOYb
NPYIHCHOCMI, MPIWYUHOCMIUKICMb.
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Introduction. On the present development of oil and gas extraction requires the
reduction of cycle construction drilling, speeding up putting them into operation and reducing
the cost of the construction of the wells. One of the components, which significantly affects
the data indicators — reduction of time for installation of temporary access roads and roads
and reducing their cost, through the use of modern materials.

Commissioning of new wells objectively due execution of drilling in new areas,
necessitating the rebasing of drilling companies with drilling one district to another. Among
new areas, yak rule, anew create a number of production objects to which it is necessary to lay
new driveways and roads.

To speed up the commissioning of drilling rigs importance is performing a compulsory
minimum training of construction works on the new platforms [1]. The issue of the rapid
installation of temporary access roads and highways might solve thanks to the use of precast
slabs using non-metal composite rebar, which is significantly cheaper for the metal. In
addition, the replacement of the metal fittings on the nemetalevu removes the possibility of
damage to the structures as a result of corrosion of the steel and the destruction of the
protective layer that allows you to reduce operating costs. These boards have successfully can
be reused when the development of new areas for drilling.

Analysis of recent studies and publications sources. Application of non-metal
composite rebar construction designs is a progressive direction in the construction [2 — 8].
However, the application of polymer-composite cable and significantly limits the number of flaws
and features composite fittings that do not allow direct replacement of reinforcement in
composite:

— low modulus of elasticity;

— lower fire products, reinforced composite reinforcement;

— low strength at transverse loads;

— the difficulty in making bent rebar products;

— the complexity in the manufacture of prestressed structures.

One of the perspective directions of use of non-metal composite rebar is the reinforcement
of structures that work on resilient basis.

In 2014-2015 by specialists of the Kazan State Architectural Construction University
together with JSC «Tatneft» was working on the introduction of fibre-reinforced polymer bars
for reinforcement of prefabricated elements, which are used for the extraction of petroleum-
slabs, the slabs and walls under machines-rocking, plate under drives cepni (fig. 1, a, b)
[O-11].

Figure 1 — Beam and slab under machines-rocking
a — Beam under machines-rocking: b — Plate under machines-rocking
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The nature of such products is virtually the same, they will be subject to a uniformly
distributed load and work on resilient basis. With the possibility of applying developments in
Ukraine, the most important is to work on the introduction of polymer-composite rebar for
reinforcement of precast slabs for temporary roads to oil extraction.

Parts of general problem unsolved before. At present in Ukraine not manufactured at
industrial level and does not apply to prefabricated slabs using non-metal composite fittings.
This occurs as a result of insufficient awareness about innovative projects that exist in the
world and the lack of development in this direction.

Problem formulation. The main purpose of this work is the analysis of the results of
research on the application of polymer-composite rebar at armuvanni prefabricated panels for
temporary roads and estimation of prospects of development of this direction in Ukraine.

The basic material and results. Opitnij sample team plates for temporary roads 2P
30.18-30 using polymer-composite fittings have been, manufactured and tested [9 — 11]. This
plate is similar to reinforced concrete plates, given the fact that its geometric parameters are
accepted according to [12]. In this case the metal fittings used in reinforced concrete slabs
according to [13], was replaced by a polymer-composite on the criterion — of the strength
longitudinal.

It was also complied with the preservation of the total number of cores and save the
locations of them in opalubci. The process of reinforcement plate shown in figure 2.

Given the great corrosion resistance of composite reinforcement, protective layer top and
bottom plate was taken 20 mm instead of 30 mm. The class is concrete and technology of
concreting was performed by [13] without changes. On the basis of measurements at the load
plate was built the schedule according to the «load-your backbends». Fixing strain was used to
load 11 t., thus destroying the plates with a load of 14 t took place [10].

Figure 2 — Reinforcing plate

With a load of 11 t the magnitude of deflection equal to 50 mm, indicating significant your
backbends plate. Raised deformativnist’ plates under load and the occurrence of cracks in concrete
structure due to the zone stretched polymer composite, namely low elasticity module. This fact is
compensated for by corrosion resistant polymer-composite reinforcement and the occurrence of
cracks in concrete will not cause corrosion destruction of structures, as in the case with metal
reinforcement.

As a result of the tests established that the plate 2P 30.18-30 (fig. 3, b) meets the criteria
of strength — by controlling stress fracture plates. Plate 2P 30.18-30 also meets the criteria of
crack resistance from (fig. 3, a) when controlling the load plate width of the disclosure of the
cracks smaller than 0.2 mm.
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Figure 3 — Test plates 2P30.18-30
a — Test the load on crack resistance from 3,8 t,
the width of the disclosure of the cracks smaller than 0.2 mm;
b — Test the load on strength of 7,0 t, the destruction of the plates do not happen

The results confirmed the possibility of polymer-composite rebar in the construction of
temporary roads without reducing their carrying capacity. As a result of technical-economic
evaluation of applying polymer-composite reinforcement in the slabs found that the cost of
manufacturing reinforcing mesh is reduced by 12%, thus decreasing labor costs on the
reinforcement plates as a result of significantly lower weight of reinforcing products from
polymer-composite cable compared with metal. In addition, concrete slabs, reinforced polymer-
composite accessories have increased corrosion resistance and consequently increased the term of
operation. Thus the application of polymer-composite rebar in the construction of temporary
roads economically feasible as at the stage of manufacture and operation.

To implement this direction in Ukraine need to perform research, similar to the above,
with the use of regulations, the existing in Ukraine. In Ukraine at the present time operates a
normative document regarding the design and manufacture of concrete structures with composite
with accessories [14], which contains information about the scope of application, General
provisions of design elements with composite reinforcement, structural requirements for these
elements. In this document these characteristic parameters for composite reinforcement with
links to [15, 16] for the reinforcement of concrete structures with basalt fixtures and
accessories based on glass rovingu respectively. But there is no documentation (DSTU) on
requirements to composite cable, there are no common technical terms. No standardized
methods of calculation of concrete of composite reinforcement, methods for determining the
minimum percent reinforcement. Not enough studied experience of operation of composite
products. Given the above indicated, a very important and urgent task is to develop
recommendations regarding the practical application of polymer-composite reinforcement in
precast slabs for temporary roads. It is advisable in this case to use the world experience
[8, 11,17 -19].

Work in this direction was launched in Poltava National Technical University named
after Yuri Kondratyuk — were conducted experimental research of mechanical characteristics
of skloplastikovoi fittings. The characteristic of the composite samples of the fittings listed in
table 1. Skloplastikova fittings in accordance with the provisions of [14] is a nemetaleva
composite fittings, produced on the basis of continuous glass rovingu. According to tests, the
characteristic values of resistance stretching skloplastikovoi rebar is 500 MPa, and the
modulus of elasticity is 33 000 MPa (average value of the three samples). According to table
6.2 [14] the characteristic value of the resistance to stretching for composite reinforcement based
on glass rovingu should be equal to 600 (800) MPa, and the modulus of elasticity is 50 000 Psi
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while steel must meet the requirements [16]. For comparison, table 2 shows the mechanical
characteristics of skloplastikovoi fittings, which were obtained in an experimental trial and
what the steps in the how to document [14]. Relationship between straight deformation of
composite reinforcement and tensions are in figure 4.

Table 1 — Characteristics of composite rebar

The name | Geometric The mass of | The density | The amount | The degree of
parameters the 1 of the of binder, polymerization,
p.-m.,g g/cm?3 % %
FCS @ 5,0mm 16,27 1,75 26 93
A=7,065mm?2

The characters in the notation of composite fittings have the following explanation:
F — fittings,; C — composite; S — skloplastikova fittings on the basis of a glass rovingu.

Table 2 — Mechanical characteristics of composite rebar

The name FCS, FCS, FCS, FCS,
DSTU [14] | sample Ne 1 | sample Ne 2 | sample Ne 3
Characteristic value of resistance 600 510 480 510
strength, MPa 800
Modulus of elasticity has been 50 000 30000 35000 34 000
worked out, MPa
fs, Mlla
600
3
500 >
2 <
s
400
g
% 300 A
H
200
100 ~
0 ‘ &, %
0 0,5 1 1,5 2

The relative deformation

Figure 4 — Graph of dependencies between straight deformation
of composite fittings and tensions
1 — sample Ne 1; 2 — sample Ne 2; 3 — sample Ne 3

Based on the results of the tests, was given the variability of the characteristic values of
skloplastikovoi reinforcement — characteristic value of resistance strength and modulus of
elasticity is significantly lower than stated in the rules [14]. The reason is that the
skloplastikova steel is a rod and profile are made with continuous reinforcing glass fiber
(glass rovingu) and the termoaktivnogo binding. Physical and mechanical characteristics of
such fittings depends on the fibers, percentage «fiber — binder» and production technology.
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Today in the market of building materials appeared in many large and small producers who
work for their own technical, mechanical characteristics of skloplastikovoi fittings vary widely.

Feature of the application of this reinforcement is the fact that it is very important to
have technical specifications on each batch of composite reinforcement used in the designs.
At performance of works using a composite cable, you need to determine its micnostni and
deformation value, and validate these values [14]. When the disparity of these values need to
calculate the design for the real values of the characteristics of strength and deformability,
engaging for this specialized laboratories that have the corresponding certificate. Special
attention should be paid to the quality of the fittings. Not allowed: chipped, bundles, conch,
gusts of winding, dents from mechanical impact damage fibers.

For the reliability of the results that will be obtained when conducting research on the
use of polymer-composite rebar in the construction of temporary roads will be required to
produce and test a minimum of 3 samples. Put into operation in Ukraine DSTU [20]
(with the abolition of [12]) and the entry into force of DSTU [21] (with the abolition of [13]).
Imposed national standards [20, 21], [12] and [13] in addition to the normative references
cited in appendix A. So when planning your experiment, you can use the technique listed above
in the example.

Geometric parameters, class of concrete and technology of concreting of prototypes of
plates for temporary roads P-1, P-2, P-3 be taken like slabs of reinforced concrete 2P 30.18-30
[20]. In this case the metal rebar used in concrete slabs replaced by polymer-composite on the
criterion of equal strength longitudinal.

By calculations using these tests (table 2), is an example of replacing the metal fittings on
the polymer-composite (table 3).

Table 3 — Replacement of reinforcement for polymer-composite rebar

Ne The diameter of the metal rod, mm | Diameter polymer-composite of rod, mm
1 ?@8F400 DOFCS
2 @ 10F400 O8FCS
3 @12F400 @10FCS
4 ?A14F400 @12FCS
5 ?A16F400 D14FCS

Determined that the longitudinal steel @10F400 in research samples P-1, P-2, P-3 can be
replaced by a composite @8FCS, of the metal rods, that located along the short side plates
@8F400 — on the composite @6 FCS. Diagram of the reinforcement of research designs P-1, P-2,
P-3 take in accordance with [21, 22], while maintaining the total number of rods and their
locations in the opalubci.

Opitnih test samples necessary to carry out the static load by a technique for evaluation of
their strength and compliance with regulatory requirements. In this case, the main goal of the
tests is to research the destruction and deformation of plates reinforced fibre-reinforced
polymer bars.

The final stage of data research is the development of technical specifications for the
manufacture of prefabricated plates with the use of a composite cable.

Conclusions. The use of plates with fibre-reinforced polymer bars leads to a reduction
of the cycle of building wells, their accelerated commissioning, that gives the effect in
increasing production and reducing the cost of the construction of the wells.

You can use the experience gained in the planning and the design, manufacture and test
prototypes, and the analysis of the obtained results allow you to identify opportunities for the
implementation of this direction in Ukraine.
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METHODS OF MODELING OF COMPOSITE MATERIALS
AND COMPOSITE STRUCTURES ON «LIRA-SAPR»

This paper provides detailed suggestions for the process of structural reinforcement
modeling by composite materials on the software package «LIRA-SAPR». It also provides the
implementation of bearing capacity checks for reinforced elements on the program called
«ESPRI». The article offers an algorithm for calculation of the construction objects in case
of design situation changing, considering the modeling of the composite structure
reinforcement. It considered the modeling process of reinforcement of structures using
classical methods, such as using of metal casing. It also investigated a numerical modeling
example of the frame structure reinforcement, with the selection and verification of the
composite material.

Keywords: stress-strain state, composite material, strains, deformations, material
nonlinearity, software « LIRA-SAPR».
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Hayionanonuu asiayitinuii ynisepcumem

METO/N MOJAEJIOBAHHSA KOMIIO3UTHUX MATEPIAJIIB
I KOMIIO3UTHUX KOHCTPYKIINA B IIK «JIIPA-CAIIP»

YV cmammi  posenamymo npoyec mooenoeanus  NIOCUNEHHA  KOHCMPYKYIl
KOMNO3umuumu mamepianamu 6 npoepamuomy komniexci «JIIPA-CAIIP» 3i 30iticheHHAM
nepegipku  Hecyuoi 30ammocmi  niocuienux eiemenmie 6 npozpami «ECIIPI».
3anpononosano ancopumm po3paxyHKy o0'ekmieé O0yOigHuymea npu 3MiHi NpPoeKmuoi
cumyayii 3 ypaxy8aHHam MoOOen08anHs NiOculeHHs Koucmpykyii. /locniooceno npoyec
MOOen08ants NiOCUNeHHsT KOHCMPYKYitli memanegor oboumorw. Hasedeno npuxnao
YUCeNbHO20 MOOENI08AHHS NIOCUNIEHHS paMU, 3 ni0OOPOM ma nepesipKoio KOMNOIUMHO20
mamepiany.

Knrwowuosi cnoea: Hnanpyosiceno-0Oeghopmosanutl  CmaH, KOMNOUMHI — Mamepianu,
Ooepopmayisn, Gizuuna neninitinicms, npoepamuuii komniexc «JIIPA-CAIIP».
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Introduction. While in operation of buildings and structures, if change of loads takes
place, during reconstruction or when a building structural scheme changes, it becomes
necessary to increase load bearing capacity of some structural elements. Therefore, the
question about the bearing capacity increasing of constructions is very relevant. One of the
most effective innovative methods to strengthen the reinforced concrete structures is the
application of composite materials (fiber reinforced polymers (FRP)).

Analysis of the latest research sources and publications. The first composite material
of modern type is deemed to be unidirectional glass-fibre reinforced plastic created by
A. Burov in the 30s. In the 60s in the UK the carbon fibers were created, which provided
impetus for the development of new generation of composite materials, which are highly used
in the design and reconstruction of buildings nowadays. In consequence of steady increase of
the interest in composite materials (fiber reinforced polymers) and composite reinforced
structures a lot of works have recently been devoted to the development of this issue:
many works created by Storozhenko L. [6, 7], Lapenko O. [7, 9, 13], Ermolenko D. [4],
Hvozdeva A., Klyueva S., Kurlapova D. [12], Khayutina Yu. [15], Chernyavskii V. [15, 16]
and others. A lot of works of Kuznetsov V., Vatin N., Hrigorieva Ya. were dedicated to the
development of calculation methods of reinforced concrete structures strengthened by fiber
reinforced polymers. Many works devoted to the topic were created abroad, for example,
some works written by Belarbia A. [18], Acunb B., David D. [19], Grace N. [21] and others.

Identification of previously unresolved areas of a common problem. The analysis of
the latest works on the considering subject showed that up to date there are a lot of works
devoted to experimental researches and analysis of experimental data on the reinforced
concrete structures strengthening. But, the question about the computational modelling of
reinforced structures and the analysis of its stress-strain state is still quite undecided.

Problem formulation. The goal of the article is mathematical modeling of construction
by the finite element method (FEM), taking into account the work of the strengthening system
from composite materials. And also the creation of computer modeling of construction work
before and after strengthening. The implementation of the goal was carried out on the basis of
the software package «LIRA-SAPR» and using the engineer electronic reference book
«ESPRI».

Main material and results. Materials that consist of two or more components or
phases are called composite materials. A continuous phase is called matrix, and components
are called filler or a reinforcing phase. The role of fillers is that they change the properties of
the continuous phase in the desired direction. Such materials may have a polymeric, metallic
or ceramic continuous phase. The mechanical properties of composite material depend on the
used continuous phase (matrix). Polymer phases are characterized by relatively low strength
and modulus of elasticity. Ceramic phases have high strength and rigidity, but their
disadvantage is high brittleness. Metal phases are characterized by intermediate values of
strength, modulus of elasticity and they are more plastic than ceramic phases.

Composite materials based on fiber, which used in reconstruction and strengthening of
buildings or structures, are made of microfibers. They combined within polymer and thus are
pieced. The most common types of fibers: aramid, carbon and fiberglass. The physical and
mechanical properties of composite materials are determined by the type and number of fibers
which are used.

Supporting of the load-bearing ability and stability of any construction is laid on the
basis of computer and numerical analysis of their stress-strain state.

So let's consider a procedure of structure analysis in SP «LIRA-SAPR», taking into
account the increasing of carrying capacity of its elements.

In the event of changing of the design situation (it may be the load increasing at the
object, defect identification within any structural elements, changing the object's purpose or
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reconfiguration of the building object), first of all, the static analysis of the construction is
made, taking into account the impact of the new loads and some changes within the elements.
Based on the results of the static analysis the necessary reinforcement for reinforced concrete
elements can be matched.

Taking into account the selected reinforcement, the analysis of the structure take into
consideration the physical nonlinearity is performed. As a result of the analysis one
determines damaged structural elements, in which cracks appear. Consequently elements that
are in need of strengthening are determined.

At the following step of the design the parameters of the fiber reinforced polymer
material are to be selected which will be used to strengthen the construction.
The bearing capacity of the strengthened element could be checked in «ESPRI».
As a result of the check in «<ESPRI» new reduced rigidity of the strengthened element is got.

After selection of the composite material and testing the load-bearing capacity of the
strengthened element, on the SP «<LIRA-SAPR» the new stiffness to the finite elements of the
analytic model is set. To do this, the type of the finite elements, which are in need of being
strengthened, is to be changed. The new type of these finite elements must be the physically
nonlinear universal three axes bar finite element Ne210. After setting the new stiffness
(taking into account the strengthening of the construction by fiber reinforced polymers
materials) a new calculation has to be made. After the evaluation of the obtained stress-strain
state of the analytic model decision about the additional strengthening of the other structural
elements has to be sold.

After the strengthening, in the analytic model the redistribution of the forces takes
place. So if desired, in «<ESPRI» it is possible to re-test the load-bearing capacity of the
strengthened structural elements, with the new forces obtained on the SP «LIRA-SAPR» in
these elements.

Consequently, the calculation procedure of the analytical model in the
SP «LIRA-SAPR» and «ESPRI», taking into account the strengthening, can be displayed in
the form of the following algorithm, which is shown in Fig. 1.

1. Static analysis. 2. Physically nonlinear 3. Strength test of
Matching of > analysis_ Detecting the > strengthened
reinforcement. elements with fractures. elements on "ESPRI"
5. Bearing capacity test of 4. Analysis on SP "LIRA-SAPR"
strengthened elements after the [ with the new stiffness of
force redistribution strengthened elements

Figure 1 — The analysis algorithm of strengthened structures on SP «LIRA-SAPR».

Letus consider the procedure for obtaining the parameters to model the strengthen of a
structure on SP «<LIRA-SAPR» by the example of the frame analytic model (Fig. 2).

After the static analysis, for the considered analytic model the appropriate
reinforcement is selected.

Then the physically nonlinear analysis was carried out, in which the corresponding
parameters of the concrete deformation (Fig. 3) and reinforcement were specified.
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Figure 3 — Characteristics of nonlinear concrete deformation, Pa

During the physically nonlinear analysis the parameters to calculate the deformation of
the structure, taking into account creep of concrete are specified. The change of the creep
coefficient in time was determined with the 44th piecewise creep law.

The creep coefficient ¢(z) was calculated with formulas:

o(T)= gt )f(1=1), )
ar)=cy+ 8 )
0 k=1(t’)k’ @

—y (11')
flimr)= 3 Be K ©

where 7 is a point of time for which deformation is determined;

t” is a point of applying the stress elementary increment;

By and ¥ are constants which depend on the concrete, and also Bp =1, % =0 and % > 0.

The value C, is the extreme value of the creep coefficient; A, is characteristic, which
depends on the properties and ageing conditions of the using concrete.

After the physically nonlinear analysis the schemes of the stress-strain state of the frame
is received (Fig. 4).
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Figure 4 — Stress-strain state schemes
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As a result of the analysis, it was determined that on the third stage of creep
deformation manifestation the cracks appear in some elements of the analytic model.
Figure 5 shows the diagrams of stresses and strains within the cross-sections of the beam and
columns, before and after appearance of the cracks.

H

B =

Figure 5 — Stress-strain diagrams within the crosss-sections of the analytic model

To strengthen the frame elements in which cracks appeared, we selected the fiber
reinforced polymers Aslan 400 CFRP Laminate with the following stiffness characteristics is
selected:

— monolayer thickness: 1,4 mm;

— modulus of elasticity, E: 131000 MPa;
— strength of a material: 2400 MPa;

— deformation at rupture: 0.0187 %.

The work condition coefficient was assumed equal to unity.

After selection the composite material for strengthening, on «<ESPRI» the load-bearing
capacity of the strengthened frame element was tested.

For strengthened elements which work on compression, the load-carrying capacity
check is performed using the following formulas:

— when strengthening by external reinforcement longitudinally:

Ne < f.,bx(d = 05x)+ f,,A'(d—a)+ f,Aa, 4)
— when strengthening by external reinforcement edgeways:
Ne< f. .bx(d —0,5x)+ f,,,A'(d—a'). 5)
For elements that work on bending, the check is performed on a bending moment:
— for rectangular cross-sections:
M < f,bx(d—-05x)+ f ,A'(d—d )+ f,Aa, (6)
— for T-section, if the compressive zone bound is through the girder web:
M < f.,bx(d=05x)+ f,,(b,'=b)h,'(d—05h," )+ f, ,A'(d—ad )+ f,Aa. (7)
In the formulas (4), (5), (6) and (7) the following symbols are used:

f.a — design value of the cylinder compressive strength of concrete,
fea3 — axial design value of the cylinder compressive strength of concrete,
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Jsca — design value of the compressive strength of reinforcing steel,

fra — design value of the cylinder strain strength of fiber reinforced polymer,

d — cross-section effective depth,

Ar— cross-section area of fiber reinforced polymer reinforcement,

hy-— depth of the flange of a T-bar (I-bar) cross-section in the compressive zone,

by-— width of the flange of a T-bar (I-bar) cross-section in the compressive zone,

b — cross-section effective depth.

After the strengthening material matching and the strength test of the reinforced
structural elements, the reduced rigidity of the strengthened elements is obtained.
To calculate the analytic model, taking into account the new stiffness, the FE Nel0 with the
FE Ne210 is replaced, which was given the new reduced stiffness characteristics.

One of the most common classic variants to increase the bearing capacity of the
structure is the increasing of its rigidity, by installing metal casing. Let us consider a
calculation example of the strengthening of a column of the considered frame, using the metal
casing. To do this, instead of selecting composite materials, choose the dimensions of the
metal angle bar (or plates) with which should be to strengthen the elements of the structure.
The verification of the strengthened elements whish also are implemented on the «<ESPRI»
program. For this purpose, in the subroutine «Check of the steel concrete column cross-
sections» (section Reinforced Concrete Structures) it is necessary to choose a check of the
steel concrete cross-sections with metal angle bars and set the parameters of the angle bars in
such way that they model the metal casing around the column.

The check of the composite cross sections could be carried out by limit states and also
by deformation model, as well as by the two-line and three-linear deformation diagrams
which are represented in figure 6.
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Figure 6 — Deformation diagrams of steel concrete elements.

Comparison of the frame stress-strain state at different design stages, taking into
account the strengthening, is shown in Table 1.

Table 1 — Comparison of efforts and displacements of the frame
at various formulation of the problem

Lineal elastic . . . Together with the
. Physical nonlinearity :
calculation strengthening
Disp- Efforts Disp- Efforts Disp- Efforts
lacements M., t*m lacements M.. t*m lacements M., t*m
Z, mm ¥? Z, mm b Z, mm ¥?
Column 0 +1,65 -0,1 +1,89 0 +2,06
Beam -2,8 2,96 -7,6 2,7 -7,3 2,26

134 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (48)" 2017.




Also, on the program «ESPRI» it is possible to calculate other cross sections of the steel
concrete structures, which examples are shown in Fig. 7.

—+L bz

—
S [
| B | B | B | B |

Figure 7 — Cross-section types of steel concrete structures
which could be calculated on the "ESPRI" program

Conclusion. Usage of fiber reinforced polymers to strengthen structures allows
significantly to increase the load-bearing capacity of the elements of buildings and structures.
It also allows to extend their service life, prevent or eliminate the emergency situation, correct
construction or design mistakes, and the most important that it allows to ensure reliable
operation and durability of the structures.

In this paper, the model technique for strengthen structures by fiber reinforced polymer
materials is proposed. The variant of modeling the strengthening of a construction by metal
casing is considered. The values of the element stress-strain state within the analytic model
are obtained.

The result of the research is the evaluation of the stress-strain state of the structure while
simulation its strengthening by fiber reinforced polymer with the physically nonlinear
formulation of the problem.

The results of this work can be used for wider application to increase the bearing
capacity of buildings and structures.
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SPATIAL STRUCTURES OF CLOSED PROFILES

The article presents a new design of steel space trusses, arches, frames of complex
application, the main advantages of which are lightness, durability of plane, cost efficiency,
reliability, reduction of construction period and investment cycle, energy savings at
manufacture, transportation and construction. Based on the previously performed
experimental and theoretic studies, the expediency of using box-shaped section parallel chord
trusses has been proved. Therefore, new constructive decisions for light efficient trusses,
arches, frames that can be used at erection of civil and industrial objects are presented
below. The suggested efficient structure of a steel truss with spatial upper chord, using tubes
or rectangular hollow box-shaped sections, steel trifurcate spatial truss construction, spatial
arch truss, spatial arch. Considered the use of closed cross-sections for spatial arch elements.
It has been revealed that using the two-hinges spatial frame the construction cost of a
building can be reduced due to reducing of the basement’s dimensions.
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Ilonmascevkuti HayionanvHull mexHivnul yHieepcumem imeri FOpis Konopamioxa

MPOCTOPOBI KOHCTPYKIIII 13 3BAMKHEHUX ITPO®LIIB

Ilooano Ho6i eexmueni cmanesi npocmoposi KOHCMPYKYii ¢hepm, apok, pam
KOMNJIEKCHO20 3ACMOCYBAHHS, Nepesacu SAKUX NOAA2Aiomb Y J1e2KOCmi, CMIUKocmi ujo0o
NIOWUHU, eKOHOMIYHOCMI, HAOTUHOCI, CKOPOUEHHS CIMPOKI6 0YiGHUYMEA U THBECMUYIUHO20
YUKy 6 UYIIoMY, €eKOHOMII eHepeosumpam npu UpPOOHUYMSI, MpPAHCHOPMYBAHHA mMd
36edennsa. Ha ocHosi nposedenux paniule eKCnepuMeHmanibHux ma meopemudHux
00CNi0dHCeHb 006€0eHO OOYINbHICMb BUKOPUCMAHHA (hepM 3 Kopoduacmumu nepepizamu 3
napaneibHUMu NOACAMU, HA8e0eHO HOBI KOHCMPYKMUBHI PIUUEHHS Te2KUX edheKmusHux gepm,
apoK, pam, AKi MOJCHA 3Acmocoyéamu 6 OyOieHuymei 00°’€kmié YusinbHo20 ma
NPOMUCIO0B020 NPUSHAYEHHA. 3anponoHo8aHo eghekmueni KoHCcmpyKyii cmanesoi gepmu 3
NPOCMOPOBUM BEPXHIM NOSACOM 3 BUKOPUCMAHHAM mMpPYO abo 3aMKHEHUX KopoOUuacmux
nepepizie, cmanesoi mpuciikogoi npocmopogoi gepmu, apounoi npocmoposoi gepmu ma
npocmoposoi  apku. Po3zenanymo 3acmocy8anHs 3AMKHEHUX nepepisie 0. npocmopoeux
ApOUHUX elleMeHmi8 | NpPOCMoposux nepepizie i3 3aMKHeHUX npo@inie O pamHux
Koncmpykyiu. /loeedeno, wo npu BUKOPUCMAHHI 8apiaHma 08OULAPHIDHOI NPOCMOPOB8OT pamu
MOJCHA 3MEHWUMU 8aPMICMb CNOPYOU 34 PAXYHOK 3MEHULeHHs pO3MIPY (DyHOAMEHm)Y.

Knrwouoei cnosa: cmanesa ¢epma, apka, pama, kopoouacmuti nepepis.
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Introduction. In the design of steel span structures of civil and industrial destination,
spatial steel structures have lately acquired prevalence due to their substantial advantages in
comparison with the traditional ones. The main advantages of the above type constructions
are: considerable reduction of the buildings’ weight, erection durability and simultaneous
saving of operation costs. In general, the construction decisions efficiency is aimed to obtain
the most feasible indices of material consumption, manpower efforts and capital intensity of
construction. Efficiency indices can be raised due to light efficient box-shaped sections and
new contours of trusses, arches and frames with space lattice.

At the current stage of the metal structures market development, ever more popularity is
being gained by new types of cross-sections, such as curved box-shaped, profiled and
perforated sections. Therefore, popularization of such structures is inducing development of
efficient constructive elements and the respective standard regulations for calculation of the
given type constructive forms. At present, under the conditions of the nationwide resource
saving program, the topical issue is designing new constructive forms and structures’
contours, using present-day efficient materials, raising their corrosion resistance and
durability. In the building construction industry there is a necessity of using innovative
technological developments at erection of public, administrative, storage and industrial
buildings and structures.

Latest sources of studies and publications review. The integrated assessment and
systematization of the existent building structures referring to the said type of the civil and
industrial objects has been the subject matter of the research papers [1 — 6]. Results of the
authors’ research, namely combined arch-core elements in flat structures, are described in [7].
Patent projects, where the structures under study consideration has been started, are presented
in publications [8, 9]. Foreign research developments, presenting a large number of light
metal structures, such as trusses, arches, frames, and specifying the advantages and faults of
the above type structures, are referred to in the following papers [10 — 15].

Part of the problem not solved before is the fact that at the fast rates of building
construction development in our country, the demand of searching new efficient, high-tech,
resource saving constructive forms and cross-sections of light metal structures.

Aims of the study. Based on the foreign and national experience of using light steel
structures, aim of the study has been formulated as: development of new constructive
decisions for trusses, arches, frames, and determining their main advantages compared to the
traditional decision variants.

Basic material presentation. Based on the previously performed experimental and
theoretic studies [7], the expediency of using box-shaped section parallel chord trusses has
been proved. Therefore, new constructive decisions for light efficient trusses, arches, frames
that can be used at erection of civil and industrial objects are presented below. The suggested
efficient structure of a steel truss with spatial upper chord, using tubes or rectangular hollow
box-shaped sections (Fig. 1, a) [9].

Structural peculiarity of the above trusses lies in the fact that the truss’s upper chord is
made trifurcate, thus providing its stability both in the plane and out of the truss’s plane
(Fig.1, b, ¢). In all the cases, the cross-sections are made of tubes or rectangular profiles.
The distance between the chord’s branches makes 1/6 — 1/8 of the truss’s height and is
determined by the calculation of upper chord’s stability. The truss’s height depends on the
parallel chord trusses’ span and provides the necessary stiffness of the structure.

As the following stage of using the rectangular hollow sections, let us consider the steel
trifurcate spatial truss (Fig. 2). Efficient operation of this structure is determined by the truss’s
spatial rigidity both in the plane and out of the truss’s plane. Disengagement of the truss’s
upper chord with joists, on which a profiled decking is mounted, forming a rigid decking disk.
The lower chord of a spatial truss is disengaged by a system of braces, providing the trusses’
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stability out of the plane. Using rectangular cross-sections is technologically more expedient
than using round tubes that require additional equipment for shape-cutting. The above
described structures cover a definite surface and are more economically efficient when
comprehensively used for covering. Spatial trusses have less construction height than flat
ones that sometimes sufficiently reduces the construction costs.

DVAVAVAN NINININS
AVAVAN NSNS

b)

a)

c)

Figure 1 — Truss with a spatial upper chord:
a) diagram of a truss with a spatial upper chord;
b) cross-section of trusses with a spatial upper chord made of tubes;
¢) cross-section of trusses with a spatial upper chord made of rectangular profiles

AVAVAVAVAVIAVAVAVAVAV

b) 9)

Figure 2 — Spatial truss made of closed hollow profiles:
a) diagram of a truss made of closed hollow profiles;
b) truss cross-sections made of tubes;
¢) truss cross-sections made of rectangular profiles

Let us consider the use of closed cross-sections for spatial arch elements.
Figure 3, a describes an arch spatial truss and a spatial arch (Fig. 3, b). As to the metal
consumption, arch covering is more economizing than the beam systems.

In the course of the study performed it has been determined that the most expedient
height of the arch lies within 1/4 — 1/6 of the span. The arch contour should maximally
correspond to the pressure curve. The pressure curve in the arch has a parabolic contour due
to the persistent pressure, therefore, the most frequent arch form is recognized to be parabolic.
However, for ease of manufacture, arch elements are often delineated in a circular arc.
In flat (depressed) arches the circular arc is almost coinciding with the parable, whereas in
higher arches it is reasonable to substitute the parable with a combination of circular arcs of
different radii.
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b)

Figure 3 — Steel spatial arch structures:
a) spatial arch truss; b) spatial arch

The arch section’s height depends upon the span and the ratio of the dead and live load
values and is assumed for braced arches within 1/30 — 1/60 of the span, for solid sections it
makes 1/50 — 1/80 of the span.

Spandrel aches cross-sections are recommended to be of a fixed height, which is
meeting the nature of the efforts length changes to the fullest extent. Meanwhile, in many
cases, variable height cross-sections are used, for example, crescent type arches in two- and
three-hinged arch covers.

Using spatial sections of closed profiles for frame structures will be considered in the
context of traditionally contoured hingeless (Fig. 4, a) and two-hinges frames (Fig. 4, b).

b)

Figure 4 — Steel spatial frame structures:
a) hingeless spatial frame; b) two-hinges spatial frame
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The trifurcate system’s spatial behaviour provides rigidity in the plane and out of the
frame’s plane. The main advantages of the frame covers compared to the beam ones are: less
weight, high rigidity and less frame beam’s height. Frame beams’ sections are mostly
designed built-up for spans up to 60 m long, particularly when the frame’s beam has a broken
contour. Frame structures are efficient when the columns’ and beams’ rigidity is equal, thus
permitting to redistribute the vertical loads’ efforts and to considerably lighten the beams: in
this case the braced beam’s height can be assumed equal to 1/12 — 1/20 of the span.

Manpower effort’s growth at spatial structures manufacturing is exceeded by their
reduced material consumption thus giving the possibility of obtaining more economizing
structures.

As a result of the performed study, it has been revealed that using the two-hinges spatial
frame (Fig. 4, b) the construction cost of a building can be reduced due to reducing of the
basement’s dimensions.

Conclusion. The suggested new constructive decisions for steel spatial trusses, arches
and frames, having the properties of high load bearing capacity and architectural expression,
minimize material and manpower expenses. The described type structures demonstrate the
increased indices on the general stability of separate elements and of the whole system both in
the plane and out of the plane.
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PROBABILISTIC ANALYSIS OF THERMAL
PERFORMANCE OF THE WALL FROM LIGHT-GAUGE
THIN-WALLED STEEL STRUCTURES

The article is devoted to determining of the thermal reliability rates of CFS wall panels
based on three thermo-technical failure criteria - reduced heat transfer resistance, exceeding
the values of the temperature difference between the reduced temperature of the inner surface
of structure and internal air temperature above the permissible temperature values by the
sanitary requirements and criteria of reduction of local values of the inner surface
temperature to the temperature of vapor-liquid condensation.

With increasing coefficient of variation of thermal conductivity from 2.28% to 20%, the
probability of refusal of wall panels of light steel thin-walled structures, under the criterion of
the specified heat transfer resistance, is increasing from 9,85x1 07 10 0,015 respectively.

Keywords: light-gauge thin-walled steel structures, wall, thermal conductivity, linear
heat transfer coefficient, thermal resistance, thermal reliability.

Hiuyzin C.@., 0.m.n., npoghecop

Cemko B.O., k.m.n., c.u.c.

Jlewgenxko M.B., k.m.H.

Ilonmascekutl HayionanvHull mexHivnul yHieepcumem imeri FOpis Konopamioxa

IMOBIPHICHUM AHAJII3 TEINIOTEXHIYMHUX
IHOKA3HMUKIB CTIHHA 3 JIET'KUX CTAJIEBUX
TOHKOCTIHHUX KOHCTPYKIIN

Po3zenanymo eusnauenus nokasHuxie mennogoi HaOIHOCMI CMIHO60I naueni i3 JecKux
cmanesux moukocminHux kowcmpykyiu (JICTK) npu 3mini @izuunux xapaxmepucmuk 3a
MpboMa MenioOMexXHiYHUMU Kpumepisamu GiOMOBU — NPUBEOEHUM ONOPOM Mmenionepeoadl,
nepesuwjeHHsAM 3HA4eHb nepenacy meMmnepamyp Mixc NpuBeoeHor  memMnepamypor
BHYMPIWHLOI NOBEPXHI KOHCMPYKYII ma memnepamypor 6HYympIiuHb020 NoGimps HAO
3HAUEHHAMU meMnepamypu, OONYCMUMUMU 3d CAHIMAPHO-2IIEHIYHUMU BUMO2AMU, MA 3d
KpUmMepieM 3HUNCEHHS JIOKANbHUX 3HAYeHb MeMnepamyp GHYympIiuHb0i Noeepxui 00
memnepamypu KoHoencayii napu nogimpsi.

3’sacoeano, wo timosipHicms 6iomosu cminoeoi nawueni i3 JICTK 3a xpumepiem
npuseodeno2o  onopy — menionepedadyi  3i  30ilbuieHHAM — Koeghiyienma  eapiayii
mennonposionocmi 6id 2,28 00 20% niosuwyemuvcs 6i0 9,85x107 00 0,015 sionosiono.

Knrouosi cnoea: neexki moHKoOCmiHHI KOHCMPYKYii, cMiHa, MenionposioHicms, AiHIHUL
Koeghiyienm mennonepeoadi, onip menionepeoaui, menio8a HAOIUHICMb.

