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AUTONOMOUS AUTOMATED ACCUMULATING COMPLEX
FOR THE ROBOTIZED PUNCHING PROCESS

The accumulating complex was designed for automated loading with discoid billets of
unified single-crank presses in robotized punching processes. Advanced variants of the task
practical implementation by means of technical, diagram, design upgrading and processing
equipment retooling are suggested. Raising the productivity and reliability of the facility,
simplifying and cheapening its construction is based on the use and integral combination of
possibilities provided by «active», «passivey, information parameters influence on the
formation and correction of operational production flows of its function supporting systems.

Keywords: special tooling, accumulating complex, billets loading, robotized punching
processes, automation, innovations.

Kopooko b.O., 0.m.H., doyenm

Cmopooscenko /1.0., K.X.H., doyeHm

Jlptouko O.I., k.x.H., Ooyenm

bynakina H.B., k.x.H., 0oyenm

Xanioxoe B.O., cmyoenm

Ilonmascvkuii HayionanbHuti mexHivnuil yHieepcumem imeni FOpiss Konopamioxa

ABTOHOMHUIM ABTOMATHU30BAHUN HAKOIINYYBAJIbHUN
KOMILIEKC JJIs1 POBOTHU30BAHOI'O ITPOLIECY
IITAMIITYBAHHS

Cmeopeno HaKonuuy8anbHull KOMIIEKC Ol A8MOMAMU308AHO20 3A6AHMANCEHHS
WMYHYHUMU  OUCKONOOIOHUMU  3020MOBKAMU  YHIQIKOBAHUX OOHOKPUBOWUNHUX Npecie Y
POOOMU306AHUX NPOYECAX WMAMNYBAHHA. 3anpONnOHOBAHO CYYACHI 8aPIaHMU NPAKMUYHOL
peanizayii  nocmaenenoi  3a0aui  MEXHIYHUM,  CXEMHUM  MAd  KOHCMPYKMOPCbKUM
MOOEpHI3Y8AHHAM I  NEPEOCHAWeHHAM  MEXHON02iuHo20  obnaonanus.  Iliosuwenns
NPOOYKMuUSHOCMI U HAitiHOCMI pobomu 3acoby, cnpowjenHs U 30eulesieHts 11020 nody0osu
3ACHOBAHO HA BUKOPUCMAHHI MA KOMHWIAEKCHOMY NOEOHAHHI MOJCTUBOCMEL  GNIUBY
«AKMUBHUXY, «NACUBHUXY, [HPOPMAYIUHUX napamempie HA QOPMY6aHHs | KOpe2y8aHHs
ONEPayitiHUX BUPOOHUYUX NOMOKIE cucmem 3a0e3neyeHHs: 11020 PYHKYIOHYBAHHS.

Kniwouosi cnoea: cneyianvhe OcHawjeHHs, HAKONUYYBATbHUL KOMNIEKC, WMYUHe
3A6AHMAICEHHST  3A20MOBOK, POOOMU30BAHI NPOYeCU UWMAMNYBAHHSA, ABMOMAMU3AYIA,
iHHOBAYII.
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Formulation of the problem. One of the important tasks in automating the production
processes of punching is arrangement of automatic loading and billets orientation. It is
particularly important through the lens of reducing the unattractive manual labor and
increasing the efficiency of technological equipment.

Despite numerous research and engineering developments, this problem can not yet be
considered completely solved for the class of small and medium-sized articles such as plates
with implicitly expressed design features (orientation keys) and distinctive physical and
mechanical properties (which are expressed, for example, in the process of metal billets
transportation by sliding as a result of structuring and the residual magnetization of their
surface layer, in the case of using billets from materials of reduced rigidity and strength,
friability, etc.) because such kind of articles is impossible to apply traditional automation
operations on loading and orientation of billets with mechanical entrapment. Their designing
is a complicated research and technical problem, and the search for the latest solutions
involves the use of knowledge, experience gained on the need for a comprehensive set of
measures in the individual operations automation using industrial robots in various production
fields:

— engineering improvement of universal technological equipment;

— upgrading the construction of the part (billet) itself, which should be suitable for the
conditions of its manipulation with the possibility of entrapment, transfer and accurate
positioning in the operating space;

— changes in the technological process in order to adapt it to the technical capabilities of
the existing industrial robot that is available or purchase this process for servicing;

— selection of the parts orientation devices (it should be noted that the choice of the
parts orientation method and the choice of the bases for their entrapment during transportation
are closely linked);

— selection of part magazine (billets) (the use of billets storage units reduces the time
spent by personnel while robots work preparation, and allows to combine technological
equipment of different efficiency into a single cycle);

— manufacture of new special or specialized equipment (design and manufacture of such
additional equipment, as well as improvement of the technological equipment itself, normally
require comparatively little time and can be performed by the own efforts of the
manufacturer);

— special measures to provide safety (security);

— development of the layout scheme, planning mutual arrangement of the technological
equipment, robots, operation panels, loading mechanisms, storage magazines, containers and
vehicles in the exact compliance with the technological procedure of production operations
performance and requirements to the accuracy of positioning;

—design and control over the processing sector operation algorithm (preceded by the
development of technological processes and technological calculations (determining the
processing mode and time, necessary and possible auxiliary and final time determination, the
robot actuator operation best trajectories and velocities and cycles and cyclograms,
determining the storage magazines capacity calculation).

Recent research analysis. The known similar solutions of such tasks are implemented
in the modern equipment complexes for punching articles using the single-billet loading
[1 —14]. In the above works data are presented on their composition, structural architecture,
operation, specifications and capabilities. Consideration of the existing developments features
allows analyzing and characterizing them from the standpoint of analogues when selecting
and comparing structural elements, the operation and configuration principle, interaction type;
it gives them an assessment from a constructive, technological and economic point of view,
unifying nodes and parts etc.

6 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (50)’ 2018.




Such technological complexes are based on the use of magazine, stack and bunker types
of accumulating (storage) devices [15, 16]. Analysis of their layout indicates the existence of
several target nodes (tools) common to all of their three types: charge capacity, trapping
device, accumulating device, cut-off devices, power supply, reset, activator of movement,
manipulator of oriented billets supply to the punching zone, drives. The variety of designs is
developed due to variations in the layout and ways of implementing these specified facilities.
The simplest version of the technological complex is a unified press equipped with one of the
supply or feeding types. Currently, slide gate devices, revolving or clamshell loaders,
manipulators and industrial robots are generally used [see. 9 to 19].

Such developments are cinematically complicated, characterized by a large number of
friction pairs and considerable dissipation of energy, they have limited lifetime and require
preliminary preparatory and routine operations, require high precision of their components
manufacturing and their adjustment using specialized processing equipment. In a number of
cases, they are complicated, expensive in cost, provide for the maintenance by trained
personnel. But their disadvantage is that they can not be universal due to the existence of
manufactured objects wide variety and complexity; the broad spectrum of functional tasks to
be solved, principles and methods of their realization; the use of materials that do not
completely satisfy the whole set of technical and technological requirements, their
compatibility and other factors.

Identification of previously unsettled parts of the general problem. High return of
the equipment included into the flexible production systems requires, as a rule, its equipping
with automated billets (parts) warehouse, as well as the tools and special equipment necessary
for the uninterrupted operation of the studied manufacture types.

Development of production systems in order to improve the operation reliability and
timely provision of all elements within the technological process includes the use of perfect
upgraded systems to ensure their functioning. At the same time, experience shows that the
increase in the level of automation is achieved by a significant complication of structures and
technological equipment systems, and, consequently, increase in their cost. Therefore, the
required level of automation must be economically justified.

Expansion of the robotic system spheres of application, emergence of compact and
simultaneously powerful performing facilities, development of technical automation means,
elemental base, circuitry and control systems enable the use of a higher level design,
introduction of new technical solutions, approaches and principles of operation when creating
adapted special technical equipment for the preparatory stages of particular industrial
production processes, where the use of traditional means is inappropriate or does not permit to
technically solve the problem as a whole. Such problems are solved by introducing
constructive technical changes in the transport routes, orientation, sorting, billets discharge,
performing nodes, entrapment devices, equipping the Ilatter with auxiliary external
information sensors that respond to the presence of the manipulation object, its shape, size,
weight, surface condition, clamping force, sliding, positioning etc.

Statement of assignment and methods of its solving. The purpose of this processing
tool is development of multi-product loading and accumulating automated complex for
single-piece disc-shaped billets feeding that functions interactively in flexible manufacturing
robotic connection with the universal single-crank presses and combines the possibility of
coupling with the available processing equipment of the present-day machine builder, with
minimal modifications of the existing auxiliary equipment, by the authors’ own efforts, in
compliance with emerging innovation trends.

Study results and their discussion. The paper suggests consideration of technical
implementation options for autonomous accumulating complex, designed to serve single-
crank presses of single-action, open, with a normal force of 250 kN, in compliance with the
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existing standard GOST 9408-89, and provides obtaining pressed articles (perforated parts
from the disk-shaped billets) by means of loading billets in bulk into the storage hopper, their
further orientation, sorting, single-piece feeding, synchronous with the press’s operation
feeding to the punching press, punching (hole perforation) and stipping articles off from the
punching press. Performance of the operations given sequence and the nodes coordinated
operation is provided by the electronic control unit.

The presented development in general represents the totality of functionally connected
facilities and devices constructively united on the general sequential logic principle of
operation, and includes the loading bunker device (storage-hopper), sloping storage magazine
of billets, standard one-crank press, special structure punch, device feeding billets to the
punch: pneumatic manipulator KMO.63 C 4212, device for removing products from the
punch, device for controlling the technological complex.

Technical data and specifications of the development:

Number of billets loaded simultaneously

into an empty bunker, pcs. 600

Loading lot weight, kg 24

Diameter of billets, mm 60

Thickness of billets, mm 1,5

Operating modes: a) «manualy;

b) «automatic:

— «singley,
— «cyclicy

Average productivity of the complex in the automatic mode

at full loading ofthe bunker with billets, punched articles

per minute (pcs. / min) 40

Mean duration of one cycle, sec. 6

Capacity of the slip storage magazine, pcs. 8

Positioning accuracy, mm +0,2

Rotation angle of the feeding device rod, degrees 45 - 240

Supply voltage, V 220/ (-24)

Air pressure in the performing mechanisms’ line, MPa (kgf / cm?)  0.45 (4.5)
Billet loading bowl dimensions, mm:
diameter 450
height 150

The components interaction of the developed complexes and their work by operations
are described below and, for clarity, explained by the scheme of the bunker-loading vibration
device (Fig. 1) and by the block diagram of the technological complex control device (Fig. 2).

Disks-billets, of the given diameter and the fixed thickness, are loaded «in bulk» into
the bunker-loading device (Figure 1). By means of electromagnets (4) the bunker is brought
into oscillatory motion. The bowl (1) of the vibro-bunker with the screw-shaped transport
track is installed on the inclined elastic-spring supports (6). Due to such mounting, vertical
and horizontally tangential perturbation components are transmitted to the billets. Under their
influence, orientation (the billet lies flat), stratification and circular movement of the billets
are performed. The profile of the accumulator’s bottom (2) has a small slope from the center
of the bowl to the walls and ensures the billets displacement during their movement to the
periphery of the bunker and on their way to the transport track. The billets are aligned one by
one and move along the spiral of the tray.
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Figure 1 — Diagram of the bunker loading vibration unit:
1 — bowl for loading billets; 2 — textolite conical bottom,;
3 — anchor; 4 — electromagnetic vibrator; 5 — vibrator mount column;
6 — suspension (elastic spring support) mounting the storage bunker bowl;
7 — bracket; 8 — foundation; 9 — shock absorber rubber

To eliminate the overlapping movement of the billets, sorting them from deformed disks
and those with large burrs along their pathway, an «active» cramping-proof slot is made.
It is formed by the rubberized ejector shaft, the axis of which is located downstream at a small
angle (approximately 30 °) to the tangent of the transport track reference circle. The height of
this slot is regulated and set about 1,5 of the billet thickness. The ejector shaft drive rotates at
high speed, entraps the topping billet and ejacts it through the inner side wall of the tray into
the storage bowl. The billet repeats the pathway covered. The rotation frequency of the ejector
motor shaft has two discrete values and is set from the control panel.

The billets output from the vibro-bunker tool of the storage device is of a probabilistic,
random nature. To ensure the coordinated operation of the storage device and the press, the
complex is equipped with an intermediate inclined storage magazine.
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In the initial state (Figure 2), the lower electromagnetic shutter of the bypass device, the
«feeder» of the inclined storage magazine, is closed, and the upper one is open. Billets follow one
by one from the vibro-bunker device and, under the influence of the component gravity, fill the
storage magazine. When forming a stack of 8§ billets, using the contactless position sensors PS 5,
PS 6 and the logical locking device, the drive of the vibro-bunker device is disconnected, feed of the
billets stops and overflow of the inclined storage magazine tray is eliminated. When feeding the
billet into the press punch and reducing the stack, the logical device switches on electromagnets of
the vibro-bunker and carries out the additional filling of the magazine. The process is repeated.
The filling of the inclined storage magazine does not depend on other proceeding operations, it is
performed simultaneously with the press operation. The best accumulation mode is selected by the
optimal conditions for vibrotransporting of billets into the vibro-bunker by choosing the vibration
amplitude, by adjusting the voltage supplying electromagnets EM 1 —EM 3 (with the constant
previously selected stiffness of the inclined elastic columns (6) and width of the gap: anchor (3) —
electromagnet magnetic conductor (4) of the drive), visual control of which is performed by means
of the voltmeter built-in on the control panel.