144 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (48)" 2017.




Introduction. One of the important factors of economic growth in Ukraine is the
development of energy saving and energy efficiency in the construction. Reducing the costs
of heating buildings is possible by using both renewable energy and increasing requirements
for enclosing structures. One of the points of energy efficiency measures for the household
sector is the improvement of building regulations and standards (including the provision of
annual increase in the number of newly constructed buildings close to zero energy
consumption). Considering that Ukraine has raised the standards for enclosing structures
almost for two times [1, 2], while the number of temperature zones decreased from 4 to 2,
there is quite acute problem of thermal reliability for buildings that are in the same
temperature zone, but geographically located at great distances (from north to south).

Enclosing structures of frame buildings of light steel thin-walled structures have many
heat-conducting inclusions, through which there are significant heat loss of the building as a
whole. However, many designers in the deterministic calculations do not include these
inclusion and offer only constructive solutions of eliminate the influence of thermal bypass to
enhance of thermal reliability. At the same time Enclosing structures is calculated as
thermally homogeneous. This may have a negative effect to frame buildings of light steel
thin-walled structures.

Review of recent research and publications sources. The concept of thermal
reliability in Ukraine was first introduced by G. Fareniuk. According to [3], thermal reliability
is a property of the object (enclosing structure) to store in time within the established value
of parameters which characterizing the ability to perform necessary functions in specified
modes and conditions of use. In other words, it must maintain its thermal performance within
permissible limits given in the lifetime of the building. To solve the problem of evaluation of
thermal reliability of enclosing structures G. Fareniuk proposed four conditions of thermal
failures [4].

In the future research area was continued by V. Pashynskyi [5]. By his participation was
made DBN V.1.2.-14-2009: «System to ensure reliability and safety of building objects.
General principles of ensure reliability and structural safety of buildings, building structures
and foundations» [6]. In it noted that the reliability of construction object is a property of the
object to perform specified functions within a specified period of time. Methods for numerical
evaluation of the probability of failure of similar enclosing structures were proposed by
V. Pashynskyi on the following criteria: failure to achieve a sufficient level of thermal
resistance through the variability of geometric and thermal characteristics of materials
enclosing structures; exceeding the maximum acceptable value of density of heat flow
through the enclosing structure [7].

Further research in the area of thermal reliability of enclosing structures, in particular
enclosing structures of light steel thin-walled profiles was performed by V. Semko and
S. Pichugin [8 — 10].

Methods for determining the probability of thermal failures of enclosing structures of
cold formed steel elements in three thermo-technical parameters were proposed and
developed by V.Semko — the provided thermal resistance, exceeding the values of the
temperature difference between the provided temperature of internal surface of the
construction and the temperature of internal air above the permissible temperature values for
the sanitary requirements and criteria for reducing local temperature values of internal surface
to the temperature of vapor condensation air.

Selection the general problems are not resolved before. The results of previous
studies of higher mentioned scientists and our own developments [11] show that at
performance of deterministic calculations of wall panels of light steel thin-walled structures
and its specific nodes, in most cases the three main thermal criteria are fully ensured, while
indicators of its faultless operation may be low under these same criteria.
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In cases where the design scheme provides enough qualitative insulation of heat-
conducting inclusions and wall constructions calculations performed for ideal (theoretical)
conditions of their production and operation, the faultless operation performance can be quite
high in three main thermo-technical criteria. But as practice shows, in real conditions of
building the defects of structures are often observed in the following way: thermal insulation
of thermal bypass is not performed quite efficiently, especially in the joints of several metal
elements, the accumulation of moisture in the insulation is also possible and others.

Therefore the aim of the article was offer to perform the probabilistic analysis of the
main thermal indicators of the wall of light steel thin-walled structures under change of
physical characteristics.

Main material and results. Construction of exterior wall panels of light steel thin-
walled structures (Fig. 1) with its structural nodes (Fig. 2) was chosen for numerical
experimental research.
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Figure 1 — Construction scheme of exterior wall of light steel thin-walled
structures: 1-6 — numbering of structural nodes

Research of influencing factors on the value of the local temperature at the site of heat-
conductive inclusion, for each of the experimental nodes, showed that the most influential
indicator is the thermal conductivity of insulation in the construction of wall of light steel
thin-walled structures. That is why was proposed to perform probabilistic analysis of the main
thermal indicators of the wall with different coefficients of variation of heat conduction of
thermal insulation material.

Experimental research in [12] has allowed to receive a coefficients of variation of heat
conduction of mineral wool V=3,52%. According to previous research [13-16] this value
ranged from V=2,28% to V=12,7%. These results enabled to estimate the probability of
thermal failure of (by three main thermo-technical criteria’s) a nodes and a whole panel wall
of light steel thin-walled structures under changing the coefficient of variation of heat
conductivity of mineral wool from V=2,28% to V=20%.

In determining the probability of faultless operation under the criterion of reducing local
values of temperature of internal surface to the temperature of water vapor condensation
(Table 1), calculations were made for the climate of Poltava and Kropyvnytskyi (1-st climatic
area) with different values of relative humidity of internal air (the values of relative humidity
of internal air are shown from below for each schedule in Table 1, %).
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Fig. 2. — Construction scheme of nodes:
a) Nel — interim;
b) Ne2 — coupled interim;
c¢) Ne3 — angular;
\2 \io d) Ne4 — connection of external
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1 — plaster layer: 10 mm; 2 — insulation: 50 mm; p=135 kg/m3; A(V)=0,042 W/m-K;
3 — polymer adhesive for thermal insulation: 2 mm; 4 — slab OSB-3: 12 mm;
5 — metal frame (profile C152,4x50,8%1,5; t=1,5 mm); 6 — insulation: 150 mm; p=45 kg/m3;
MV)=0,043 W/m:-K; 7 — vapor insulation; 8 — insulation: 40 mm; p=135 kg/m3;
MV)=0,042 W/m-K); 9 — gypsum plasterboard: 25 mm; p=800 kg/m3; A(V)=0,21 W/m-K.

The probability of thermal failure of wall panels of light steel thin-walled structures is
almost zero under the criterion of values exceeding of temperature difference between the
specified temperature of internal surface of the construction and the temperature of internal air
above the permissible temperature values by sanitary requirements at change of coefficient of
variation of heat conductivity of mineral wool from V=2,28% to V=20%. This is according to
obtained values of safety coefficient, which are rather large.

The probability of thermal failure of wall enclosing constructions under criteria of
specified heat transfer resistance and overall resistance of heat transfer, shown in Figure 3,
can be divided into three stages: 1) from V=2,28% to V=10% — probability of thermal failure
remained almost zero; 2) from V=10% to V=15% — probability of thermal failure increased
for 15.3 times; 3) from V=15% to V=20% - probability of thermal failure increased f
or 4,8 times compared to the previous interval. At the same, the condition in terms of
specified resistance of heat transfer is fully implemented under the deterministic approach.
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Table 1 — The probability of thermal failure under changing coefficient
of variation of heat conductivity
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Figure 3 — Graph of changing probability of thermal failure depending on the
coefficient of variation of heat conductivity of mineral wool

The following condition in the research of thermal reliability of wall of light steel thin-
walled structures: coefficient of thermal conductivity of insulation material was taken as a
constant A=0,0423 (W/m-K) with providing 0,95 (Table 2). The coefficient of variation of
thermal conductivity of mineral wool is ranged from V=2,28% to V=20%.

Table 2 — The coefficient of thermal conductivity under changing coefficient of variation

V, % 2,28 3,52 5 85 10 12,7 15 20
A, (Wm-K) | 0,0439 | 0,0448 | 0,0457 | 0,0482 | 0,0492 | 0,0511 | 0,0526 | 0,0561

Table 3 — Indicators of reliability of thermal conductivity functions with providing 0,95

Rs Rup
M 5,035 4,128
S 0,391 0,219
B 4,438 3,790
Q 4,54x10° 7,53x107

The data in Table 3 prove that the probability of failure under the criterion of specified
heat transfer resistance is increased for 2.2 times when using value of thermal conductivity of
mineral wool with providing 0.95 in the experimental wall constructions of light steel thin-
walled profiles.

Another physical characteristic that influences on probabilistic analysis of the main
thermal indicators of the wall of light steel thin-walled structures is a linear heat transfer
coefficient.

The probability of faultless operation of wall panels of light steel thin-walled structures
(under criterion of specified heat transfer resistance) was defined by specified conditions, in
particular, that linear heat transfer coefficient for each of the structural nodes changes
depending on thermal conductivity of insulation material (Fig. 3). The coefficient of variation
of thermal conductivity of mineral wool is ranged from V=2,28% to V=20%.

The graph in Figure 4 shows that the probability of failure-free operation under criterion
of decreasing of local values of temperature of internal surface to the temperature of vapor
condensation is reduced with increasing of variability of linear heat transfer coefficient for

36ipuuk HayKoBHX Tpailb. Cepis: [any3eBe MammHoOyqyBaHHs, OyaiBHuLTBO. — 1 (48)" 2017. 149




each of the structural nodes. At the same, the probability of thermal failure (Fig.5)
(under criterion of specified heat transfer resistance) of wall panels of light steel
thin-walled structures for the 1-st temperature area is increased comparatively to the
variability of linear heat transfer coefficients: for V=5% —0,6 times; foe V=10% — 4,4 times;
for V=15% 25,7 times; for V=20% — 93,6 times.
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Figure 4 — Probability of faultless operation of constructive node Nel
with variability of linear heat transfer coefficient at various humidity
of internal air for Poltava
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Figure 5 — Graph of changes the probability of thermal failure under criteria of
specified heat transfer resistance with variability of linear heat transfer coefficient

Conductive inclusions have a great impact on the thermal reliability of walls of light
steel thin-walled structures. Theoretically determined values of linear heat transfer coefficient
in place of heat-conductive inclusion can be greater in practice because of defects and errors
during installation. That is why necessary to consider a possible increase value of the linear
heat transfer coefficient.

During the probabilistic analysis of basic thermal indicators of the walls of light steel
thin-walled structures, the conditions for calculation remained unchanged under criterion of
reduction of local temperature values of internal surface to the temperature of condensation of
water vapor — for city: Poltava and Kropyvnytskyi, which are in the same climatic area with
different values of relative humidity of indoor air (Table 4).
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Table 4 — Probability of thermal rejection under changing
the linear coefficient of thermal conductivity

City
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At increase of value of the linear heat transfer coefficient for 20% 40%, 60%, 80% and
100%, the probability of thermal rejection for each of considered nodesNel-Ne4 (Fig. 2) of
wall of light steel thin-walled structures (Fig. 1) increases with increase of humidity of indoor
air. The probability of thermal failure presented in the form of vapor condensation in place of
heat-conductive inclusion on the wall.

Probability of thermal failure for nodes Nel and Ne2 for Poltava is possible only when
the humidity of internal air is 85% and higher, for Kropyvnytskyi — 86% and higher.
At increase of linear heat coefficient for 20%, the probability of thermal failure (under
internal air humidity — 90%) will increase for 4.8 times for Poltava and for 18,7 times for
Kropyvnytskyi. At increase of value of the linear heat transfer coefficient for 40%, 60%, 80%
and 100%, the probability of thermal rejection is almost 100%.

For example, Probability of thermal failure for angular node Ne3 is possible when the
humidity of internal air is 60% and higher for Poltava (Table 4) and for Kropyvnytskyi — 65%
and higher. At increase of value of the linear heat transfer coefficient for 20%, the probability
of thermal failure (under internal air humidity — 65%) will increase from 0,0005 to 0,27
for Poltava and from 1,1x10® to 0,017 for Kropyvnytskyi; for 40% — it will increase plus for
6.3 times for Poltava and for Kropyvnytskyi — for 41 times. At increase of value of the linear
heat transfer coefficient for 60% and higher, the probability of thermal failure (under internal
air humidity — 65%) is almost 100%. The values of relative humidity of internal air are shown
from below for each schedule in Table 4, %.

Thermal reliability (faultless operation) of wall panel of light steel thin-walled
structures under criterion of specified heat transfer resistance is reduced depending on a linear
coefficient of thermal conductivity. By its increasing for 20% the faultless operation of wall
panel is 99,8%, for 40% — 97,2%, for 60% — 85,1%, for 80% — 60,0%, for 100% — 32,2%.
This is evidenced by the graph on Figure 6.
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i |
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Figure 6 — Probability of thermal failure under criterion of specified heat transfer
resistance depending on the a linear coefficient of thermal conductivity

The results of probabilistic calculations have shown that the effect of the variability of
heat conduction of insulation and linear heat transfer coefficient of heat-conductive inclusion
significantly affect the thermal reliability of walls. That is why it is necessary to recommend
determining the thermal conductivity of insulation on large series of samples to establish the
values of coefficient of thermal conductivity variation. It is appropriate to use a value of
thermal conductivity with providing 0.95 for samples with a high thermal conductivity
variability (V>10%) for theoretical calculations. Also the control of conformity theoretical
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values of linear coefficient of thermal conductivity to actual values is recommended for serial
constructions. It is necessary to prevent increasing losses of heat in areas of linear temperature
inclusions because of installations defects by increasing the controls on the construction plant
or steel production plant.

So, as a result of the research, we can make the following conclusions:

1. The probability of thermal failure is calculated in three thermo-technical criteria for
frame buildings, enclosing structures of which have many temperature inclusions. Thermo-
technical criteria are following: the specified thermal resistance, exceeding the values of the
temperature difference between the specified temperature of internal surface of the
construction and the temperature of internal air above the permissible temperature values for
the sanitary requirements and criteria for reducing local temperature values of internal surface
to the temperature of vapor condensation air.

2. Determination of probability of failure of enclosing structures under the criterion of
local values decrease of temperature of internal surface to the temperature of vapor
condensation showed that the probability of thermal failure can vary from 2 to 7 times for
different structural nodes of walls of light steel thin-walled structures, which were designed in
different places of the same temperature zone.

3. Changing the coefficient of thermal conductivity variation of insulation material
leads to changes in the level of thermal reliability of wall constructions. The probability of
failure of wall panels of light steel thin-walled structures under the criterion of specified heat
resistance increases from 0,015 to 9,85X10"7While increasing the coefficient of variation from
2.28% to 20% respectively.

4. Changing the linear heat transfer coefficient of heat-conductive inclusion leads to
changes in the level of thermal reliability of wall construction in general. The probability of
thermal failure for the angular node (projected in Poltava) under the criterion of specified heat
resistance increases from 0,05% to 27% while increasing the linear heat transfer coefficient
from 20% to 40% respectively.

5. This approach can be used not only to assessment the thermal reliability for an
enclosing structures of cold formed steel profiles but also for any other enclosing structures
with heat conductive inclusions.
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FEATURES OF THE MATHEMATICAL MODELING
OF FOUNDATIONS INTERACTION WITH COMPACTING SOILS,
WITH ANISOTROPIC PROPERTIES

Features of the mathematical modeling of foundations interaction with compaction soils
with anisotropic properties, by ultimate elements method in the physically and geometrically
non-linear presentation are confirmed. To prove this fact it was obtained henomenological
soil model that describes its state during building, work of compacted subsoil. Famous
physical correlations of orthotropic medium were used in model. Modeling of cast work -in-
situ pile with leading borehole and enlarged base for isotropic basic and for transversely-
isotropic medium were compared. Reality of decisions obtained by modeling are provided by
properties of ultimate elements, by sizes of calculated field, by choice of design schemes of
soil compaction, by conformity of model state soil parameters.

Keywords: soil natural and directed anisotropy, foundation, soil compaction zone,
orthotropic medium, method of ultimate elements, axis-symmetrical problem.
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OCOBJIMBOCTI MATEMATHYHOI'O MOJAEJIIOBAHHA
B3AEMO/III ®YHIAMEHTIB 3 YIIVIbHEHUMMU IPYHTAMM,
IO MAIOTH AHI3OTPOIIHI BJJACTUBOCTI

Buknaoeno ocobausocmi mooento8anHs Memooom CKiHUeHHUX eleMeHmie y Qizuuno u
2eOMEMPUUHO HENIHIUHIL NOCMAHOBYI 83A€MO0II PYHOAMEHMIE 3 YWINbHEHUMU I[DYHMAMU,
wo maroms aHizomponHi enacmueocmi. [ ybo2o po3pobieHO (HeHOMEHON02IUHY MOOelb
IDYHMY, WO ONUCYE 1020 CMAH NpU GIAUMYSAHHI ma pobOmi YWiNbHEHUX OCHOS.
Y mooeni suxopucmano 6i0omi Qizuuni CniGGIOHOUIEHHSI OPMOMPONHO20 CePedOsULa.
Haseoeno nopisnsanus pezyiomamie mMooenro8anHs pobomu HAOUBHOI nani 3 IOUPYIOY0I0
CBEPONIOBUHOIO Ul  POSUWUPEHHAM OJIsl  I30MPONHOI OCHOBU ma OA1 MPAHCEEPCANbHO-
i3omponnoco  cepedosuwa. JlocmosipHicmv  piulenb,  OMPUMAHUX — MOOENI08AHHSAM,
3abe3neueHo 61acmu8oCmAMU CKIHYEHHUX elleMeHmI8, pO3MIpamMu po3paxyHKoeoi obnacmi,
BUOOPOM  PO3PAXYHKOBUX CXeM YUWIIbHEeHHS IPYHMY, GIONO0GIOHICMIO napamempis Mooeni
cmamuy IpyHmy.

Knrouosi crosa: npupoona ma nasedena amizomponis IipyHmy, (hyHoamenm, YujiibHeHa
30HaA, OpMOmMponHe cepeoosunye, Memoo CKIHUeHHUX eleMeHmis, gicecuMempuyna 3a0a4a.
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Introduction. Classic calculation methods are tested for common foundations with
compacted subsoil. They are not universal because of soil conditions difference and new
structural and technologic solutions, which during designing often leads to necessity of
additional natural tests. In the same time current level of soft allows to use methods of bases
and foundations stress-strain state (SSS) modeling on solution of practical geotechnical
problems. Current practice [1] recommends to use tested program complex of finite elements
method (FEM), especially in the physically and geometrically non-linear presentation.

Analysis of recent sources of research and publications. O. Bugrov, F. Gabibov,
N. Zotsenko, V. Lushnikov, Yu. Osipov, E. Sergeev, L. Timofeeva, G. Cherny, O. Shkola,
B. Amadei, A. Bishop, I. Duncan, G. Gazetas, H. Kulatilake, K. Lo, J. Magnan, M. Oda,
H. Seed and other [1 — 7] investigated anisotropy of mechanical soil properties. 1. Boyko,
G. Geniyv, M. Goldshteyn, S. Klovanych, O. Korobova, V. Kovtun, O. Petrakov, S. Thimbal,
P. Allahverdizadeh and other [8 — 11] developed the advantages of anisotropic model over
isotropic.

Because of specificity for clay deposits with aqueous origin, loess, strip clays primary
(natural) mechanical (deformation, strength) anisotropy are caused by their natural structure
(ordered structure with priority parallel orientation of particles or pores in certain direction),
its origin, formation condition, (including the process of sedimentation), etc., and secondary
anisotropy, the nature and the laws depending on the natural structure of the soil and on the
particular technologies of foundations (the direction of displacement of soil working body
piles, blocks of sizes between Base Area) [2 — 7 11] — it allows to use physical models in their
relations anisotropic, and firstly orthotropic environment.

But presented environmental variables in the formation of its foundations and bases of
determining soil compaction simulation of the transient processes include soil compaction by
different technologies, with FEM physically and geometrically nonlinear statement [10 — 15].

Identification of general problem parts unsolved before. Today, even with help of
modern program complex of FEM in the physically and geometrically non-linear presentation
fair evaluation of SSS of soil foundations arranged with soil compaction with anisotropic
properties, were not investigated.

That is why the goal of this article is to improve the methodic of modeling in the
condition of axis-symmetrical problem of FEM in the physically and geometrically non-linear
presentation of foundations (or piles) interaction with compaction soils, which have
anisotropic properties.

Basic material and results. The authors investigated the mechanical anisotropic soil
properties by taking soil samples by cutting rings, oriented in different angles (&= 0; 45; 90°)
to horizontal plane (it’s taken as isotropic plane), with tests in the odometers, direct shear
apparatuses, penetrometers. Penetration was performed directly within the array by
penetrometers PD-2M and MV-2 perpendicular to the sites cleaned in different directions to
the plane of isotropy. In array of points for all research areas at the plane isotropy has
coefficient of variation values of soil mechanical properties submitted in the form of
quadrants or travel time, which is graphical representation of the behavior of the soil
mechanical characteristics from the angle a [5 — 7].

The coefficients of mechanical anisotropic properties were defined:

ng,=E,/E_ . (1

o

n.,=c,/c_ . (2)

b
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Nyo =180, /10 : (3)

ne,=R,/R. )

where E_— modulus of soil deformation in isotropic plane from impact of stresses in the
same plane (orientation of rings under angle &= 0° relatively to horizontal plane);

E,— the same, respectively for plane, inclined to isotropic plane on angle ¢, c_, co, @ ;

@, — unit cohesion and angle of internal soil friction in plane of shift respectively is
parallel (= 0°) and inclined to isotropic plane on angle «,

R _and R, — unit penetration resistance according to &= 0° and a# 0° to isotropic plane.

In massif of loessial loam (W, =0,29-0,33; Wp=0,18-0,20; e =0,83-0,99;
w = 0,13 — 0,23) established that the highest values of mechanical properties are character for
the samples, which are taken for angle = 0° to horizontal plane, the smallest — for angle
=45 (ng=0,6 — 0,9). With depths soil anisotropy increased: in depth 1 m from surface
Ng=90 = 0,85 — 0,9 and in depth 4,0 — 4,5 m — ny-99 = 0,7 — 0,8. Under water saturation and
silicatization loess has isotropic properties (n, —1,0).

Bulk loams for 10 — 40 years of compaction under own weight gained anisotropic
properties (ng-99 = 0,65 — 0,95). Its options of anisotropy depend on time of own weight
compaction. After soil compaction priority directions of locus answered to displacement
directions of the soil by pile working body or prefabricated elements (n,= 0,5 — 2,0) [6, 7].

For conditions, when coefficients of soil anisotropy differ significantly from n,= 1,0,
calculation accuracy of the soil base SSS could be increased by its using in the model
of physical correlations of orthotropic or transversely-isotropic medium. Parameters
describing these bodies (in the cylindrical coordinate system — which scheme is presented in
Figure 1)are: modulus of deformation in isotropic plane E, and Eg and also transverse
direction E;; respectively Poisson’s ratios v,g, Vv.;, Ve, In the case of model of transversely-
isotropic medium using in calculation shows that Eg= E,.

Figure 1 — The cylindrical coordinate system: 1 — isotropic plane

According to classification of compaction methods and phenomenological elastoplastic
soil model were created program complex «PRIZ-Pile». It is realized in form of
axis-symmetrical problem solution by FEM in physically and geometrically non-linear
form [10, 11]. Geotechnic modelling:

1) different by geometry, scheme of soil displacement, character and speed of pressure
transition processes of foundations arrangement with compacted subsoils, which result is SSS
of massif and presented values of soil properties;

2) further work of such soil basis and foundations under load. Eight-nodal isoparametric
FE can change its shape and volume, which allows using rectangular and curved mesh.
In presenting of the soil isotropic medium physical correlations of SS in matrix form with
form:
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o I-v 1-v
A S |
Oo|_E|1-v 1-v € 5
o | Q| LA 0 £, ®
I-v 1-v
Trz _ 7rz
o o o =
I 2A1-v) | ,
Q=[1+v)1-2v)J1-v), 6)

where 0,, 0, 0;, T, — normal and tangential stresses in UE y cylindrical coordinates;

E — modulus of soil deformation those FE;

v — Poisson’s soil ratio of FE;

&, €0 &, ). — axial and angle components of strains in FE.

In presenting soil by anisotropic (orthotropic) medium physical equations of SS in
matrix form with form:

o, E(l1-vyv,) E(V,+V.V,) E(V_+v,,) 0 £,
0-19 _ 1 EG(V&"+VUV01 ) EG(l_Verzr ) EH(V&+VVZVHV ) 0 89
O-z - 2 Ez(vzr +V0zvz9 ) Ez(Vzﬁ +Vr6vzr ) Ez(l_vrzvlg, ) 0 gz (7)
TVZ O 0 O QGVZ rz .
‘Q = 1 - 2V€rvrzvzt9 - VrBVHr - Vﬁzvzﬁ - Vrzvzr (8)
where E,, E, E, — modulus of soil deformation for relevant directions;
V@ Viz Ve, — respective Poisson’s ratios, which are calculated as follow:
14 —E’-V X 14 —E’-V ; 14 —&-V 9)
Or EB ré zr EZ rz z0 EZ &
For transversely-isotropic medium Ep = E,.
G,. — shear modulus, according to formula of S. Lekhnitcky:
EE,
(10)

Grz = :
E +E(1+2v, )

For each layer of the soil (stiffness) is defined:

— initial stiffness — depending on the characteristics consideration of anisotropy.
In the case of soil presentation by isotropic medium the stiffness characteristics presented in
the form of entry modulus of deformation and Poisson’s ratio v. In presenting of the soil by
orthotropic medium as stiffness characteristics modulus of deformation E, Eg E,
and respective Poisson’s ratios v,@, v,; ve, are considered Acceptance of the hypothesis of
transversely-isotropic medium [2] is possible. Then: Eg= E,; vg, = vz}

—correlations of deformation modulus from volume (or porosity) of soil
E;/E, = f(V;/V,) in the form of analytical expression [11] or table. For the first phase of this

dependence, it is considered the rate of applied load, corresponding to foundation
arrangement technology, and the second - static load;

— correlations of soil resistance shift from normal stress 7 = f(0);

— soil unit weight .
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Except geometric dimensions, which are result of the first stage, as initial parameters of
foundations on the second stage physical and mechanical properties of materials (unit weight,
angle of internal soil friction, unit cohesion, modulus of deformation) and lateral earth
pressure coefficients A and the impact of sliding side surface foundation on modulus of soil
deformation are considered (from O to 1). When the foundation has several components, these
parameters are determined for each foundation component.

Calculation in complex is performed in two stages. On the first stage is simulating the
formation of cavity under foundation (pile, artificial base). The cavity axis coincides with a
symmetry axis of the designed field. External influence is given in a form of forced vertical
and horizontal displacements of unit of FE net, which lay on axis of rotation on the highest
limit of designed field or occupy in it another position, which simulates the process of
pressing out the soil by pile (rammer). These displacements lead to decreasing FE value
and thus to reduction of soil porosity and the increase of its deformation modulus and
strength though the process of soil boiling is possible. Because the forced displacements
coincide with FE sizes of calculated scheme it is corrected on each stage by correction unit
coordinates accounting displacements of previous step. With the change of coordinates,
the FE values change and it gives the possibility to correct sol modulus of deformation in each
FE for speed of loading, which corresponds to technology of the foundation arrangement.
Soil void ratio in each FE is

e, =e —(1+e)1-V,/V.). (11)

The result of the first stage (and its steps) are new coordinates of FE units, the given soil
characteristics, displacements of units of FE net, strength in the massif which are given in a
form of tables, charts, isolines. Considering the fact that calculation on first stage are
connected with step by step solution of the problem of defined moving and are deformed by
the scheme at every step, then, as a rule, here is significant change in the shape of FE, which
can lead to degeneration of the FE. Therefore, it should be considered moving the nodes less
than the magnitude of product size element and soil void in this FE or appropriately select the
size of FE.

Calculated soil characteristics and SSS massif enable to pass to the second stage —
simulation of behavior of pile (foundation) under load. The hollow received by pressing out
the soil is filled in by construction material, its characteristics are designed and new FE
simulating foundation is introduced. So in contrast to models with fixed value of deformation
modulus, this model describes its changes in volumetric strains especially in compaction,
according to the change of soil porosity and transmission speed of pressure on it.

Peculiarity of the model on second stage is that in complicated SSS (compression with
shear) general strains include linear (elastic) and plastic parts, thus plastic part of strain
appears after SSS reach of strength limit according to Mises-Shleikher-Botkin.
The compaction of soil is considered, its transfer into plastic stage with the reach of strength
limit according to condition of strength, the possibility of sliding of side surface of foundation
relatively the soil. The latter is realized by controlling tangential stresses in FE soil which are
in contact «pile — soil». The task is checked by

T, <(0,+mAhgp+c , (12)

where o, — radial normal stresses;

h — distance from surface;

A —lateral earth pressure coefficient;
@ — angle of internal friction;

¢ — unit cohesion.
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With further loading on the surface of the FE, adjacent to soil, it was applied uniformly
distributed load by friction forces on the foundation by soil p = Y1 4 tg@. Results of stage are:
dependence of foundation settlement on load; displacements of each FE node; stresses in
massif; soil transition in the fluid state in some FE; there soil properties are presented.

Examples of initial design scheme area division of the FE after the formation of leading
borehole with diameter 0.5 m and depth 5.0 m for modeling SSS of cast-in-situ pile with
enlarged base with crushed stone are presented in Figure 2 (borehole limited by nodes 865,
867 and 1186). The scheme has 369 FE with dimensions from 0,25x0,25 up to 0,8%x1,0 m and
1204 nodes (150 fixed). Calculated region — cylinder with diameter 9,1 m and height 15 m.
To depth 1.5 m is laying loam heavy silty, stiff (o, = 1,41 g/cm’), the range 1,5 — 3,5 m —
loam light silty, stiff (p;=149 g/em’; E=58MPa), lower — clay light silty, stiff
(pa = 1,54 g/em’; E = 14 MPa). The enlarged base is created by soil compaction with crushed
stone V.. =1,5 m’ (Ver1=0,25 m’ ) by the rammer with diameter 430 mm. The enlarged base
has form of ellipsoid with half-axes: horizontal r,, = 0,65 m and vertical A= 0,70 m [16].
Its formation is modeled by applying forced horizontal and vertical displacements the 8 nodes
(from 865 to 983) located on a path lower part of the borehole. The fragment of scheme
deformation basis for constructing the enlarged base is presented in Figure 3.

The higher level of soil compaction is near and under the enlarged base. On the distance
0,15 m from the lateral surface of the enlarged base the value pq increased from 1.54 g/cm’ to
2,07 g/cm3. Radius of a sufficient compaction zone, where p,; = 1,60 g/cm3, according to
modeling is r; = 1,00 m, and from [16] r; = 0,96 m. Modulus of soil deformation in borders of
the sufficient compaction zone increased by 2,3 times its size in the middle of the zone —
in 3.5 times. The above parameters around the pile soil are used for modeling of pile work
under the loading. The cavity, obtained by drilling and compacted, «fill» by construction
materials (crushed stone and concrete) also additional FE and nodes are inserted (there are
respectively
13 and 43), they are modelling pile body and the enlarged base. The load is applied by steps
(firstly — 300 kN, and after — steps by 100 xN) in the form of concentrated force to axial node
upper side of pile.

As output data of this task for soil base SSS modeling, which could be presented as
transversely-isotropic medium, correlations of soil deformation modulus values according to
previous investigations were taken [6, 7, 11] on the areas which are composed by loess soils
with natural humidity, ngge9=0,8: for loam, placed over the enlarged base,
Eo=FE,=4,65MPa; E,=58MPa ; for clay, placed under the enlarged base,
Eo=E,=11,2 MPa; E, =14,0 MPa. Comparison of the «load — settlement» behavior S = f(P)
of cast-in-situ pile for isotropic soil base (position 2) and for the transversely-isotropic
medium (position 3) is presented in Figure 4.

Figure four presents that settlement according to modeling is on 15 — 20% exceeded
results of static tests, but with increasing of the load this difference significantly reduce.
The value of pile settlement in the 2 case, if Ey,=E, <E,, is about for 10% bigger when
Eo=E,=E,.

So the result doesn’t deny famous patterns of soil mechanics and conclusions of other
researchers [2, 3, 8]. Also it should be noted that according to modeling as for isotropic
medium and for anisotropic soil in any FE don’t reach its ultimate limit state.

zZ0
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Figure 2 — Examples of initial design scheme area division of the FE
after the formation of leading borehole and before the expansion placement
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Figure 3 — The fragment of scheme of first stage modeling of pile soil base
deformation with leading borehole after arrangement of an enlarged base

162 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (48)" 2017.




Load, P, kN
0 200 400 600 800 1000 1200

O \ N T T T 1 T
0.5 =S 1
Q
%15 <
G N
5§ 2 -
2 1 — static tests; \N
A 25 |- ’
2 — modeling; °
3 | 3 —modeling for transversely-
isotropic soil o
3.5

Figure 4 — Graphs of depending the settlement on loading onto cast-in-situ pile with
leading borehole and enlarged base:

1 —static tests; 2 — modeling; 3 — modeling for transversely-isotropic soil n,. =0,8
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Conclusions. For values of the soil deformation in isotropic plane E, and E, in
transverse plane E, for axis-symmetrical problem of FEM in the physically and

geometrically non-linear presentation it is possible to estimate SSS of orthotropic soil base of
foundation, which are arranged or work with soil compaction.
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COMPLEX ANALYSIS OF SUBGRADE STRESS-STRAIN STATE
WITH COMBINED STRENGTHENING

The paper highlights combined techniques of strengthening that include geotextile
laying as well as other related advanced technologies. Subgrade construction analysis and its
modification, reinforced with the different types and options of combined strengthening were
conducted. To justify strengthening of subgrade a series of numerical calculations were made.
Simulation with software package SCAD has confirmed the experimental results. From
obtained results one can conclude that minimum horizontal displacements are observed in the
version with deepening of geotextile at Im and vertical ones at 0.4 m. Based on simulation
results it is possible to make recommendations concerning modernization of existing
subgrade and construction of new one in complex engineering-geological conditions.

Keywords: subgrade; combined strengthening; geotextile; stress-strain state
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JHinponemposcvkuil HayioHabHULL YHIBEpCUmem 3ai3HUYHO20 MPaHcnopmy im. axkao. B. Jlazapsna
Anxoyp AM.M., k.m.n.

Apab Adsaiizopc Kamnani, Konedow yusinorozo 6ydisnuymea Xasapismi (Amman, Hopoanis)

KOMILIEKCHUM AHAJII3 HATIPYKEHO-
JAE®OPMOBAHOI'O CTAHY 3EMJISIHOI'O ITIOJIOTHA
3 KOMBIHOBAHUM NIJICHUJIEHHAM

Pozenanymo kombinoeaHni cnocobu niocuneHHs, AKi 6KIOYAOMb 6 cebe He MINbKU
VKIAOAHHS 2e0OMeKCmuilo, a U iHwi cynymui npoepecusHi mexuonocii. Ilposedeno awnanis
KOHCMPYKYII 3eMNISIH020 NOJNOMHA Ma Uto20 Moouikayii, yKpinieui pisHUMU mMunamu i
sapiaumamu KOMOIHO8AH020 NIOCUNeHHA. [[1si O0OTpYHMYBAHHA NIOCUNEHH 3eMAAHO20
NONOMHA NPOBEOEHO CePil0 YUCENbHUX PO3PAXYHKie. Moodeniosanns 6 npoepamHomy KOMNieKci
SCAD niomeepouno pesyniomamu eKCNePUMEHMATbHUX —O0O0CHiOdCeHb. 3 OmpuManux
pe3ynibmamis  clioye, WO MIHIMAIbHI 20PU3OHMANIbHI  nepemiujeHHss y eapianmi 3
3aenubnennam ceomexcmunio va 1 m, a eéepmuxanvui — na 0,4 m. Ha niocmagi odeparcanux
Pe3yIbmamis MoOento8aH s MOACIUBO HAOAMU PEKOMEeHOayii o000 MOOepHI3ayii iCHYI0U020
ma 6y0i6HUYMBA HOBO20 3EMJIIHO20 NOJIOMHA Y CKIAOHUX THHCEHEPHO-2e0N02IUHUX YMOBAX.

Knrouoei cnosa: 3emnsine nonomno, KoMOIHOGaHe NIOCUNEHHA, 2e0MEeKCMUTb,
Hanpyiceno-0eqhopmMosaHuli Cman.
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Introduction. Nowadays construction volumes of railway tracks are significantly
increased as well as the repair and reconstruction of the subgrade, including for the
introduction of high-speed traffic. In addition, taking into account the development in the
field of construction technologies, it should introduce new technical solutions to reduce the
strain of subgrade and, accordingly, increase the period of its operation.

According to state target-oriented programs and programs for high-speed
implementation on railways major objectives are crucial improvement the technical level of
railway infrastructure, production organization of high-speed rolling stock and other railway
equipment as well as development of new materials and technologies [1 — 2].

Placement of artificial substructures in complex engineering-geological conditions let
reduce construction costs, prevent possible emergence of strains as a result of uneven
subsidences and increase service life.

To justify strengthening of subgrade series of numerical calculations was conducted.
Optimal characteristics provide the highest stability, strength and stability that are associated
with the general stress-strain state (SSS). Calculation of stress-strain state for constructions
was conducted using the finite element method with the help of software package Structure
CAD for Windows, v.7.31 R.4 (SCAD).

Analysis of recent sources of research and publications. A great number of studies
are devoted to strengthening of subgrade, in particular [2 — 5]. Theoretical questions of
subgrade reinforcement with geosynthetics make up the major part of research in this field
[6]. However, less attention is focused on determining the optimal option of strengthening in
accordance with their impact on the stress-strain state. Prior research have their
shortcomings —unsufficient consideration of combined action «soil-reinforcing net» and the
use of geosynthetics that are no longer applied [7 — 8].

Highlighting of unsolved before aspects of the common task. Insufficient knowledge
about mechanics of the process, lack of specific parameters for usage in various particular
engineering-geological conditions, uncertainty of the design methods and so on hinder to
widespread introduction of the combined strengthening on the rail transport. Comparison of
various technologies integration for strengthening allows making an assumption about
possibility of using the different technologies and comprehensive strengthening to enhance
the subgrade in different engineering-geological conditions.

Formulation of the objective. Unreinforced subgrade without protective layer is
applied in conditions when its construction is structured from noncohesive drainage soil of
sufficient bearing capacity, excluding frost-heaving process and having strain modulus at least
of 40 MPa (Fig. 1). This type is a major one when overhaul work or modernization at areas
where basic platform has no defects and does not require strengthening. When using the
machine type RM-80 cross slope of 4 ... 5 %o is prepared in one direction.