In the «operation» mode, if there is a billet in the initial position in the storage tray of
magazine (sensor PS 1 between the electromagnetic shutters of the bypass device is set in the logical
«one» position) and there are no interlock signals, the control device switches on the bypass device
(the lower electromagnetic shutters’ stops are lowered, those of the upper ones are raised), and the
billet slides from the storage magazine tray onto the surface of the matrix and moves slowly along it.
At the time of slipping, the PS 2 sensor is activated, which trigs the single-shot pulses shaper with
the constant duration sufficient to switch on the device of feeding a billet intothe punch.
According to the circuit design, the bypass device is in the «on» position from the moment the
«starty command given up to the moment when the position sensor PS 2 is activated. All this time
the upper electromagnetic shutter stops of the bypass device are in the raised position, keeping the
next-to-the-last and the above disposed billets from slipping and falling into the punch.

The ramming device, designed on the basis of the unified pneumatic manipulator
KMO0.63 C 4212, through the V-shaped entry by means of the rod, sends the billet until
bumping into the opening of the matrix node and ensures the alignment of the billet geometric
center with the vertical mandrel of the punch. The ramming device drive is actuated by the
electro-pneumatic valve by the command of the PS 2 position sensor.

Moving the rod of the ramming device is regulated by the location of the stops, which
the angle of the air engine shaft rotation is varied with. Speed of the drive shaft’s rotation in
the forward and reverse direction is changed by means of the pneumodrossels Dr 1, Dr 2.
Constructively, the device has a track microswitch, triggered from the camshaft mechanism at
the end of the drive shaft backward stroke and signalling that the operation of the billet
ramming to the punch is completed. After this command, the press start circuit generates a
single pulse and actuates the press by the electronic control unit BUB — 1A. The article
punching (perforation)is being performed.

BUB — 1A has a perfect control system and only performs the operation if all the
functional units, press systems are properly operating, there is no interlocking signal and the
energy carriers’ parameters are within the normal limits. Therefore, due to the presence of the
press drive actuation pulse, we confirm the fact of the punching operation performing.
This principle is the basis of the processing operation completion control and it allows to
avoid installing additional position sensors. The punching completion control circuit is
connected in parallel to the electropneumatic valve of the press drive and generates the
command signal for the subsequent ejection operation on the trailing edge of the press start
pulse, i.e., after the punching completion (holes perforation). Wherein, according to functional
features of the press, this signal ends when the press rod rises to the upper position.
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To be safe, the electropneumatic valve of the device for stripping the article off the
punch is opened with a short delay. The pneumatic cylinder is activated. Its shaft pushes a
punched (perforated) disk from the punching unit and sends some progressive pulse to it.
The disc falls into the inclined chute and under the action of the component gravity slides into
the receiving bunker of the finished parts.

In the process of ejection, the «flag» rigidly connected to the shaft in the extreme right
position of the ejector enters the gap of the PS 3 generator sensor magnetic conductor, at the
signal of which the direction of air supply to the cylinder changes. The shaft returns to its
initial position. It is identified by the signal of the logical «one» from the position sensor of
the PS 4 ejector initial state. This signal is simultaneous with the signal for the processing
system cycle operation completion.

From the control panel, actuation of the system operation is envisaged in the «manual»
and «automatic» modes.

In the «manual» mode, there is a possibility of individual units’ sequential actuation: the
bypass device, the ramming device, the press, the ejector, as well as one complete cycle of the
system operation in the «single-piece feeding» mode when the «Start» button is pressed.

In the «automatic» mode, the signal from the PS 4 sensor at the end of the cycle is the
command for performing the subsequent cycle by the system. Thus, its operation cycle-after-
cycle is repeated according to the algorithm described above.

The electronic control device of the complex has a number of interlocks, ensuring its
reliable operation.

Each subsequent operation can be performed only after the completion of the previous
one. For this purpose, in the control device there is a register of memory cells to store
information about the condition of the respective unit, which are set into the initial «zero»
position before the beginning of each operation cycle. Information on the operations progress
for visual inspection is output to the control panel via a display system. It is visual and
necessary both in the setup mode and in the operating mode.

The start-up of the complex can only be performed when the ejector’s shaft is in the
extreme left position, derived from the matrix, and in the presence of the billet in the initial
position in the inclined storage magazine.

The press can only be started when the ejector shaft is withdrawn in both «automaticy
and «manual» modes.

In the «manual» mode, if two or more buttons are pressed simultaneously, the control
command will not follow. Control can only be carried out by a single performing device.

At any time, at any stage of operation, it is possible to stop the complex operating by
pressing the «Stop» button.

With the help of this development, high-performance, reliable, inexpensive, flexible,
technology-based punching systems with piece loading of billets can be designed and
equipped with auxiliaries, which are fundamentally different from the industrial and prior-art
analogues. Such technological means can be easily implemented and operated both
independently and within the functional lines. It is possible to modify the developed version
depending on the functional tasks to be solved and the parts manufactured type changes,
under the operations previous algorithm, by introducing structural changes in the vibration
transport tracks, orientation nodes, storage magazine or by their replacement.

In order to improve the performance and reliability of the developed tool, special
equipment and electronic position sensors, contactless control circuits for actuators and
mechanisms are constructed; operating, diagnostics, control, and locking systems are designed.

Conclusions. The accumulation complex was designed for automated loading of
discoid workpieces (billets) into the unified single-crank presses in the robotized punching
processes. The present-day variants of the task practical solving by means of engineering,
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circuit and design modernization and retooling of the processing equipment are suggested.
Improving the productivity and reliability of the device operation, simplifying and cheapening
its construction is based on the use and integrated combination of the «active», «passivey,
information parameter possibilities influencing the formation and correction of operational
production flows in systems ensuring the device functioning.
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FEATURES OF DURABILITY CALCULATION FOR MACHINE
PARTS AND STRUCTURAL ELEMENTS UNDER HIGH
ASYMMETRIC LOW-AMPLITUDE LOAD CONDITIONS

The study has been conducted by means of physical, mathematical and computer
modeling integrated method use. To prove the adequacy of the results obtained the
experimental procedure on the existing equipment and laboratory facilities has been applied.
The method of carrying out asymmetric stress cycles with mean stress of stretching to
symmetric using the proposed piecewise — linear equations for evaluating the material
sensitivity to asymmetry of the cycle has also been improved. It has enabled pipe column
element durability under the condition of typical asymmetric low-amplitude loading
calculation.

Key words: stress reduction, the boundary toughness, the asymmetry of the cycle.