450 2700 EI"{GL.. Crushed stone ballast
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Figure 1 — Subgrade design for single track embankment
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When construction repair with the removal of permanent way without the use of ballast
cleaning machine, type RM-80 main platform is released from contaminated ballast, leveled
by a bulldozer, inequalities are filled up with sand and subgrade is placed.

By modification of formation design (Fig. 1) the option is considered, providing the use
of geosynthetics for separation of ballast and subgrade (Fig. 2).

Crushed stone ballast
450 2700 -I-JTIL'

Grosynthetic

Noncohasive
£ rdralnage soll

J 1500

‘o *a ! e

B 0 e Lo Mot O S s

4000 (4300)
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Figure 2 — Subgrade construction with geotextile or geomesh

This design is recommended for subgrade from draining soil, presented with sandy loam
or crushed stone mix with elastic modulus E not less than 35 MPa.

Work technology in application of this option is similar to the work technique when
using the first option. Geosyntheticsare placed on the prepared basic platform with strain
modulus corresponding to project values. Then crushed-stone ballast and rail-sleeper grid are
laid over them. The use of geosynthetics with width of 4.2 m is recommended.

When using the machine type RM-80 geosynthetics are placed in mechanized manner
by special device. Geosynthetics, used for reinforcement and strengthening of subgrade in
order to improve its reliability, have to ensure efficient operation throughout the whole
service life (from 50 up to 100 years). This is ensured by correct selection of geosynthetics;
pointing (accordingly to the project) of appropriate constructions of strengthening;
Regulations for work technology [8, 9].

Constructions for strengthening of subgrade using geosynthetics have to be designed on
the basis of engineering-geological and engineering-geodesic surveys. When designing the
preset (accordingly to the regulatory requirements) level of reliability of subgrade by strength,
stability and deformation capacity throughout the service life of the construction has to be
provided. Design solutions must include required calculations justifying structural concept as
well as technical-and-economic assessment of their application.

Calculated characteristics of geosynthetics should be accepted in view of their
deterioration in design lifetime, including through their aging or damages during laying and
operation as well as climatic and biological effects. When designing and calculating
constructions with usage of geosynthetics one should take into account the category of the
track.

The load on constructions with geosynthetics should be specified taking into account
the factor of a possible overload. At this the load from the rolling stock must be taken in view
of promising operating conditions of the railway.

The most effective is the construction of strengthening of subgrade using geotextile
with bends, inside there are old crashed stone and soil mix (Fig. 3). This design is justified
with experimental studies [5, 6] and patented [10].
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Figure 3 — Combined construction of strengthening of subgrade:
1 — ballast layer; 2 — sleeper; 3 — geotextile under the ballast layer;
4 — strengthening layer of geotextile with bends;

5 — crashed-stone and soil mix

Presented constructions of subgrade can be implemented when conducting overhaul on
defective sections of the track and ensure their safe operation. But in the future more attention
will be focused on the exactly combined construction of strengthening of subgrade using
geotextile and an old layer of crushed stone as the most effective one.

Major material and results. Work technology involves strengthening of deformed
embankments by their reinforcing with system of soil-cement piles that are being built
accordingly to jet-grouting technology. Such technology of continuous and periodic efforts
transmission on stiffest soils excludes unpredictable deformations (subsidences).
The theoretical basis for choosing this technology may be the following factors:

— layered character of embankment from soil with various porosity, density and
mechanical composition;

— soil layers thickness can vary along the length of the embankment;

—in a base of the embankment there are subsiding soils to be strengthen;

— inability to reuse of soil.

Reinforcement of such embankments is performed in two stages. First, a vertical screen
is formed with soil-cement piles of external embankment reinforcement at a composite
feeding pressure of 0.1 ... 0.15 MPa. Then soil-cement piles of internal massif are formed at
pressure of 0.3 ... 0.3 MPa. This technology eliminates the need of development,
transportation and storage for large amounts of material of functioning embankment,
exploration and research of soil for the new embankment as well as placing of this soil and
layered one, rammer and new embankment compacting.

SSS of reinforcing element is determined on its work as composite, since open-ended
shell from geotextile with filler in the form of soil-cement mix (SCM) can be viewed as a
three-layer package with significantly different properties of shell and filler.

It should be noted that open-ended shell may be considered as fictitiously closed, it
corresponds to the nature of its strain. When increasing the load on the major platform of the
model, emerging tensions affect the bends of shell, what is more the topsoil with the
additional load leads to restraining effect. Sufficiently long bends allow developing
significant friction forces both on outer surface (soil of subgrade is geotextile) and on inner
surface (geotextile is SCM). Restraining effect increases proportionally to the load on the
main platform of the model and consequently friction increases on pointed surfaces.
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In experimental studies [6] in cases of open-ended shell and closed one, it was found
that the geotextile surface locking practically did not change SSS of the model, due to the fact
that friction at some length of shell ending is enough to develop significant friction and
prevent the geotextile from drifting and pulling out. Friction share that in the center of shell,
has not so much impact on this effect, therefore open-ended shell with bend is well enough
understood as fictitious closed shell (Fig. 4).
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Figure 4 — Diagram of power distribution in view of restraining effect:
1 —load transmitted to the reinforcing element (load portion of the train and net weight);
2 — load transmitted to the bend of shell;
3 —fictitiously closed shell from geotextile; 4 — filler (SCM)

Strain figure of reinforcing element at load impact of the train is changed as follows.
Filler as SCM with a high density and is considered substantially incompressible, being
separated from the matrix of subgrade with shell is unable to change the volume.
Accordingly, the reinforcing element is deformed only with the matrix, and its basis is
subgrade with elastic properties (Fig. 5).

CALLL.L.LLLLJ: :

Figure 5 — Diagram of power distribution and friction forces
in the reinforcing element:
1 — clamped bend of geosynthetic shell; 2 — friction forces;
3 — compression zone of filler; 4 — elastic foundation;
5 —tensile fibre of geosynthetic shell

el

The positive effect from strengthening with the combined method is in the fact that
almost all the energy of strain goes for an attempt of strain of the reinforcing element.
This element due to its design dissipates or distributes energy on the friction forces and
uniform distribution of strain on its basis.

Performed calculation of this strengthening in the software package SCAD (elastic
setting [11, 12]) allows comparing the experimental results and mathematical simulation.
Stress-strain properties[ 13, 14] accepted for the calculation are presented in Table 1.

After presentation of all necessary parameters model calculation with multu-frontal
method was conducted. On completion it was provided the calculation report (SCAD report
[15]) concerning successful performance, then results of the calculation are subject to detailed
analysis.
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Table 1 — Stress-strain properties of solid component of the model

Model element name | Modulus of elasticity, Poisson number Volume weight,
kN/m* kN/m’
Base 10000...35000 0.3 20
Subgrade 10000...35000 0.3 20
Sand 50000 0.2 20
Crushed stone 100000 0.2 20
Sleeper 3,91-10 0.2 24.5
Rail 2,1-10° 0.3 77.0

Geotextiles is used in three variations: 1) flat; 2) with bend; 3) with bend and placement
of soil-cement mix in shell. Geotextile is located at a depth of 0.6 m from the slope point of
the main platform (Fig. 6). Height of bend is equal to 0.2 m and the length of upper portion of
geotextile bend is equal to 0.4 m (Fig. 7).

Characteristics of these geotextiles are as follows: volume weight — 11 kN/m?; modulus
of elasticity — 0.8 MPa; Poisson number— 0.35; plate thickness — 4 mm.

P

L

—

Figure 6 — Placement of geotextile with bend in subgrade

Figure 7 — Model view fragment of geotextile with bend

From obtained results one can conclude that minimum horizontal displacements are
observed in the version with deepening of geotextile at Im and vertical ones at 0.4m. Options
of models with geotextile with bend and mineral mix are also under consideration, where
position of geotextile changes by edge of the main platform deeper at: 0.4m; 0.6m; 0.8m; 1m.

A typical distribution of stress-strain state when changing the use of geotextile with
mineral mix shows that the displacements distribution in all four options is not changed
fundamentally, especially as opposed them to options for models with geotextile with crashed
stone. The line of added displacements along the location of geotextile was formed in all
options (Fig. 8). Distribution of such displacements decreases with the deepening of
geotextiles into subgrade.
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Figure 8 — Typical placement of added horizontal displacements
in options of models with geotextile and with mineral mix

All results of maximum horizontal displacements are in Table 2.

Table 2 — Results of strain state by depth of placement

Depth of placement Maximum horizontal displacements, mm
Subtract Added
0.4 -9.15 3.69
0.6 -8.92 3.76
0.8 -8.65 3.83
1.0 -8.36 3.88

A typical distribution of strain state when changing the use of geotextile with mineral
mix also shows that distribution of vertical displacements in four options of models is the
same. Isolines distortion is observed in all options of models in the location of geotextiles
with mineral mix.

Obtained results when using models with geotextile with bend and mineral mix are
follows: the maximum subtract displacements by depth of placement are equal to:
0.4 -6598 mm; 0.6 — 66.73 mm; 0.8 — 67.3 mm; 1 — 67.73 mm.

For visual comparison of two options effectiveness for filling of geotextile, graphs of
displacements dependency were built in two versions (Fig. 9 — 11).

Vertical subtract displacements

g Gentendile with crashed
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Figure 9 — Dependence of vertical subtract displacements (mm)
on geotextile placement depth (m)
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Figure 10 — Dependence of horizontal subtract displacements (mm)
on geotextile placement depth (m)
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Figure 11 — Dependence of added horizontal displacements (mm)
on geotextile placement depth (m)

Conclusions. A few models of strengthening of subgrade differing by depth of cover of
geotextile and filler were proposed. Calculations of soil models in the software package
SCAD verified themselves properly as actual research.

From obtained results one can conclude that minimum horizontal displacements are
observed in models with deepening of geotextile atl m and vertical ones at 0.4 m. Analysis of
grapfs confirms that dependences are linear ones and their nature indicates that the option of
geotextile with bends and mineral mix when location at various depths reduces deformation
parameters more effectively.

Based on simulation results it is possible to make recommendations concerning
modernization of existing subgrade and construction of new one in complex engineering-
geological conditions.

One of the promising directions for future research is improvement of strengthening of
subgrade based on obtained knowledge at experimental research and simulation. A series of
experiments separately with strengthening using soil-cement piles and combined method is
planned to perform.
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DESIGN PECULIARITIES OF OIL STORAGE TANKS IN
COMPLEX GEOTECHNICAL CONDITIONS
AT SEISMIC EFFECTS

Problematic issues of construction and operation of oil storage vertical steel tanks in
complex geotechnical conditions, including the seismically unstable territories are
systematized. The technique of seismic danger decreasing (increasing the seismic stability of
the ground) for ensuring the accident-free operation of tanks during earthquakes of various
intensities is proved.

The practical experience of design solutions of the highly effective systems «man-made
grounds — foundation — tank» in complex geotechnical conditions for static and dynamic
effects (earthquakes, emergency technogenic loadings, etc.) is given.

Keywords: seismic effects, seismic resistance, oil storage tank, complex geotechnical
conditions, man-made grounds, soil-cement elements.
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Ilonmascvkuii HayionanbHuti mexHiynuil yHigepcumem imeni FOpiss Konopamioxa

OCOBJIMBOCTI NTPOEKTYBAHHSA HA®TOBUX PESEPBYAPIB
Y CKUIAJHUX THZKEHEPHO-T'EOJIOTTYHHUX YMOBAX
MPU CEACMIYHUX BILUIMBAX

Cucmemamu3zo8ano npoboiemui numauHs OyOieHUYMEa ma eKcuiyamayii Haghmosux
BEPMUKATILHUX CINANEBUX Pe3ep8yapie V CKIAOHUX [HHCEHEPHO-2e0N02IUHUX YMOBAX, Y M. Y. HA
ceticmiuno Hebesneunux mepumopiax. OOIPYHMOBAHO MemOOUK)Y 3HUNCEHHS CeUCMiYHOI
Hebe3nexku (niosuwerHs CeucCMiyHoi cmitikocmi IPYHMOBOI OCHOBU) 3 Memoio 3a0e3neyeHHs.
bezasapitinoi ekcniyamayii pezepeyapie y pasi 3emiempycie pizHoi iHmeHCUu8HOCMi.

Haseoeno npaxkmuunuti 00c8i0 NpOeKMHUX piuleHb BUCOKOeDEeKMUBHUX cUcCmem
«WMYYHA OCHOBA — (YYHOAMeHmU — pe3epeyap» y CKIAOHUX 2eOMEeXHIYHUX YMO8ax OJisl
CMAamMuyHUx i OUHAMIYHUX BGNAUBIE (3eMAEemPYCi8, ABAPIUHUX MEXHOLEHHUX HABAHMAIICEHb
mouio).

Knrouosi cnosa: celicmiyni 6niusu, ceucmocmiiukicms, HAhmosuil pezepsyap, CKIAOHI
IHJICEHePHO-2€0102I4HI YMOBU, WIMYYHA OCHOBA, TPYHMOYEMEHMHI eJleMeHmu.
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Introduction. The development of the oil and petrochemical industry is connected with
the necessity of building a significant number of storage tanks for raw materials and completed
products. Vertical steel tanks (VST) are the constructions that provide not only the storage of oil
and oil products in raw material bases, refineries but the safety and continuity of supply of
products in main trunk pipeline system also. At the same time tanks are constructions of an
increased danger. The accidents with tanks are followed by a flood of huge mass of liquid that
can lead to catastrophic consequences with losses of human lives, due to violation of normal
modes of operation the objects of transportation and storage of oil and oil products, and to
significant environmental pollution and serious economic consequences also.

Construction areas for VST are often characterized by complex geotechnical conditions.
For example, on soft soils which are widespread in the territory of Ukraine. The increasing of
volumes of VST construction has been observed. At the same time pressure which is
transferred to the ground also considerably increased. Therefore, the cost of modern VST has
considerably increased in complex geotechnical conditions. The possibility of maintaining the
design production requirements also becomes more complicated as its operation due to
ground differential settlements. That’s why it is necessary to create new geotechnical
technologies that would minimize risks and provide accident-free operation of modern VST,
especially in complex geotechnical conditions.

In the territory of Ukraine, including its platform part, there are danger local strong
earthquakes reaching more than 5 points (more than 6 points on MSK-64 scale) according to
the modern seismological researches [1]. It creates additional danger of operation of the
existing and new oil storage tanks.

During the design of oil storage tanks which are objects of the increased responsibility
according to Ukrainian codes [2] it is necessary to consider 1% probability of excess the
calculated seismic intensity within 50 years. This factor increases the possibility of accident-
free operation and respectively a cost and complexity of construction of these engineering
constructions. It is necessary to carry out additional calculations and to develop the relevant
constructive decisions on minimization of risks during accidents in case of an earthquake.

Analysis of recent sources of research and publications. The analysis of world and
domestic experience of usage the various methods of decreasing the dynamic and vibration
effects on soft soil [2 — 8] has shown that the most effective option for its transformation is
cementation by the means of jet or mixing technologies. The primary feature of these
technologies is that they allow strengthening practically all soil types. At the same time there
is destruction and simultaneous soil mixing with cement in the «mix-in-place» mode. During
soil reinforcing there are strong connections between firms particles are being established.
These connections increase the soil strength and reduce the soil compressibility.

The effect of such soil reinforcing is that a certain volume of soft soil is replaced by low
compressibility material (soil-cement with big module of deformation, E=70-200 MPa).
The natural soil is clamped between vertical soil-cement elements also raises its mechanical
characteristics due to impossibility of lateral expansion. The module of deformation of the
man-made grounds is considered to be average value between soil-cement and nature soil
[5, 7, 11, 12]. Its value can be regulated due to change of distance between such elements.

Identification of general problem parts unsolved before. Nowadays there is almost no
experience of oil storage tanks operating in the complex geotechnical conditions on man-made
grounds, especially under the action of dangerous geological phenomena like earthquakes.

Building the responsible structures in complex geotechnical conditions taking into
account seismic effects is one of the most difficult tasks of geotechnics. Therefore, the aim of
work is the analysis of geotechnical solutions of construction of RVS on collapsible and soft
soil in seismic areas and development of an effective type of the seismic resistance man-made
grounds.
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Basic material and results. VST in the normal mode of operation are in complex
stress-strain state (SSS). The SSS of the VST elements arises at the stage of construction and
installation works. Further stress increasing in tank elements is a consequence of the
operational loadings (hydrostatic, overpressure, vacuum, snow, wind and temperature load).
Consequence of stress increasing is the ground differential settlements on area and perimeter
of tank foundation. Therefore, for providing production operational requirements for oil
storage tanks on soft soil it is necessary to use the pile foundation or different types of man-
made grounds.

During the design of tanks in seismic areas with intensity higher than 6 points it is
necessary to consider the additional requirements: 1) use of tanks with lower height; 2) in
tanks with a floating roof or a pontoon to apply locks of soft type; 3) in case of usage the
tanks with a stationary roof it is necessary to carry out calculation of the maximum height of
filling of the tank with liquid to avoid hydrodynamic blow in a roof the wave arising in the
tank from a horizontal push, and others. For tanks with a floating roof or a pontoon one
should consider horizontal inertial forces from a floating roof or a pontoon.

Tanks need to be calculated on a resistance to overturning and displacement from wind
loads, on differential settlements of ground and on seismic effects. Tanks foundation
calculated for two groups of limit states: 1) ultimate limit state — on the bearing capacity for
check of stability of tanks on overturning; 2) serviceability limit state — on deformations
(absolute vertical settlements of the center and a contour circle of the foundation, differential
settlements of ground taking into account local moistening of collapsible thickness, tilt).
Calculation of ground bearing capacity, the vertical settlements, tank tilt is similar to other
buildings and structures according to requirements of norms [9]. Medium settlements of the
contour circle of the foundation for tanks up to 30000 m’ should be no more than 20 cm, for
tanks with volume 30000 m® and above — no more than 30 ¢cm [10].

The total design scheme for determination seismic resistance of the tank is shown in Fig. 1.

In earthquakes conditions there is an addition to external vibrations further load of the
product on the wall and bottom of the tank, namely: 1) hydrostatic loads and loads of
overpressure; 2) impulsive (inertial) component of hydrodynamic pressure; 3) convection
(kinematic) component of hydrodynamic. The impulsive component of pressure arises from a
part of the product moving in an earthquake together with a tank wall. Fluctuations of liquid
in the tank create convective pressure and leads to emergence of waves on a product surface.
Vertical fluctuations of a tank ground also induce additional load of his wall.

Retaining forces from

Vertical wall Overturning moment the weight of roof

tension
- h

Retaining forces
from the product
~al

4
Plastic hinge L Foundation
= response

Figure 1 — Design scheme to determine seismic resistance of the tank
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Tank’s seismic resistance is consider to reached of: a) the tank doesn't overturn during
an earthquake (overturning criterion is the limit state at which on the external radius of the
lifted part of the bottom a full plastic hinge appears); b) stability of the lower belt of a wall at
action of longitudinal and cross loading is provided; c) durability condition for all bearing
elements of the tank is provided.

The main author's idea is development of the universal man-made grounds which will
be able to provide standard and production requirements for oil storage tanks on soft soil as
for static service conditions and in case of action of seismic influences of various intensity.

Reduction of dynamic load influence by a superstructure in case of earthquakes
can be reached due to reduction of the ground acceleration and vibration amplitude.
One of options of reduction the seismic intensity is an increasing the seismic rigidity Vsp of
an active soil layer due to increase the speed of distribution in it seismic waves. Such effect
can be reached due to increase the ground elastic deformation characteristics using soil
mixing technology [4, 8]. At such approach it is possible to raise the ground module of
elasticity to 500 — 2000 MPa, the speed of waves distribution to 600 — 1000 m/s at the
constant density.

For example, there are given geotechnical solutions of the oil storage tank.
Technological parameters of the tank are given in Table. 1. Geometrical tank parameters:
1) nominal volume 20000 m3; 2) gross space 20956 m3; 3) wall height 17,926 m; 4) inside
diameter 39,9 m; 5) product-surface areal250,4 m>.

The foundation diameter is about 40,5 m. The pressure under the foundation at hydro
testing is 168,14 kPa, at operation — 180,86 kPa. Uniformly distributed load on a base contour
at hydrotesting is 31,65 kN/r.m., at operation — 40,33 kN/r.m., at wind load — +6 kN/r.m., at
seismic influence — +353,73/ -268,67 kN/r.m. The value of the seismic horizontal forces that
transmitted to the tank foundation is 65500 kN.

Table 1 — Technological parameters of oil storage tank

Parameters Value
Product density (oil), t/m’ 0,89
Expected level of product filling, m 16,2
Water level at hydrotest, m 16,75
Internal overpressure missing
Standard internal vacuum missing
Operation rate (cycles per year), min/max 20/100
Characteristic value of snow load, kg/m2 102
Characteristic value of wind load, kg/m2 51
Seismic intensity, points 8

The temperature of the coldest days with the use factor 0,98, e -24
Maximum temperature of oil storage, "C +25
Design service life, years 40
Design wave altitude of oil at seismic loadings, m 0,32
The size of an allowance for corrosion for sheets of a wall, mm 0

Two sites with complex geotechnical conditions are considered. Level of ground waters is
at a depth of 8,6 — 8,8 m from Earth's surface level. Complexity of the first site is
characterized by soft loams and sandy loams (the module of deformation is E = 3 — 5 MPa) of
12 — 13 m thickness at 7,6 m depth. Below a depth of 21,7 — 23,9 m there are solid and semi-
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solid clay (Fig. 2). Soft soil during seismic influences could be liquefied (thixotropic
properties), to receive additional consolidation therefore, there will be additional deformations
of the foundation tank. Complexity of the second site lies in the existence of collapsible
thickness more than 5 m. Soil seismic properties category is III. Standard seismic intensity of
construction sites is 8 points (according [2]), calculation — 9 points.

In such conditions such geotechnical options were considered: 1) penetration of soft and
collapsible soil thickness using piling foundation (a section of 350350 mm), dynamic deep
soil compaction in space between piles (a diameter of elements is 300 mm), concreting pile
cap of 0,7 m thick, piles connection with a cap is hinged; 2) the same, as in the first option,
but over the piles is compacted gravel for the purpose of damping of the tank fluctuations and
for avoidance of transfer of horizontal loads on piles; 3) reinforcing of soft and collapsible
soil by vertical soil-cement elements with a diameter of 500 — 650 mm (man-made grounds
using soil mixing technology), further the same, as in the second option.

Perception of horizontal seismic loading due to work of piles is provided only at their
significant amount (~ 1000 pieces). It is economically inexpedient as vertical load of piles
will make no more than 35% of admissible. Therefore this option wasn't compared further.

24
Tank ”
22
——
Compacted -
20
gravel .
Foundation .

(RC slab)

Man-made grounds using soil 0
mixing technology (diameter of --
o elements — 500 mm, a distance [ >
between elements — 1,0 m) ';

©
P
21t

5

Figure 2 — Soil profiles (left — soft loams and sandy loams of 12 — 13 m thickness;
right — collapsible thickness more than 5 m)

Option with vertical soil-cement elements was much cheaper and it was possible to
implement it faster.

Length and diameter of soil-cement elements and distance between it were defined by
an iterative method. Providing smaller critically admissible values of the settlement of center
and extreme foundation points, tilt, and the ground bearing capacity at seismic influences was
the main criterion of calculation. As a result of calculations it is established that optimal
diameter of elements — 500 mm, a distance between elements — 1,0 m (2d). Informative
geotechnical model of the tank is shown in Fig. 3.
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The SSS modeling of the «soil — reinforced ground — compacted gravel for damping —
foundation — tank» system is carried out. The problem was solved in 2D («axisymmetric»)
scheme using the finite elements method (FEM), taking into account seismic effects.
The soil, the man-made grounds and crushed-stone pillow are clusters with the appropriate
characteristics. The foundation is a beam element with the corresponding flexibilities EI and
normal rigidness EA for a plate 0,7 m thick. The tank is beam elements; oil is a cluster with
the appropriate characteristics. The design axially symmetric scheme is provided on Fig. 4.

Foundation

(RC slab) Compacted gravel

Soil-cement
elements

Figure 3 — 3D design scheme of the system
«reinforced base — crushed stone pillow — foundations»
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Figure 4 — Design axially symmetric scheme of the system
«soil — reinforced ground — damping compacted gravel — foundation — tank»

180 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (48)" 2017.




The sizes of a calculation zone around a construction were accepted from a condition of
prevention of its influence on results. The depth of the calculation zone is 50 m (on this depth
there is a rocky or semi-rocky deposits). The fluctuations at the bottom boundary in the form of an
earthquake acceleration diagram are set (with the parameters corresponding to intensity of seismic
influences in 9 points). At the far vertical boundaries, absorbent boundary conditions are applied
to absorb outgoing waves. In this way the boundary conditions as described above are
automatically generated. For soil was using linear model. Influence of hydrostatic water pressure
using appropriate ground water level. Damping of the building and the ground is simulated by
means of Rayleigh's coefficients. The horizontal prescribed displacements is set to u, = 0,01 m at
the bottom boundary. The vertical component of the prescribed displacement is kept zero u, = 0.

According to the analysis of results of calculations, modeling and comparison of options
it is possible to make the following conclusions:

1. The foundation on the man-made grounds, using soil mixing technology which turns
soft and collapsible ground into composite material, is a seismic resistance option. It cost less
than pile foundation and at the same time it is more technological. All production and
standard requirements imposed to tanks operation are satisfied.

2. Due to the reinforcement of soft and collapsible soil the tank’s vibration amplitude
decreases, the soil accelerations decrease in the bottom of foundation. Such result is provided
with increase in speed of distribution of seismic waves in the man-made grounds using soil
mixing technology, and also due to increase in strength characteristics and the module of
deformation.

3. At seismic influences with intensity of 9 points the maximum horizontal
displacement of the tank top didn't exceed 6 mm, a bottom — 10 mm. The difference of
displacements of a bottom concerning top is 16 mm that less than 20 mm. The tank doesn't
overturn; shear strength of foundation relatively of crushed-stone pillow achieved.
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OPTIMIZATION OF SLABS REINFORCEMENT DEPENDING
ON THE DEGREE OF BASE COMPLIANCE

In the work it was made analysis of stiffness influence of upper basis construction and
compliance of basics on stress—strained state of monolithic slabs and capabilities to simplify
the design scheme of slabs. Two building options were considered: the one with different
design: frame and frameless, the second with homogeneous and heterogeneous bases. It is
established that in frame buildings only incomplete modeling of slabs shows adequate quality
and does not make significant changes in constructive solution in comparison with the full
simulation. For frameless buildings ignoring rigidity of upper basis and constructions
compliance structures and foundations not only leads to some excess reinforcement plates,
but also to the quality discrepancy reinforcement, particularly in patchy basis.

Keywords: system building—foundation—base, collaborate, building rigidity, foundation
vielding, subsidence, tensely deformed state (TDS).
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Binnuyvkuti nayionanvruti mexuiuHui ynigepcumem

OIITUMIBALIA APMYBAHHSA IIVIUT ITEPEKPUTTSA
B 3AJVIEZKHOCTI BI CTYIIEHS HTIIJIJIAT/IMBOCTI OCHOBH

Ilposedeno Oocnidsxcenus 6NAUBY IHCOPCMKOCMI HAODYHOAMEHMHOI KOHCMPYKYil ma
nio0amau8oCcmi  OCHOBU HA  HANPYIHCEHO—O0ehOPpMOBAHUN  CMAH  MOHONIMHUX — NJAUM
nepeKpummsl i MONCIUBOCMI CHPOWEHHS PO3PAXYHKOBOI cxemu naumu. Byau pozensanymi oea
sapianmu 6yoigensb 3 pi3HUM KOHCMPYKMUBHUM DilleHHAM: NOBHOKAPKACHA I be3KkapKacHa, a
makoxc 06a 6apianmu OCHOBU. OOHOPIOHA [ HeOOHOPIOHA. BcmaHnoseneno, wjo 0151 KapKACHUX
0yOUHKI8 HenogHe MOOeN08AHHA MINbKU NAUMU NEPEeKPUMMS 0A€ A0eK8AMHY AKICHY KapMUHy
ma He GHOCUMb CYMMEBUX 3MIH 00 KOHCMPYKMUBHO20 DIWEHHS ) NOPIGHAHHI 3 NOBHUM
MOOento8anHAM. [l Oe3kapracHux OYOUHKI8 IeHOPYBAHHS HCOPCMKOCMI HAOPYHOAMEHMHUX
KOHCMPYKYi 1 Nnio0amaueocmi OCHO8U MOdce Npu3gecmu He MIbKU 00 0esK020
nepeapmy8aunHs NAUmMu, aie i 00 AKICHOI HeBIONOBIOHOCMI apMy8aHHSA, 30KpemMd Nnpu
HeOOHOPIOHIU OCHOSI.

Knrouosi cnoea: cucmema 6yoiensi—ghyHoamenm—ocHosa, cymicna poboma, Hcopcmricms
6y0iani, niodamaugicms 0CHO8U, 0CIOaHHs, HanpysiceHo—oepopmosanuti cman (HIC).
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Introduction. Elements stresses in buildings and bases deformations are recommended
to be determined by calculation of joint foundations, bases and overlying structures work,
considering basics depth and plan heterogeneity [1, 2]. These calculation results are achieved
in more accurate simulation of the stress—strain state (SSS) of ground base and overlying
structures. As building stiffness influence on SSS and the base settling, as the base
compliance and nonlinear properties affect the stresses redistribution in foundations and
overlying structures. Therefore, relationship among calculation model of building and soil
base is important.

In works [3—6] it is noted that the need for joint calculations of the building with the
foundation is especially important for the current level of building science development. By
the introduction of modern calculation methods and the newest materials, it could be possible
to design building structures with minimal strength reserves. In such conditions, slight
increase in stresses due to the joint operation of the buildings and bases can lead to the cracks
appearance and reduction in the overall reliability of the structures.

But such calculation is associated with considerable time consuming for compiling
computational model, and also requires significant computer memory resource. Sometimes, in
order to simplify the calculation of monolithic slabs, only the slab itself is modeled with the
elements on which it relies, without considering the work of other overlying structures and the
compliance of the base.

Research results. Joint calculations are performed using computer technology, usually
the finite element method. In many cases, buildings are complex in plan configuration and
stiffness distribution, so usually it is quite difficult to assess the impact of various factors
(stiffness of different above—ground structure elements and foundations) for calculation results.

For the analysis two primary design scheme of houses are selected:

— frameless with bearing walls of brick;

— frame with monolithic bearing structures.

For both schemes complex joint calculation of above—ground buildings, foundations
and soil base are executed in different variants of soil layers:

— location of soil layers close to horizontal,

— there is a pinch of soil layers with different modules deformation.

As basis for the simulation of design schemes basic variants, the design documentation
for the frameless residential section of size 25x%15 m in the axes was selected. Total height of
9—storey section with basement and technical floors is 30 m. The main walls are from brick,
the walls of the ground floor are from concrete block, foundations are monolithic tape up to
3.6 m widths.

In simulation of framework scheme bearing walls above the 0.000 level have been
replaced by monolithic columns. Basement and foundations were left unchanged.

As homogeneous base with horizontal placement of the layers were made of random
geological conditions of the construction site with the average characteristics of soils.
Characteristics of soil area are presented in Table 1. For the simulation of heterogeneous soil
base wedging out, soil layer with low deformation modulus of E = 8 MPa was used.

Calculation of 3D computer models is performed using the software package
«Lira—CAD» which is a computer system for structural analysis and design. The program was
developed by the Scientific Research Institute of Automated Systems in Construction
(NIASS), Kyiv, Ukraine. The complex allows to perform spatial calculations of building
systems considering the heterogeneity of the base in plan, its depth, influence of neighboring
buildings and structures.

For each variant, calculations of monolithic slab are performed both for 3D computer
model and simplified slab plate model, taking into account support conditions with the
determination of the stress—strain state and the reinforcement design.
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Table 1 — Physical and mechanical characteristics of the building site ground

Soils name

Humidity
gravity of ground

particles s, kN/m?
Ext. friction angle ¢, degree
Modulus of deformation E, MPa

Specific gravityy, kN/m’
Degree of humidity S,
Plasticity number Ip
The flow rate I
Specific adhesion c, kPa

Layer power , m
Porosity ratio e

Specific

Vegetative
layer of soil

=
O
[S—
N

4013[- |- |- |-

Sandy loam
silty

E
o0
[S—
oo

0,17{0,2 [0,15/26,8 [0,70(0,62(0,05{04 |11 |21 |25,8

Soft clay
loam

»
RN

17,5/0,17|0,21|0,12| 26,6 |0,78 0,58 0,09 0,55 |5 18 22,6

ggﬁfll“mme 52 (20 [0.18/- |- [265 [056]088|- |- |2 |38 |39

General view of computer models of frameless and frame construction in the program
«Lira—CAD» is shown in Fig. 1, 2.

For the modeling of the soil massif, the connection among the «Lira—CAD» and the
sub—program «Grunt» («Soil») was used. To do this, before the simulation began, soil
characteristics were introduced into the «Grunt» program and «boreholes» were created
setting the layers thickness.

Fig. 3, 4 shows the models of ground base with horizontal placement of seams and with
the wedging of seams with different deformation modules.

L 11 [ 10 ]
5938 522 448 373 298 24 -149 146 0016+ 00164 164

1

sonona nepesemensii 1o Z(G)

EMNIED WMEPERET - 300

Trx

Figure 1 — General view of the computer model of a frameless building
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Figure 3 — Model of soil base with horizontal arrangement of seams

% ) A - : : z

Figure 4 — Model of ground base with wedging out layers

Analysis of the calculations results showed:

— for a frameless building, the rigidity of the skeleton and the compliance of the base,
substantial leveling of the displacements in the slab are cosidered;

— for a frame building such influence is very insignificant;

— taking into account the rigidity of overlying structures and the compliance of the base
leads to a lower concentration of forces in the slabs;
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— taking into account the heterogeneity of the bedding of the base has little effect on the
required amount of reinforcement, but leads to some qualitative inconsistency of the
reinforcement.

— in the case of homogeneous basis, the calculation of overlapping slabs can be
performed without consideration the rigidity of the overlying structures and the compliance of
the base with the assurance of reliable operation.

To analyze the economic aspects of the results joint foundations, bases and overlying
structures work, considering basic depth and plan heterogeneity and simplified modeling, the
working reinforcement of the slabs in all the variants considered was compared.

Calculation of the reinforcement is carried out in the program «Lira—Arm».
The result of the program is colour diagrams of reinforcement with scale where such features
are indicated: from above — the pitch of the rods of a certain diameter, from below — the area
in cm?, which should be located on 1 m of the length of the plate. Diagrams are obtained for
two directions of reinforcement of the lower and upper zone of the plate.

For example, in Fig. 5-7 the coloured diagrams of the reinforcement of frameless
building slab lower zone are shown. It can be seen from the figures that in the calculation of a
plate without consideration the influence of the skeleton rigidity and the compliance of the
base, excessive reinforcement takes place.

It has to be considered that heterogeneity of the base bedding has little effect on the
required amount of reinforcement, but leads to some qualitative inconsistency of the
reinforcement.

The reinforcement is accepted by mesh in upper and lower zone, with additional mesh
in the stress concentration zones, as well as with additional mounting frames and transverse
reinforcement.

After processing the results of calculations in the «Lira—Arm» program for the ultimate
limit state, the slab reinforcement for all simulation schemes is presented in Table 2.
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Figure 5 — The diagram of the slabs lower zone reinforcement for a frameless building,
determined without consideration base compliance and frame rigidity
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Figure 6 — The diagram of the slabs lower zone reinforcement for the frameless
building, defined considering the homogeneous base compliance and the frame rigidity
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Figure 7 — The diagram of slabs lower zone reinforcement for a frameless building,
defined considering the heterogeneous base compliance and the frame stiffness

The outlays based on the obtained results were compiled in the program «AVK 5.3» for
each variant, graphs of the amount of reinforcement, cost and labor intensity depending on the
modeling method were plotted (Fig. 8 — 9).

As can be seen for the frameless building, for the case of full simulation all the
indicators are much better than only from simplified slab modeling.

For a frame building with full simulation, all the indicators are also better than only
from simplified slab modeling , but the difference is smaller than in the previous case.
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Table 2 — Results of slab versions reinforcement

Main reinforcement

Additional reinforcement

Direction of Total
rods location Along the Along the Along the Along the | weight, t
lower edge upper edge lower edge upper edge
A building with a full frame, simulation without considering
the base compliance and frame rigidity
Along the Y @10 A400C | @12 A400C
axis 210 A400C D14 A400C @16 A400C | @32 A400C
@8 A400C 1328
Along he X1 310 A400C | @14 A400C | B18 Ad0OC % oo
@22 A400C
The building with a full frame, a simulation considering
the homogeneous base compliance and the frame rigidity
Along the Y @12 A400C | @16 A400C
axis 212 A400C D14 A400C A18 A400C | ?¥32 A400C
@12 A400C 1293
Alo‘:f( E“e X | g12a400c | @14 Ad00C g}g ﬁjggg @22 A400C
?32 A400C
Frameless building, a simulation without considering
the base compliance and frame rigidity
Along the Y @10 A400C | @14 A400C
axis 98 A400C 210 A400C @12 A400C | 920 A400C
7.09
Along the X @10 A400C
axis ?8 A400C (?10 A400C | @10 A400C G18 A400C
Frameless building, a a simulation considering
the base compliance and frame rigidity
Along the Y @10 A400C
axis ?8 A400C @8 A400C | @10 A400C G4 A400C
6.20
Along the X @10 A400C
axis @8 A400C @8 A400C | @10 A400C G12 A400C
Frameless building, a simulation considering
the heterogeneous base compliance and the frame
Along the Y @10 A400C
axis ?8 A400C @8 A400C | @10A400C G4 A400C
5.62
Along the X @10 A400C
axis @8 A400C @8 A400C | @6 A400C G12 A400C
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Figure 9 — Frameless building

Conclusions. In overlying structures it has to be considered rigity and the compliance
of the base affects on the forces distribution and slabs reinforcement nature.

For frameless buildings, ignoring the rigidity of overlying structures and the base
compliance leads not only to a little excrescent in slab reinforcement, but also to qualitative
inconsistency of reinforcement, in particular, on heterogeneous basis.

For framed buildings, the simplified slab modeling does not make significant changes in
the design solution with full simulation comparison.