Apmum B.1L., 0.m.n., npoghecop

Dagpnen O.4., acnipanm

leano-Dpankiscokuil HaAYioOHANLHUL MEXHIYHUL YHIBepcumem Hagpmu i 2azy
Ileny B.@., k.m.n., Ooyenm

Kaprok A.M., x.m.n., doyenm

Tonmascovkuil nayionanvHull mexHiynuil yrisepcumem imeni IOpis Konopamiwoka

OCOBJMBOCTI PO3PAXYHKY JJOBI'OBIMHOCTI
JNETAJIEV MAIIIUH TA EJIEMEHTIB KOHCTPYKIIIH,
SIKI IPAITIOIOTh B YMOBAX BUCOKOACUMETPAYHOI' O
HU3BKOAMILIITYJHOI'O HABAHTAKEHHS

Hocniooicenuss 06’exkma npogoounocL 3a O00NOMO20K0 KOMNIEKCHO20 Memoody, o
NONA2AE 8 CYMICHOMY BUKOPUCMAHHI (DI3UUHO20, MAMeMAmMU4Ho20 ma KOMN 10OmMepHO20
Mooentosantsa. /[ niomeepoxceHHs adekeamHocmi OMPUMAHUX Pe3VIbMamie GUKOPUCMAHO
eKCNepUMEeHMAanbHi Memoou Ha O0ilouomy O0OIAOHAHHI Ma HA 1AOOPAMOPHUX YCMAHOBKAX.
Yoockonaneno memoo npugedenms acumempuuHux Yyukiie Hanpyic4

EHb 3 CepeOHIM HANPYICeHHAM pO3ma2y 00 CUMEMPUYHUX 13 BUKOPUCMAHHAM
3anpONOHOBAHUX KYCKOBO-NIHIUHUX PIBHANHb OJ1 OYIHKU YYMIUBOCI Mamepiaiy 00 acumempii
yuknis. Lle dae 3mo2y npogooumu po3paxyHox 008208i4HOCHI eleMeHmie mpyOHUX KOJIOH 8
YM0o8ax Oii munogozo 0Jisk HUX BUCOKOACUMEMPUUHO20 HUZbKOAMNIIIMYOHO20 HABAHMANCEHH.

Knrouoei cnoea: npusedenns nanpysiceHns, 2panuys GUMpPUSAIOCMI, ACUMEMPIsl YUKTLY.
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Introduction. The process of loading for a large number of structures and machinery
parts is characterized by a large scatter of asymmetrical stress cycles both along its length and
in timeframe. To the full extent it also concerns the elements of the drill string, particularly
when drilling deep holes. Therefore, the vast majority of experiments determinating the
fatigue resistance parameters is carried out at a symmetric cycle of stresses as a required stage
for calculating column elements strength and bringing asymatrical cycles to the symmetrical
equivalent.

The analysis of the latest research papers. The vast majority of machine parts and
subassemblies in the process of operation is subjected to random loading [1 — 3]. In this case,
when calculating the durability in the schematization process [4], conducing of stresses with
different asymmetry R ratio to the symmetric cycle is recommended. Such a cast greatly
simplifies further calculations conducing single-ended voltages oy, with =1 <R <1 for the
symmetric cycle to o, with the recommended equation [5]

Oy =00, —(ab=1)o ,, (1)
where o) — is the endurance limit at symmetric loading;
a1b— are odds cast;
2 1

2

a= 5 b =
2—(1-y )(1+R) Yo (14 R)-R @
&
where v = 20, —1 —1is the sensitivity ratio to the asymmetry of the load cycle;
Oy
oy — are the limits of endurance of the load;

Vo, Vi — is the characteristic angle of the left branch fatigue curve in the
semilogarithmic system according to zero and symmetrical load.

The analysis of equation possible use (1) for bringing symmetric asymmetric cycles of
loading processes and drill rod to equivalency has been made.

Lines of equal damage are constructed on the Haigh diagram of the cycles with a
positive mean stress (1).
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Figure 1 — The diagram with equal damage lines
for samples made of drill locks material
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On the graph line (Haigh diagram), which describes the cycle R = const, it is determined
from equation (3)

1-R
=—%X
1+ R

y ; 3)

where R =1 is the x-axis, R = —1 coordinate axis, R =0 —ray y = x.

Lines of equal damage are constructed in accordance with the equation (1) and data [6]
for samples of steel 40XH, which is the material of drill pipe locks. Line 1 corresponds to the
limit of endurance, line 2 is high fatigue and line 3 is low fatigue.

As it can be seen from Fig. 1, lines of equal distortion are in conflict with the real
physical process for high asymmetric cycles with skewness 0.6 and above, which are
characteristics for the load of the drill string upper part . So, lines 1, 2 may cross the x-axis in
no case.

It can mean that a certain medium voltage level fatigue failure would occur for a certain
number of cycles with infinitely small amplitudes that never happens in practice.
Line 3 also has no physical meaning, because the outside of the diagram indicates a certain
number of cycles before sample failures that are supposed to be broken down due to the stress
exceeding tensile strength.

Therefore, it is necessary to adjust the corresponding equations (1) in case of
asymmetrical stress cycles with high asymmetry. For this adjustment appropriate reduction
equations have been developed [7].

In consequence, for aligning the asymmetric cycle asymmetry factor —1 < R <0, from
the condition of invariance i of load levels ratio it was obtained [7] (4)

_(1—w(1+R)) |

O-ekv = O-max(l 2

4

For conducing asymmetric cycles 0 <R <1 the results of experimental studies
of the asymmetry effect on the durability of materials and elements of aircraft structures given
in [9, 1] (fig. 2) have been analyzed
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Figure 2 — Asymmetry loading impact on the durability
of samples made of aluminium alloy 2024-T3 [7]
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The authors have studied immense amount of information (over 1,000 experiments)
which makes the results obtained extremely valuable and revealing under the conditions of
inevitable statistical variance.

The results are illustrated by the Haigh diagram with no dimension coordinates

Curves 1-10 are ones of equal damage for a certain number of stress cycles to failure
of samples ranging from static destruction (N = 1) through low and high fatigue endurance
limit (N = 10").

The inclination of line passing through the points (0, o) 1 (ov/2, (00v/2), to
the x-axis represents the ratio of sensitivity to the asymmetry load y and is determined
by the equation (5).

_ _VR=-1)-y(R=0)
VT MR=-1)-x(R=0) 2

From the analysis of the data shown in Fig. 2, it can be argued that the angle of
inclination of the equal damage curves within multi cyclic fatigue y factor is satisfactorily
described only if -1 < R <0 and, 0 <R <1 provided the tilt angle increases with decreasing N.
Therefore, it is suggested to approximate curves of equal damage for asymmetrical tension
with the average tension stretch with two straight lines. For tensions from -1 <R <0 the
coercion will be just according to (7).

Since all curves of equal damage converge at a point with coordinates (1,0) on the
Haigh diagram, it can be used to bring cycles with mean stress of stretching (0 <R <1).

A diagram of the suggested cast is shown in Fig.3.

1 \ o./o,

CG

K

0 Om/Cs 1

Figure 3 —The scheme of reduction to a symmetric cycle voltage
with the average voltage stretch [7]

For example, let us consider the reduction to the symmetric loading cycle shown
in figure 3 by point 4 (o,/0s, 0./0p). Through point 4 to the intersection with the straight line
R =0 (point B) we shall draw a ray, which is obtained from point K with coordinates (1,0). It

was introduced a new coefficient specifying the influence of cycle asymmetry . By analogy
with (5) it is taken as (6)
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YA)=y(K)__y(B)-y(K)

VT x(K) T x(B)-x(K) ©
Considering the coordinates of points 4 and K, it is obtained (7).
_ 0, 7
l/ll O-b _O-m ’ ( )
Y(B) =y (1-x(B)) . (8)
Since y(B) = x(B) = Omax(B)/20p , from equality (8) it is obtained (9)
v
o,.(B)=20 .
max( ) b 1 + V/l (9)

Given that R(B) = 0, further, the cast is performed according to (4). Obtained
dependence is [7]

o, = oy 10
eq bl/jl 1+ l//l ° ( )
Proposed rate y; is determined by the equation [7]
o,.(1-R
V/l — max( ) (1 1)

20,-0, (1+R)

max

To justify the strength design of drill columns, the implementation analysis of the drill
string operational load has been made using the Haigh diagram. Schematization of the loading

processes has been carried out by the developed technique [4].
For instance, in (Figure 4) a general layout of the Haigh diagram with the imposed

process of rod string columns loading is given.
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Figure 4 — A general layout of the Haigh diagram
for the imposition of the process string rods columns loading
1 — static destruction 6, =0p; 2 — line of border fluidity G, =0y, ;
3 — boundary line of endurance
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In (Figure 5) treat processes over the drill string loading during lowering and for
stitching during lifting are demonstrated.

It should be noted that in the case of stitches, the characteristic feature of all processes is
the absence of cycles with stress amplitude above the corresponding border of endurance.

[T

a b

Figure 5 — The Haigh diagram with the process load
of the drill string during lowering of the lifting operations
a — seams along the column length 500 m;

b — descent of the column length 190 m;
¢ — descent of the drill string length 500 m;

d — descent of the column length 1970 m

Generic problem unsolved parts selection. Thus, loading processes analysis occured
under the operation of the drill string elements, shows that in the range of voltages the highest
place is taken by low-amplitude voltage settings o;..c, R, Which do not exceed the appropriate
grants endurance op. In this case, it is necessary to consider the inevitable reduction of the
fatigue limit in the process of damage accumulation [8, 11, 12], caused by the action of the
low amplitude voltages. So bringing G, to oy, should extend to the stress cycles, which are
smaller for the border of endurance. This again points to the particular importance of
developing refined methods of bringing low-amplitude load cycles to assess drill string
durability.

The use of equation (1) to bring ;.. < o has a significant limitation, namely, under the
condition oy, < og —0o. voltage oekv becomes less than 0. In this case, it is recommended
not to consider this voltage as it is not producing any damaging effects [5]. But the neglect of
low voltages under normal conditions (low amplitude loading ) elements of the drill string is
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sure to have significant influence on their corrosion-fatigue life. It should be noted that the
rejection of low voltage will lead to overestimation of the design life. It is also dangerous
considering secure columns. The equations derived (4,11) also do not consider drill string
loading elements specific.

The article goals. Therefore, the aim of this work is to develop the cast equations for
asymmetric stress cycles drill string to the symmetric cycle with the features of their load.

Main material and results. For the development of such a refined method, it has been
guided by the laws of low amplitude corrosion fatigue, characteristics and damage in Haigh
diagram.

So, the decrease in the level of loading below the endurance limit reduces the sensitivity
to unbalance loads. Damage accumulation is mainly due to dislocation mechanism, where the
main factor is the amplitude. The effect of baushinger, which, presumably leads to a change in
factor sensitivity of the load cycle asymmetry for the transition to exclusively tensile load on
these stages is not completely working. But the accumulation of corrosion - fatigue fracture is
not accompanied by decrease of kinetic endurance limit, which leads to the intensification of
the process and the gradual increase of sensitivity to cycle asymmetry to typical cyclic fatigue
level. Thus, for stress cycles below the fatigue limit, it is possible to make a model of the
linear reduction factor in the sensitivity depending on the load level. The correctness of this
model is confirmed by the fact that at low stress amplitude the damage line in Haigh diagram
needs to be reborn in the x-axis.

As it is known, the drill string is quite often subjected to the actions of asymmetrical
stress cycles with high amplitudes, even to the level of yield stress, for example during the
elimination of sticking [13]. Even a small amount of stress is necessary to be considered for
the calculation of longevity. For such stress cycles, on the contrary to low amplitude loading,
there is an increased sensitivity to asymmetry. The level of damage is primarily controlled by
the maximum stress of the cycle. Fig. 2 shows that the coefficient of sensivity of the
asymmetry to a high level of load increases to unity for a single fracture.

So, according to the damaging effects of asymmetrical load on the drill and rod
columns, three areas should be distinguished: low amplitude, high amplitude and the area of
conventional multi cyclic corrosion fatigue. For normal stress cycles, for example, in fig. 5a it
is located above the border line. The use of equation (4) for cycles a — 1< R < 0 and (10) for
R >0 is recommened.

The corresponding equations for the other two regions are to be derived.

Assuming that low amplitude asymmetric cycle with a coefficient of skewness is to be
reduced to the equivalent symmetric cycle R > 0 (point 4 in Fig.6).

In Fig. FED — is the line of endurance boundaries. Zero cycle equation (9) is used.
Further enforcement conduct is a subject to linear reduction of the sensitivity coefficient to
cycle asymmetry yp depending on the load level

OB o (B) o, ¥V,
_ max — 1+ —b .71 12
Ve =V E—l// ) ‘//( l//) | 1 v, ( )

Considering geometrical maintenance of coefficient sensitiveness to asymmetry of cycle
in Haigh diagram according to (9), the equalization is obtained (13)
_ y(c)_y(B) — O-ekv _O’SO-max(B)

' x(C)-x(B) 0,56, (B)

(13)
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Figure 6 — A chart of bringing the amplitude asymmetric cycle
with a coefficient of skewness R > 0

Thus it yields the final equation
1+
Vg . (14)

I+y,

O oy = 0¥

where i is determined by (10), and w3 from (12).
Given low amplitude asymmetric cycle with a coefficient of skewness -1 <R <0

(the point 4 in Fig.7) is reduced to the equivalent symmetric cycle.