In the case of homogeneous basis, the calculation of overlapping slabs can be performed
without consideration the rigidity of overlying structures and the compliance of the base with
the assurance of reliable operation.

The application of spatial building modeling on compliant basis compared with the
simplified slab simulation allows obtaining reinforcement savings in the slab up to 2.5% for
frame and up to 14% for frameless buildings.
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PIPELINE RELIABILITY LEVEL FOR THE DIFFERENT
COLLAPSIBLE STRATA

Probabilistic analysis of the loessial collapsible soil deformation modulus in the water
saturated for two areas of pipeline laying in the Poltava and Kherson region were performed.
Respective distributing laws and statistics were obtained. With help of Ansys finite element
simulation was performed in the form of the Monte-Carlo method. Pipeline deformation in the
loessial collapsible strata local soaking area was modeled; internal operating pressure and
temperature difference were considered. Pipeline failure probability by longitudinal stresses
parameter in the fine sand soil was obtained, random functions stochastic apparatus was
used. Pipeline failure probability by longitudinal stresses parameter with similar geometric
parameters and internal operating pressure simulation results were compared with the base
composed by fine sand and loessial collapsible strata 7 and 13 meters.

Keywords: buried main pipeline, loessial collapsible strata, longitudinal stresses,
reliability level.

Hiyyzin C.@., 0.m.H., npoghecop
Bunnuxos ILIO., acnipanm
Ilonmascekuti HayionanvHull mexHivnul yHieepcumem imeri FOpis Konopamioxa

IMOBIPHICTI).BE3BII[MOBHOi POBOTH TPYBOIIPOBOAY
JJIA PI3BHOI ITIOTYXKHOCTI ITPOCAZOYHOI TOBIII

Buxonano imogipHichuil ananiz mooyno degopmayii 1eco6020 NPocadouHo2o IpyHmy y
B000HACUYEHOMY CMAHI 015 080X OIIAHOK NPOKIAOAHHA mpyoonpoeody Illormascvkoi
oonacmi ma Xepconwunu. Ompumano 6iON0GIOHI 3AKOHU pPO3NOOINYy ma CMAMUCmMuKu. 3a
oonomozoro memody Moume-Kapno, y ¢hopmi memooy CKiHUeHHUX elleMeHmis, NPOBeOeHO
iMOBIpHICHEe MOO0eNo8anHs mpyoonpoeody Ha OiNAHYI JIOKATbHO2O 3AMOYYEAHHSA MACUBY
J1ec08020 IPYHMY 13 BPAXYBAHHAM GHYMPIUHbLO2O POOOYO20 MUCKY | MeMNepamypHo2o
nepenaoy. 3a 00nomo2o iIMOBIPHICHO20 anapamy UNAOKOSUX (DYHKYIU OMPUMAHO 3HAYEHHS]
HaoitiHocmi  mpyoonposody NpPOKIAOEH020 Y MIIKOMY O00HOpiOHOMY nicky. IlopieHsano
pe3yrbmamu MoOent08aHus mpybonpoeooy 3 OOHAKOBUMU 2eOMEeMPUUHUMU NaApaAMempamu
ma 6HYMPIWHIM POOOUUM MUCKOM OISl OCHOBU CKAAOEHOI MIIKUM RICKOM Ma NPOCAOOYHOI0
mosworo pizHoi nomyscnocmi 6,2 ma 13 m. ona mpybonposody OmpumarHo 3HAYEHH:
imogipHocmi  0e38i0M06HOI  pobomu  mpyoonposody 3a  NaApaAmMempom  NO3008HCHIX
HANpyHCeHtb.

Knrouosi cnosa: niozemnutl mazicmpanbHuti mpyoonposio, 1ecoéa npocadouHa mosud,
N03008MCHI HANPYIHCEHHS, IMOBIPHICMb 6€38i10MOBHOI pobomiL.
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Introduction. Main pipeline linear part MPLP soil basis differential settlements lead to
additional longitudinal stresses in the pipeline walls, destruction of anti-corrosion coating and
reduce pipeline durability [1 — 6]. In addition, MPLP large deflection may cause formation of
gas hydrates in places of «local hollows» that confirms necessity of the different settlements
regulation.

Large values of the MPLP differential settlements are typical for pipeline laying in non-
standard soil conditions. Non-standard soil conditions are such conditions when there are
pipeline layer designed in areas with the following characteristic features [1, 3, 7]: swamp or
flooded areas, areas with underground cavities of various nature (mining and mine
construction zones, areas with karst cavities, etc.), thawing permafrost areas, landslide
territories, seismic zones.

For Ukraine loessial collapsible soils are very common problem, because such soil
occupy 65 — 70% of the territory. Such problem is especially urgent for the southern region,
where loessial layer reaches 45...50 m, and the value of the soil collapse from its own weight
may occur 1...2 m [8 — 10].

Analysis of recent sources of research and publications. MPLP differential
deformations in swelling clays investigation show that pipeline, with dimensions
1220 x 22 mm, has longitudinal stress o; = 165 MPa, for soil movements 310 mm on the wave
longitude about 50 m [2]. In area of thawing permafrost on the wavelength of 38 m soil local
deformations is 158 mm. In those conditions pipeline, with dimensions 1220 x 32 mm, has
longitudinal stress about g; - 100 MPa [1]. It should be noted that both of the researches were
made basing on the hypothesis of equivalence between soil differential settlements and
pipeline deformations [1, 2].

Deterministic calculations for the similar soil conditions typical in Ukraine — loessial
collapsible soil showed quite close results [11]. It should be mentioned, that for soil it is used
linear model with soil deformational modulus in the natural and water saturated state. For
example, in the loessial collapsible 9 m strata settlements which are determined by the
engineering technique, Sy, = 266 mm pipeline, with external diameter 1000 mm, have follow
deformations and longitudinal stresses. Results are presented for different type of contact
between soil and pipeline. Bonded contact was chosen as most relevant.

Table 1 — Soil settlements, pipeline deformations and longitudinal stresses

Soaked area | Pipeline wall Measured FEM Simulation
length, L, m thickness, Value Bonded Frictional | Contact is
f, mm
absent
Siigs MM 285 285 290
10 S,/7°, Mm 284 421 422
ogr "™, MIa | +169 -195 | +142-147 | +155-143
50-65 m Silgs MM 285 285 285
(water 15 S/ wn 285 411 417
spreading :
from top oar "™, MITa | +138-166 | +126-133 | +137-135
to down) Sig, MM 292 285 285
20 S,/7°, Mm 288 296 411
oar "™, MITa | +129 -145 | +121-121 | +128-127
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Highlighting of unsolved parts of the problem. Pipeline strength in a nonstandard soil
conditions is investigated. The next step in improving calculation methodic is to determine
pipeline reliability level [4, 12] on longitudinal stresses parameter o;. There are four main
input random variables RV, which define pipeline reliability by longitudinal stresses

parameter: pipeline steel yield strength &, internal operating pressure value P, temperature

difference A7 , uneven settlement value, which almost fully determinate value of the bending
stresses G, . Stochastic parameters of the first three factors are investigated. According to

geotechnical problems of Ukraine, loessial collapsible soil deformational modulus in the
water saturated state and its stochastic parameters are the most interesting parameter for us.
Soil local collapsible settlements from its own weight S, and respective bending stresses

o, could be obtained with help of Ansys probabilistic simulation.

Purpose of the work is to determine relevant distribution and statistics for the loessial
collapsible soil deformational modulus in the water saturated state. Obtain pipeline
longitudinal stresses and respective failure probability.

Collapsible soil stochastic characteristics estimation. Engineering data of the
geotechnical researches in the Kherson city — Object #1, and Poltava region — Object #2
(fig. 1) are taken as statistical material. Should be noted, that area of the Object #2 is right on
the pipeline route, samples were taken during the pipeline isolation repair.

Figure 1 — Loess soil sampling during the pipeline isolation repair works
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Statistical data of the Object #1 were taken from 10 bore pits, with 13 m depth. Soil
samplings were conducted over 1 meter [9] in rings, with further uniaxial compression test.
During the research four geological elements were allocated: Strata-1 — vegetation layer
(Loamy black soil, loose, solid); Strata-2 — loess loam, brownish-yellow, carbonate, light
silty, in natural state solid in the saturated state fluid, macroporous, collapsible; Strata-3 —
sandy loess loam, yellow, carbonate, silty, in natural state solid in the saturated state fluid,
macroporous, collapsible; Strata-4 — loess loam, yellow-brown, brown, carbonate, heavy silty,
in natural state solid in the saturated state fluid. Strata-5 — noncolapsible loam. During the
geotechnical investigations groundwater level wasn’t found.

General sampling of the Object #1 physical and mechanical soil properties was 128
elements: where Strata-2 — 52, Strata-3 — 48, Strata-4 — 28. Soil layers thickness were
assigned as following: Strata-1 — 0.6 m, Strata-2 — 4.6 m, Strata-3 — 4.9 m, Strata-4 — 2.9 m,
total 13 m (fig. 2. a). Underlying Strata-5 — 2 m. Physical and mechanical properties of the
array are shown in the table. 2.

Object #2 statistical was taken from the bore pit from the 2,3 m depth. Three soil layers
were singled: Strata-1 — vegetation layer (Loamy black soil, loose, solid); Strata-2 — sandy
loam, light-brown, silty, in natural state solid in the saturated state fluid, macroporous
collapsible; Strata-3 — loam grey heavy silty solid noncollapsible. General sampling of the
Object #2 mechanical soil properties was 24 elements. During the geotechnical investigations
groundwater level wasn’t found. Soil layers thickness were assigned as follow:
Strata-1 — 1.1 m, Strata-2 — 6.2 m, Strata-3 — 2 m, total 9 m (fig. 2. b). Physical and
mechanical properties of the array are shown in the table. 3.
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Figure 2 — Design model of the system «MPLP — loessial soil» local soaking:
a - soil conditions Object #1; b - Object #1
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Table 2 — Physical and mechanical properties of Object #1 loessial basis

. . Numerical values
Soil properties
Strata 1/Strata 2Strata 3 Strata 4 Strata 5
Strata thickness, h, m 0,6 4,6 4,9 29 2,0
Soil density, p, kg/m3 1500 | 1568 | 1568 1627 1860
Saturated soil density, pgar, kg/m3 1840 1885 1797 1848 -
Void ratio, e - 0,91 0,94 0,86 -
Relative 0,05 - 1,1 1,0 1,0 -
collapsibility, &g, %, 0,10 - 2,2 2,0 1.9 -
for pressure, 0,20 - 4.8 45 43 -
P, MPa 0,25 i 60 | 54 | 51 i
Deformation natural conditon 12,4 13,2 14 15
modulus, E,, MPa 6
(respective pressure | water saturated state 4,7 3,3 2.72 -
range)
. . . natural conditon 0,31 0,33 0,33 0,32 0,31
Poisson ratio soil, u
water saturated state - 0,35 0,35 0,34 -

Table 3 - Physical and mechanical properties of Object #2 loessial basis

. . Numerical values
Soil properties
Strata 1 Strata 2 Strata 3
Strata thickness, h, m 1,1 6,2 2,0
Soil density, p, kg/m’ 1500 1495 1860
Saturated soil density, psy, kg/m’ 1840 1840 -
Void ratio, e - 1,08 -
0,05 - 1,3 -
Relative collapsibility, 0.10 _ 30 _
&4, %, for pressure, . .
P, MPa 0,15 - 42 -
0,20 - 5,6 -
Deformation modulus,| natural conditon 12
’ 6 14
E,, MPa water saturated state 2.8
. . . natural conditon 0,31 0,33 0,31
Poisson ratio soil, u
water saturated state - 0,35 -

Each soil strata was tested for the uniaxial compression with different pressure intervals
for Object #1 (¢ =0,05...0,1; 0,1...0,2; 0,2...0,25 MPa) and for the Object #2 (¢ = 0,05...0,1;
0,1...0,15; 0,15...0,2 MPa). It is necessary because soil deformation modulus is variable for
each pressure interval [13] and to get most correct results during FEM it is set its value based
on actual pressure range (fig. 2 a, b). In the scope of the current paper there only graphs are
included used for the following probabilistic simulation (fig. 3).
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Table 4 — Normal, lognormal, exponential distributions, statistics for water saturated
loessial collapsible soil in water saturated state E;,,

Pearson

Stochastic — | - R . criteria
V,%| A | E .

parameters MI\M2\ M3 | M3 X | X | s | He | o A | By |Distr 40

Wos.)

Object #1 Strata-2 — loess loam, brownish-yellow, carbonate, light silty, in natural state solid in the
saturated state fluid, macroporous, collapsible

Eu., MPa, Norm.| 31,4(14,1)

4,66 114,93 39
c=0,05...0,11,17/7,8949,29|349,8 (1.28)(0.52) 85,86(349,8 0.72) 0,8311,49/1,18| Log. | 7,1(14,1)

MPa Exp. | 11,6(15,5)

Object #1 Strata-3 — sandy loess loam, yellow, carbonate, silty, in natural state solid in the saturated
state fluid, macroporous, collapsible

Eu., MPa, Norm.| 53,2(14,1)

c=0,1...0,2 |1,40/6,29/39,58|288,4 3,27 | 5,75 28,48/ 228,0 2,40 0,7312,07|3,89| Log. | 9,9(14,1)

0,96)(0,43 0,66
MPa (0,96)(0.43) (0.66) Exp. | 25,3(15.5)

Object #1 Strata-4 — loess loam, yellow-brown, brown, carbonate, heavy silty, in natural state solid in
the saturated state fluid

Deformation Norm.| 8,4(14,1)
modulus E,;, Log. | 1,8(14,1)
MPa, pressure | ¢4l 97/ 9.61(39.85| 72| 129 1153] 634| 113 10.42]1.03]0.76

range ¢ = (0,92)((0,16) (0.4)

0.2...025 Exp. |16,5(15,5)

MPa

Object #2 Strata-2 — sandy loam, light-brown, silty, in natural state solid in the saturated state fluid,
macroporous collapsible;

Deformation Norm.| 7,7(9,5)
modulus E,;, Log. | 1,5(9,5)
MPa, pressure | ol 55| 24.8(129.00 272 | 2191 4.19]19.21] 148 | 0.53|1.28]0.97

range ¢ = (0,9)1(0,25) (0,50)

0,1...0,15 Exp. | 9,1(11,1)

MPa

Note: M1 — M4 — moments of 1-4 orders; X — mathematical expectation; X - dispersion;
u3 —central point of the third order; u4 — central point of the fourth order; ¢ — standard;
v — variation ratio; A — asymmetry; E — kurtosis.

In brackets values of key statistics for the lognormal distribution are shown.

It was learned experience of the previous soil stochastic researches [13], therefore
normal, lognormal and exponential distributions to approximate experimental data are used.
Typical histograms and distributions curves for the water saturated loessial collapsible soil in
water saturated state Ej,,, are presented on the fig. 3, respective statistics in the table 4.

Pearson criterion »° were chosen as criterion to estimate current distribution
implementation possibility. Statistical analysis of the table 4. show, that lognormal
distribution is the most relevant to approximate experimental data of the loessial collapsible
soil deformational modulus in the water saturated state Ej,. as lognormal distribution is
relevant for all mentioned sampling, and respective Pearson criterion value is the smallest
comparatively with other distributions table 4.

Above mentioned data confirm previous conclusions which prove that lognormal
distribution is the most relevant for soil deformational modulus approximation, but it also
essentially new because collapsible soils instead of homogeneous sand embankments are
investigated [13].
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Probabilistic simulation. Current normative documents in the MPLP design and
construction make big focus on the hoop stresses ant operating pressure, in the same time
longitudinal stresses from the soil differential settlements are almost ignored [14].

It is reasonable with help of FEM and direct mathematical simulation to compare failure
probability of the similar pipeline in the different soil conditions. There is observed pipeline
in the homogenous fine sands, and loessial collapsible strata with thickness 13 m Kherson city
area (fig. 2 a) — Object #1 and 7 m Poltava region — Object #2 (fig. 2 b). Geometrical para-
meters of the MPLP, load deterministic and stochastic values for all variants is in the table 5.

For the first variant soil strata without special properties are investigated, therefore it is
reasonable to implement direct mathematical simulation. Pipeline as beam on the elastic base
fits best. The further step is implementation of the pipeline differential equation stochastic
solution in the form of the random functions (RF).

For correct simulation parameters of the correlation function k,(&)of the soil conditions
variability along the length of the pipeline (1, 2) and respective spectrum density S,( @)of this
functions should be considered. It should be noted that, those parameters for correct
simulations were included in the table 5.

Table 5 — Input parameters to determine pipeline failure probability

Parameter Designation Value
External diameter D, ,m 1,020
Pipeline wall thickness I, m 0,0096
MO pipeline steel strength o, kN/cm? 49
Standard of the pipeline steel strength G, kN/cm? 4.9
The length of section L, m 6036
MO of the soil backfill q,, kN/m 32,1
Pipe and isolation weight 2212_ . » KN/m 3,17
MO of the linear coefficient of elastic foundations Cyo, kN/m? 1347
Correlation function parameters of k ( f )= e % a,m’ 0,046
the soil conditions variability along B a.m’ 0.023
the pipeline length k(S)=e “l cos pE P ’ ! 0’911
Temperature difference MO At,°C 234
Temperature difference standard Af,°C 1,74
Operating pressure MO [12] p, kN/ecm® 0,456
Operating pressure standard [12] p . kN/cm’ 0,0314
Heterogeneity coefficient B 1
2—=2
- 1% 1
k(&)=e™ =S (0)= pud { 5 2}, 2)
T O +a
2—=2
k. (&)= e~ cosfPé => § (w) = X 1 + 1 , 3)
@) T |(@-6’+a® (w+6) +a’

where ) — heterogeneity coefficient that characterizes the variation of the total load on

the pipeline;
a, @— correlation function parameters;
& — shift between cross sections of the process, 1 m.

36ipuuk HayKoBHX Tpailb. Cepis: [any3eBe MammHoOyqyBaHHs, OyaiBHuLTBO. — 1 (48)" 2017.

199




The relationship among soil condition heterogeneity RF and pipeline curvature RF [2]
S (o)
(EI-0*+¢,)"

where ¢, — MO of the linear coefficient of elastic foundations.

S, ()= )

Standard of the bending moment M RF M (x) calculating with help of pipe bending

stiffness the bending EI and pipeline curvature 7’

- 1/2
M = EI-DSZ(Q) )da)} . (5)

Pipeline reliability function is follow
P(L)=1-Q(L)=P[ sup
where sup

0<x<L
: : O-n03()
0<x<L

0<x<L,a Q(L) — pipeline failure probability on the interval L.

Pipeline bearing capacity has normal distribution therefore whole function will have
such distribution and failure probability will have form (6) [2, 5]

O(L) = expl0.5(7; = 57)]. (7)
where ¥, — characteristic maximum of RF Z G,,.,(x); B —safety characteristic.
According to [4]

Y, = \/Zln{wx% | /),J , )

where @, — effective frequency of a RF. It characterize MPLP axis curvature and total

221(7;030

— an upper limit of the function ‘ZO‘

<R, ], 6)

at the interval

no3o

longitudinal stresses variability; 5, — RF broad badness ratio z G ... (X) [4].

o 0o 172
o, = { [$(0)wdo / [0 )da)} , 9)
0 0
o o 1/2 o
B., = D S, (a'do[ S, (a))da)} / [5, (@@ do. (10)
0 0 0
Longitudinal stresses Y RFMO Y and safety characteristic
A7 N — }QAt_'}Q
= — Nasa-—-N y——— L
Y=0,- 2220 ST F (11)
F A2 2 1 2 1 2
6,+—N, +FN” +W-M

According to [15] the most responsible objects, which failure leads to the biggest
consequences class CC3, it must have failure probability lover then 1:10°°. Corrected values
of the correlation functions (1) and (2) allow to obtain following results from table 6, which
shows that bending stresses doesn’t exceed 15 MPa and MPLP failure probability is much
higher than needed values. These data show that in the homogeneous soils without special
properties differential settlements are unimportant.
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Table 6 — Modelling results of the MPLP longitudinal stresses failure probability

Parameter Designation CF1 CF 2

Bending moment Standard M , kNm 58,6 44,6

Longitudinal (tensile) strength MO N, kN 3970 3970

Longitudinal (tensile) strength Standard N, kN 929 929

Safety characteristic B 7,07 7.13

RF effective frequency @, , m’! 0,21 0,707

RF broad badness ratio ,3@{ 1,708 1,244

Characteristic maximum of RF % 3,305 2,49
MPLP failure probability (1) 3,310” 1,0-10°

Similar pipeline in the soil conditions fig. 2. a and 2 b is considered. There are
collapsible strata 13 m and 7 m respectively. Deterministic characteristics of the soil strata are
presented in the table 2 and 3. Stochastic parameters of the soil basis are shown in the table 4.
Stochastic parameters of the operating pressure and temperature difference are in the table 5.
In general, design scheme can be shown as in the fig. 4. Soil deformations and respective
longitudinal stresses for loads MO values are shown on fig. 4 b, c.

With help of Ansys [16] probabilistic modelling in the Monte-Carlo simulation (fig. 5)
form distributions and statistics for the soil deformations and pipeline stresses could be
obtained. Modeling is performed for MPLP with wall thickness 10 mm for both soil
collapsible strata (fig. 6), and for the wall thickness for which pipeline has normative failure
probability — 1-10°°, table 7.

]
S

-145]MPa

(C] +182{MRa;

Figure 5 — FEM simulation with loads and influences MO values for the Object #1 soil
conditions MPLP wall thickness t = 38§ mm
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Figure 6 — FEM simulation results for different soil condition and
MPLP different wall thickness
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Table 7 — MPLP FEM simulation results

Parameter Designation | Value Distribution
= Deformation in the middle MO S g » MM 340
] f the soil arra & Normal
*é S 0 y Standard | S, ., mm 29,0
- p— Q
5 h Deformation at the bound MO S bound » M 67 Normal
g% of the soil array Standard | S, . mm | 1,6=>0
2 8 bou
& S Pipeline total MO o, ,MPa 363,9 Normal
§ § longitudinal stresses, o; Standard O,.MPa 56,9
é’ § Safety characteristic B 2,39
MPLP failure probability o(p) 8,2:107
Deformation in the middle MO S ig » MM 115,9
= . = Normal
£ 5 of the soil array Standard | S, ,,mm | 350
Es
% Deformation at the bound MO S pouna » MM 39
= L f the soil - Normal
£ 2 of the sotl array Standard | S, ., .mm | 1,1=>0
— O
=}
ED S Pipeline total MO o,,MPa 258,2 Normal
g g longitudinal stresses, o, Standard ¢,.MPa 67.1
= g Safety characteristic B 3,70
- MPLP failure probability 1) 44107
Designation Value Distribution
= Deformation in the middle MO S ig > TOM 311,0
D . ~ Normal
g 5 of the soil array Standard | S,,,mm | 24,8
Es =
7 O Deformation at the bound MO S pouna > TOM 59
= . = Normal
£ % of the soil array Standard | S, ,.mm | 1,1=>0
S 2z
3 g Pipeline total MO o, ,MPa 2
AT loneitudinal Normal
§ § ongitudinal stresses, o; Standard O,.MPa 24,6
oy c§ Safety characteristic B 4,73
2 MPLP failure probability o(p) 1,0-10°
Deformation in the middle MO S g » MM 110,0
T - = Normal
£ 5 of the soil array Standard | §,.,.mm | 332
£~
Z2~ Deformation at the bound MO S pouna » MM 39
= £ the soil = Normal
R of the soil array Standard | S, ,,mm | 1,1=>0
LS 3
éﬁ % Pipeline total MO o, MPa 2077
£ longitudinal stresses, o 50,8 Normal
g = g » 01 Standard | O, MPa g
= § Safety characteristic B 4,87
~ MPLP failure probability o(p) 5,5:10”
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Conclusions. Lognormal distribution fits best for the probabilistic representation of the
loessial collapsible soil deformation modulus in the water saturated state. The smallest values
instead normal and exponential laws were confirmed by Pearson criterion. Pipeline with

geometrical parameters 1020 x 9,6 (10) mm, similar internal pressure ; =4,56MPa, and

temperature difference At =23,4°C, has follow longitudinal stresses parameter failure

probability for the different soil conditions: homogenous fine sand — 3,3-10° - 1,0-10®
(according to the correlation function), soil collapsible strata is about 6,2 m — 4,410, soil
collapsible strata is about 13 m — 8,2:107. So, for soil basis without special properties it was
obtained very low failure probability, instead for the non-standard (loessial) soil conditions
having unacceptable failure probability value. Also high variation ratio for the soil
deformations in the array middle and pipeline stresses could be observed, which is explained
by very high soil deformation modulus variation ration and lognormal distribution. The latest
make impact on the character of the output functions distribution.

Mentioned design model with FEM simulation allows designing pipelines with pre-
calculated reliability level. For considered soil conditions normative failure probability
reached for the wall thickness 30 and 17 mm for Kherson and Poltava region.
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INJECTION PROPAGATION MODEL
IN SANDY SOIL

This articles focuses on the process of injection solution in the sand as physical
phenomena. During theoretical studies of the propagation of the fluid phase in a porous
medium, actual is the definition of the parameters of the jet, necessary for layer material
discontinuity in the contact zone of the jet to the surface. It can be achieved through the
injection process modeling in a dispersion medium by constructing geometrical similarity of
injection jet. It is found that the propagation of the fluid phase in the solid body pores
suggests that as they reach the point at the distance from the injector to the «end» of the jet in
pores pre-saturated by water, gradual change in injection rate depending on the initial rate of
efflux and viscosity occurs..

Keywords: soil injection, dispersion medium, physical modeling, solution jet, dispersion
medium.
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Ooecvka depacasna akademis 6yOiBHUYMBEA Ma apXimeKmypu

MOJEJIb IOIWPEHHS TH’EKIIMHOIO PO3UNHY
B IIIIAHUX ITIPYHTAX

Po3zenanymo npoyecu in’exyii pozuuny 6 nicox 3 nozuyii izuunux aeuny. 3s1c08aHo, wo
8 MeopemudHUX OOCAIONCEHHAX Npoyecy NowupeHHs pioxkoi ¢azu 6 nopucmomy cepedosuuyi
AKMYAIbHUM € 8U3HAYEHHs Napamempie cmpymeHs, HeoOXiOHUX OJisi NOPYUIeHHS YiniCHOCMmI
wapy mamepiany 6 30Hi KOHMAKMy cmpyMeHs 3 nogepxwero. Busaeneno, wo yvoco mooicHa
docsemu 3a 00ONOMO20I0 MOOeN08AHHs npoyecy IH €Kyii 8 OucnepcHe cepeoosuufe ULIAXOM
nobyoosu eceomempuunoi nodobu cmpymeHs in’exkyii. Ycemanoseneno, wo posnodin piokoi
¢asu 6 nopax meepoozo mina nepeddayac, wo 8 Mipy 00CACHEeHHs KPAUHbOI MOYKU GI0CMAHI
8i0 iH’€Kmopa 00 «KiHYs» CMpYMeHs 8 NONepeOHbO HACUYEHUX 800010 NOpax 6i00y8acmucs
noemanHa 3MIiHa WEUOKOCMI PO3NOBCIOONCEHHS IH EKYILIHO20 POZYUHY 3ANEHCHO 8I0 U020
nOYAMKOBOI WEUOKOCMI BUMIKAHHS MA 8 SI3KOCHI.

Knrwowuosi cnoesa: in’cxyis rpynmis, oucnepche cepeoosuwje, Qizuune MoOent08aHHs,
CcmMpyMiHb po3uuHy, oucnepciiine cepedoguuye.
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Introduction. During the study of the interaction of the dispersion medium with the
dispersed phase it is rational to create a model on the level of structural inhomogeneities.
It was considered that in a moving jet of dispersion medium, which is a multi-phase non-
Newtonian fluid, soil particles can not accumulate or transfer mechanical energy from the
rotor flux [1].

Analysis of recent research and publications of sources. In hydro or aeromechanical
interaction the kinetic energy of the selected soil particles can be transformed into potential,
although the effectiveness of such an accumulation of potential energy is much smaller than
in the case of motion of Newtonian fluids in disperse systems [2 —4]. For a qualitative
description of such processes one of the effective ways at an early stage of their research is
their modeling [5 — 6]. Physical modeling of injection into the soil it is the fundamental
definition of their parameters under the model characteristics found in its study [7 —8].
A feature of the physical modeling is that the characterizing does not require mathematical
description of the processes, but an idea about the mechanism (physical nature) of the
phenomena, in order to properly calculate the parameters of the main subject according to
tests of its model. Since the physical modeling of the physical nature of the phenomena that
occur in natural product and the model is the same, according to the results of experiments on
the models, the nature and effects of the quantitative relationship between the values for field
conditions can be evaluated [9].

Isolation of previously unsolved aspects of the problem. The task of theoretical
studies of the fluid phase propagation in the porous medium includes determining of a
minimum dynamic pressure of the jet necessary to discontinuities in the material layer of the
jet in the contact zone with the surface.

Formulation of the problem. To determine the fluid jet parameters required for
dynamic fracture of the layer of porous material, it is necessary to study the interaction of the
jet with the surface of the solid phase particles. In order to assess this interaction it is
necessary to know the characteristics of spreading of free axially symmetric jets.

Main material and results. The model of the propagation of the jet injection in the soil
was taken as an analysis object. Under the injection jet it is considered the jet that goes from
the injector into the thickness of the material, with a shape that is characterized by a length L
and propagation diameter Dy. The model of conical jet allows to analyze the mechanisms of
its propagation depending on the pressure. The form of propagating jet in the form of a cone
assumes that, depending on the width of its propagation, in its volume, the fluid phase is in
the free state, in the form of polyabsorption layers and a monoabsorption layer in close
proximity to the apex of the cone. At the fluid discharge from the injector in heterogeneous
environment, by virtue of obstacles (Table 1) [10], there is a pressure on certain areas.
Based on this assumption, we conditionally allocated four zones that characterize the gradual
spread of the fluid phase to a solid medium at p = const, Fig.1.

Depending on the accepted model of fluid phase injection into the solid, one or another
mechanism of interaction is proposed. When presentation of soil as a capillary-porous
systems the main focuse is made on processes and phenomena that occur in the pores and
cavities of various sizes in the propagation of fluid in them.

The main factors influencing the spread of fluid in the system include: discharge
pressure effect on the modeling material particles; a hydraulic pressure of the fluid and its
migration to the weak places; capillary effects associated with changes in pressure, depending
on the concentration of the fluid; osmotic phenomena associated with the occurrence of
concentration gradients of pore fluid; crystallization pressure that occurs during chemical
reactions of hydration.
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Table 1 — Examples of jet interaction with the stationary surfaces [10]

Interacton scheme Pressure by interaction
V_ '
a zil - : P= r ov
r 1 8
T
— - - o 7
%ﬂ_ —— i i 1 P=%-QV(l-cosa)
" 8

P:ZQV(I—cosa)
8

where V — exhaust velocity of jet compressed section; Q — flow of fluid;
a — angle of jet deflection; y — speed factor.

In the event of adoption of a fictitious soil model as a two-component system,
consisting of a matrix in which the distributed switching (sand), the main attention is devoted
to the differences in the absolute values of grain parting coefficients of matrix and impurities
of the material.

Figure 1 — Model of conical jet into a dispersion medium in the context:
R — the length of the jet; (D) — the diameter of the jet propagation; a — propagation angle;
I, 11, I, IV — zone, characterizing gradual propagation of the fluid phase in a solid medium

Analysis of the structure of moistened (system moisture is about 5-6% by weight)
quartz sand (as a false model) sandy soil showed capillary interaction of small particles of
sand large. «Adherent» particles form aggregates-globules, which are in turn building the
«arched» structure. This penetration of the fluid under pressure in its pore spaces may lead to
a parting of the grains and the violation of their capillary interaction.

Due to the fact that the adhesion strength between particles varies due to the difference
in their size, it is logical to assume that the first fluid jet will increasingly lead to a breakdown
in communication and greater parting directly at the head of the injector, i.e. where the speed
of the outflow is maximum. It may be due to the fact that the adhesion strength of the
particles is much lower than jet response force.
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For structures composed of discrete units, interacting through the internal interface, the
diffusion mass transfer coefficients may vary by orders of magnitude. Therefore, in such
cases, it is appropriate to speak not about the local («crevice») mechanism of mass transfer,
but the front as wide enough area formed under the effect of gradients jet velocity. Such
assumptions allow to extend the idea of distributing a fluid phase jet at different pressures in
the discharge of its bulk of the solid. Due to the fact that first of all at samples injecting into
thickness the solid particles come into operation, producing surface effects, when selecting
the model we will assume that the jet extends deep into the compressed material in the form
of a cone. Model of false soil with a single jet in the form of a cone, the base of which is
ellipse, shown in Fig. 2a.

In general terms cone surface of the second order is based on ellipse; in a suitable
Cartesian system of reference (x-axis and y-axes is parallel to ellipse axis, the top of the cone
coincides with the origin, center of the ellipse lies on the axis Oz) its volume equation has the
form:

1 1 1
V =§7rRr-H =§7Z'Ox-0y-OZ =§7ZOIA-OIC-OO1 .

cm

In the most general case, when the cone is supported by an arbitrary flat surface, it can
be shown that the equation of the lateral surface of a cone (with the vertex at the origin) is
given by the equation, where the function is homogeneous, i.e. satisfying the conditionfor any
real number a.

Figure 2 — Model of injection jet propagation in the false soil:
a — cone-shaped jet model; b — jet model fragment in cross section
1 — (pole) the mouth of the jet; 2 — jet dissipation area;

3 — model ground; 4 — external jet bound

As adopted in the terminology and characteristics of the jet in the hydrodynamics it
includes present exterior free jet boundaries, which are characterized by their surface area; jet
front, defined by its length or length; jet pole, estimated by radius of the pole. At the first
stage we will analyze planar (two-dimensional) model of a jet, which is a sectional view of a
bulk jet passing through its axis of symmetry (AOB, fig. 2.b). Thus, as the jet model
dimensional wedge jet is adopted, which is characterized by the spread diameter (D), a length
(R), exterior boundaries (OA, OB) and the radius of the pole, Fig. 2. b.

If assume that the diameter of the jet propagation (D) is influenced by the initial velocity
of its outflow. The wedge shape of the jet suggests that along its length the speed of propagation
varies. Propagation of the fluid in a solid body over time may not match the rate of movement
depending on the structure of the matrix material. It is due to the fact that with increasing of
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particle size of the solid material as the distance from the injector in the volume of the material
the propagation velocity decreases. Moreover, it is interesting to note that such jet propagation
is observed in the air as well, Fig. 3 [1]. The adopted jet model and the jet propagation speed
change scheme depending on the distance from the pole is shown on Fig. 4.

In general, the following areas for the propagation velocity of the jet can be identified

— OE area, where in the jet has a velocity substantially equal to the nozzle outlet;

— EG area, wherein the jet slows down the speed of propagation due to the frictional
forces on the surface of the particles;

— GO, portion; wherein the jet practically lost initial kinetic energy, water is in
monoabsorption state.

—B-é
0 0
— T S S B ¢ ¢ 4 o—
| <,
I‘J
» ! ola I e I 5

Figure 4 — Propagation of the propagation velocity in the material
on the jet length in the jet model:
I — area of propagation without changing the speed of initial outflow of the jet;
II — area of of the jet propagation with the speed slowdown due to the friction forces
occurring on the surface of the particles to a greater extent;
III — area of the jet propagation in which it significantly slows its speed,
expanding in diameter at the same time

Propagation of the fluid phase in the pores of a solid body suggests that as they reach
the point at the distance from the injector to the «end» of the jet in pores pre- saturated by
water a gradual change in injection rate occurs depending on the expiration of the initial rate
and viscosity.

Conclusions. The research which were carried out allows us to take for analysis the
following jet propagation models in the model soil:

1. Model jet propagation in sand, arranged on a principle «fluid in the solid body»
includes jet injections at different levels of structural inhomogeneities due to its

210 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (48)" 2017.




propagation. The analysis allowed simulate jet which, depending on the distance from the
injector changes the propagation form and speed. Such jets includes jet, the propagation of
which took place at a pressure = const.

2. As a jet model a two-dimensional wedge-shaped jet with fixed parameters is adopted.
The wedge shape of the jet is taken on the assumption that along its length, due to changes in
the distance from the injector, its speed reduces due to increasing friction with the soil
particles. Changes of communication between the soil particles occur between the opposite
shores. It involves changing of the radius of the propagation by length of the jet.
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COMPARATIVE ANALYSIS OF DESIGN SETTLEMENT
FOUNDATIONS METHODS ACCORDING TO DATA OF CONE
PENETRATION TEST ON NATIONAL AND EUROPEAN STANDARDS

It is given a comparative analysis of the methods of computation of foundations
settlement according to Cone Penetration Test with the current normative documents of the
Republic of Belarus and the Eurocode 7 «Geotechnical design» (part 1, 2). Three methods of
computation of foundation settlement for the sediment limit state SLS are considered in
accordance to European standards and two methods of computation of foundation settlement
are considered in accordance to National standards. The similarities and the differences in
construction of the conditional pile foundation are identified according to National and
European standards. The similarities and the differences in the methods of foundation
settlement computation in accordance to European and National standards are revealed and
summarized. The difference of the calculated values of foundation settlement is defined in
percentage.

Keywords: Cone Penetration Test, foundation settlement, elastic modulus, deformation
modulus, equivalent raft foundation, nominal foundation.
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OYHIAMEHTA 1TIO JAHHBIM CTATHYECKOI'O 30HANPOBAHUA
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Introduction. Currently in the Republic of Belarus it is a process of mass introduction
of European materials, technologies and equipment. It became necessary to deal with
the process of harmonization of National regulatory documents with Eurocodes in order
to be able to enjoy these achievements. From July 1st, 2015 the EU design standards
(Technical Code of Practice EN) became mandatory when design of all building structures,
including bases and foundations.

The comparative analysis of the methods of foundations computation settlement
according to European standards and standards of the Republic of Belarus will have
undoubted interest for the experts in the field of geotechnical engineering.

Eurocode 7 [4, 5] consists of two parts that cover specific technical aspects. National
Annexes to Eurocodes stipulate additional requirements to particular parameters of
construction that can be higher but not lower than European requirements. Every country
determines such requirements independently and until now there is no developed unified
approach in geotechnical engineering.