= A
Eld

[ F A [

Figure 7 — Scheme of bringing the small-amplitude asymmetric cycle
with a coefficient of skewness -1 <R <0

In this case
_ YA4)-y(B) _ x(B)
Y= =y .
x(A)-x(B) = x(E)

If w=w x(B)/x(E)= kx(B) and x(B) =y(B), the resulting quadratic equation with
unknown x(B). The solution has the form
k-x(A)—li\/[l—k-x(A)F —4k-y(A)

x(B)=- .
2k
The analysis shows that the physical sense has the solution with the sign « + ».
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Given (13), it is finally obtained

O-ekv:k'x(B)‘(l'i‘X(B))’ (15)
where x(B):—k'x(A)_l"'\/[l_l;;x(/l)] —4k-y(A);
k= H_‘//’
0
X(A)=<7m¥;
yA)=0,

In the case of high-amplitude load ;.. > o, it is got the same equation cast with just a
little difference in definition yp. From the condition of sensitivity coefficient linear increase
to load level cycle asymmetry of, the following equation is

Umax (B) B O-m

b m

W=y + (1-y). (16)
To justify the proposed method of asymmetric construction of the curves -1 <R <1 the
object of study was 40XH steel, which is used as the material of the tool joints of drill pipes.
The results of the study by V. Ivasi for samples of steel 40XH yielded such parameters
of fatigue curves [14]:

0.1 =408 MPa; V.1 =29,82 MPa;
oy = 662 MPa; Vo=54,91 MPa;
Ny =2-10° cycle; w=0,22"

Fig. 8 shows the curves based on experimental studies as well as the curves constructed
according to equations (4) and (10).

As it can be seen, the results correlate quite strongly. It demonstrates the effectiveness
of the developed method of bringing asymmetrical stress cycles to equivalent destructive
actions and the fatigue curves parameters determination under asymmetric loads.

To assess the reliability of the suggested casting method and other critical structural
elements operating under conditions of corrosion fatigue, the results have been analyzed on
samples of steel 17G1S. The parameters of fatigue curves are:

o = 141,9 MPa; V.1 =130,87 MPa;
op = 247,1 MPa; Vo=51,83 MPa;
Ny =5,207-10° cycle; w=0,209-.

Fig. 9 shows curves 1 and 2, constructed in accordance with the specified parameters
according to the equation [12]

-1
N=N, -ln{l+{exp(w)—l} }
VR

as well as the curves 3 and 4, obtained by casting using Oding equation

O,y =0 ma * 0, [9] and equation (4), respectively.
Special software has been developed for such 'reversed' curves.

The suggested method is almost fully consistent with the results of the experiment in
contrast to the widely applied method using the Oding equation.
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Figure 8 — Curves for the samples on steel 40XH:

1 —is experimental for symmetrical loading; 2 — is experimental with a pulsating load;
3 - is given by equation (4) (R=0); 4 — is given by equation (4) (R=-0,5);
5 —1s given by equation (10) (R=0,5)
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Figure 9 — Curves for samples of steel 17G1S [7, 15]:
1 — experimental for symmetrical loading; 2 — experimental with pulsating loads ;
3 — given in accordance with the Oding equation; 4 is given by equation (4)

Conclusions. Using the developed equations and software it can be built curves with
symmetric loading and the coefficient of sensitivity to determine the parameters exactly. It is
only necessary to consider the parameters of fatigue curves under symmetrical loads.

It greatly decreases the number of costly and time-consuming experimental studies that
are required to assess the durability of the drill stem elements, operating in conditions of
asymmetrical loading with mean stress of stretching. In the process of analyzing the load of
the drill string at the stage of its reduction to an equivalent symmetric process there should be
asymmetrical voltage range of the load.

The following research will focus on identifying features of the load during lowering-
lifting operations in deep drilling using computer modeling and experimental studies of the
durability of natural samples at high asymmetrical loads.
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LOADING OF STRUCTURAL ELEMENTS OF LARGE-SIZED
ROTATING AGGREGATES DURING
LONG-TERM OPERATION

Methods for determining the teeth total skew angle crown engagement considering
errors from manufacturing and from mutual arragement of pinion and coronal wheel of an
open gearing are implemented. On the basis of experimental data, the possible range of the
total skew angle has been determined for different conditions under which large-sized
rotating aggregates are operated.

Algorithm and techniques of calculation operated for a long time rotating aggregates
during transitive and steady-state regimes of electromechanical drive mechanism operation,
non-uniformity of the turn angle of the coronal wheel were considered. Practical
recommendations for design improvement of an open gearing and for a system of kinematic
parameters adjustment of large-sized rotating aggregates drive mechanism are suggested.

Keywords: rotating aggregate, gear crown wheel and pinion, drive mechanism, skew
angles of teeth, weared out involute profil.

Kuuma A. O., x.m.u., ooyenm
Ilpeoxo P. A., k.m.H., acucmenm
Hayionanonuu ynieepcumem «JIvgiecoka nonimexmikay

HABAHTAKEHHS KOHCTPYKTUBHUX EJIEMEHTIB
BEJIMKOTABAPUTHUX OBEPTOBUX ATPETATIB
1T YAC TPUBAJIOI EKCIIJTYATAIIIT

Peanizosano memoouxy 0/ usHAYeHHs CyMAPHO20 Kyma nepexocy 3yoyis einyesoi napu
3 8PaAXYBAHHAM NOXUOOK GU2OMOGNIEHHS 1 B63AEMHO20 PO3MAULYBAHHA 3)y0Uacmux KoJic
8i0Kpumoi nepeoaui. Ha ocnosi excnepumeHmanbHux OaHUX BUHAYEHO MONCIUBUL OIaNa30H
CYMAapHO20 Kyma nepekocy 3a pI3HUX YMO8 eKChnayamayii eenuxo2abapumuux 006epmosux
azpezamie. Po3pobneno aneopumm i Memoouxy po3paxyHKy HA8AHMANCEHHS KOHCMPYKMUBHUX
eleMeHmi6 mpueano eKCHIYamo8aHux o00epmosux aspe2amié nio0 Yac NepexioHux i
CMAYIOHAPHUX pedcUMie pobomu eeKmpoMexaHiuHo20 NPUBOOHO20 MEXAHIZMY 3 YPAXY8AHHAM
HEPIBHOMIPHOCIMI KYma N08OPOMY GIHYEB020 KoJlecd. 3anponoHo8aHo NPAKMuyHi peKomeHoayii
3 VYOOCKOHANEHHs1 KOHCMPYKYIi 8i0Kpumoi 3ybuacmoi nepedaui i cucmemu pe2yir08aHHs.
KIHeMamu4HUX napamempis npueooy 6e1uK02adapumHux 00epmosux azpe2amis.

Knrouoei cnoea: obepmosuii acpecam, 3y6uacmi GiHyege Koieco i ulecmepHs,
NPUBOOHUU MeXAHI3M, Kymu nepexocy 3yoyie, 3HoueHull e601b8eHMHULL NPOQPins.
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Formulation of the problem. Large-dimensional rotating aggregates, such as rotary
kilns, tube mills, drying drums, etc. are widely used in the construction, mining, power,
metallurgy and chemical industries. The desire to get greater productivity of technological
lines has led to increase in the overall dimensions of their casing and the required power of
electric motors for its rotation. In such technological lines one or two-motor electro-
mechanical drive with open gear (crown pair) whose module 1s within the range 20 ... 60 mm
and the pitch diameter of a crown wheel is up to 12000 mm is used. In this case, installation
and repair work become more complicated, and the operating conditions deteriorate: it
concerns fastening of the crown wheel to the steel case and the housing of the crown pinion to
the basement, roller supports, bandages and other components of the rotating assembly.
Insufficient reliability of individual structural elements of the electromechanical system leads
to unplanned stops of the technological line, which adversely affects the utilization rate of the
equipment and reduces the expected effect from the use of large-sized aggregates.

The practice of electromechanical drive mechanisms long-term operation of large-sized
rotating aggregates testifies that one of the least reliable links in this case is the assembly of
an open gear pair [1]. Thus, the problem of determining loads in the structural elements of
drive mechanisms of large-sized aggregates and increasing their durability due to design,
technological and operational measures in the course of their long-termed operation is an
urgent task.

Analysis of recent research and publications. The complexities of the technological
processes that accompany the long-term operation of rotating aggregates of continuous
operation are covered in the works [2, 3]. The authors [4, 5] consider the problem of
determining the loads of large-sized electromechanical drive mechanisms elements of rotating
aggregates. Advantages of using the finite element method in various studies of the theory of
gear mesh are given in [6]. The authors [7] conducted a study of the change in the wheels load
capacity of the toothed pair for different variants of their geometric sizes. The modelling of
the toothed pair coupling was carried out using the finite element method. As a result of the
research, the method of increasing the load capacity due to the value of the module and the
number of contacting wheels teeth is suggested. Issues of quasi-static analysis in gear pairs
under the action of a torque momentum are investigated in work [8]. In the process of large-
sized rotating aggregates operation due to specific conditions of their work there is intensive
wearing of the open drive transmission teeth, which causes extra dynamic loads in the
engagement [9]. The authors [10] have established that in the two-motor drive mechanism of
the drum mills, there is forced oscillations emerge due to the accumulated error of the pitch in
the open gear transmission. The paper [11] presents the study results of the time dependences
of the normal force in the engagement and the change in velocity. From the obtained graphs,
it is seen that the velocity of the wheel varies about a certain mean value.

In the conducted studies [12], it is shown that the non-uniform distribution of the load
over the length of the contact lines of the conjugate teeth has the most significant impact on
the accuracy of the assembly work, elastic deformation of the structural elements and the butt
beating of the tooth crown. It is established that the distribution of the load over the width of
the teeth crown of the cylindrical transmission is linear. To determine the structural elements
rigidity of the ball mill drive electromechanical system, authors [13] used a two-mass
calculation model, calculated analytical parameters determining the rigidity of gears,
drive shafts, and elastic couplings of drum ball mills. The studies results of displacements
in the cross sections of the roller-supports of large-sized rotary kilns are given [14].
Calculations show that the elastic displacement of the kilns body can be a significant part of
its total displacement, which negatively affects the operation of the open gearing. As an
alternative to the existing structures of drive mechanisms of rotary units, it is possible to note
the patents [15, 16] and the author's certificate [17], where the crown wheel and the pinion are
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made with two additional support rollers at their butts which contact each other and maintain
a constant radial clearance in the engagement of the open gearing wheels.

Unsolved earlier part of the general problem. The conducted analysis of studies and
publications showed that during long-term operation of large-sized rotating aggregates there
are many problems that are associated with their design and operational features. Preferably,
research relates to drive mechanisms with closed gearings. There is much less attention paid
to the study of drives with large-modal open gear transmission operation, although such
mechanisms are operated under more heavy conditions. A number of new designs of rotating
aggregates drive mechanisms are suggested [15-17], but due to the large material and time
costs required for modernization, as a rule, their implementation in the production process is
not carried out.

Setting objectives. The development of the algorithm and the technique of calculating
the loads of structural elements of long-term continued operated large-sized rotating
aggregates, considering the errors of manufacturing, installation, parameters of their
operation, and electromagnetic processes in the electric motors of the drive mechanism were
performed.

Main material and results. The electromechanical part of large-sized rotating
aggregates consists of a body with mounted bandages rested on rollers. The torque moment is
transmitted from the main electric motor to the main gear unit, the coupling, the pinion gear,
the teeth of which are in the engagement with the crown wheel teeth, which is secured rigidly
with the help of special rods to the body of the rotating assembly. Under the conditions of
installation, the crown wheel consists of two halves. For example, for a rotating unit of the
diameter of the body equal to 5 m, the pitch diameter of the crown wheel is 7.74 m, the width
of the tooth crown is 0.85 m and weighs is about 50 000 kg. During a long-term operation, the
body of the rotating unit and, with it, the crown wheel simultaneously move in the vertical
and horizontal planes due to the eccentricity of the fit of the crown wheel and the radial beats,
the ellipticity of the near-bandages and support rollers, the non-straightness of the axis of
rotation of the body of the rotating unit and its temperature deformations. Mounting and
checking of the drive elements occurs during the complete stop of the technological line, and
at that time the temperature of the housing of the rotating unit is equal to the ambient
temperature. When the rotary unit is started in the technological regime as a result of
temperature and force deformations, the mutual arrangement of the gear wheels of the crown
pairs significantly changes.

The value of the total skew angle of the crown pair teeth depends on the accuracy of the
manufacture and installation of the large module gears and wheels and the deviations of the
axis of rotation of the unit from the straight line. The pinion and wheel of the crown pair have
no common place, therefore, in the process of the rotating unit operation; their mutual
arrangement can vary considerably. The estimation of the constructive and operational factors
influence on the gear wheels work of the rotating aggregate crown pairs can be carried out
with the help of the average probable value of their total skew angle.

The angle value of open transmission teeth technological skew is determined according
the A. I. Petrusevich’s formula, which is given in the paper [12]

;/T:\/Aﬂg+Aﬂ§+y§c0s2aw+y,%sin2aw, (1)

where Af, and 4p, are the deviations from the given direction of the gears teeth angle
and wheels inclination respectively;

7s and jy, are the angles of displacement and non-parallel of the pinion and wheels
rotation axes respectively;

o, are the angle of engagement.
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For a rotating unit with a rectilinear axle of the body and an axial beating of the crown
equal to the angle & of inclination of the open gear wheels is of
D i
y =siny 4. 2)
where d,,; 1s the pitch diameter of the crown wheel.

Movement of the crown wheel with the curved axis of the unit with two-motor drive
rotation is shown in Fig. 1, where e is the value of the deflection of the unit body rotation axis
in the section, which coincides with the position of the median plane of the crown wheel, & is
the axial displacement of the crown wheel beating which is caused by distortion of the unit
body rotation axis.