National regulatory documents [1 — 3] as well as Eurocode 7 [4, 5] prescribe design of
various objects according to two groups of limit states (according to Ultimate limit state
design and Serviceability limit state design) and they have the uniform terminology and
designations, so in general there are no key distinctions between Nation standards of the
Republic of Belarus and European tendencies.

To evaluate the limit states of the second group in [1, 2, 3] it is clearly indicated what
kind of calculations should be done:

— by deformation of the base buildings due to the external loads and the own weight of soil;
— by training and crack opening in the construction of foundations.

The fields of application of the methods of computation of foundations settlement are
clearly stipulated in [1, 3], as well as the calculation formulas are adjusted, the rules on
definition of deformation modulus are introduced. These methods combine the techniques of
evaluation of joint work of base and superficial structure, where the rigidity of upper
foundation structures is taken into account approximately by means of the correction
coefficients that depend on type of a structure according to the rigidity. Such methods are
developed in standards concerning the design of bases and structures and they are the most
frequently used in practice because of their simplicity. The methods of design settlement,
given in [1, 3] are the following: the method of layer by layer summing up, the method of
equivalent layer, the method of linearly deformable layer of the finite thickness.

And in [4, 5] it is said about the design criterions you should follow when the
computations and the mandatory procedure of verification using the partial factors is
established as well. The value partial factors are advisory in nature; they can be modified in
National Annex. The measures for prevention of the beginning of the limit state, as it is stated
in [4], are largely focused on consideration of stabilized and instabilized states. There are two
key conditions in [4] that should be studied: the ultimate limit state (ULS) at failure and the
serviceability limit state (SLS) when operating loading where the deformation must not
exceed the maximum permissible. Even National Annexes to determine ULS strongly differ
for these simple cases in spite of the fact they are based on similar principles of destruction, as
well as the computations based on these principles also differ. When checking the soil base
according to the serviceability limit state the partial factors are set equal to 1.

In Eurocode 7 [4, 5] there is no unified approach to determine the foundation
settlement. General requirements and recommendations to determine the limit states and
the limit values of displacement foundation are presented. Annex F describes the simple
analytical computational methods of settlement [4]. There are four methods of settlement
computation in Eurocode part 2 [5] (although they are not presented in Eurocode 7 part 1 [4]),
based on the results of field test using the semi-empirical computation models
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(Annexes B2, C2 and D4 [5]). Use of this particular method is usually stipulated in National
Annex to Eurocode.

When calculation of the settlement pile groups both in European and National standards
they use the principle of linear deformation. The foundation calculation using the piles built-
in ground coat and its bases according to the deformations should be performed, as a rule, in
terms of the nominal raft foundation in compliance with the requirements [1, 2, 3]. The
definition of the limits of nominal foundation is performed in [2] and it is well-known to
national geotechnical engineers. In accordance with [4,12] the basic methods of calculation of
the pile foundations are based on assumption that the group of piles behaves as a fundamental
unit with a certain degree of flexibility that depends on the rigidity of pile cap’s connection to
piles. Taking into consideration this fact it is possible to use the well-known principles of soil
engineering to determine the bearing resistance and the settlement of piled foundation. In the
present case the equivalent foundation slab is used. The piles arrangement in pile cap is
almost identical according to European and National standards. The distance between the
centers of driven pile shouldn’t be less than three diameters of pile.

Analysis of recent achievements and publications. The examples of calculation of
settlement of shallow foundation are given in lectures [6, 7 ,8]. The example of computation
of settlement of shallow foundation taking into account the soil consolidation on multiarrayed
base is given in study [10]. The example of calculation of settlement of pile foundation is
presented in study [13]. The authors [9, 11] explain and comment the articles of Eurocode 7
that contain new approaches to designing; they give the examples of computation of
settlement foundations according to European standards. The author [12] gives the examples
of calculation of foundation settlement according to data of Cone Penetration Test.

Accentuation of precedently unsolved aspects of general problem. Despite the
increased interest of well-known scientists to chosen range of problems, the “harmonization”
of foundation settlement design according to data of Cone Penetration Test following
National and European standards does not lose relevance. These issues stay unsolved in full
and this requires their further development and elaboration.

National standards of the Republic of Belarus and Eurocode 7 have a number of similar
provisions concerning the limit state design. However, the designing results are different. In
our opinion the direct use of European standards without taking into account national
peculiarities of design and foundation computation in the Republic of Belarus is impossible.

Purpose of study — comparison of the results of foundation settlement calculation
according to data of Cone Penetration Test following National and European standards of
designing.

Main part. There are more than 20 methods of foundation settlement calculation. As
the limit calculation value for effect (settlement) — S; in European standards [4,5] they accept
the sum of three constituents of settlement:

Sa=8e+ S+ S

where S, —is the immediate settlement, that appears immediately after construction.

In European geotechnical engineers’ opinion the monetary settlement S, is dominant for
gravel and medium sand. There are several methods of specification and definition of such
settlement:
— solving problems of the theory of elasticity (Annex F [4]),
— formula of Janbu et al (1956) with amendments of Christian and Carrier (1978) [13] —is
used to determine settlement when undrained condition,
— Schmertmann’s method — is used when calculation of settlement in sand (Annex D.3 [5])
or Schmertmann’s formula [12, c. 68]).

— S¢ —is the settlement caused by consolidation that is dominant for clay soil.
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The consolidation settlement S, is usually calculated using precondition of dimensional
compression. It is admissible to determine the deformation parameter of ground coat
according to the empirical dependences of Terzaghi’s one dimensional consolidation theory
[9 — 12], taking into account the average degree of consolidation U, the corresponding time
factor 7,.

— §; — is the settlement caused by creep (secondary settlement), that is dominant for
ground coat with significant rheological properties.

Secondary settlement continues for a long time.

Stage 1. Design settlement shallow foundation.

Let’s consider the simplest case of mutual interaction of shallow foundation with one
layer supporting ground. We’ll restrict ourselves by problem of determining ultimate
stabilized settlement foundation due to the load action that is transmitted to ground coat
through the bottom of foundation.

To calculate foundation settlement the results of Cone Penetration Test on the territory
of Vitebsk region of the Republic of Belarus were taken into consideration.

Ground coat — is medium sand, with medium strength. The design value of ground coat
specifications:

gs = 6,53 MPa, E = 26,85 MPa, ¥; = 18,8 kN/m’, ¢;; = 0,001 MPa, ¢, =35,5°.

Shallow foundation, foundation depth is of 1,5 m, correlation of length and width of
foundation is equal to 1.

Vertical load on foundation N = 1500kN (set conditionally).

1.1. Calculation of shallow foundations settlement according to National standards of
the Republic of Belarus.

The final foundation settlement S, with the use of design scheme in terms of linearly-
deformable halfspace with conditional constraint of compressible thickness layer is
determined by the method of layer by layer summing up using the following equation:

C O-z i.hi
S=pY (1)
i=1 i

where £ — is the dimensionless coefficient, equal to 0,8;

0,,; — 18 the average value of vertical stress beneath load in i™ elementary layer of soil
equal to semi-sum of subjecting to stress on upper and lower limits of i-" elementary layer, kPa;

h; and E; — are consequently depth and deformation modulus of i elementary layer of
ground coat. The depth of A; layer should not exceed 0,4 of foundation width;

n —1is a number of layers into which compressible soil column is divided.

The computation is performed for the varying bottom width of a foundation. The
calculation results are recorded in Table 1.

Table 1 — Calculation results of foundation settlement according to formula (1)

Dimensions of foundation base 1x1 2x2 3x3 4x4
Value of settlement according to method 0,045 0,019 0,01 0,006
of layer by layer summing up, m

The final settlement impaction (maximal ultimate value — for slender foundations and
average — for rigid foundations) using the equivalent layer method is determined with the use
of the theory of filtration consolidation assuming that base of foundation is a linearly-
deformable body, according to the formula:
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S:ha'mv'pO’ (2)

where m, — is the coefficient of volume change of ground coat of homogeneous
foundation,

po — 1s the additional pressure at the level of foundation base, MPa;

h, — is the power of equivalent layer, m, is determined using the formula:

h=A,b, 3)

where A, — is the coefficient of equivalent layer taken according to the type of ground
coat and form of foundation base, (Table 5.14 [3]);

b —is a bottom width (diameter) of a foundation, m.

In the study we find out the coefficient of volume change of ground coat of
homogeneous foundation using the following formula:

b
m =-—
TE 4)
where E — is the total soil deformation modulus,
1-2v?
=7 &)
-V

v — is the coefficient of lateral dilatation of ground coat accepted according to Table
5.14 [3].

We make the computation for various bottom widths of a foundation. The calculation
results are recorded in Table 2.

Table 2 — Calculation results of foundation settlement according to formula (2)

Dimensions of foundation base 1x1 2x2 3x3 4x4
Value of settlement according to method 0,063 0,029 0,018 0,011
of equivalent layer, m

1.2. Calculation of shallow foundations settlement according to European standards.

As it was stated above, the foundation settlements according to European standards can
be determined using the different formulas. In this case the characteristics of ground coat are
obtained with the help of Cone Penetration Test and it is said in [5] that «it should be used the
semiempirical methods of computation as well as the mathematical method of design».

If the adapted method of recoverability specification (with account of necessary
improvements) is used for the computation of shallow foundation settlements according to the
results of Cone Penetration Test, then by the load resistance it is possible to determine the
drained (long-term) Young’s of elasticity E,, (Annex F [4]). There is some uncertainty when
determination of value of E,, according to data of Cone Penetration Test. Eurocode 7 Annex
D [5] offers to determine with the help of two methods: using tabular data and using the
coefficient oo = 2...4 [12].

For the computation we use the calculation formula of elastic settlement Annex F [4].

_Pb-f

N o (6)

m

where P — is the bearing pressure (linearly distributed) on the base of the foundation;
E,, — is the design value of the modulus of elasticity;

b — 1s the foundation’s width;

f—1s a settlement coefficient:
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f=(1=v*)-I (7)

where v —1is the Poisson’s ratio for sands;

I = 1,12 (ratio of length and foundation width equal to 1 and determination of extreme
draft under the center of the foundation).

E,.i = aqg.=4%6,53 MPa=26,12 MPa.

Young’s modulus when Cone Penetration Test can be also determined using the
formula [12, c. 70]:

Em2:aE.(qt_Gv0)’ (8)

o, =0.015-[10-(0.55-1, +1.68)] 9)

where /. — is a coefficient acceptable according to the Table in [12, p. 27],

q: = q. for sands,

O\ — 1s a total vertical pressure at the considered depth.

E,.; =16,56 MPa.

As it was already mentioned above, the settlement calculated by the formula (6), is
dominant for river and medium gravels. Therefore, in this case we can write the following S,
=S..

We make the computation for various bottom widths of a foundation. The calculation
results are recorded in Table 3.

Table 3 — Calculation results of foundation settlement according to formula (6)

Dimensions of foundation base 1x1 2X2 3x3 4x4
Value according to adjusted 0,059 0,028 0,017 0,010
elasticity method, m with E

Value of settlement according to 0,093 0,044 0,026 0,017
adjusted elasticity method, m with

E,, of equivalent layer , m

The second method of determination of foundation settlement according to data of Cone
Penetration Test is the calculation using the Schmertmann’s method [5, 12]. Foundation
settlement s due to load g 1s determined using the following formula:

s:cl.cz.(q_avfo).jo"1 cj.zE’dZ’ (10)

where C,=1-0,5- [6:0 / (q -0, )]

C,=12+0.2Igt,

C; — is the correction for shape of footing (for square footings C,=1,25),
o, —1s a primary effective vertical stress at the level of the footing,

t —is the time, year,

I, — is an influencing factor of subjecting to stress,

E’ —1is Young’s of elasticity, in this case E" = 2,5 ¢..

The calculation of settlement using the formula (10) we will mention as an instance for
the foundation with dimension 1x1 m when the ground conditions mentioned above.
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We will replace the sample profile of Cone Penetration Test by the diagram (Figure 1),
where the vertical lines combine the areas having the average CPT resistance for a
sublayerg, .

quq—oioz%—ISS x1,5=14718 kPa,

, =18,8x15+18 51—376 kPa,

=05+01 /14748—113

Knowing the value I, we construct a graph of distribution of the impact factor of vertical
intensity for square foundation having the following dimension 1x1 m (Figure 1).

I.=05+01

00102030405 080708091,01,11,2
} | I Il Il
t = }

Figure 1 — Graph to determine impact factor of subjecting to stress
The calculated data are summarized in Table 4.

Table 4 — Calculated data to determine settlement using the Schmertmann’s method

Number Resistance for Impact factor 1 Young’s of Layer thickness,
of layer | sublayer ¢, MPa ' elasticity in i-" m
layere E”, MPa

1 3,17 0,2 7,9 0,1

2 3,45 0,41 8,62 0,1

3 6,77 1,03 16,9 0,5

4 4,95 0,87 12,37 0,3

5 3,87 0,64 9,67 0,3

6 5,39 0,26 13,47 0,7
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where C, =1-0,5- [28,2/ 147 1,8] =099, C, =1 for the end of construction.
0,0852

5,=099-1-14718- =0,099 m.

’

The further computations are made for various bottom widths of a foundation.
The calculated data are summarized in Table 5.

Table 5 — Calculation results of foundation settlement according to formula (10)

Dimensions of foundation base 1x1 2%2 3x3 4x4

Value of settlement according to 0,099 0,033 0,016 0,007
the Schmertmann’s method, m

Stage 2. Settlement computation of piled foundations.

The piled foundation composed of 4 displacement piles C8-40. The pile’s interfacing
with the foundation piling is non-yielding. The depth of pile setting in the foundation piling is
of 0,5 m. The laying depth of the foundation piling is of 1,5 m.

The vertical load on the piled foundation N = 3000 kN (given conditionally).

For this calculation we assume that the settlement is homogeneous. The computation is
carried out on the assumption of that there is only one soil layer in the subfoundation -
medium coarse sand, with average strength.

2.1. Settlement computation of piled foundation according to National standards.

The foundation computation of the piles built-in ground coat and its primary structure
according to the deformations should be performed, as a rule, in terms of the conventional
foundation slab according to the requirements [3]. The determination of limits of the
conventional foundation is given in [2] and it is well-known to national geotechnical
engineers.

0
. e

e
3

A ¥

Figure 2 — Graphical conduit of conventional foundation according
to National standards
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We will determine the settlement of the conventional foundation using the formulas (1 —
2), mentioned above. The calculation results are recorded in Table 6.

Table 6 — Calculation results of settlement of conventional foundation

Method of computation of settlement according to Value of settlement, m
National standards

Method of layer by layer summing up 0,021

Method of equivalent layer 0,037

2.2. Settlement computation of piled foundation according to European standards.

There is practically no information concerning the determination of settlement of the
piled foundations in Eurocode 7 [4, 5].

The first step in the settlement analysis is to determine the vertical stress distribution
below the base of the equivalent raft or block foundation, built under the principle 1:4
(Figure 3), while using the graph [13, p 254]. An approximate method that is often used in the
calculations lies in the supposition that the effective level of transmission is at the depth of
2 D/3 below the top of the pile. European geotechnical engineers consider the application of
the method of equivalent foundation slab to calculate the settlement of the piled foundation
sufficiently reliable. This method is widely used to determine the preliminary settlements or
to check the settlements obtained by computer calculation. When checking the limit state of
SLS piles group [4] it is recommended to use the partial coefficient 1,0 for actions and
properties of the ground coats unless otherwise specified.

The second step is to determine the limit of the compressible thickness where the
vertical stress resulting from the net pressure at the foundation level amounts only to 20% of
the initial intergranular stress caused by the weight of the ground coat.

2, Y
S #

wllas '
E ¥

. - \

Figure 3 — Graphical construction of equivalent raft foundation according
to European standards
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The third step is to calculate the settlement of the foundation. As it is shown
in Annex F [4], it is possible to perform the settlement computation using the «stress-strain
method». The second method of the settlement calculation is the adjusted elasticity method.
The graphical representation of this method that is adapted to the equivalent conditional
foundation is shown in Figure 4.

- - - # o

Figure 4 — Equivalent foundation slab for settlement computation

The average settlement of the piled foundation can be determined using the following
formula:
MMy -q, B
=T 11
B (11

u

N

where 4,1, — are the influence factors, that are determined using the graphs of

Christian and Carrier. These coefficients can be determined by the graphs [13, p 260].
The coefficient y7x depends on the ratioD/B=6/3.85=1.56,

correspondingly x4, =0.91.
The coefficient U, depends on the ratioH /B=6/3.85=1.56,

L/ B=3.85/3.85=1.0, correspondingly #, =0.55.

q, — 1s the pressure at the level of foot portion of the equivalent foundation slab.

B —is the width of bottom of the equivalent foundation slab (Figure 3).

E, —1is the elastic modulus.

In this study the soil characteristics were obtained with the help of Cone Penetration
Test. We will take the Young’s modulus from the section 1.2 of the study. E,,=26,12MPa,

E, ,=16,56MPa.
The formula (11) is designed to calculate the average settlement of slender piled
foundations that’s why for the use of the non-yielding pile foundations when the computation
the correcting coefficient 0,8 is introduced.
The average settlement of the piled foundation is equal to:
091-0,55-202,43-3,85

when E,, 5, =08 = 0,012
26120

when £, 5 =0g091°055:20243-385 0
16560

The results of the executed researches.
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Settlement, m

Foundation's width, m

Figure 5 — Graph of settlements of shallow foundation subfoundation.
1 — method of layer by layer summing up,
2 — method of equivalent layer,
3 — adjusted method of elasticity Annex F [4] (when E = 26,12 MPa),
4 — Schmertmann’s method.

Settlement, m

Foundation's width, m

Figure 6 — Graph of settlements of shallow foundation subfoundation
1 — method of layer by layer summing up,
2 — method of equivalent layer,
3 — adjusted method of elasticity Annex F [4] (when E = 16,56 MPa),
4 — Schmertmann’s method.
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Figure 7 — Quantitative ratio of values of slabby subsurface foundation settlements
1 — adjusted method of elasticity Annex F [4] (when E=16,56MPa),
2 — method of equivalent layer,
3 — adjusted method of elasticity Annex F [4] (when E=26,12MPa),
4 — method of layer by layer summing up.

Foundation's width,m

0 0.02 0.04 0.06 0.08 0.1 0.12

Foundation settlement,m

#3022 ml

Figure 8 — Quantitative ratio of values of slabby subsurface foundation settlements:
1 — Schmertmann’s method, 2 — method of equivalent layer,
3 — method of layer by layer summing up
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Caloulation method

Settlement, m

Figure 9 — Quantitative ratio of values of piled foundation settlements:
1 — method of layer by layer summing up,
2 — method of equivalent layer,
3 — adjusted method of elasticity Formula 11 (when E = 26,12 MPa),
4 — adjusted method of elasticity Formula 11 (when E = 16,56 MPa).

Conclusions:

1. The computation of the settlement of shallow foundations in sandy ground according
to European standards as well as according to National standards is based on the same
principles of the stress distribution in soil body. If there is the value of loads that correspond
to impaction phase, so the values of the settlement using the method of equivalent layer, the
Schmertmann’s method and the adjusted method of elasticity (when E = 26.12 MPa) Annex F
[4] are practically the same.

2. The difference between the settlement values obtained by the computation using the
method of layer by layer summing up and the settlement values obtained with the use of the
Schmertmann’s method and the adjusted method of elasticity (when E=16,56 MPa) Annex F
[4] amounts to 35-40%. This difference is due to the various approaches to the definition of E
(modulus of deformation).

3. The length and the width of the conditional foundation according to National
standards depend on type of the ground coat (drained angle of internal friction), situated along
the length of the pile. According to European standards the inclination of profile planes to
determine the equivalent foundation slab is always the same and it is equal to 1:4 (14%).
However, the dimensions of the conditional foundation base are obtained practically the same,
due to the difference in determining the depth of the conditional foundation.

4. The value of settlement of the piled foundation in sandy ground when computation by
the method based on the solutions of the theory of elasticity with the use of the coefficients
that are determined by the graphs of Christian, J.T. and Carrier, W.D. Formula (11) when
E=26,12 MPa is 42% less than the value of settlement with the use of the method of layer by
layer summing up and almost 2 times less than the value of settlement with the use of the
method of equivalent layer. The value of settlement of the piled foundation under the formula
(11) when E=16,56 MPa is 10% less than the value of settlement under the method of layer by
layer summing up and 49% less than the value of settlement under the method of equivalent
layer.
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5. The maximum limiting draft of settlement of house footings and buildings according
to Eurocode 7 is accepted at the rate of 5,0 cm. Some well-known European geotechnical
engineers [6, 11] suppose that the maximum limiting draft of settlement of foundations of
framed buildings and buildings is at the rate of 7,5 cm (sand) and 13,5 cm (clay). According
to National standards the maximum limiting draft of settlement of foundations of framed
buildings and buildings is at the rate of 8 cm (for reinforced concrete structural framing) and
12 cm (for steel framework) and it does not depend on type of the ground coat under the
foundation base.

6. The values of the Young’s modulus when the computation according to European
standards were determined either with the use of tables or with a help of the coefficient of
correlation that don’t take into account the ground conditions of the Republic of Belarus. It
makes sense to develop the regional correlation dependences to determine the Young’s
modulus taking into consideration the soil resistivity under the penetrometer cone. Probably,
then there will be no such divergence of the values of settlement according to National and
European standards.
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ANALYSIS OF THE INDUSTRIAL OBJECTS
RENOVATION EXPERIENCE

Examples of foreign and domestic experience of renovation the industrial objects are
considered. It is shown that in the European Union countries for the last 30 years, according
to statistic research, the new construction and renovation index has increased. For the
European practice, the expantion of renovation process from typical neutral objects to
monuments of industrial architecture is a common thing. It has been noted that domestic
practice is usually characterized by the composition of trading and office rooms in the
environment of adaptation the typical neutral objects of industrial estate. Analysis of the
examples showed that the renovation utilizes structural and planning, as well as aesthetic
potential of the industrial buildings. Analysis results allow identifycation the options and
directions for converting the inoperable industrial objects into civil buildings. This experience
might be utilized for development the rational architecture-planning and structural solutions
for reconstruction.

Keywords: renovation, inoperable building, reconstruction, converting.

Cemko O.B., 0.m.H., npoghecop
Bockooiunux €L, acnipanm
Ilonmascvkuii HayionanbHuti mexHiynuil yHigepcumem imeni FOpiss Konopamioxa

AHAJII3 JOCBIJY PEHOBAIIII IPOMUCJIOBUX OF’EKTIB

Posenanymo npuxnaou 3axopooHH020 i 8iMYU3HAHO20 00CEI0Y pPeHO8aYii NPOMUCTIOBUX
06’exmis. 3’acosano, wo y pozsunymux kpainax €sponeticbkoco Cor3y 3a ocmanni 30 pokis,
32I0HO 31 CMAMUCMUYHUMU OAHUMU OOCTIONCEHb, 3POCMAE B8I0COMKOBE CNIBBIOHOULEHHSL MIdIC
HOBUM OYOIGHUYMBOM [ peHosayicto;, Ol €8PONELCLKOI NPAKMUKU 61ACMUBE NOULUDEHHSL
npoyecy peHogayii He iuuie Ha MUNOGi HeUMpaIbHi 00’ eKmu, ane i Ha Nam’ SmKYU NPOMUCTOBOT
apximexkmypu. Biomiueno, wo 6imyusHaHa NPakmuka peHosayii 3a36udail XapaKmepuszyemcsl
Gopmyeannam mopeosenvHux i oghicHux 06’€kmié 8 YMO08AX NPUCMOCYBAHHA MUNOBUX
HeUmpanbHux 00’ €KmMi6é npoMuUcio8oi Hepyxomocmi. AHanizom npukiadie 3aceioueHo, wjo npu
PpeHo8ayii BUKOPUCTNOBYEMbCS KOHCMPYKMUBHO-NIAHYBANbHUL MA eCemuyHull nomenyia
npomuciosux 6yoigensv. Jlosedeno, wo pe3yromamu NpPo8eOeH020 AHANI3y O0almb 3MO2Y
BUBHAYUMU MONCTUBOCMI U HANPAMU NEPenpoqhintoéants He- (QYHKYIOHVIOUUX HPOMUCTIOBUX
00’ckmig  ni0  0y0ieni  2poMAOCbKO20 NPUSHAYEHHS, A OMPUMAHUL 00CEI0  MOMCHA
BUKOPUCNOBY8AMU  NPU  PO3POOIEHHI  PAYIOHANbHUX — aPXIMEKMYPHO-NIAHY8ANbHUX — Md
KOHCMPYKMUBHUX DIULEHb, AKI 3ACMOCOBYIOMbCA NPU PEKOHCMPYKYL.

Knrwowuosi  cnosa:  penosayis,  HedpyHkyionyroua — 0y0ins,  PeKOHCMPYKYIs,
nepenpoQinioeamnsi.
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Introduction. Nowadays a significant number of large industrial enterprises completely
or partially suspended production for economic reasons or to be passed beyond the city
through sanitary harmfulness. Often located in the central areas of the city of factories are idle
creating an environmental and aesthetic imbalance in a time when there is a deficiency of the
city for the development of small and medium business sphere. The problem of overdue
thanks to the renovation of industrial facilities under the buildings for public use. There is
already international and domestic experience in the renovation of industrial objects and
territories.

Analysis of recent studies and publications sources indicates that in the developed
countries of the European Union for the last 30 years, according to statistics researchings [1],
the percentage ratio between new construction and renovation. In General, starting from
2010 in Western Europe investment in renovations existing facilities on average make about
550 billion. euros per year, exceeding almost 1.5 times the volume of new construction.
For the European practices with the distribution process of the renovation not only typical
neutral objects but also in the interest of industrial architecture. Forming on their basis of
public and residential facilities possible for the internal redevelopment of monuments of
industrial architecture and while maintaining the facades. The domestic practice of renovation
is usually characterized by the formation of a shopping and office facilities in terms of
adaptations common neutral industrial estate. But the analysis of [2 — 6] indicates that the
formation of retail and office centers based on the renovation of the existing industrial
buildings in these works employ a practically independent.

Parts of general problem unsolved before. One of the directions of the perfection of
the structure of modern cities is changing the functional purpose of industrial objects, partially
or not at all. The creation of public buildings based on the renovation of industrial facilities
provides an opportunity to effectively use existing industrial estate and at the same time
to solve nazrili problems of development towns. In addition to the economic efficiency
of the use of existing industrial buildings, renovation is a means of preserving historical
kanvi bridge, solve the aesthetic and ethical problems of the existence of old factories.
It should be noted that the percentage of industrial zones in the structure of modern cities is
from 10 to 50% [5].

Problem formulation. The main aim of the research is the analysis of the foreign
and domestic experience renovating industrial objects [7 — 9] that enable you to identify
opportunities and diversifying them under a building for public use.

The basic material and results. In practice, most developed countries observed the
formation of community facilities based on the preservation of objects of the industrial heritage,
the multifunctional use of buildings and areas of active development of the transport network to
form the frame of the city on the updated areas, landscaping and uncovering the natural capacity
of the territories, creating a Visual connection with the surrounding environment. Analysis of
international and domestic experience renovating industrial objects discovered spreading
process of renovation at different structural levels of the industrial zones:

—industrial district;

— industrial site;

— industrial site;

— a group of industrial buildings;

— a separate industrial building.

From this perspective, it is advisable to consider the most famous examples of
renovation. So one of the ways to use a full dismantling of existing and construction of new
functions of the complex from scratch. An example of such a decision is the heart of the town
renovation, Gelizen (Germany) at the factory on manufacture of furnaces, designed by
architect m. Koval's'ki (fig. 1) [7].
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Figure 1 — Renovation of the quarter Gelizen Heart (Germany) at the factory on
manufacture of furnaces, designed by architect m. Koval's’ki

However, with this approach substantially increases expenses for demolition objects,
clearing and preparing for new construction, etc. Therefore, it is advisable to consider the
examples of the various options for the conversion of industrial areas and objects change their
functions, as well as to analyze the experience of different countries and architectural
workshops in this direction. So, a typical example of such admission is a Center of Arts and
media at Karsrué (Zentrum fiir Kunst und Medientechnologie Karlsruhe), Germany (fig. 2)
[7]. Accommodation in 1997 and in buildings of industrial enterprise «IKWA-Karlsrué-
Augsburg» modern Civic Center was one of the examples of the radical view of the role of
the industrial object in the renewal of the urban landscape. An existing industrial complex of
the object represented by the space-planning solutions a wide, height in three floors of the
building blocks of the factory, symmetrically arranged around ten domestic branches. The
building is made of concrete frame filling brick masonry on the fasadam. An abandoned in
70-ies of the last century, and later busy artists, the building was given the status of
monuments of industrial architecture. Competition for the renovation, maintenance, and
expansion of the plant won the architectural Studio ASP SCHWEIGER ASSOZIIERTE.
Architects aptly preserved the building of 1918 and used new high-tech items.

Figure 2 — Center for arts and media in Karsrué, Germany (renovation of the
industrial enterprise «<IKWA-Karlsrué-Augsburg»)
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For example, in order to eliminate the negative effects of noise and vibration on
building a sound Studio was rendered by its Chairperson's factory in the form of a large glass
cube in front of the facade. The courtyard was blocked lights that changed the internal
environment, these architects have achieved the ideal of modern functional space. On the roof
of the solar generators that supply the tramway path adjacent territories.

Particular attention during the renovation architects to transform the area around the
building, with the aim of creating a natural complex, using the contrast between high
technology and return to nature (at the exit of the building). The problem with the parking
was solved thanks to a device recessed parkinga along the building. The whole area above the
parking lot is a lawn with modules made from steel sheets, keeping thus the industrial past of
the object.

The next object that deserves attention is the renovation of the complex-holders in
Vienna, Austria (fig. 3) [7]. Gasholders was built in 1896 — 1899. The building (62 m inner
diameter, height is 72 meters) tanked for gas, but in 1970, they ceased to function and all
technical equipment was dismantled. The remaining brick shell and 90000 m’ inner space,
protected by the State as a monument of architecture.

Reconstruction of the object consisted of 4-architectural workshops, each designed one
of the four buildings in the complex. All the architects come to solve the problem differently.

In the Nouvel inner part consists of 9 segments that are located on a circle with a slight
retreat from the existing walls. When renovating design the 14-floor accommodation. In the
middle is the mall that is covering the dome, which has a relationship with all 4 me
gasholders.

If all the architects formed only internal volumes, then Wolfe Priks proposed
Supplement 3 — new forms, and one of them is a sticker. In the middle is a cylindrical volume
with offices out — lomana flat shape of the screen, with Office space, and on the 1st floor is a
multifunctional hall for public events, shops, and entertainment.

In the project Vedorn Architects in the Middle of gas holders’ space is divided
into 8 sectors, each of which height is divided into functional areas: housing, offices,
trade, parking (top-down). Yard above the garage is blocked, a large glass dome, forming a
public recreation area.

Wilhelm Holzbauer approached the design of the 4-th gasholders another image. In his
project, there is no common interior space. From the middle of the full height rises cylindrical
volume of the residential building. From his three blades extending cases that divided this
whole inner volume 3 yard.

Building up renovation were the culmination of the industrial zone: absolutely closed,
self-sufficient structure, the highest over the warehouses and wastelands. After renovation,
they were the highlight of the entire area, but now it is not submitted by «skeletons», and
attractive luxury offices, apartments, and shops.

Another interesting facility renovation in terms of originality of the interaction of
historical building and the new building is the tall Centre Melbourne, Australia (fig. 4) [7].
Melbourne residents believe their city «the most technically equipped» in the southern
hemisphere, so this is often called «Colosseum consumers». The author of this project is to
architect KiSo Noriaki Kurokawa.

Construction of the complex, located in the historic center of the city, was carried out in
1986 — 1991. It consists of a high-rise office building, shopping center, futuristic shape, as
well as other institutions of cultural and entertainment destination. 55-story skyscraper
hovering over a nearby trading center; in the processing of its facades used different
materials: aluminum, stone, mirrored and tinted glass. In the construction definitely felt
Japanese motifs. Part of the Mall became a huge 20-story glass Cone in the middle of which is
a monument of Australian history — built in 1894, the brick Tower is the only preserved
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building of the former factory of lead pipes that once stood on this spot. In this case,
the existing Tower not played special importance from the architectural point of view.

However, it is important a high dominant of the city of Melbourne, which is accustomed
to city residents. It is part of the past, urban history, which Kurokawa carefully preserved,
protecting the glass Cone, making it part of the Interior of the new shopping center.

Another, quite a good example of a renovation, the Russian Architects — Museum of
water in the territory of the enterprise «Vodokanal» outlet (fig. 5) [7] (the renovation of the
water tower), Saint-Petersburg, Russia. Reconstruction of the building of the water tower is
the first in St. Petersburg experiences a revival of the old industrial buildings that have lost
their former purpose. This project is an experiment in mixing styles of the XIX
and XXI century. The main objective was to restore, clearing from later «layers» and adapting
to the new features of interior spaces. Preservation of the integrity of the Interior — beautiful
rooms with arched floors. The red-brick octahedron water tower, projected by Mertz and
Suberskim in 1860 — 1863, associated with water only functionally: monolithic volume denies
any fluidity. During the reconstruction failed to solve not only the question of content is
placed in the Tower of the Museum «World Water», but also shaped. The requirements for
the conservation of historic interiors of the towers caused the takeaway elevator and stairs in a
building extension. It has become the main focus of reconstruction. In its forms, and the story
can be read in the image.

As a negative example, or unfinished or failed, you can bring the Moscow Project
Gallery Yakuta (fig. 6) [7]. An attempt to make art gallery in the building of gas holder’s gas
factory of Armagh, on the manners of the Austrian project has not been implemented. Create
a glamorous Club and Gallery reflected only on the form of the building, and then failed.
Monotone overlapping beams and slabs of internal space is not a good example of solving
difficult problems. Gallery — this is just the first attempt to convert the factory territory in the
Business Park, the planned installation of offices, trading.

Figure 3 — Project of renovation of the complex-holders in Vienna, Austria
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Figure 4 — The tall Centre Melbourne (Australia)
architect KiSo Noriaki Kurokawa
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Figure 5 — Museum of water in the territory of the enterprise «Vodokanal»
outlet (renovation of the water tower), Saint-Petersburg, Russia
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Figure 6 — Yakuta Gallery, Moscow, Russia

In conclusion the analysis of the existing experience of renovating, you should select
the best, in our opinion, projects, industrial renovation (fig. 7) [2, 8], among which:

— The project of renovation of the coal power station, Battersea, London (United
Kingdom), Figure 7, a . The project involves creating a theme park dedicated to the history of
the English industry. The main target of this complex will be the unusual roller coaster going
through all levels of a building, including, and inside;

— Museum of glass The Corning Museum of Glass (renovation of the factory on
manufacture of glass), Korning, New York (United States of America), Figure 7, b;

— Office complex (renovation of the caramel factory), m. Lajnat (Italy), Figure 7, c;

— Art Gallery «Great Hall of pictures» (renovation of railway workshops), Provence
(France), Figure 7, d;

— Multifunctional complex of Xintiandi Factory (plant renovation), Guangzhou (China),
Figure 7, e, which combines a shopping center, as well as Office and hotel space.
Thus according to the adopted concept of most industrial equipment it left as soon;

— Entertainment complex Tropical Islands Resort (the renovation of aviation hangars),
Germany, Figure 7, f — a giant water park, located in the aviation hangar during World War II;

— Parking in the building of the Michigan theater, Detroit (United States of America),
Figure 7, g — the only in the world of parking in the style of the Italian Renaissance. The irony
is that the theater with a capacity of 40000 spectators, that gradually became unprofitable, was
built at the beginning of the 20th century on the place of the first Henry Ford automobile plant
shop;

— Rock climbing (renovation of silage towers of sugar factory), Montreal (Canada),
Figure 7, h, k where deciding to keep the Interior of the marked building, the walls were
decorated in the form of the rocks white, symbolizing the sugar stocks, which was once filled
with silage.
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Figure 7 — Forein examples of industrial renovation prijects:

a — The project of renovation of coal-fired power plant Battersea, London (United Kingdom);
b — Museum of glass (renovation of the factory for the production of glass), Korning, New
York (United States of America); ¢ — Office complex (renovation of the caramel factory),
Lajnat (Italy); d — Picture Gallery Great Hall of pictures (renovation of railmay workshops),
Provence (France); e — Multifunction complex Xintiandi Factory (the renovation of the
plant), Guangzhou (China); f — Entertainment complex Tropical Islands Resort (the
renovation of aviation hangars), Germany; g — Parking in the building of the Michigan
theater, Detroit (United States of America); h, k — Rock climbing (renovation of silage towers
of sugar factory), Montreal (Canada), the facade and interior of the building

For the domestic practice characterized by the spreading process of renovation on a
typical neutral industrial objects. Basically, you create objects that perform the trademark
function. Despite the fact that in Ukraine there are a large number of nonfunctioning
industrial areas, factories, factories, warehouses building cases when the objects of the real
estate are given a second life, still, do not have a mass character.

Examples of the domestic refurbishment of industrial objects is represented in Figure 8:

— Shopping Center «Macros » erected on the basis of unfinished industrial plants, Kiev,
the total area of 16000 m?, the shopping area of 8300 m?, (fig. 8, a). The functional structure
of the Center: supermarkets, specialized shops, fast food restaurant, cafe, children's room,
parking;
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— Shopping mall «Gorodok», Kyiv was established on the basis of renovation of plant
factory «Welding» (fig. 8, b), the total area of the Centre of 9000 m®, shopping area of 7000
m>. The functional structure of the Center: supermarkets of electronics, perfumes, and
jewelry, a fast food restaurant. The line-up also includes specialty stores, beauty salon,
children's room, Tour Desk, parking for 250 seats. Handling facilities are located on the back
side of the building in two levels and make up a 28.9% of the trading area;

— Shopping complex «Promenada», Kyiv, Architects L. Merkulova, V. Zaplatnikov,
(fig. 8, c¢), based on the renovation of the building of the plant «Promkabel». While
pereprofiltivanni successfully uses the pro Gono VU structure of industrial building — top
lihtarne lighting in the direction of the runs. One by one are perfumery supermarket, venture
catering, household appliances (first level) and food supermarket (at the end of the ground
level with a convenient way of parking);

— Shopping and entertainment center «Megamax» Kyiv, Architect Y. Antoniuk,
(fig. 8, d), the total area of 12700 m’, shopping area of 6500 m?, built on the basis of the
refurbishment of the factory workshops «Promsvyaz», contains: supermarket goods and
necessities (ground floor); grocery store of household appliances; cinema-mul'tipleks; extra
service in the form of a café, specialty shops, slot machines (on the second floor). Wide mesh
supports (12 x 18 m) on the second floor has the possibility to place rooms for viewing. Food
supermarket has a direct relationship with the parking. Serving the entire premises are
grouped and arranged on two levels along the backside of the building facade;

— Shopping and entertainment center «Megamax» Kyiv, on the Uritskogo street, based
on the refurbishment of the factory workshops «Promsvyaz», (fig. 8, e), the total area of
42000 mz, trade area 31000 m’ The functional structure of the Center: supermarkets,
specialized shops, fast food restaurant, cafes, bars, cinema, parking;

— Renovation of part of the territory of turbo mechanical plant, located along the red
line construction Zinkivska Street, Poltava. Well-developed infrastructure, access roads and
parking lots to accommodate, as well as the proximity to the railway station, led to the choice
of a new purpose for an industrial facility that is subject to reconstruction. It should be noted
that when this was applied a few common techniques:

1) complete disassembly of the main building of the plant with a summary in its place
the trade and entertainment complex «Kyiv», the architect of Dudnec R. P., (fig. 8, f);

2) change the administrative case of factory under the building for public use with the
placement of commercial and Office premises, (fig. 8, g);

3) renovation of mechanical casing factory when building for public use with the
placement of trading premises food market and commuter bus (fig. 8, h).

Renovation of buildings of the turbo mechanical plant is a shining example of a partial
refurbishment of what is happening in the composition of the existing enterprises in the
derivation of individual shops that do not meet the requirements of modern technology,
providing them with public function;

— Renovation of the territory of Poltava plant «Prodmash» on the Covpaca street, 26
with the creation on its basis of trade and entertainment complex «Equator» (fig. 8, k) and the
«City.com» (fig. 8, 1). It should be noted that this territory is today a number of not
functioning buildings that make up the prospect of the development of this urban area.

The domestic experience of mastering not functioning industrial certifies such negative
phenomenon as a chaotic renovation — self-development of the territory on the basis of its
distribution among private owners, characterized by multi functionality using schaterred or
rebuilt territory, buildings, lack of forecasting the development of individual elements of the
system [10, 11].
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Figure 8 — Examples of domestic projects, industrial renovation:
a — Shopping Center «Macros» (erected on the basis of unfinished industrial plants), Kyiv;
b — Shopping mall «Gorodok» (renovation plant factory « Welding»), Kyiv.;
¢ — Shopping complex «Promenada» (renovation of the plant «Promkabel»), Kyiv;

d, e — Shopping and entertainment centre «Megamax»
(renovation factory workshops «Promsvyaz», Kyiv;

[ — Trade and entertainment complex «Kyiv», Poltava;

g — Trade-Office complex, Poltava;
h — Commercial premises, food market and commuter bus station
(turbo mechanical renovation of the plant), Poltava;
k — Trade and entertainment complex «Equator»), Poltava;
1 — Shopping mall «City com» (renovation of the plant « Prodmash»), Poltava
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Conclusions. Reconstruction of not-functioning industrial buildings is one of the
current options for improving the image of the city, which effectiveness is tested in many
countries. The leading European experience analysis shows attractiveness for industrial
objects reconstructed thanks to the determination of the existing industrial image of the
object, subject to renovation. For the European practice is spreading the renovation not only
typical neutral objects but also in the interest of industrial architecture. Among the domestic
practice of building is characterized, as a rule, the formation of trade and office facilities in
terms of adapting industrial estate. Despite the fact that Ukraine has a large number of
nonfunctioning industrial zones (factories, plants, warehouses), cases of renovation when the
objects of the real estate are given a second life, did not have the mass character. Analysis of
the examples showed that the renovation is used constructively-planning and aesthetic
potential of the industrial buildings. The results of the analysis, you can identify opportunities
and directions for converting not functioning industrial facilities under the buildings for
public use. You can use the experience gained in the development of rational architecture
planning and design solutions that are used for reconstruction.
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LATENT HEAT ENERGY STORAGE DEVICE AS A PART
OF THE VENTILATION SYSTEM OF INDIVIDUAL HOUSE

Energy efficient ventilation systems allow to minimize the heat energy consumption for
heating supply air, which is very relevant in the context of rising energy prices. It is dealt with
the variant of the installation seasonal phase-change heat storage device in the system of
ventilation with recuperation of heat energy. Preliminary engineering calculations were
perfomed and the quantity of heat storage material (water) necessary for the operation of the
ventilation system was determined. The diagrams of change the temperature of the air at the
output from the accumulator and distribution of water and ice during the heating period were
given. In the article the calculation of seasonal heat storage device on the basis of the water
in the supply air ventilation systems are considered , which allows to minimize costs of
thermal energy for heating the outside air before it enters to the premises of the house. It is
proved that in modern economy conditions development the energy-efficient ventilation
system is a promising direction of research and implementations.

Keywords: heat storage device, heat recovery, individual house.

Kymnuii b.A., k.m.u., ooyenm
Hoeax b.P., acucmenm
Ilonmascvkuil HayionanbHuti mexHiyHuil yHieepcumem imeni FOpiss Konopamioxa

TEIIJIOAKYMYJIATOP ®A30BOI'O HEPEXOAY Y CKJIAJL
CUCTEMMU BEHTWJIALII IHAUBIAYAJIBHOI'O BY IUHKY

Busnaueno, wo enepcoepexmusni cucmemu 6eHmuaayii 00360JAI0Mb 36eCMU 00
MIHIMYMY CROJNCUBAHHS MENN0B0I eHepeii OISl HA2pi8y NPUNIUBHO2O NOBIMPs, WO € OOCUMDb
aKmyanioHuUM 6 YMOBAX 3pOCMAaHHA YiH Ha eHepeopecypcu. Jlocnioxceno eapianm
VCMAHOBNEHHA CEe30HHO20 MEeNa06020 AKYMYIAMOPA 6 CUCMeMy NPUNIUBHOI GeHMUNAYIL 3
pexynepayieio menniosoi euepeii. Hasedeno epagixu xinbkocmi meniomu, HeoOXiOHOI 0/
pobomu cucmemu eHmunAyii, odiazpamu 3MIHU meMmnepamypu noeimps HA BUX00i 3
aKymyasamopa i posnooiny 600U ma 1boody HPOMALOM ONANI0EANbHO20 nepiody. Pozenanymo
PO3PAXYHOK CEe30HH020 MENN08020 AKYMYIAmopa ¢hazo8020 nepexody HA OCHO8I 800U )
CKNaO0I NPUNIUBHOI 6eHMUNAYIUHOI cucmeMuy 3 peKynepayicro meniomu, uwo 00360J5€ 36eCmu
00 MIHIMYMY sumpamu menyiogoi enepeii 051 Hacpigy 306HIUHBbO2O NOGIMPSL Neped No0ayer y
NPUMIWEHHS  JHCUMI08020 OYOunky. JlogedeHo, w0 6 YMO8ax CY4aCHOI eKOHOMIKU
PO3pobNIeHHs. eHep2oeheKmMUsHOI 8eHMUNAYIUHOT cucmemu € NepcneKmusHUM HAaANpIMKoOM
00Ci0JHCEHD.

Knrouosi cnosa: mennosuti akymynsimop, pekynepayis menid, dcumiosuti 6yOUHoK.
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Introduction. The rise of fuel and energy price is the most important stimulus of their
economy, but any transition to energy-saving technologies will require additional investment
and material costs. The rising cost of fuel and energy production contributes to inflationary
processes, affects to the size and structure of non-productive consumption.
The total impact of the rise in price of energy on the macroeconomic indicators is difficult to
quantify [1].

In modern construction, especially in design of the building envelope with big thermal
resistance, installation of the modern plastic windows, the main share of the heat load of the
buildingis is accounted for the ventilation system. That is why in the current economic
conditions with the rising cost of energy development of energy-efficient ventilation system is
a promising direction of research and implementations.

In well heat insulated houses, ventilation systems use about 50 — 60 percent of heat.
The use of the various designs of the air-to-air heat recovery unit allows to reduce ventilation
load by 25 — 30 percents, but with the increase their coefficient of efficiency acute a problem
of condensation and icing in this type of heat exchangers.

In the face of rising prices on different types of fuel and the government's commitment
to energy independence there is need to develop new technologies which use alternative
energy sources. In parallel with these questions arises the problem of efficient use and storage
received energy, especially from the air.

Analysis of the latest sources of research and publications. The main task, structure
and classification of a variety type of heat accumulators are considered[2, 3]. When using the
latent heat of some substances the process of accumulation characterized by a high density of
energy stored, small changes in temperature and stable temperature at the outlet of the heat
accumulator. Such constructions of the phase change heat storage device are shown (PCHSD)
(see Fig. 2) [4, 5].

The selection of not resolved before part of the general problem. There is a
significant number of scientific papers devoted to the use of phase-change heat storage device
on the basis of paraffin or hydrates, which reduce heat consumption by hot water systems and
heating[6, 7, 8], but it should considerd very substantial part of the heat load of the building is
the ventilation system. The article describes the calculation of the seasonal type heat storage
device, which installed as part of the supply ventilation system with energy recuperation. This
engineering solution allows to minimize costs of thermal energy for heating the outside air
before it enters to the premises of the house.

Statement of the problem. The main aim of this work is preliminary monthly
calculation of the seasonal type phase change heat storage device which isinstalled as part of
ventilation system of the individual house, made on the basis of mathematical model of heat
balance of water, air and ice.

Main material and results. Heat accumulators can perform the following tasks:
compensation of the thermal energy consumption peaks; alignment (optimization) schedules
of the thermal energy production by storing excess energy; accumulation of thermal energy,
which will be used during the trip (lack of) energy supply.

Any heat storage device consists of: heat-accumulating material (HAM); thermal
insulated storage tank to store HAM; systems for charging and discharging; auxiliary
equipment.

The heat accumulators are distinguished:

1) the nature of HAM: thermochemical heat storage based on the allocation or
absorption of heat in reversible chemical and photochemical reactions; heat accumulators
which uses the heat capacity of the heat storage material without changing the state of
aggregation; heat accumulators basis on phase transition, which use the latent heat of fusion
of the substance;
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2) the period of charging and discharging: short-term (up to three days); medium-term
(up to one month); long-term heat accumulators;

3) the operating temperature: low temperature (100 °C); medium temperature
(100 to 400 °C); high temperature heat storage (400 °C).

A wide range of substances exist, providing accumulation temperature from
0 to 1400 °C. It should be noted that the wide use of phase change heat storage device is
constrained primarily by considerations of cost-create installations.

a)

c)

€)

Figure 1 — Main type of the phase change heat storage device:
a — panel; b — pacilic; ¢ — polyethylene pipe which used in passive system of use solar energy;
d — pipe; e — balls with through channels for air; f — capsules

When using a thermal effect that arises as a result of the heating and cooling of water or
gravel, the quantity of heat produced is small comparated to with the size of the heat
accumulator. A disadvantage of this type of heat storage is that it requires significant space
and in the process of heat transfer the temperature of the accumulator is reduced. At phase
transformations (melting, evaporation and crystallization) allocated the so-called latent heat of
phase change, and the quantity of generated heat can be quite significant. If, for example,
take water, to obtain 1 kg of water from ice we need 336 kJ/kg and to evaporate 1 kg of water
necessarily already 2268 klJ/kg. In the process of evaporation has significantly more heat, but
there are significant changes in the volume of the HAM, so the process is advantageously
carried out in the heat storage device. Therefore, it is possible to use only the latent heat of
melting [4, 9].

Mathematical model to calculate PCHSD will consist of stationary equations of heat
balance of air, water and ice under the condition of equality of the final temperature of air and
water.
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where c,;,, ¢, — specific heat respectively for air and water, kJ/kg-K;
G.ir — mass flow rate of the air supplied to regenerator, kg/h;

tgilr_ initial air temperature at the inlet to the heat storage device (assumed to be the

average monthly temperature t,,, K);
t;’l.”r’ — final temperature of air at the outlet of the thermal battery, K;

1. — phase change temperature of the heat-accumulating material, K;

tif , 12" — respectively the initial and final temperatures of HAM (water), K;

m,,, m;.. — mass of water and ice, kg;
r — latent heat of crystallization, for water is 336 kJ/kg.

The use of energy-efficient ventilation system with series connection of the PCHSD and
plate heat exchanger is considered on the example of an individual house with total living area
of 100 m”.

The total air flow rate for individual house is:

Liot = Lyoom + L + Ly, (2)

where L,yom = F*K ;

F —living room area, mz;

K — air changes per hour, 1/hour.

Ly, L, — values of air flow rate, respectively, for living rooms, kitchens and bathrooms,
taken in accordance with the norms [10], m3;

The working time of ventilation system is 720 hours in a month. The design air
temperature in the living room is +18°C. The supply air temperature can be reduced on 3°C
from given that the room air distribution is carried out through the grille, located under the
room ceiling. Total air flow rate for the house is equal L,,, = 100 + 90 + 50 = 240 m°.

For calculations, one should take into account the change of the outdoor temperature
during the heating period. For example, you can use the regulatory document [11] to
determine the average temperature of the heating period in Ukraine, table 1.

Table 1 — Values of average for the month air temperature for city Poltava

Month October | November| December| January | February | March April
tm,°C 7,7 1,3 -3.4 -5,6 -4,7 0,3 9,0

Modes of operation for heat storage device: in winter — discharging (temperature range
from t,,+0 °C); summer — charging, returns accumulated during the winter cold for the needs
of the air conditioning system. Working temperature range for plate heat exchanger — heating
air from 0°C to supply air temperature. Climatic data are taken for city Poltava and made a
preliminary calculation of the phase change heat storage device with use the mathematical
model, the results shown in figures 2, 3 and 4.

From the graph, Fig.2, it is seen that the inclusion of heat storage device as a part of the
ventilation system keeps the outlet air temperature is not lower than 0 °C, which prevents
icing of the plate heat exchanger.

In the diagram (Fig.3) shows the amount of heat that is released or absorbed by the heat
storage material, respectively, in the discharging and charging working modes of the seasonal
heat storage device. The following it is given a graph of gradual freezing of the ice in the
accumulator during the heating period, his maximum weight is 9318 kg.
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From the diagram (Fig. 4), we can see that the main mass of the ice formed during
January — February, further it is possible to observe the process of his melting.

25,00
20,00
15,00
10,00

5,00

0,00

-5,00
-10,00

—@— tair.out

Figure 2 — The graph of air temperature distribution at the output from
the heat storage device and the average for the month outdoor air temperature

2500000
2000000
1500000
1000000

500000

0

Amount of heat, kI

-500000

-1000000

-1500000

Figure 3 — The chart of monthly distribution of the amount
of heat which gives HAM for heat the outside air
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Figure 4 — The graph of monthly distribution of the mass of ice
and water in the heat accumulator throughout the heating period
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Conclusions. The prospect of switching to supply ventilation system with heat recovery
PCHSD is considered that allows to minimize the use of heat energy for ventilation needs of
the house and avoid such negative processes as the icing of the plate heat exchanger. On the
basis of the equations of thermal balance of the heat storage device, preliminary calculation
were performed and graphically the temperature distribution at the exit of the accumulator
was depicted, the distribution of the quantity of heat and changes in the amount of water and
ice in the heat exchange process was charted.
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THE EFFICIENCY WATER CLARIFICATION
IN MODELS OF VERTICAL TANK

The purpose of this article is to analyze theoretical and experimental data on the
structures and analyze the performance of type clarifier, as well as to highlight the
shortcomings of the proposed designs. It was found that for the experiments it is necessary to
create a physical model of the vertical sediment tank in the laboratory using the following
factors: material costs, technological parameters, design parameters. The purpose of this
article is to show the effect of the velocity of upward flow of water inside the vertical settler on
the efficiency of its lighting on the physical model of the vertical sediment tank. There are
mathematical dependences of turbidity of clarified water as well as the efficiency of water
clarification from the turbidity of the incoming water for different speed values in the lighting
area of the vertical sediment tank. It was established the use of the calculations required area
lighting area, vertical settling tanks, water speed, cleansing of water without efficiency loss,
which leads to significant savings in capital investments.

Keywords: water treatment, vertical sump, the efficiency of water clarification, water
turbidity, the speed of the water upward movement.

HAxoenee B.C., k.m.H., cm. sukiaoay
Bounapoecwvkuii b.A., mazicmp
Ilonmascekuti HayionanvHull mexHivnull yHieepcumem imeri FOpis Konopamioxa

EOEKTUBHICTb OCBITJIEHHA BOH
Y MOJEJII BEPTUKAJIBHOI'O BIICTIMHUKA

Y cmammi npoarnanizosano meopemuuni ma ekCnepumMeHmanbHi 0ami w000 KOHCMpPYKYiil
ma auanizy pooomu 8i0CMIiUHUKIE Yb0O20 MUNY, A MAKOMC GUOLIEHI HeOONIKU 3aNnpPONOHOBAHUX
KOHCmpYKYilu. Bcmawnosneno, wo O0na npogedeHHsi eKChnepumeHmis HeoOXIOHO Cmeopumu
@izuuny Mooenb 8epmMUKAIbHO2O BGIOCMINHUKA 6 1aO0pamopii 8UKOPUCMOBYIOUU HACHYNHI
Gaxmopu: mamepianvhi 3ampamu, MeXHONOSIYHI napamempu, KOHCMPYKMUBHI napamempu.
Posenanymo  enaue weuokocmi  6UCXIOHO20 NOMOKY 600U  BCEPEOUH]  8ePMUKANLHO20
giOCmilinuka Ha egexmueHicmeb il 0ceimieHHs Ha Qi3uyHill MoOoeni BepMUKATILHO2O
giocmitinuka. Ompumani MamemMamuyHti 3a1eHCHOCMI KAlaMymHOCMI 0C8ImaeHoi 600U, a
MAaKodHc eqheKmuBHOCMI 0C8IMIAEeHHs 800U IO KANAMYMHOCMI 6XIOHOI 600U 0I5l PI3HUX 3HAYEHb
weuokocmi ii 8 30HI OCBIMJIEHHS 8EPMUKANbHO20 GIOCmitiHuKa. Bcmanoeneno, wo
BUKOPUCMAHHS ) PO3PAXYHKAX HEOOXIOHOI NI0WI 30HU OCBIMIEHHS 6ePMUKATLHUX GIOCMIIHUKIG
WBUOKOCMI pYXy 600U V Hill, npu AKIU 8i00Y8aA€mMbCs ouUWeHHs il 6e3 empamu egheKmugHOCmi
0C8IMIeHH s, NPU3BOOUNMDb 00 CYMMEBOL eKOHOMIT KanimanibHUX 6K1A0€eHb.

Knrwouosi cnoea. 6oooniocomoska, 6epmuKaibHUll  GIOCMIUHUK, epeKxmusHicmy
0CBIMIeHHS 800U, KALAMYMHICb 800U, WUBUOKICMb BUCXIOHO20 PYXY B00U.
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Introduction. After the Soviet collapse remained water treatment plant in Ukraine
worked at 70-80% of its design capacity. Nowadays, tariffs growth for utilities has
significantly reduced the consumption of water by population and industrial enterprises. It has
led to irrational use of land resources, electricity the like. The construction of a modern
municipal water treatment plants requires compliance with the quality requirements of water
purification, which are governed by the regulatory documents. On the other hand, the
deterioration of water quality from surface sources requires increasing the effectiveness of
water treatment to meet drinking needs of the population [1-3]. It would be achieved by
retrofitting municipal water treatment plants and modern water purifying installations [4].

The use of existing industrial water purification plants with small capacity vertical tanks
for receiving water output of the necessary quality is more economical than the use of
sedimentation tanks of other types. Vertical sumps do not require large areas. They can be
grouped in blocks and have sufficient indicators of water clarification efficiency.

Analysis of recent research sources and publications. Improving the efficiency of
water clarification in vertical settling tanks is possible by reducing the speed of water upward
flow in the clarifying zone, but it will lead to the need of increasing their size or quantity. It is
considered in details process of water clarification in sedimentation tanks. Settling
(sedimentation) of suspended particles consisting of mineral particles, as well as, under some
assumptions, and unstable suspensions is described by the linear law of Stokes

F.=37x-pu-u-d, (D

where 1 — coefficient of fluid dynamic viscosity;

u — the settling velocity of the particle;

d — particle diameter.

This law is valid for particles of small size deposited with low speed when viscosity
forces only affect the resistance to their motion. More generally, the drag force of particle
settles is represented by Newton-Rayleigh’s law. [5]

Fo=y p-u-d?, )

where p; — the density of the liquid;
u — particle sedimentation rate;
d — the equivalent particle diameter;
v — the coefficient of particles sedimentation, which depends on the Reynolds number
and is determined by the expression
y=L2ZP 7 i
P 6-u

; 3)

where p, — the density of the particle.
In view of this, the sedimentation rate of the particles of certain type can be determined
by the formula

u:Jpz Prg 2l “)
P 6-y

Dependence of resistance coefficient on the Reynolds number is set empirically.
Zegzhda V. P. obtained experimental data of sedimentation of grains of sand and gravel of
different grain size [5].

At small values of Reynolds number in small particle sizes and small values of the
speed of their subsidence, the dependence of resistance coefficient on the Reynolds number
has direction at an angle of 45°. With the increase in the settling velocity of the particles and
their size, linear law can be broken.
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The limit of justice of the linear law is determined by the value of Reynolds number
equal to 1.0. Suspended solids contained in water from natural sources have different shape
and hydraulic size. The curve of suspended matter sedimentation, obtained experimentally,
allows to determine the average value of its hydraulic size [6]. These curves determine the
necessary residence time of water in the sump, corresponding to the required value of the
illumination efficiency.

Selection of the unsolved parts of problem. Technological simulation of
sedimentation of water in the sump [7] is to determine under laboratory conditions the design
parameters for settling tank — the sedimentation velocity of suspension and the length of water
stay in it that provides given effect of water clarification. This method is based on the
similarity of the curves suspended solids precipitation obtained for different values of t
cylinder laboratory height where it is settling.

In view of movement lack in laboratory cylinder, the values of energy efficiency
obtained from the results of such experiments will be different from the values obtained for
ponds in which there is water movement.

According to norms [8], the ratio of tank diameter to its height must be 1.0 or 1.5.
Speed of water movement in the area of lighting vertical tank for reagent-free cleaning should
not exceed 0,08-0,15 mm/s. Such a wide range of water velocity values can lead to the need
for specific zone area lighting septic tanks, which will also depend on the total water
consumption. For example, water consumption of 3,000 m*/day or 125 m*/hour, required area
lighting zones septic tanks, depending on the water speed in it will be in the range of
300 to 560 m”.

Statement of the problem. The aim of this work was to obtain the dependence on
water clarification efficiency from the turbidity of the incoming water at different values of its
movement speed in the lighting area. For the experiments it was established the physical
model of the vertical sediment tank (Fig. 1), which consists of the camera flaking (Central
tube) and lighting zones and accumulation of sediment (case) [9].

1 — tank for clarified water;
5 2 — circulating pump, clarified water;
| ; 4 3 — duct circulation of clear water;
i 4 — tank for preparation of working
o F__I 1 - ¥\ solution with paddle stirrer
1 mechanical type;

: p— i L : 5 — «comb» to distribute the supply

[

|

[

|

|

[

i of working solution among settings;
] 6 — the pipe feeding the working
solution in a sedimentation tank;
7 — ball valve for sampling water;
8 — camera flaking (Central tube);
9 — sump body;
o 10 — the pipeline of the withdrawal
o * ” of the clarified water;
-@—l 11 — area of sediment accumulation;
12 — ball valve for sediment sampling;
13 — rotameter;
. 14 — panel for mounting flow meter

Figure 1 — Installation diagram model of the vertical sediment tank with flowmeter
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General material and results. To simulate the process of water precipitation as
research water it has been used cloudy solution obtained after mixing of clean water with sand
or loam. Before starting work, each time it was carried out the calibration of the flow meter
by the volumetric method. To do this, it was measured the time in which the filled measuring
cylinder with certain specific indications of the rotameter costs. According to the results of
the calibration it was constructed graphic dependence of the water movement rate in the
clarifying zone model of the clarifier of flow rate with rotameter (Fig. 2).

1

rate of water movement in the zone of lightingy, mm/s

0,5 1 1.5
testimony of rotameter Q, I/min

Figure 2 — Tiruvalla curve to determine the value of the rate of water movement
in the zone of lighting according to the testimony of rotameter

The turbidity measurement was conducted as follows. The research sample of water
was taken in cuvette and set in the single-beam photoelectric colorimeter (RPO-1).
The second cell selected distilled water and with the help of the device determined the amount
of light transmission through both the cuvette and thiruvallam schedule. It was determined by
the test sample turbidity. Similarly, it was determined water sample turbidity at the outlet
of the septic tank. The results of the experiments are shown in figures 3 — 5. The magnitude
of the motion velocity in the lighting area of the vertical sediment tank 0,169 mm/s
corresponds to water flow according to indications of the flow meter 0.5 I/min, and the speed
0,417 mm/s — 1, 5 1/min.

The results of determining the turbidity of clear water, depending on the velocity of its
motion in the lighting area of the obtained graphical dependence on water bleaching effect
in the physical model of vertical sump from the turbidity of the incoming water are shown
(Fig. 6 = 7).

For example, it is calculated the required area of vertical sedimentation tank for reagent-
free lighting cloudy water flow m3/day. It is calculated the required area of illumination zone
[8, formula (8)]

q 3. 3000
" 36-24-015-3

F —_ = =100,3 m?,
8.0. 06 3,6'Vp 'Np m (5)

where f3,; — factor considering the use of tank volume, the value of which adopted 1.3
(ratio of the diameter of the tank to its height as 1,0);

V, — the estimated rate of upward water flow [8, tab. 16] is adopted for the lighting of
water for industrial purposes v, = 0,15 mm/s;

N, — number of working septic tanks (tentatively accepted N, =3 pcs.)
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If vertical tanks used for preparation of drinking water, the design speed of the rising
water flow in the area of lighting, the reagent-free cleaning must not exceed v, = 0,08 mm/s
[8, table. 16]. In this case, the required area of vertical clarifiers is

Fe.o. = ﬂoﬁ ’ L = 1’3 : 3000 = 188,1 mz, (6)
36v,-N, 3,6-24-0,08-3

As it is shown in Fig. 7, the efficiency of water clarification in the model of vertical
sediment tank with the speed of motion in the lighting area 0,417 mm/s has quite high value
from 43 to 86% (average value E =72% ).

The required area lighting vertical zones septic tanks at speed of 0.417 mm/s, without
the use of reagents will be important

3000
4 36,1 m2, (7)

Fe.o.: 06 S L . Ay bd =
36-v, N, 3,6-24-0,417-3
Thus, when calculating the required area lighting vertical settling tanks, the speed of
water movement in the clarifying zone is 0.4 mm/s, in contrast 0,08...0,15 mm/s
[8, tab. 16]. Savings of capital investments in the construction of the sumps will be: when
cleaning industrial water to 64%, and in the purification of drinking water — up to 81%.

03 ) . = 1
. M, = 032 M, ), + 0,03 2 Mo = 0,78 M, - 0,28
i 0,2 - =
= 30,5 ® o
£ 0,1 =
- . |
= 0 n‘.ll!. ] T".I"!.-".l 0 Pt'I'lrl: ¥ “Igf‘.l
0.1 0.3 0.5 0.7 05 07 09 11 13 15

Figure 3 — The dependence on the turbidity of the clarified water M,
from the input M;, for sand
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Figure 4 — The dependence of the turbidity of the clarified water M,
from M;, input to loam at a speed 0,169 mm/s

M. mefl M, = 0,18-M_ + 0,08
r=10874
.53 s
n |
0 M, gl
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Figure 5- The dependence of the turbidity of the clarified water M.,
from M, input to loam at a rate of 0,417 mm/s
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Figure 6 — The dependence on the effect of water clarification
in vertical sump model E from the turbidity of incoming water M,
when the velocity of its motion in the lighting area is 0,169 mm/s
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Figure 7 — The dependence on the water clarification effect in a model
of vertical sump from the turbidity of the incoming water
when the velocity of its motion in the lighting area is 0,417 mm/s

Conclusions.

1. The study of the water clarification process on physical model of the vertical
sediment tank showed that water purification without the use of reagents can increase water
speed in the clarifying zone to 0.4 mm/s (in contrast to suggested standards [8] 0,08-0,15
mm/s); lighting efficiency remains rather high (average value E =72% ).

2. Water speed increase in the area of lighting to 0.4 mm / s reduces the area of the zone
coverage to 64% - for industrial water and up to 81% - for drinking water;
the results can be used in the design of new and existing cleaning operation structures with
vertical tank.
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ROADWAY ROUGHNESS RESEARCH AND
CAUSES DETERIORATION ANALYSIS

The article deals with modern directions of domestic and foreign smoothness research
coverage on the roads. The problem of causes changes establishing in smoothness coverage
related to the irregularities in the procedure of road construction layers is highlighted.
The research results of the trafficway smoothness and its causes deterioration analysis,
performed by operation of roads and airfields laboratory at National Transport University on
research road area H-18 around the city Buchach is shown. By the research results the road
profile is drawn and the detailed analysis of road topping smoothness changes during road
operation is done. Samples at the specific points on the road topping is taken: in one place it
is a transverse crack, in another — without noticeable defects. It is established that road
profile hollows and transverse cracks caused by black layers uneven thickness along the road.
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Hayionanonuu mpancnopmnuii ynisepcumem, m. Kuis

NOCJIKEHHS PIBHOCTI ITPOI3HOI YACTUHHU
1 AHAJII3 IIPUYMH ii HOI'TPIIEHHS

Posenanymo cyuacni eimuusnsani ma 3aKOpPOOHHI HANPAMU OOCHIONCEHHA PIBHOCMI
NOKpUMMs HA a8MoMODOIIbHUX 0opozax. Budineno npobremy ecmanognenHs npuduH 3MiHU
pisHocmi noxpumms, wo N0 A3AHI 3 NOPYUIEHHAM MEeXHONO02I 61AMYEAHH Wapie
00podicHboi KoHcmpykyii. Hasedeno pezyrbmamu 00CHiONCeHHs PIGHOCMI NPOI3HOI YacmuHu
il aHanizy npuyuH ii NO2IipuleHHs, BUKOHAHUX 1aOOpamopicto eKxcniyamayii agmomooiibHux
Odopie ma aepoopomie Hayionanonoco mpancnopmnoeo yrisepcumemy Ha OOCHIOHIU OLNAHYI
asmomobinonoi oopoeu H-18 naexono m. byuau. 3a pesynomamamu 0ocnioxcens no6yo0o8ano
N03008XCHIIl Npoghine 1 npoeedeHo OemanbHUull aHani3 3MIHU PIBHOCMI O0OPONCHBO2O
noKpumms 6 npoyeci exkcniyamayii oopocu. Y3amo KepHU 6 XapakmepHux mouyKax Ha
NOKpummi: 6 0OHOMY Micyi npoxooums nonepeuHa MmpiwuHa, 8 IHWOMY — 06e3 NOMIMHUX
Odepexmie. Ycmanosneno, wjo 3anadunu NO3008HCHLO2O NPOPIiN0 I nonepeyni mpinuHu
00YMOBIeHI HEPIBHOMIPHICIO MOBUUHU YOPHUX WAPI6 8300824C OOPO2U.

Knrwouoei cnosa: no3006sicus pienicms, asmomooiibHa 00po2d, NOKpUmMms, KOHCMpPYKYis
00POICHBO20 00512).
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Introduction. Since 2004, the laboratory of operation of roads and airfields at
National Transport University (hereinafter — NTU) in research roads areas, which are located
in different Ukraine regions, it is conducted regular surveys, consisting parts of what is the
smoothness and wheel tracking parameters determination, and also road-mat deformation.
The disadvantages of smoothness assessing methods of road topping by viameter or IRI is that
they refer to the area altogether and does not allow to highlight points, where is the maximum
indications accumulation. In addition, they do not reveal the cause of smoothness
deterioration, which is due to its degradation.

Generally this problem can be characterized as smoothness informative indicators lack
used in modern regulatory and technical base of Ukraine. Therefore, an essential part of
survey research areas are leveling and road profile drawing and also its change analysis
during the road operation and revealing the causes of smoothness deterioration.

Review of research and publications recent sources. Road and airfield topping
smoothness research can be divided into the following directions:

— smoothness indicators justification [1 — 4];

— smoothness normative values justification [5 — 7];

— methods, techniques and means of smoothness measuring development [8 — 11];

— smoothness impact on the speed and transport mode studying [13];

— smoothness impact on traffic safety and accident occurrence studying [12, 13].

The issue of technological supporting of road topping and smoothness revealing
causes in scientific and technical literature it is paid much less attention, except for a few
studies [11, 14].

Parts of the common problem that earlier unsolved. When you travel on the
highway H-18 Ivano-Frankivsk — Buchach — Ternopil (detour of city Buchach) it is felt
periodic blows caused by road topping irregularities presence. The question arose about this
phenomenon causes establishing. Professionals polling, who engaged this road section
operation, come to nothing. As things go, it was decided to conduct a smoothness research of
road topping length of 72,0 m (km 63 + 098 — km 63 + 170), the overall look and scheme of
what is shown in Fig. 1, 2.

The purpose of research — longitudinal profile of trafficway research road section
H-18 analysis and road topping deterioration causes revealing.

Figure 1 — General view of road section H-18
Ivano-Frankivsk — Buchach - Ternopil (km 63 + 098 — km 63 + 170)
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Figure 2 — Scheme of road section H-18
Ivano-Frankivsk — Buchach — Ternopil (km 63+098 — km 63+170)

The main material and research results. The article deals with the problem of
smoothness changes by the example of road section H-18 Ivano-Frankivsk — Buchach —
Ternopil (km 634098 — km 63+170), which is connected with irregularities in the procedure
of road construction layers.

In April 2014 by means of leveling «Sokkia B20» and three-meter leveling rod
RDU «Condor» it is received the longitudinal profile of road topping. Repeated
measurements were made on that year August.

Longitudinal profile detailed assessment of the trafficway at the research section
included implementation of following stages:

— bench mark fixation (Fig. 2) and its recovery after repeated researches;

— flagging for measurement at a distance of 0,5 — 1,0 m from the marginal strip by using
measuring tape and chalk and planimetric position georeferencing to the bench mark;

— route leveling with survey increment of 0,5 m and high-altitude position
georeferencing to the bench mark.

As a result of leveling and measuring the gap at RDU it is perform the longitudinal
profile section determining.

Longitudinal profile leveling results is shown on Fig. 3, where you can see the
characteristic hollows, what, according to the authors, causes to blows. On profile reduction
points it is continuous transverse cracks (Fig. 4).
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Figure 3 — Longitudinal profile of the right trafficway track

Figure 4 — Continuous transverse temperature crack at a characteristic section

In order to explain the road topping irregularities causes and cracking it is taken the
samples in certain places — on crack (km 63+114,10) and in a place with no visible defects

(km 63+105,00) (Fig. 5).
Comparison of road-mat cores taken without defects and at place of transverse crack

passing through is shown on Fig. 6.
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Figure 5 — Location of core taking points in the longitudinal profile section

Figure 6 — Road-mat cores

As shown on Fig. 6, left road-mat core that taken on the road section without defects (km
63+105,00) has the upper layer of fine graded bituminous concrete with thickness
of 4,5 cm, lower layer — coarse bituminous concrete with thickness of 7 cm. Right core, taken
on the road section in a place of transverse crack passing through (km 63+114,10) has a
thickness layers respectively 3 and 4 cm.

Situation's arisen, can be represented schematically on Fig. 7.
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Figure 7 — Schematic representation of longitudinal profile road-mat cores

Longitudinal profile hollows and transverse cracks caused by layers uneven thickness
along the road length. In the places of reduced layers thickness it is a weakening of the road-
mat profile cross-section, so when the environment temperature is reducing in these places
there was a gap that led to the cracks formation.

Conclusions. Trafficway longitudinal profile detailed analysis of the experimental
highway section H-18 (km 63+098 — km 63+170) and the samples content, selected in
specific places suggests that the regular irregularities cause of the road topping and transverse
themperature cracks may be the layers uneven road-mat construction thickness, that is
primarily connected with irregularities in the procedure of its structure.
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The most common ways of milled asphalt re-use, what is formed during road
topping repair is considered. The results of experimental studies of preparation
technology features and physical and mechanical properties of recycled hot mix asphalt
determination based on milled asphalt with plastic fiber addition that obtained from
industrial waste is presented. Defined regulations correspondence obtained recycled hot
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HEPCIIEKTUBHU BUI'OTOBJIEHHSA 'APAYUX
PEIIUKJIBOBAHUX ACOAJIBTOBETOHHUX CYMIIIEHN
3 APMYBAHHSAM IVIACTUKOBOIO ®I6POIO

Poszensanymo naubinews nowupeni cnocobu nosMopHO20 3ACMOCYB8AHHA (PPe308aH020
acghanbmobemony, AKUl YMBOPIOEMbCA Ni0 HAC DPEMOHMY OOPOACHLOZO HNOKPUMMIAL
Hageoeno  pesynomamu  excnepumeHmanbHux  0OCHIONCeHb  Wo00  0coOIU8OCmel
MexXHON02Ii NPUSOMYBAHHA MA BUSHAYEHH: (I3UKO-MEXAHIYHUX 61ACTMUBOCMEll 2apsadux
PEeYUKIbOBAHUX ACPHATbMOOEMOHHUX CyMilell HA OCHO8I (pe3068aH020 acharbmobemony
3  000asaHHaAM  NIACMUKo8oi  ¢hibpu, wo ompumana 3 nNOOYMOBUX  8i0X00i8.
Busnaueno 6i0nogioHicmes HOPMAMUGHUM 6UMO2AM OMPUMAHUX 2APAYUX DEYUKIbOBAHUX
acghanbomobemonHux cymiuiett ma wWiaxXu ix 3acmocy8anHs ¢ 00POHCHbOMY OVOIGHUYMEI.
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Introduction. Asphalt — the most common material in our country for the road topping
upper layers design in the permanent road-mat construction. Due to limited funding almost
90% of public roads for the last thirty years is not repaired, hereupon they do not meet
modern requirements both on strength (39,2%) and smoothness (51,1%) [1].

Asphalt pavement recovery usually involves placing over the old pavement design a
new asphalt pavement layer. However, such measures give only short-term effect, since a few
years on the traffic-bearing surface appear old deformations and destructions. A more
effective way to restore road-mat operability is to replace defective and damaged layers of all
pavement design using recycling process — old asphalt reusing.

Analysis of recent sources of research and publications. The issue of old asphalt
reusing our scientists and process man began to engage from the 40-s of the last century, as
evidenced by the work [2 — 4]. However, the absence at that time the relevant technologies
and techniques not allowed to bring recycling processes at the practical level use in highway
engineering.

The impact for old asphalt reusing has become a global energy crisis of the 70-s, that
led to the search of replacement the deficient at that time organic binder for the asphalt
mixtures preparation [5 — 6].

Today in highway engineering is spreading the following ways to old asphalt reuse that
is usually formed as a result of milling (cutting by pavement profiler) or road-mat layers
removing with further crushing and sorting [7 — 10]:

— roadside verge strengthening and subgrade slopes;

— bed course and basecourse installation;

—racked-in chipping;

— cold organic and hydraulic mixtures production;

— hot mix asphalt preparation.

The choice of one or another method of old asphalt reusing depends on the technical,
environmental and economic factors [11 — 12].

Identification of general problem parts unsolved before. The most rational way it is
possible to consider the old asphalt using at the hot recycling technology — hot mix asphalt
preparation with partial or full recycled material content. For example, in the most European
countries, upon condition technological requirements observation it is allowed to add up to
10% of milled asphalt to the new hot asphalt mixtures, intended for the upper layers; 30 —
50% — for the road-mat lower layers; till 100% — base course [7 — 10].

Since the modern domestic road practice, compared with Europe and America, the issue
of milled asphalt reusing is not become sufficiently spreading, so it was decided to conduct
the research of recycled hot mix asphalt preparation reasonability based on milled asphalt
with plastic fiber reinforcement, obtained from postconsumer plastics.

Formulation of the problem. The aim of research — to study physical and mechanical
hot mix asphalt properties based on milled asphalt with plastic fiber reinforcement.

Basic material and results. During experimental studies in the laboratory conditions
based on milled asphalt (see Fig. 1, a) with plastic fibers addition, obtained from
postconsumer plastics, size 25%3 mm (see. Fig. 1, b), three research samples series of
recycled hot mix asphalt following composition is produced:

—seria Al — milled asphalt without additives (control range);

—seria A2 — milled asphalt with plastic fibers addition in an amount
of 0,75% by the basic material weight;

—seria A3 — milled asphalt with plastic fibers addition in an amount

of 1,5% by the basic material weight.
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Figure 1 — General view of initial materials:
a — milled asphalt; 6 — plastic fiber

Milled asphalt grain fineness, determined by sifting through a standard sieve
with holes from 40 to 0,071 mm, the most meet regulatory requirements [15] to hot asphalt
mixtures type D (Fig. 2).
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Figure 2 — Comparison of milled asphalt grain fineness
with regulatory requirements for hot asphalt mixtures type D

Preparation and testing of recycled hot mix asphalt research samples based on milled
asphalt is carried by a standard procedure for the average material density determination,
water saturation, swelling and compression strength limit in accordance with requirements
[13 — 15]. The results of physical and mechanical properties determination of test samples are
shown in Table 1 and Fig. 3 — 6.
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Table 1 — Physical and mechanical properties of test samples

Name of properties Samples seria

Al A2 A3
Average density, g/cm3 2,30 2,28 2,36
Water saturation, % 3,12 3,11 3,31
Swelling, % 0,34 0,32 0,50

Compression strength limit, MPa

— in the dry condition at the temperature:
-20°C 5,70 6,09 6,50
-50°C 6,13 6,59 5,75

— in the moisten condition 4,63 4,39 4,32

2,40
2,35
2,30
2,25
2,20
2,15
2,10
2,05
2,00 T ‘

0 0,25 05 075 1 1,25 1,5 1,75

Additive content, %

Average density, g/cm’

Figure 3 — Plot of the research samples average density
from the presence and fiber content supplements

Analysis of the research samples average density dependence from the presence and
plastic fiber content supplements (see Fig. 3) shows that this relationship is more or less linear
character, i.e with plastic fibers content increasing in the mixture the average samples density
is reduced by reducing the particle of stone material (recycled mix asphalt average density
from pure milled asphalt is py aver = 2,30 g/cm3) and a lighter plastic fibers gradual increase.
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Figure 4 — Plot dependence of water saturation indicator of research samples
from the presence and plastic fiber content supplements
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Analysis of the water saturation dependence of reserch samples from the presence and
plastic fiber content supplements (see Fig. 4) shows that with recycled mix asphalt content
implementation of plastic fibers water saturation at first decreases (the recycled mix asphalt
water saturation from pure milled asphalt is Wy = 3,12 %), but with fiber content increasing,
this indicator starts to increase due to the porosity increasing.
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Additive content, %
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Figure 5 — Plot dependence of research samples swelling
from the presence and plastic fiber content supplements

Analysis of the research samples swelling dependence from the presence and plastic
fiber content supplements (see Fig. 5) shows that with recycled mix asphalt content
implementation of plastic fibers swelling index at first decreases (the recycled mix asphalt
water saturation from pure milled asphalt is Hayer = 0,34 %), but with fiber content increasing,
this indicator starts to increase due to the porosity increasing.
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Figure 6 — Plot dependence of test samples compressive strength
from the presence and fiber content supplements:
round markers — in the dry condition at T = 20°C;
square markers — in the dry condition at T = 50°C;
triangular markers — in the moisten condition at T = 20°C.
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Analysis of the research samples compressive strength dependence from the presence
and plastic fiber content supplements (see Fig. 6) shows that at the sample temperature
T =20°C in the dry condition the strength value Ry, increased with the implementation
of plastic fibers to the recycled mix asphalt content by the origination effect of
milled asphalt reinforcing. However, with temperature samples increasing to T =50°C
in the dry condition strength value Rso at first increases (with fiber content of 0,75%)
due to the partial reinforcement effect of milled asphalt, and then strength value Rsy decreases
(with 1,5% of fiber content) due to the loss of milled asphalt reinforcing effect. At the sample
temperature T =20°C in the moisten condition the strength value Ry with the
implementation of plastic fibers to the recycled mix asphalt content decreases, is illustrative
of complete milled asphalt reinforcing effect absence.

Conclusions. The results of physical and mechanical research samples properties
determining of recycled hot mix asphalt based on milled asphalt with plastic fibers addition
indicate this research area prospects, because they allow not only to obtain the economic
effect from the cost reducing of new road-building materials acquiring, but also to improve
the environmental situation through the use of postconsumer plastics.
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STUDIES OF COATINGS FROM FIGURED OF THE ELEMENTS
OF PAVING (FEP) WITH CORRUGATED BASE
FROM TOOTHED ELEMENTS OF PYRAMIDAL SHAPE
ON THE HORIZONTAL AND INCLINED SURFACES

The new constructive-technological solutions of coatings from FEP (figured of the
elements of paving) with the modified geometric by shape of the base were developed. Base
FEP consisted of one, five or nine toothed of the elements of pyramidal shape was
corrugated. The plan of the experiment and conducted laboratory studies on the effect
geometric form of the base of a single FEP on the qualitative characteristics of coatings,
located on the horizontal and inclined surfaces under the influence of a longitudinally applied
load, was compiled. The experiment results analysis showed that the coatings from FEP with
five and nine of the toothed elements in the base prevents the shift more effectively than the
traditional coatings.

Keywords: figured element of paving — FEP, coatings, a pyramidal shape, a
longitudinal shift.
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Ooecvka depocasna akademis 6yO0iBHUYMBA Ma apXimexmypu

JOCJ/IIZKEHHA ITOKPUTTIB I3 ®IT'YPHUX EJIEMEHTIB
MOCTIHHA (®PEM) 3 PUPJIEHOIO OCHOBOIO
13 3YBYACTHUX EJEMEHTIB IIIPAMIJAJBHOI ®OPMHU
HA I'OPU3OHTAJIBHUX I MTOXHUJINX ITOBEPXHAX

Pospobneno no6i KoHCmpyKmuHo-mexHono02iuni piueHHs NoKpummie 3 icypHux
enemenmie mocminus (PEM) 3i 3minenow ceomempuunor ¢opmor ocHosu. 35C08aHo, Wo
pugnena ocnosa maxux @PEM cknadaemovcsa 3 00H020, n’samu abo Oes’smu 3yO0uACMUX
enremenmie nipamioanvnoi gopmu. CkradeHo niaH eKCnepumeHmy ma Nnpo8edeHo
1a60pamopHi 00CIIONHCEHHS WOO0 GNAUBY 2eOMemPUdHOi hopmu ocHosu oounounozo PEM
Ha AKICHI Xapakmepucmuxu NOKPUMmIis, pOo3mMauio8aHUux HA 20PU3OHMANbHUX MA NOXUIUX
nogepxHAx nio  Oi€l0  NO3008ICHLO  NPUKIAOeH020 HasanmadicenHs. Ilpoananizoeano
pe3yibmamu excnepumenmy noxazas, wjo noxpummsa 3 ®EM 3 n’amoma i Oes’samvma
3youacmumu eiemMeHmamu 6 OCHOBI HaillegheKmugHiue nepeuKoolcarms 3Cygy, HidC
MPAouyiviHi NOKPUmMmsL.

Knrwwuosi cnoea: ¢icypnuii enemenm mocminns (PEM), noxpumms, nipamioanvua
Gopma, no30064CHiIll 3CY8.
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Introduction. The unit of the coatings of the sidewalks, paths, areas for various
purposes from figured paving elements has become actual recently [1 — 4]. Due to the fact
that such coatings are environmentally cleaner comparativly to asphalt coating and are
aesthetically attractive. Due to the gaps between the tiles provided by the outflow of the water
from the surface during roll of the rainfall, their service life is prolonged. Such coatings, if
necessary, can be easily dismantled, for example, for lying of the underground
communications, or easily be replaced with individual deformation of elements. However, in
the course of their operation, sometimes some defects can be observed, including loosening
and cracking in the individual elements, potholes and dips in the coatings. Such violations
occur due to incorrectly selected structural-technological solutions, non-compliance with the
rules of operation and the coating unit technology. The problem solution is development of
new variants of coating design from FEP with the modified geometric parameters [5].

Analysis of recent research sources and publications. The FEP applied to the unit
coatings has different sizes and shapes [6-10]. Their base is commony flat. In the published
work [11] constructive-technological-solution of coating from FEP with a pyramidal base
(Fig. 1) are proposed. To exclude the cost of concrete for base, volumes should be equal for
the FEP with a pyramidal and a flat by base, when they are the same size and shape in plan.
This is achieved by reducing the height of the prismatic part of FEP with a pyramidal base.
Such coatings are tested in laboratory and field conditions, and was performed a comparative
analysis of the research results [12]. Determined, that the coverage of the FEP with by
pyramidal base have several advantages compared to traditional coatings.

Figure 1 — Model of FEP with a pyramidal base with an angle
at the vertex of the pyramid 90°, made of gypsum

Sediment single element is reduced by half from FEP with the angle at the vertex of the
pyramid 70° and 1,3 times the FEP with the angle at the vertex of the pyramid 125° compared
to FEP with a flat base (180° at the top of the pyramid). Determined, that the bearing capacity
of coating is increases by reducing the angle at the vertex of the pyramid. The study of
deformation zones of the constructive sand layer [13] has demonstrated the feasibility of
using the developed technological solutions of coatings from FEP with a pyramidal base.

Selection of the unsolved parts of problem. The disadvantage of coating from
FEP with a pyramidal base is the complexity of the unit the elements with an acute angle at
the vertex of the pyramid. If we take the traditional tile square shape in plan with a side of
120 mm and a height of a prismatic part 50 mm, the height of the prismatic part of the tiles
with a pyramidal base with an angle at the vertex of the pyramid 90° is equal to 30 mm for the
same size and shape in the plan. With a significant reduction of the height of the prismatic
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part of the tiles with by pyramidal base, her contour part in contrast to the central part is
becomes more vulnerable. The impact of a large load on a contour part can lead to the
destruction of the edges of such tiles.

For solving problems, related to improving the bearing capacity of the coatings and to
simplicity its of the unit, were developed new variants of coatings from FEP, having the
corrugated base from the toothed elements of pyramidal shape [5]. The study of the
qualitative characteristics of such coatings on horizontal and inclined surfaces was not
performed, therefore it is highly relevant is the conduct of such studies.

The purpose of work — to study the impact of the modified geometric shape of the FEP
on a shear of the coatings, located on the horizontal and inclined surfaces, when exposed to
the longitudinal load, and the determination of the optimal of options of the coatings.

The main material and results. A new constructive-technological solution of coating
from the FEP with a corrugated base from the toothed elements of a pyramidal shape is
developed. In this case the FEP should have the shape of a regular polygon in plan. The three
options such FEP square shape in plan are offered. In the first option the base of the tile
comprises nine of toothed elements of pyramidal shape (the three pyramidal elements, located
in three rows). In Fig. 2 this is the first sample on the left.

Figure 2 — Samples of the FEP from gypsum, square shape in plan
with a side of a square is 120 mm, with different geometric shape
of the base and height of the prismatic part

In the second embodiment, the corrugated base is composed of five toothed elements of
pyramidal shape (one located at the center and the other four at the corners of the tile). In
Fig. 2 is the second sample from the left. The third embodiment — is tile with one toothed
element of pyramidal shape, positioned centrally. In Fig. 2 is the central sample. The fourth
sample on the left has the base a pyramidal shape with the angle at the vertex of the pyramid
900, and the fifth on the left, with a flat base. In our opinion a constructive solution, which
was developed, has several advantages. One of them is providing hard pinched of pyramidal
elements of each FEP of the coating in the underlying structural layer, therefore, its
displacement will tend to minimum. By changing the geometric shape of base of the FEP is
receive an additional seal of the underlying layer under the tile. An increase of the area of
bearing the base of the FEP on the underlying structural layer leads to transfer the load across
larger volume of the structural layer.It leads to the increase of the bearing capacity of the
coating from the FEP with corrugated base.

To determine the qualitative characteristics of the proposed coverage from the FEP plan
and methodology for conducting the experiment were developed, the materials and equipment
were selected. The purpose of the experiment - to determine the value of the longitudinal load
applied to the sample, considering longitudinal shift of the sample on 1 mm on the horizontal
and inclined surfaces. Parameter longitudinal load acting on the sample with shift gives us the
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opportunity to evaluate the work of the coating of tiles with various geometric shape of the
base. The tile having the greatest option of the load for fixed shear 1 mm has a greater shear
resistance. Coverage of such tiles is committed to maintain its original position.

In order not to get increasing of material costs for toothed elements, it is necessary to
reduce the height of the prismatic part of the tiles, so that the volumes of all specimens were
equal. By prototype traditional tile of square shape in plan is selected with a side of a square
120 mm and 50 mm high. For test specimens with the same configuration in plan with the
angle at the vertex pyramids 90° the height of the prismatic part was as follows: the FEP with
nine of toothed elements 43,3 mm; with five of toothed elements 46,3 mm; with by one
toothed element is 49,3 mm. It should be noted, that reducing of the height of the prismatic
part of the FEP with corrugated base slightly compared by height of the prismatic part of
traditional tile. However, the difference between the height of the prismatic part of the FEP
with a pyramidal base and a traditional FEP with a flat base (with a similar size in plan) is
about 20 mm.

Pilot-plant stand was made of metal pan with sandy structural layer (its thickness is
160 mm (Fig. 3).

886

Figure 3 — Scheme of experimental-production bench

The block is installed in the right top side of the tray from the outside. End-to-end to
the left end of the tray above the sandy layer was equipped with two indicator of gages, with
graduation 0,01 mm (model IG 10 MN) with accuracy class 1, designed to measure the linear
dimensions of both absolute and relative methods, definitions of deviation from the desired
geometric shape and arrangement of objects (tray and sample). According to the indicators
tracked the shift of samples under the influence of the horizontally applied load, and to the
right, next to the indicators, which were in a fixed state, was mounted the test sample on a
sand base. After mounting the sample in the design position initial performance of indicators
were obsered. For the experiments the samples were manufactured from gypsum with the
above parameters. Given the different density, the same samples of concrete on 0,98 kg is
heavier than gypsum. Thus, during tests the gypsum samples were uploaded on this value.

To the experimental sample the cable was attached to transfer the load. The cable
(depending on tasks) was located between the sample and the block, either horizontally or
with a slope, and behind the block — vertically downwards. One of the biggest factors, that
affecting the operation of coatings is the slope of the surface. Maximum allowable slope when
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the unit of pavements coatings are equal to 0,08, so the studies were carried out with the
minimum, maximum and intermediate of slope values. On a horizontal surface, the slope is
equal to zero, therefore, the intermediate slope is equal to 0,04.

To the lower end of the cable hanging the container on which incrementally was added
the weight in steps of 0,01 kg. When the indicators showed values of the shift 1 mm, the cable
with hanging on it loaded container was removed and weighed on an electronic Libra. The
value of the horizontal load was measured. For all experiments the density of the sand layer
before installation of the specimens was equal 1.65 g/cm”’ at humidity of sand 5 %. The results
of the experiments are presented in the table (Tab. 1).

Table 1 — The longitudinal load applied to the coating of single FEM flat
and corrugated shape of the base of the longitudinal shift element 1 mm

g{l;r;?ze?i Form of the base of FEP o f’l;ﬁz zh?f);ce rll;)}fg;;llll(liliiglfl;
applied load, g

1 Flat 0 990

2 corrugated with one toothed element 0 1360

3 corrugated with five toothed elements 0 1950

4 corrugated with nine toothed elements 0 1720

5 Flat 0,04 690

6 corrugated with one toothed element 0,04 1340

7 corrugated with five toothed elements 0,04 1420

8 corrugated with nine toothed elements 0,04 1560

9 Flat 0,08 680

10 corrugated with one toothed element 0,08 1030

11 corrugated with five toothed elements 0,08 1180

12 corrugated with nine toothed elements 0,08 1200

The experimental results indicated that the tile with nine teeth, located on a horizontal
surface, the resistance a horizontal load (load value at a fixed shift) is less than the tiles with
five teeth, ceteris paribus. But compared to a tile with a flat base and tile with one toothed
element in the base, the resistance at the horizontal load is higher. It is determined that the
resistance at the horizontal load is higher in tile with five toothed elements in 49,2 %
comparativly to tile with flat base, and in 30,3 % comparativly to tile with one toothed
element. In the case, when the tile has five and nine toothed elements the resistance at the
horizontal load should be larger for tiles with large number of teeth at the base. However, the
experiments showed that the horizontal load which is perceived by the tile with five toothed
elements, is in 11,8 % higher, than in the tile with nine toothed elements. This phenomenon
can be explained by the fact that the zone of deformation under by the projecting parts of tile
with nine teeth in the base overlap each other within the boundaries area of tile, and only the
contour part of the base of tiles resists to horizontal load. Sand is under the base of tiles,
between the teeth works, as a unit, and displacement of tile depends on the coefficient of
adhesion of sand particles between them. In the case of tile with five toothed elements,
partially the side faces of the pyramidal elements and the plane of the base tiles work.
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If compare the results of the experiment on inclined surfaces, the resistance to the
horizontal load is not much higher off the tiles with nine of toothed elements, than for tiles
with five (9 % with a slope of 0,04 and 1,7 % with a slope of 0,08). This can be explained by
the fact, that the perception of external influences by coatings located on sloping surfaces,
greater volume of sand off FEP with the nine toothed elements in base is actevated, than the
tiles with five teeth. If we compare the obtained parameters when the slope of the surface
equal to 0,04 we see that the resistance to horizontal load in the tiles with the nine gear
elements is 55,8 % 1is higher, than that of the tile with a flat base, and in 14,1 % higher than
that of tiles with a single toothed element. If the surface slope is equal to 0,08 resistance to
horizontal load in the tiles with nine toothed elements is higher in 43,3 % than in tiles with
flat base, and in 14,2 % higher than in tiles with 6 single toothed element. On the surface with
a slope of 0,08 resistance to horizontal load is higher by 29,1 % for tiles with one toothed
element, than tiles with a flat base, and for coating with a slope of 0,04 — 41,7 %.

At increasing of the area of the FEP base large amounts of an underlying layer are
utilized. To obtain the best option coating, the area of the protruding elements of corrugated
base should be calculated so that deformation zones under them do not overlap [14, 15].

Research of the coatings from FEP with a modified geometric shape of the base under
the influence of longitudinally applied load, have proved their advantages in comparison with
traditional coatings. However, during operation, on the coating not only horizontal but also
other types of loads (vertical, combined, etc.) are afected. In order to recommend in the
construction industry the FEP coverage with base modified geometric shape, it is necessary
more widely to study the characteristics of these coatings located on of horizontal and
inclined surfaces, that requires further laboratory and field studies.

Conclusions:

1. Coatings with base corrugated form of single FEP, located on horizontal and inclined
surfaces under the influence of longitudinal load, have been studied.

2. Values of the longitudinal load is the parameter which icharacterizes the ability to
prevent the FEP shift are determinate.

3. It was established FEP with a modified geometric shape of the base more efficiently
prevents the shift of coverage than the traditional FEP.

4. It was established experimentally that on the horizontal surfaces are more efficient a
coating of the FEP with a corrugated base of the five toothed elements, and on the inclined
surfaces — of the nine.

5. In order to recommend the FEP coatings with corrugated base in the construction
industry it is also necessary to study the effect of other types of acting loads.
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Ilonmascvkuii HayionanbHuti mexHiynuil yHigepcumem imeni FOpiss Konopamioxa

TEXHIKA TA TEXHOJIOTIS AE3IHTEI'PAIIL 1 TPABITAIIMHOT O
3BAI'AYEHHS PIIKICHOMETAJIIYHUX PY ]

Ha ocnosi ananizy koncmpykyiii 6i0yeHmpoeux KOHYenmpamopie oOIPYHMOBAHO GUOIp
anapama 01 30aeauenHs  piOKiCHOMemaniyHux pyo. Bukounamno oOocniodcenns npoyecy
NOOpPIOHEHHsT NIPOXTIOPOGOI pyOu 6 MAUHAX PI3HO20 MUny ma 6CMAHOGIEHO OOYINbHICHb
3acmocy8ants MIUHIE YOapHO-8i0YeHmosoi Oii 015 3a0e3nedueHHs CeleKmUGHOCII PO3KpUmMmisL
Minepanie. Memooom aKkmueHo2o excnepumenmy OoOIPYHMOBAHO PAYIOHANbHI MEXHIUHI ma
MEXHONI02IUHI napamempu MIUHa YoapHo-8ioyenmpogoi 0ii. Ilpoananizoeano eniue cnocodie
oezinmezpayii Ha MEeXHON02IYHI NOKA3HUKU 30a2aueHts piOKicHoMemanegoi pyou Ma3ypiscvkoeo
poodosuwa y 8ioyeHmpogomy Konyenmpamopi Henvcona.

Knrwowuosi cnosa: sioyenmposuii KoHYyeHmpamop, pyoonio2omosKka, —2epagimayitine
30a2avents y 6i0YeHmpo8omy noi, Oe3iHmezpayis, MIUH YOAPHO-BIOYEHMPOBO2O MUMNY.
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Introduction. Development and improvement of technical devices for the enrichment
of rare-metal ores is an important issue of mining machinery manufactoring. This is due
to specific properties of processed raw materials - rare metals, which are more often poor and
finely disseminated. Traditional gravity-based machines and methods of beneficiation of such
ores do not provide sufficiently high recovery of metals into rough concentrates.
Thus, long-term investigations of rare metals ores enrichment of Mazurovskoe deposit (the
only in Ukraine) by various research organizations in order to develop effective technologies
of enrichment did not reach positive results. Extracting the most valuable mineral —
pyrochlore, — at the best case did not exceed 35+40 % [1].

The general trend of involving the poor rare metal raw materials into processing and
reducing the size of valuable components grains in it need to solve the problem of processing
of finely disseminated ores and encouraging of dump products of enrichment, accumulated
over a long period of processing plants operation.

Low in pyrochlores recovery values independently from methods of enrichment are
due to dissemination of niobium ores, and related to it necessity of grinding them to a particle
size 0,071 — 0,044 mm. Due to the high fragility of pyrochlore and its lower strength, in
comparison with other minerals of the ore, it is taking place its regrinding and formation of
oily spot on the surface of rock constituents, inclusions of pyroclore on the high layer of
albite, microcline, nepheline grains. Surface properties of these minerals are changed, contrast
of their properties is redused and, as a consequence, the efficiency of enrichment.

Improvement of ore preparation by investigation of the known methods of selective
disintegration, selection and justification of equipment and technologies that provide the least
regrinding of pyrochlore, and high indicators of its extraction in the conditions of
gravitational enrichment, is a relevant task.

Analysis of recent research sources and publications. In terms of broad involving
poor disseminated rare metal rau materials in to processing, the main direction of
development of gravity-based means of separation has become the theoretical substantiation
and development of technologies and devices for the enrichment of fine-grained and fine-
dispersed materials.

The gravity-base method is used to enrich the ore of a sufficiently wide range of grain
size from 500-600 mm (heavy-medium separation) to 0,005 mm (in centrifugal
concentrators). This method is environmentally friendly and in many cases the least
expensive. Principles of gravity-based separation is widely used both in the direct enrichment
of various ores, and in ores preparation for products classification and dehydration.

There has been created a scientific base of gravity concentration [2 — 3]. The efforts of
researchers and designers has always been focused on two main and interrelated issues:
improving the accuracy of ore components separation and improving processing equipment
productivity.

At first this problem was solved by reducing the thickness of the slurry flow in the
devices of gravity concentration, and decrease in flow rate of the pulp. There have been
proposed gateways of small filling with different kinds of trapping coatings, which were
operated successfully. There appeared slurry concentration tables with shallow ariplane
and without them (Hollman), multideck slurry concentrators with periodic flushing of
concentrate (Moseley), tape slurry concentrators with continuous discharge (Crossbelt), were
improved multideck cone separators (Reichert), were widely used screw-gateways [4].
However, while reducing the particle size of enriched material to ensure high quality
performance it was always necessary to get significant diminished performance of separators.
Attempts to apply high-frequency vibrations of pulp in the apparatus with a thick layer of
concentrated particles during isolation and on vibrating chutes were unsuccessful.
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Today the greatest prospects in creation of machines and technologies for the
enrichment of fine-grained and finely disseminated ores, sands, and anthropogenic materials
are associated with the use of centrifugal separators of various types [5], in particular, the
pressure and free-flow. The former appeared in the middle of the last century and represented
the hydrocyclones with the truncated conical portion, the so-called short-head hydrocyclones.
They provided a relatively high degree of concentration of high density valuable components
under a small output of concentrate. In devices of such type the movement of slurry flow is
turbulent by nature, that definitely leads to intensive intermixing of the material, which is
divided, and decreasing accuracy of the gravity separation.

At the end of the twentieth century there were developed the first designs of free-flow
centrifugal gravity concentrators, that have given new opportunities in gravity-base
concentration [6]. The successful and wide application of these devices in mining and
concentrating plants confirmed the high perspectivity of further research and new design
developments in this direction.

Centrifugal field in separators or concentrators is created by means of twisting of flow
that freely moves in the apparatus, the wall of the bowl that rotates. A necessary condition for
centrifugal enrichment of minerals in water environment is the availability of transport
(flushing) flows in the direction that does not coincide with the force vector of the centrifugal
field. In free-flow centrifugal gravity concentrators, feeding moves along the axis of rotation
to the central part of apparatus bowl. Suspension is tightened to forced rotational movement,
forming a three-dimensional spiral stream. The material is stratified throughout the trapping
surfaces of rotating [7].

The main advantages of centrifugal concentrators in comparison with other devices of
gravity concentration are: large specific capacity, high degree of concentration; high recovery
of small and fine particles of heavy minerals; the ability of operational management of
concentration degree.

Numerous designs of free-flow centrifugal gravity concentrators have different technical
and technological parameters. The choice of apparatus design which will provide high rates of
separation of ore minerals of a specific type of ore, and justification of machine technical and
technological parameters remain non formalized procedure.

Taking into accound that pyrochlore ore, to which Mazurovskoe deposit ore belong to
are easily overgrinded and centrifugal concentrators do not provide a high separation ore
performance while working with material smaller than 0.02 mm, it is important to choose a
mill for grinding.

For a long time the study of the selective grinding of pirochlore ores did not attract
appropriate attention. Ores disclosure is carried out by methods which are based on minerals
grinding, which are not specifically aimed at the destruction of their planes of cleavage [8].
When the final aim of grinding is to form the possibly new material surface per unit of energy
expended, this goal is not only inconsistent with, but contrary to the basic objectives of ore
preparation for beneficiation, as it does not conform to the principle «not to split anything
extra». This is one of the reasons that the preparation of the ore remains the most
energy-intensive, cost and badly managed operation in ore processing technology [9].
With the increasing of specific surface area of the grinded material, it occurs the aggregation
of particles, there arise considerable efforts of molecular interactions that begin to exceed the
force of separation, that leads to the reduction of the benefication selectivity [10].

The ores selective disintegration in apparatus of different designs was studied in many
works [11, 12]. Ores desintegration process in mills of impact-centrifugal type were
studied in many works [13, 14]. In the work [15] for the first time there were identified.
Some commen factors of rare-metales ore grinding of several foreign deposits.
Some conclusions have been done. They are: in these ways of the disintegration the bulk of
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massive material is being destroyed by the planes of cleavage. Ores and mineral grains
destruction character as a result of milling is largely determined by structural features.
Even at the same compressive, tensile or shear loads, the stress state and deformation
of the ore lumps and separate grains will be difficult. So, under the destruction of the calcite
grains by separation in terms of cleavage area on the destruction surface there are formed
ledges (steps) on which shear deformation are develop. Under the destruction of
polycrystalline ore by stretching, displacement or compression there are always plane
shear and detachment [11, 12, 15].

The selection of the general problem parts, which were not resolved before. In the
work [16, 17] there were initiated the study of the process of disintegration of rare metals ore
of Mazurovskoe deposit. This work is a continuation of previous studies that have not yet
evaluated the choice of the rational design of centrifugal concentrator to enrich finely
disseminated ores of Mazurovske deposits and to justify the technical and technological
parameters, to select grinding mill type and study the influence of grinding ore methods on
the technological indicators of enrichment in a centrifugal field.

Statement of the problem. The aim of this work is to justisy the rational design of
centrifugal concentrator and study the effect of disintegration methods on the ore benefication
index in the separator of centrifugal type, to study the process of selective disintegration of
Mazurovskoe niobium ore deposits in grinding apparatus of various types, to justify rational
method of ore grinding and technical and technological parameters of the process.

Main material and results. When investigating there were used the basic types of
Mazurovskoe ore deposit — mariupolite, mineral and chemical composition of which is given
in the work [17]. Pyrochlore is the only the actuall niobium mineral of Mazurovskoe deposit,
in which the mineral grains are in small amount (0,15-0,17 %) and forms small breeding
clusters of small grains in albite, seldom - in lepidomelane and aegrine [18]. Pyrochlore has
the form of automorphic isometric small grains (0,005-0,030 mm, sometimes up to 0.05 mm)
and crystals of octahedrites shape of reddish-brown or yellowish-brown color, with a greasy
luster. Pyrochlore density is 4,2 g/cm’, the strength according to the Mohs scale — 2...3 [19].

Experimental study of ores grinding and determination of the optimal design of the
disintegrator included the study of the kinetics of comminution and disclosure of rare-metals
ore in the mills that implement various physical principles of grinding. There has been tested
a bullet, rod milling, grinding in the mills of impact-centrifugal type.

The presence of fine pyrochlore ore minerals disseminations in Mazurovskoe deposit
ores requires ore grinding to the size of 0,063+0,044 mm for a more complete disclosure of
aggregates. On the other hand, such fine grinding leads to the formation of large amounts of
sludge (up to 27 % of the original ore), and it is lost at least 15-20 % of Nb,Os. Extraction of
valuable components from the sludges is rather problematic. Therefore, the main criterion for
the choice of the mill construction was a low level of valuable components losses from the
sludge by crushing, and a high degree of disclosure on cleavage contacts of minerals.

In the study of different disintegrants, the primary assessment of ore grinding
effectiveness, in accordance with the first criterion (reducing losses with sludge) was carried
out by the comparison of the sieve composition of crushed products and distribution of
component in size classes. These data are presented in Fig. 1, 2.

From these data it follows that for the main types of Mazurovskoe deposit ore —
mariupolite, — for grinding methods in ball and rod mills one can see an increase of content
of niobium pentoxide in grinded products in the interval of —-0,09 +0,010 mm size
(maximum in the interval of —0,02 +0,01 mm). For impact-centrifugal milling method, high
content of pentoxide of niobium in the grinded product was observed in the range
of -0,056 +0,044 mm (Fig.1).
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from the particle size of crushed product and the method of disintegration

30,0

25,0

20,0 4

output, %

~\

15,0 1

AN
//'A\Zf;z
'4//

Fy R o N e e
SN el St o ot oy N e A~
% o WX a & D:D* o
I e A e e of s
s Y 5 " = g
o Lt Pt Pt

1

—@— centrifugal mill —8— rod mill —&— ball mill

Figure 2 — Dependence of the classes emission from the particle size
and the method of disintegration

The maximum output of the crushed material for grinding in a ball and rod, mills have
the class from —0,044 to +0,02 mm (Fig. 2). For centrifugal grinding mill the maximum is in
the class from -0,08 to +0,071 mm. This is probably due to the different strength of
pyrochlore and host rocks.

The analysis of niobium pentoxide distribution on size classes showed that the removing
of pentoxide of niobium in sludge (-0,01 mm) is the lowest when grinding in a centrifugal-
impact action mill — not higher than 0,03 % (relative), the highest is up to 12 % of niobium
pentoxide — when grinding in a ball mill.

The results of the gravitational analysis of the crushed material made by the method
[20], showed that unlike with other methods of disintegration, the maximum value of niobium
pentoxide extraction in a heavy fraction with a density above 2,8 g/cm’ is in size of
0,071+0.050 mm when grinding in a mill of impact centrifugal action. In this type of
disintegration niobium pentoxide losses are minimal.

Disclosure data of the investigated variety of ore — mariupolite — during disintegration in
apparatus of different designs are given in Table 1 (assessment of disclosure was conducted
on non-metallic component). As you can see, the degree of their disclosure after various
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grinding methods varies widely. Evaluation of the results was performed using the indicator
of ore preparation effectiveness of ore disclosure in accordance with the formula for its
determination [15].

The calculated value of this index for each method of disintegration is given in Table 1.
Based on this comparison, the most acceptable were centrifugal impact grinding, which
greatly exceeds in the efficiency the grinding in the rod mill type. It is characteristic, that the
value of the indicator of the effectiveness of ore pretreatment on disclosure of ore for this
method of disintegration is close to unity, which indicates a preferential disclosure of ores for
the planes of cleavage.

Comparing the evaluation results of the ores disclosure selectivity by various methods,
we must say that for ores of Mazurovskoe deposits, grinding in a mill of centrifugal-impact
type gives the best results. Thus there is a selective destruction of both ore and non-metallic
(albite, microkline, nepheline) minerals. The degree of destruction is determined by the
characteristics of ores and methods of disintegration. The data, confirming the existence of a
selective destruction of ore, is shown in Fig. 1, 2 and in Table 1.

Table 1 — Evaluation results grinding of mariupolite

Output of class, % Contents Nb,Os, % L g

The methods of z 2= | =
Q C|> <2,81>2,8|<2,8[>2,8|<2,8[>2,8|<2,8(>2,8 % E %é L
A @ o 3| = @
< LE|C S
s v I| o H

I o S| %

~— j:_) = o]

E 5| s
Ball mill 96,3 |43,84(0,96 |51,77(3,43 |0,070{2,95 |0,040(0,59 | 77,4 | 0,38
Rod mill 94.8 |37,68|1,22 |56,87|4,23 (0,068(3,01 |0,038|0,82 | 71,2 | 0,48
Eﬁa"“’enmf‘lgal 93,5 |18,30(1,60 |74,16|5,94 [0,027/0,92 [0,023(4,70 | 93,7 | 0,87

In cours of mariupolite crushing, - there is a significant increase in the mass fraction of
niobium pentoxide in thin classes. This increase can be used for fractionated enrichment of
large and small classes after grinding. But such fractionation should provide high
performance technology to extract of niobium pentoxide from thin classes. Based on the
criterion of better disclosure of ores, as determined by the degree of expansion and the
efficiency coefficient of pretreatment on disclosure of ores, the rational design of the mill for
Mazurovskoe deposit ores is a centrifugal-impact type apparatus.

To justify the optimal technological parameters of ore selective crushing, investigations
were carried out in JII1-0,36 centrifugal mill of centrifugal impact type. The mill was
equipped with a dynamic centrifugal separator and dust cleaning system.

The dependence of the content of class —0,044 mm (C, %) in the crushed product on the
peripheral speed of the rotor of centrifugal mill (V), the load on the mill in the original ore (Q)
and size of original ore (d) were studied using active experiment. For planing of the
experiment there was used rotatable central compositional plan of second order [21].
The main levels, the intervals of variation of factors and the study area boundary given in
Table 2, have been selected on the basis of apriori information and the results of preliminary
experiments.
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Processing of results of experiments and analysis of regression models was performed
using the module «Design of experiments» of statistical software Statgraphics Plus 5.1 [23].

Adequate model (R* = 99,5 %) taking into account the importance of factors given in
normalized (coded) form received as the regression equation:

C =50,409 +9,71388 X, —8,01511X, —4,98155X, —1,97968 X —

(1)
—-0,99625X,X, —0,89375X,X, +0,848765X
Table 2 — The main levels, the intervals of variation of factors
and investigation field boundaries
Main levels
Parameters Marking | Code | Unit

+1,682| +1 0 -1 -1,682
Angular velocity
(peripheral speed) 14 X, | m/sec |88 | 8 | 70 | 60 | 53,8
of centrifugal
mills rotor
Size of output ore d X mm 18,7 16 12 8 5,3
Consumption of 0 X, | ke/m | 2841 | 2500 | 2000 | 1500 | 1159
output ore

The values of the regression coefficients in equation (1) determine the strength of
influence of the relevant factors or their combinations on the magnitude response function,
and the sign before the coefficient, - the nature of this influence. As you can see, the content
of the class —0,044 mm in the original product are mostly affected by peripheral speed of the
rotor of the centrifugal mill and the particle size of the original ore. But we must take into
acrount that the factors X; and X3 enter the equation in the form of quadratic terms, that leads
to an underestimation of their influence on the response function when evaluating the
magnitude of the regression coefficients.

Analysis of the regression model, implemented using the statistical software
«Statgraphics Plus 5.1», showed that the increase of peripheral speed of the centrifugal mill
accelerator leads to a notable increase in the content of the class —0,044 mm
in the original grinding product. The growth of the content of this class is slowing down
slightly when you change the peripheral speed of the accelerator from 80 to 85-87 km/h.
Speed 85-87 m/sec. can be considered optimal for the model of centrifugal-impact action mill.

The increase of original ore size, feeding to the grinding, leads to a decrease of the
content of the class —0,044 mm. The highest content of this class occurs when grinding small
ore particles size 6-4 mm.

Finally, the increased load on the centrifugal mill in the original ore, also leads to a
decrease in the content of the class —0,044 mm in the finished product. Optimal one according
to this criterion of load should take 1100-1200 kg/h.

As it is known, the separation efficiency of a mixture of minerals in a centrifugal field
depends on the mobility of the mineral bed in the bowl of the concentrator. Therefore, when
designing devices of this type, the main efforts are aimed at finding effective ways of
breaking the minerals in the zones of concentration of heavy fractions in the separator. T
oday there are several ways of loosening of mineral bed designs of centrifugal concentrators
are differed [24]:

— due to the reversal translational harmonic vibrations of housing - drum, which rotates;
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— with the help of special scrapers;

— with the help of a water jets applied to the surface of the pulp, which rotates;

— with the help of trapping cone vibrations;

— by changing the radius of the trapping cone surface;

— by supplying pressurizing water from the external side of trapping cone through the
holes in it.

Let's analyze the basic structural differences of these separators (Fig. 3). In separators of
the first type of the separation of minerals occurs in a thin layer of slurry, which is fed onto
the inner surface of sebokeng rotating drum (Fig. 3a). For loosening of adhering particles the
drum makes along the axis the reciprocating harmonic vibrations with frequency and
amplitude, which provide loosening (rosperity) of grains of the bed in which heavy particles
of minerals are trapped.

feed auger with scrapers

water 7
4N 7 /

+—~i— A —

concenirate —

Figure 3 — Design features of mineral bed loosening [11]:
a — due to the reciprocal harmonic of the drum shell; b — using knives;
¢ — using jets of water that are fed to the pulp surface which rotates;
d — due to the change of the radius of the surface of the bowl (floating bed);
e — using the vibration of the bowl; f — by supplying water under pressure from the
external side of the bowl through the holes in it.
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Discharge of the concentrate is carried out using scrapers attached to the edges of the
screw, which rotates with the frequency slightly lower the frequency of the drum rotation.
This ensures the movement of the concentrate in the direction opposite to the direction of the
pulp flow. The concentrate is additionally washed with fresh water. The enrichment in a thin
layer of the pulp provides the highest separation index of small size particles
of 5-6 microns. However, the productivity of such machines is small due to the fact that the
pulp layer has a thickness of only 1-2 mm. For example, MGS industrial separators with drum
diameter of about one meter have a capacity of 1,5-3,0 t/h [24].

Most of the existing separators of other types have a conical working bodies — cup,
installed vertically or horizontally. The process of separating in them is involved in such a
way. Pulp by itself, enters the lower part of the bowl that rotates. Under the action of
centrifugal force, mineral particles are discarded to the walls of the cup and, rising up, fill
annular recesses (riffle) in it. It is formed a bed of mineral particles. Slurry passing over the
surface of the bed, loosens the layer of material to a small depth where sequestration of heavy
grains take place. Light particles are displaced by the heavy ones and fall in the tails.
Heavy particles are concentrated in riffles, until the filling of merifluor space and compaction
of the bed. If not to loosen the bed, it will quickly be thicken, and in 10-15 minutes separation
of heavy particles almost stop.

Rosperity of concentration of heavy fractions zone contributes to the penetration of the
heavy minerals in the depth of bed so that lengthens the process of effective enrichment up to
several hours. A way to hang the linen greatly affects the efficiency of the separation process
in a centrifugal concentrator.

Centrifugal concentrator with a loosening of bed by scrapers (Fig. 3b) appeared on the
market of mineral processing equipment in the early 1980-es in Australia [25].
While processing output material in such separator the amount of useful material in the
concentrate to output ore is increased in 100-600 times. The removal of minerals with
density of 8000 kg/m3 and a particle size of —2,0+0,2 mm — up to 80 %. A serious drawback
in the design of the separator, and primarily in the method of bed loosening, is that even small
performance gains (10+15 g), imposed on the pupl flow, compress the material in that part of
riffles where scraper is missed, to such an extent that it is necessary to cut down while
unloading concentrate. Howerer this part of valuable components is lost.

The design of the concentrator with bed loosened by water jets (Fig. 3c), which is supplied
to the inner surface of the bowl is rotating, similar to the previous one, where instead of the
scrapers along the radius through the holes of the hollow shaft they receive jets of water which
loosen up the surface of the bed [26]. Many models of this concenterator are offered abroad, but
the difficulty of adjusting the mode of separation, a significant impact on the process of
loosening vibrations of the granulometric composition of pulp feeding, pressing interriffles
space, difficulty rinsing of concentrate is not allowed to create a competitive machine.

Another construction of centrifugal concentrator with the bed loosening by changing the
surface radius of the catching bowl (Fig. 3d) appeared in the 90-es of XX c.
almost simultaneously in several countries. A special feature of its design is wrought catching
vertical bowl made from polyurethane. A bowl, obtienen from three or four sides by the
rollers, takes in its upper part the form of a triangle or square with smoothed angles.
Settling in the interriffles space of the bowl, the particles, moving, periodically approach and
receed from the axis of the bowl rotation. The bed is loosened mechanically with level of
loosening depending on the frequency of the bowl rotation. On the heavy minerals
concentrated in bowl riffles, there are overlaid variables on the rate of acceleration,
and changes of the shape of the bowl surface provide the hanging of particles, that
creates favorable conditions for separation. The main disadvantage of these separators is
the lack of strength of the cup in rough use, which can withstand large alternating loads
and connected with it energy intensity drive due to the need of the compressive rollers
moving in the bowl [28].
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Centrifugal concentrators with a bed loosening by using vibrations (Fig. 3d) of trapping
cone (bowl) in which the regulation of concentrate solidification process is carried out by the
blow vibration creating a circular planetary oscillations of the axis of the bowl rotation with a
frequency of 150 Hz and an amplitude of 1-3 mm, were not used widely in industry on core
operations through low productivity [27].

In the apparatus with the bed loosening due to water pressure (3e), which is supplied
from the external side of the catch bowl through the holes in the bowl container to prevent the
pressing of concentrate in riffles from the outside of the bowl towards the settling of mineral
particles, water is supplied under pressure. Water jets create a common pressure gradient in
riffle directed toward the centrifugal field, loosen concentrated layer of minerals, creating
favorable conditions for the enrichment process. The ability to control the pressure of water
supplied to the cup, allows to adjust the degree of bed loosening in concentrate riffles,
which in turn creates optimal conditions for the concentration of minerals of different density
and size. The degree of concentration in the separator of this type is up to 3000.
The disadvantages of this device include low extraction of particle size of less than
0,02 mm (40-60 %) and the need for individual, experimental selection of water pressure for
each type of mineral raw. At the same time, these concentrates are most widely used in
industry, as in practice of enriching the necessity of crushing ore to a particle size less than
0,02 mm for the disclosure of minerals rarely occurs, and selection of the required water
pressure for a particular type of mineral raw materials is not difficult [29].

Analysis of structures for free-flow concentrators, results of comparative tests of
equipment of various types [30], allows to recommend centrifugal separator of the latter type
for the benefication of rare-metal ores of Mazurovskoe deposit.

In Fig. 4 it is showd a scheme of a centrifugal concentrator construction, which explains
the principle of the appararus operation. Separation of minerals in this concentrator occurs in
the followsing way. Pulp a long the supply tube 6 is fed into the bowl 3 and sinks to the
bottom. Under the action of centrifugal forces particles of the solid phase are displaced on the
inner walls of the bowl to the top and consistently fill the riffles 2. Towards the particles
motion from the holes 4 in riffle water jets are supplied from water jacket of the cup 5.

The water flow in the separator cup provides the advantage that the feed, concentrate
and tails are less thickened, which prevents the silting-up of discharge lines.

The combination of gravitational acceleration high force (from 60g to 200g) and the
original process of cultivation bed loosening by water provide such design with the higher
degree of extraction of heavy mineral grains. With that it is achieved the maximum degree of
reduction, full automation and concentrate saving (which is important, because of the high
cost of rare metals concentrates). The capacity factor of such equipment reaches 98 %.

The design of the concentrator of periodic action, which implements this method of bed
loosening is shown in Fig. 5. In the enclosure of the apparatus, there closed a removable cover
from the top 5 there is a shaft unit 8, mounted in two bearing supports. On the rotor there is
mounted the bowl (cone) 6 with a water jacket. On the inner surface of polyurethane bowls
special annular grooves — riffles are made, which accumulate the heavy fraction of material,
which is separated. Water from the water jacket is fed into the middle of the bowl under slight
pressure through the openings systam in the bore walls. At the bottom of the bowl there is a
special plug-in cone 7, which prevents rapid wearing process of the bowl bottom.
On the alternating cone, it is fixed baffle plate 1, which serves for distribution of supply pulp.
Concentrate supply by the pulp is carried out through the supply pipe 2, which passes through
the removable lid. Through a multiport node 11 and the sealing sleeve 9 it is used the supply
of water into the bowl of the concentrator. Erosion of compacted sludge is carried out through
a chute 12. Benefication tails are discharged from the apparatus via a plug-in nozzles 4, a
removable lid 5 and slot. Rotation of the concentrator bowl is provided from the electric drive
through a belt drive and pulley on the rotor shaft 8.
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Figure 4 — diagram of the concentrators:
1 — concentrate removal chute; 2 — the annular grooves (riffles); 3 — concentrator bowl;
4 — holes for water flow; 5 — water jacket; 6 — supply pipe

Figure S - KNELSON KC-XD
concentrator with periodic loading
out of the concentrate:

1 — reflective plate;

2 — supply pipe;

3 — changeable wearing skirt;

4 — changeable nozzles for discharge of sludge;

5 — removable cover;

6 — resistant polyurethane bowl;

7 — changeable wearing cone;

8 — rotor with removable shaft;

9 —seal sleeve;

10 — drain plug sediment;

11 — multiport junction;

12 — concentrate washing out shute

Figure 6 —- KNELSON CVD-32-2

concentrator with continuous loading

out of the concentrate:
1 — the second concentration ring;
2 — the first concentration ring;
3 — air supply;
4 — supply pipe;
5 — collection of tails;
6 — valves;
7 — water jacket;
8 — concentrate collections;
9 — tailings loading out chute;
10 — concentrate loading out nozzles;
11 — drain pipe;
12 — electric drive
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The concentrator operation is carried out in the following way. Enrichment cycle begins
with water supply from the water jacket through the holes system in the walls of the bowl
(in riffles) in the middle of the bowl under a slight pressure. Then along the supply pipe in the
bowl pulp is fed. Upon reaching the flow allocator at the bottom of the cocentration bowl,
pulp is directed upwards under the action of centrifugal force. The solid phase of the pulp fills
the annular grooves (riffles) from the top to bottom. Upon accumulation of solidphase in the
bowl there is formed a concentrational bed. Particles with high specific gravity are
concentrated in riffles of the bowl, while lighter particles of gangue material are forced out of
the bowl into the tailings chute.

After the completion of the established cycle of enrichment it occurs flush of
accumulated concentrate in the concentrator chute through the original multi-port node.
This operation is carried out automatically and takes maximum 2-3 minutes. While washing
out staff access to concentrate is excluded which ensures their safety.

During machine operation all the particles in the concentrator bowl are under the
influence of centrifugal force, the magnitude of which is regulated depending on the particular
application conditions. The choice of the optimal rotor speed is based on several technological
factors, such as the results of laboratory testing, specific gravity of heavy mineral grains and
rocks, granulometric composition and content of useful mineral in the ore.

The concentrators with continuous discharge of the concentrate (Fig. 6) differ
structurally from the series XD. They are specially designed for the case when it’s necessary
to have high output of the concentrate, which cannot be achieved in concentrators with
periodic loading out. In these concentrators water is used for loosening the bed that serves in
the middle of the bowl through the system of holes in the bowl walls, and high centrifugal
accelerations. Pulp feed supply and loading out of the concentrate takes place simultaneously.

The work of the concentrator is taking place in the following way. First, in the middle of
the bowl from a water jacket water is supplied through a system of holes in riffles. Then the
supply pulp is fed through the supply pulp into the bowl.

Having reached the bottom of the bowl, the pulp under the centrifugal force effect is
pushed up on the cup walls to a concentration of grooves (riffles). The pulp solid phase fills
riffles, forming a bed. Water supplying into the bowl, provides more effective catching of
the grains of the heavy fraction in riffles. The valves are actuated by compressed air, so the
operator can regulate the concentrate output, if it’s necessary, - apart from each ring.
The concentrate is sent into the concentrates chute, and the tails are dropped through
the upper part of the bowl into the tailings chute.

Under the pilot conditions the experimental «Azov-Mineraltechnika» wash house there
were carried out investigations on the influence of methods of desintegration on the ore
benefication index in the separator of centrifugal type. The original output ore was divided
into two parts of approximately of 120 tons, one of which was grinded in the traditional ball
mill of the MPs 1200*1200 type, the other - in a centrifugal mill of DC-0,36 throwing
type. Both grinding devices worked in closed circuit with a separator of a transmission
type. Milling was carried out to a particle size of 0,10 mm.

Ready-crushed material after each of the grinding devices again were divided into
two parties, one of which was used directly for the preparation of pulp and served in a
STS-400 centrifugal concentrator — the equivalent of the KNELSON CVD concentrator.
The other party was subjected to magnetic separation at drum magnetic separators of
Cb-25-100/0,25 and Cb-25-100/0,6 type for providing of optimum content of intermediate
density minerals in the ore; then also it was served for the pulp preparation.

There were compared the results of minerals separation in a centrifugal field with
different methods of grinding, and with different contents of minerals of intermediate density.
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We investigated the nature of the pyrochlore grains disclosure with chosen grinding
methods, the nature of pyrochlor grain distribution in size, and content of pentoxide of
niobium in various size fractions, and the impact of weaken effect of the centrifugal mill on
the process of consequent recovery of pyrochlore in gravity-based ore benefication in a
centrifugal concentrator.

The main method of determining the content of chemical elements in grinded and enriched
products was x-ray analysis. The mineral composition of samples was controlled by optical
method using a microscope, particle-size composition — sieve and sedimentation method.

The results of the analysis of ore grain-size classes are given in Table 3.

The ore crushed in the ball mill was divided into two technological samples weighing
about 60 tonnes each, after that one sample was sent for benefication in a centrifugal
concentrator, and the other one to magnetic separation. Magnetic separation was carried out
in induction on the drum separator surface of 0,15 Tesla and 0,55 Tesla.

Table 3 — Grain-size classes distribution (Nb,Ta),0Os in maripolite, grinded to 0,1 mm

Grinding in a ball mill Grinding in a mill of impact-
Grain-size classes, centrifugal action
mm o o
2 4 S n 2 - =BT
5 O £ 0 5 O =¥e)
. EF |22 |, 22 |33
2. s = =i 2. w = =i
= S 2 Rz = 5 = Nz
kS SZx A2y |6 SEx |AEw
+0,074 6.4 0,060 3,84 16,3 0,052 8,48
-0,071+0,063 19,3 0,070 13,51 27,2 0,066 17,95
-0,063+0,050 29,5 0,080 23,60 20,1 0,095 19,00
-0,050+0,040 15,0 0,090 13,50 17,7 0,150 26,55
-0,040+0,020 10,5 0,101 11,36 8,9 0,170 15,13
-0,020+0,010 6,2 0,150 9,30 4,1 0,126 5,20
-0,01 13,1 0,190 24,89 5,7 0,135 7,69
Output material 100,0 0,100 100,00 100,0 0,100 100,00

The results of the ore minerals separation into heavy and light fractions without a
preliminary partial recovery of minerals of intermediate density are given in table 4; with
preliminary removal — in table 5.

Table 4 — Indicators of ore benefication in Nelsons concentrator
without preliminary extraction of intermediate density minerals

Grinding in a ball mill Grinding in a mill of impact-
Products of centrifugal action
benefication a o
S @ g S g 4
53 |€9 53 |£9
IS o = o~ I o =5 o~
i 52 |Ee 12 28 |2E
= g 2 22 = s 2 2 o
S Séx |Aéw O Séx AR
Heavy fraction 4,39 1,110 48,52 3,22 2,030 65,37
Light fraction 95,61 0,054 51,48 96,78 0,036 34,63
TOTAL: 100,0 0,1000 100,00 100,0 0,100 100,0
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Table 5 — Indicators of ore benefication in Nelsons concentrator
with the preliminary extraction of intermediate density minerals

Grinding in a ball mill Grinding in a mill of impact-
Products of centrifugal action
benefication a o
S @ g S g 4
5O =Ko} 50 k=Ne)
o - ) -
2 2& 2 |2 2o |G
= S 2 22 J= S 2 22
S Séx |[Aéw O Séx AR
Heavy fraction 3,79 1,36 55,54 2,52 3,22 77,25
Light fraction 96,21 0,049 44,46 97,48 0,028 22,75
TOTAL: 100,0 0,1000 100,00 100,0 0,100 100,0

Analysis of research results shows that the use of selective grinding in a mill of impact-
centrifugal action type allows to get more complete disclosure of pyrochlore in coarser
heavier grain-size classes. As a result, a centrifugal concentrator allows to increase in such
grinding the mass fraction of niobium pentoxide in the rough concentrate to 2,03 % in
extraction 65,37 %.

Partial recovery of intermediate density minerals prior to gravitational enrichment in a
centrifugal field leads to a substantial increase in the degree of pyrochlore extraction,
especially in the case of ore grinding in the mill of impact-centrifugal type. The mass fraction
of niobium pentoxide in this case is 3,22 % in extraction of 77,25 %.

Prepared in this way ore is enriched in a centrifugal gravity-based separator with high
recovery — 35 % (relative) higher then pyrochlores extractions from the ore, prepared in a ball
mill. At this the content of niobium pentoxide in draft concentrate (2,03 %) is almost twice
higher its value in grinding ore in a ball mill (1,11 %).

Preliminary removal of intermediate density minerals from the ore leads to a further
increase in the degree of pyrochlores extraction in centrifugal grinding - by 39.1 % (relative),
in comparison with the grinding in the ball mill.

Conclusions.

1. The mill of impact-centrifugal action is an efficient machine for grinding of rare
metals ore of Mazurovskoe deposit from the point of view of minimization of niobium
valuable component losses with slurries, and disclosure of minerals. At this there takes place
selective destruction of both ore and non-metallic (albite, microckline, nepheline) minerals.

2. Disclosure of minerals in this mill is taking place in coarser class — 0,08+-0,071 mm. It
promotes the growth of gravitational enrichment indicators. The minerals output of the
«technological» (the most open) class at this significantly higher.

3. Optimal technical and technological parameters of the mill of impact-centrifugal
action are: peripheral speed of the rotor — 85+87 m/sec., the ore output productivity —
1100+1200 kg/h., the initial ore particle size of 4+6 mm.

4. Design of centrifugal concentrator with bed loosening by jets of water is optimal for
the separation of pyrochlore ore minerals of Mazurovsky Deposit.

5. The ore, grinded in a mill of the impact-centrifugal action type, is beneficated in the
centrifugal gravitation separator with the recovery extractions higher (relative) on 35 % then
pyrochlore extractions from the ore, prepared in a ball mill. At this the content of niobium
pentoxide in rough concentrate (2,03 per cent) is almost twice higher its value in grinding ore
in a ball mill (1,11 %).
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RATIONAL ORGANIZATIONAL AND TECHNOLOGICAL
DECISIONS ON THE GRAIN STORAGES CONSTRUCTION
OR RENOVATION SITES

The article presents a method for choosing rational organizational and technological
decisions at the grain storages construction or reconstruction sites using the results of the
author's experimental and theoretical studies. It is given conditions analysis for the
investigated enterprises operational activity. The obtained experimental statistical
dependencies of the indicators change of such operational activity from the varied
organizational and technological factors and the developed algorithms allow choosing
rational organizational and technological decisions for the elevators construction and
reconstruction based on the construction site conditions analysis and on the effective
planning.
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Hixighopoe A.JI., acnipanm
Ooecvka depacasna akademis 6yO0isHUYMEA | apximekmypu

BUBIP PAIIIOHAJIBHUX OPTAHIBAIIIMHO-TEXHOJIOT'TYHUX
PIIIIEHDb HA OB'€EKTAX 3 BYJAIBHUILITBA
ABO PEKOHCTPYKIII EJIEBATOPIB

YV cmammi npedcmaenena memoouka 6ubopy payioHanbHUx — Opeaniz3ayiliHo-
MEeXHON02IYHUX piuleHb Ha 00'ekmax 3 OyOieHuymea abo peKOHCmpyKyii eneeamopis 3
BUKOPUCMAHHAM  pe3YlbMmamié eKCcnepuMeHmaibHO-meopemudrHux O0oClIiOdCeHb asmopa.
Haseoeno ananiz ymos, 6 saAKux 300UCHIOEMbCA ONEPaAYiUHa OiIbHICb  PO3STISAHYMUX
nionpuemcme. OmpumaHi eKkCnepumMeHmanbHO-CMamucmudti 3a1eHCHOCMI 3MIHU NOKA3ZHUKIG
makoi onepayitiHoi OisANIbHOCMI IO OpeaHi3ayitiHO-MEXHON02IYHUX HaKmopie i po3pooaeHi
aneopummu 00360J50Mb BUOPAMU PAYIOHAIbHI OPeAHI3AYIUHO-MEXHON02IYHI DIUEHHs Npu
0y0ieHUYMET Ma peKOHCMPYKYIL elesamopis Ha niocmaei anaiizy ymos 0yoienuymea 0o'ckma
i eqhekmueHo20 NAAHYBAHHSL.

Knrouosi cnosa: opeanizayitino-mexnono2iuni piwients, 0y0ieHUYmMeo i peKOHCMpPYKYisl
e1eeamopis, eKcnepuMeHmalbHO-CIMAmuCmuyHe MoOeno8anHsI, ai2opumm.
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Introduction. Experts estimate the volume of certified facilities for the grains and
oilseeds storage in Ukraine at 31-33 mln. tons. Silo capacity deficit is about 15-20 mln. tons,
considering the annual carryover grain stocks in Ukraine (about 10 mln. tons) and the
expected crop volume at 40 mln. tons. Special conditions of grain storages construction and
reconstruction projects realization require systematic studies on the optimization of
organizational and technological enterprises solutions in focus. Such research will improve
the organizational, technological and economic efficiency of the grain storages construction
and renovation companies management.

Analysis of the latest sources of research and publications. Data on the segmentation
of the grain storages construction market in the world [1, 2] show that a significant
proportion of the work is to upgrade existing storage facilities. Typically, this modernization
involves the commissioning of new silos, the upgrading of technological equipment,
productivity enhancement of transport lines and individual technological units of
grain storage, associated with this dismantling work and the construction of small
additional structures. As a rule, grain storage modernization has rarely large scale.
Grain storages reconstruction projects may have a budget up to 1 million UAH and
labor input of construction and installation works up to 3 thousand hours [3].
Nevertheless, there are still tendencies to build new wide-scale grain storages and carry
out large-scale renovation of existing ones. It can be concluded that the largest object
for typical grain storages construction and renovation enterprise will have budget
for about 25-30 million UAH and the total labor intensity of construction and installation
works for about 40 thousand hours [3].

Statistical methods for solving optimization problems applying are widely used [9, 10].
Analysis of works, devoted to the optimization of organizational and technological solutions
for construction and reconstruction [5, 6], allows to conclude that the application of
experimental statistical modeling is an effective way of solving similar problems and can be
used in modeling and optimizing the operating activity of grain storages construction and
renovation enterprises.

The application of experimental statistical modeling for the methods of optimization is
discussed in [4, 7, 8]. It is advisable [5, 6] to use specialized programs for project
management to create operating activity model of the construction organization.

Allocation of unresolved parts of the general problem. According to the results of
the information sources analysis, it was established that a number of outstanding scientists
were engaged in the development of methods for choice of rational organizational and
technological decisions. Dikman L., Chernenko V., Kirnos V., Zalunin V., Dadiverina L.,
Ushackiy S., Berezyuk A. are among them. However, algorithmized solutions for solving this
problem have not been developed when managing works on individual construction projects
and the enterprise as a whole, which is done in special conditions of grain storages
construction and renovation: territorial fragmentation of construction or reconstruction sites;
differences in their scales; specificity of construction and installation works.

Formulation of the problem. The purpose of the article is to develop algorithms for
choosing rational organizational and technological solutions at individual grain storages
construction and renovation sites.

The essence of the method of choosing rational organizational and technological
method solutions is the consistent decision of the following tasks:

— Identify the specificity of the conditions of grain storages construction and renovation.

— Construct experimental statistical dependencies of the studied indicators from
the varying organizational and technological factors.
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—Develop an algorithm for calendar and network planning of the grain storages
construction and renovation, taking into account the analysis and improvement of
organizational and technological solutions.

— Create an algorithm for choosing organizational and technological solutions at
the grain storages construction or reconstruction sites.

Main part and results. To evaluate the efficiency and to select optimal organizational
and technological solutions for the management of the grain storages construction and
renovation enterprise, it is proposed to use the experimental statistical modeling theory.
The essence of this theory is in observing the system by fixing the values of the outgoing
parameters when specifying input parameters. The system under investigation in this study
is presented in the form of a computer model of the company's operating activity.
As the investigated indicators, the following factors were considered:

—Total production cost change (Y;) — percentage of total production cost change,
depending on the impact of organizational and technological factors. The cost change is
zero in a basic model, which reflects the most typical operating activity conditions of
the grain storages construction and renovation enterprise. In the present study, such
model is observed at the middle levels of the considered factors. Total production costs
are the sum of direct and general production costs.

— Ratio of direct and general production costs (Y;) — the percentage of total production

to the amount of direct costs for a totality of projects.

— Cost of construction product unit — direct costs, which are necessary for

the production of a construction product unit of the enterprise: reinforced concrete

structures (Y3 — 1 m3); load-bearing metal structures (Y4 — 1 ton); cubic meter of
grain silo storage (Ys — 1 m® of storage); section of transport equipment (noria (Ye),

conveyor (Y7) — 1 m.).

Varying organizational and technological factors and their numerical characteristics are
presented below:

— X —average complexity of projects totality (average arithmetic complexity of

construction and installation works of the projects under consideration, mln. UAH).

— X, —average relocation distance (average arithmetic distance of the relocation of

resources between any two projects from the totality under consideration, km.).

— X3 — ownership of the used resources (the percentage of own resources use to the total

volume of used resources).

— X4 — industrialization of applied solutions (percentage ratio of industrial methods use

in the total amount of work).

The results of the numerical experiment are shown in the Table 1.

As a result of the experimental statistical modeling, change dependencies of studied
parameters (1 — 7) from the variable factors were obtained.

The algorithm of calendar and network planning for the grain storages construction
and renovation is shown below (Fig. 1), considering the analysis and improvement of
organizational and technological solutions. It can be used for the implementation of grain
storages construction and reconstruction projects of any scale or remoteness.

The general organization of technological flows during the grain storages construction
and renovation is desirable to implement using the following principles:

— Planning of technological flows is rationally to implement with the help of project

management software. The automation of planning is possible by the preparation of

templates, containing a particular set of work, technological flow, the construction of
typical objects.

292 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (48)" 2017.




Table 1 — Results of experimental statistical modeling

Actual values Indicators
of the factors
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14122 100 100 [0 [-8457 [7,99 [3722,22|5170,86/87,43 [1314,07/937,42
15]2,2 [100 |0 100 [-11,658 (9,41 |3 736,82/4 046,76(63,49 |1 059,87|752,42
16122 100 [0 |0 [-14,550 9,76 |3 586,134 496,40[76,16 |1 142,67|836,02
17137 1550 |50 |50 [-0,967 7,93 |3 452,90/4 591,95/42,55 |1 180,56/793,71
1812,2 [550 |50 |50 [-2,274 [15,02 [3733,31|4 591,95(74,84 |1 183,86/842,39
19196 [1000 [50 |50 0,895 [10,98 |3 448,75|4 591,95(43,04 |1 188,16/818,38
201[19,6 [100 [50 [50 [-2,125 [7,65 |3 448,75(4 591,95/43,04 |1 188,16/818,38
21{19,6 [550 [100 [50 [1,896 (8,35 [3511,51/4912,32/46,01 |1 271,05865,33
22119,6 [550 [50 [100 [0,063 19,25  [3286,01|4 653,77]41,97 |1 205,04/819,87
231196 [550 [0 [50 [-3,127 [10,35 |3 385,98/4 271,58/40,06 |1 105,26|771,43
24119,6 550 [50 |0 1,742 9,08 |3 678,664 833,63(46,98 |1 249,87/861,37
25[19,6 [550 [50 [50 [-0,615 [9,31 |3 448,75(4 591,95/43,04 |1 188,16/818,38
Y, =0,557 X, — 13,083 — 0,006 X;*> — 2x10™* X, X, + 8x10™* X, X5 —
0,002 X, X4 + 0,018 Xy — 4x10° Xy? — 5x10° X,X5 + 0,06 X3 + 0,037 X, )
Y, =9,281 -3,746 X; + 2,469 X1, — 2,839 X1 X, + 1,3 X1 X3+ 3,745 X, — (2)
- 1,466 X,X;5 — 1,99 X;.
Y5 =3634,4-16,475X; + 0,453 X,%> - 0,183 X; X4 + 1,339 X5 — 1,801 X4. (3)
Y, =4576,419 + 8,664 X5 — 0,019 X3 — 0,007 X5X4 — 8,308 X4 + 0,041 Xuo. 4)
Ys= 82,312 - 2,932 Xi+ 0,051 X2 — 0,001 X X3+ 0,002 XXy + 0,1 12 X3 — (5)
~1,5%10™ X5X4 — 0,126 X4.
Y6 = 1180,606 + 2,221 X3 - 0,005 X32 - 0,002 X3X4 - 1,461 X4 + 0,011 X42. (6)
Y5 = 844,439 — 0,449 X, — 0,024 X5 + 1,216 X5 — 2,8x107 X3, — (7

~ 1,42 X, + 6,08x107 Xy
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Development of the overall concept and the definition of the ultimate goals of the project.

—_ =

Creation of a project management team in accordance with the enterprise management
methods.

—~

Analysis of the design and construction solutions of buildings for the choice of rational
methods of construction and installation works.

—_ =

Analysis of the range of works, partitioning of the total complex of works on technological
flows.

—l—

Appointment of milestones that define the creation of the intermediate products and the
finished construction work.

e

Analysis of the available manpower and machinery of construction enterprise, analyzis of
relocation and utilization of resources with other objects.

—~

[ Determination of the optimal organizational and technological solutions for the production of |
project works, taking into account ES-dependencies.

- —
Calculation of the volume and complexity of construction, installation and other works on the
technological flows.

—

Planning of individual technological flows at the facility in accordance with the principles of
mainstreaming work.

—_ =

Analysis of resource requirements for the work.

—_—
Selection of subcontractors.
—_— L
Analysis of the deadlines of the technological flows at other locations.

—

Creation of schedule of works at the site in view of the deadlines, the existing resource
constraints, technological flows of other objects deadlines.

—

Analysis of the schedule for compliance with the financial restrictions and its adjustment.

—_— =

Formation of requirements for scheduling in resource types.
B e —

Organization of logistics.

Figure 1 — Algorithm of calendar and network planning
of grain storages construction and renovation sites
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— The linking of technological flows to each other can be carried out sequentially, in
parallel, in combination. Linkage is regulated by technological and organizational links.
Technological links ensure compliance with the technology of works production.
Organizational links regulate the supply of labor resources and equipment and can be
placed either between the flows of one project, or between different projects.
— The the assessing criterion of the correctness of the calendar plan development is a
schedule of labor resources consumption of each qualification and in general. Correctly
designed plan will ensure smooth increase and decrease in the consumption of labor
resources in time.
— The division of the site is different for small and large projects. The work is often done
at one or two places of the grain storage plan in case of small construction or renovation
projects. In such a case, it is advisable to divide the site according to the technological
nodes of the grain storage, to the individual places of construction work production. For
large projects, it is rational to tie more closely to the places of the grain storage plan or to
combine several small places into one capture. Such capture will correspond from the
work complexity viewpoint to one large place of the grain storage plan.

The experimental statistical dependencies can be used for the adoption of optimal
organizational and technological solutions at the grain storages construction and renovation
sites. The algorithm for making such decisions is shown in Fig. 2.

The algorithm, shown in Fig. 2, assumes acceptance of the compromise administrative
decision for each kind of the construction or installation works executed on object. It is
necessary to choose the optimal organizational and technological decisions for performing a
particular type of work, considering the rational level of reduction of total production costs
(Y1) by solving a system of inequalities (8):

Y2 (X, X,)
Y, =f(X;; X, )ne(3,..7)

The upper inequality of system 8 allows to set rational level for total production costs
reduction, the lower equation is to choose the optimal pair of factors X3 (ownership of the
used resources) and X, (industrialization of applied solutions). Different combinations of
levels of X3 and X4 factors are possible when solving such a system. The final choice depends
on the availability of the company's own resources for the performance of a particular type of
work, the availability of high-performance equipment or mechanisms, the possibility and
feasibility of using industrial methods of production.

For convenience of utilization, the experimental statistical dependences were calculated
on the basis of formulas 1-7 in a separate approach for each combination of strategic
organizational and technological solutions (levels of factors X; and X,). Calculation of
economic benefit can be made by finding the difference between the maximum value of
construction products and unit production cost, obtained on selected levels of factors X3 and
X4, and multiplying this difference by the physical volume of the respective work type. If
necessary, steps 3 and 4 of the algorithm can be repeated several times.

Conclusions:

1. Analysis of grain storages construction and renovation industry, and the use of
experimental and statistical modeling allowed building change dependences of the most
important indicators on the organizational and technological factors.

2. The developed algorithm of calendar and network planning allowed optimizing the process
of grain storages construction and renovation.

3. The built experimental statistical dependencies made it possible to optimize the
organizational and technological solutions of the certain area of building production using a
specially developed algorithm.

®)
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1) Calculate the volume of the
project construction work.

v

2) Select the volume of
construction and installation
work for the following
construction unit:
Y; — reinforced concrete
structures;
Y, — load-bearing metal
structures;
Y5 — cubic meter of silo storage;
Ys, Y, — section of noria, and
plain conveyor.

3) Using the ES-dependencies, listed below, determine the optimal levels of factors, X; and X, for each type of work in the

following way:

- Select suitable ES-dependence and set the optimum level of total operating costs reduction in accordance with the strategic
enterprise solutions (levels of factors X; and X5).
- Solve the system of inequalities for the construction work types, select the optimal levels of factors X; and X,.

4) Determine the economic
impact of the application of
organizational and
technological decisions for each
type of work.

e

5) Make a conclusion about the
use of various organizational
and technological decisions for
each type of work, based on the
work load of the enterprise
resources.

X X, =100 km. X, =550 km. X, =1100 km.

@ Y:1<351% Y, <3% Y <8,56%

= Y:=0.332 +0.085 X — Y, =3,932 + 0,062 X5 — 0,037 X4 Y, =6,077 + 0,09 X5 - 0,037 X4

o

Z Y3 =3644,982 + 1,339 X5 - 8,572 X4

2 Y, =4576,419 + 8,664 X5 — 0,019 X5° — 0,007 X5X4 — 8,308 X4 + 0,041 X,

5 Y5 =43,647 + 0,075 X5 — 1,5><1O'4 X53X4 —0,052 X4

7] Ye=1180,606 + 2,221 X5 — 0,005 X32 —0,002 X53X4 — 1,461 X4 + 0,011 X4 2
~7 NA 0T . 1 A1V Ao 1n3w 2 1 AV . £ no..1n3~ 2

G Y <5,73% Y:1<522% Y, <10,79%

2 Yi=—3103 + 0071 X» — Y:i=2063 +0.048 X, — Y:i=6.122 +0.076 Xa —

=

g Y; =3485,51 + 1,339 X5 — 5,388 X4

‘é" Y, =4576,419 + 8,664 X5 — 0,019 X32 - 0,007 X53X4 — 8,308 X4 + 0,041 X42

=3 Ys5=44,437 + 0,092 X5 — 1,5><10'4 X3X4 — 0,087 X4

g Yo =1180,606 + 2,221 X5 — 0,005 X32 —-0,002 X53X4— 1,461 X4+ 0,011 X4 2

z V.—R26410 L 1721AX. 2 & 103X.2_147X. £ A0R%1N3YX.2

g Y <7,96% Y, <7,45% Y, <13,02%

= Y:i=-10.432 +0.057 Xz + Y, =-3,444 + 0,034 X5 -0,007 X4 | Y1 =2.584 +0.007 Xx —

2 Y3 =3600,35 + 1,339 X3 — 2,204 X,

5 Y, =4576,419 + 8,664 X5 — 0,019 X5 — 0,007 X5X4 — 8,308 X, + 0,041 X,

= Y5=76,100 + 0,11 X5 - 1,5><10'4X3X4—0,122X4

E Yo =1180,606 + 2,221 X5 — 0,005 X32 —-0,002 X53X4— 1,461 X4+ 0,011 X4 2

: NV _ 042228« 1 NM1EV Nnouwin3v 2 1AV . £nouin3v 2

Figure 2 — Algorithm of choosing rational organizational and technological decisions

on the grain storages construction or renovation sites
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