At this case, the angle of inclination of the open gear wheels axes is determined
depending on the value of its deflection in the section where the crown wheel is installed
(Figure 1)

7y =—, (3)

where L = CB is the distance from the proximity of the rotating unit body rollers to the
median plane of the crown wheel.
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Figure 1 — Characteristic cases of the crown pair elements mutual arrangement
in the case of the rotating aggregate body rotation curved axis

For the convenience of conducting further research, the angles of distortion the crown
pair wheels axes are brought to the plane of engagement. Then, the dependencies for
determining the variable components of the reduced angles of bias y’s and the non-parallel 7,
of the crown pair teeth from the axial beating of the crown & in the function of rotation angle
of the crown wheel y; have the form

Vs = icos a,,siny, ; 4)
w2
U
Vn = sina,, cosy, . (5)
w2
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Dependencies for determining the variables of bias reduced angles components »”s and
the non-parallelness y”;, of the crown pair teeth from the value the unit body rotation axis
deflection e in the function of rotation angle y; have the form

7/’5' = %cos a,, -siny, ; (6)

Vn = %sin a,, - COSY, . (7)

Substituting (4) - (7) into (1), it is obtained the formula for determining the total skew
angle of the crown pair teeth

2 2
Vs = A,BIZ, + Aﬂé + [f—l + e—zJ(cos2 a,, sin? W, + sin’ a,, cos? 1//,<) . (8)
w2 L

In the course of experimental studies, the axial beating of the crown wheel and the
deflection of the rotation axis of the rotating unit body from the straightness were determined.
Investigation of the operating conditions of the drive mechanism at different values of the
errors of manufacturing and assembling the elements of rotating aggregates have showed that
in real conditions of operation the total skew angle of wheels crown pairs teeth may exceed
the recommended maximum value more than two or three times, there may be cases of
incomplete contact of crown pairs of teeth wheel width. For rotating aggregates of the sizes of
5%185 m, 4.5x170 m, 4x150 m, the value of the maximum total skew angle of the wheel teeth
under certain operating conditions lies in the range of 4.0 - 10™ to 1.0 - 10~ rad.

All this indicates that in the process of rotating aggregates embedding of the crown pair
teeth wheels long-term operation is not fully implemented. Due to the specific conditions of
their work (open gear transmission, the presence of abrasive media, large non-uniform
distribution of load over the length of contact lines, etc.), there is an intense wear of the teeth
pinion and wheels (Fig. 2). This causes the unevenness of the rotary motion of the crown pair
wheels, resulting in extra dynamic loads in the engagement.

Figure 2 — Profiles of the open gear wheels gear during their long-term operation:
a — the pinion and the crown wheel; b — pinion

The dependence of the variable component of the the crown wheel turn angle Ay in the
function ¢,/u; of the reduced angle of the crown gear rotation during the time of one
engagement of the conjugate teeth is approximated by the finite number of Fourier series
terms [18]
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= Ay + ZE sm(]zz 8l-jj, 9)
up

where E,=A4;+B, is the total coefﬁ01ent of the Fourier series;

4y, A, B, are the coefficients of the Fourier series;

u, is the gear ratio of the gear wheels of the crown pair;

z, 1s the number of crown wheel teeth;

¢; 1s the initial phase ; is its harmonics;

S, is the number of terms of the Fourier series which is necessary to provide the

required accuracy of the calculation.
The mutual relation of the crown pairs teeth wheels rotation angles with the worn out
profile of the teeth has the form

ve =2 Ay, (10)
Uy

Given the expression (10), we obtain

7 +A0+ZE sm(]zz 5Uj (11)
u u

In this case, the variable transmission ratio of the wheels of the crown pairs of the worn
out profile of the teeth has the form

-
y= {L-F—ZEU]ZZ cos(jz2 P +&; H . (12)
u

U, Uy j= 2

To study the oscillation phenomena due to the kinematic errors of the crown teeth pair,
due to the deviation of the teeth shape from the profile, the mechanical part of the rotating
aggregates can be represented as a discrete calculation scheme (Fig. 3), where Ji(i=1, 2, ...,
m) are the moments of mass inertia of the drive mechanism; Cy(i=1, 2, ..., m-1) are the elastic
elements rigidity of the drive; v;(i=1, 2, ..., m-1) are the coefficients of linear resistance of the
corresponding units. Metal construction of the rotating unit body by direct sampling is
replaced by a set of masses with moments of inertia [;(j=1, 2, ..., n-1); r;(j=1, 2, ..., n-1) and
wG=1, 2, ..., n-1) — respectively, the rigidity and coefficients of the linear resistance of the
parts of the aggregate body; @i(i=1, 2, ..., m) and w;(j=1, 2, ..., n) are the coordinates of
movement of the corresponding masses of the drive mechanism and the body of the rotating
aggregates.
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Figure 3 — Calculation scheme of a large-sized rotating aggregates
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In the calculation scheme, the gear wheels of the crown pair are directly connected with
the masses, which have moments of inertia J,, (for the pinion gear) and Ix (for the crown
wheel). Assume that the values of the inertial, rigid and dissipative parameters of the drive
elements are determined considering the reduction to the axis pinion gear rotation.

The equation rotating unit masses motion is made on the basis of the Lagrange
equations of the second kind. Using expressions of kinetic and potential energies, Relay
functions, and generalized forces, there can be obtained differential equations of motion.

For masses of the drive mechanism, these equations have the following form:

(J1p2 +tvip+C o —(vip+C o, =M u,; (13)

[Jipz +(vi+v,  Jp+C+C_ Jo,—(vip+C_Jo_ —(vip+C )y, =0;

14
i=23,..,m-1. (14)

where M, is the electromagnetic moment of the motor;

u, is the gear ratio from the shaft of the pinion axle motor, which is equal to the gear

ratio of the main gear unit;
p 1is the operator of differentiation with respect to time.

The equation of the open gear pair wheels motion directly is connected with the crown
wheel of the rotating unit body section is represented by the dependence:

1 ) M., U r., r 21, dy )
Jn+=5|p +(vm_ +L‘+—"jp+Cm_ +5 “}(ﬂm— S ——(pp,) -
K 72) 7 Ly Y de, (15)

~ur+C, )P, - 7/71 (U p+r W, — 7/71 (U p+1 W, 0 = _7/71M0K’

where M, is the moment of the forces resistant to motion, which is applied to the part

of the rotating aggregates body connected with the crown wheel.
The equations of the body lumped masses motion of the rotating unit have the form:

(11p2+,u1p+7”1)l//l—(ﬂlp+l’1)l//2Z—Mm; (16)
[1LD* +(t + ) p+ 1+ 15 ]W, — (o p 1o W — a7
—(up+r)y, =M ;i=23.  k-Lx+1..,n-1;

(Inp2 +lun—1p+rn—1)‘//n _(ﬂn—1p+rn—1)l//n—l :_Mon . (18)

where M, (i=12,..,k-Lx+1k+2,..,n)are moments of motion resistance.

If the lateral gap in the engagement of the open gear is partially disclosed, the equation
of motion of rigidity coupled masses with pinion and with a crown wheel takes the form

(.0’ 4V p+Co )0, —(V, .0 +C, )0, =0; (19)

[Ikpz +(:Ll1<—l +ﬂK)p+rK—1 +rK]l//k‘ _(ﬂk‘—lp—i—rk‘—l)l//k‘—l -

(20)
_(ILIKp + rK )WKJrl = _MOK'

It should be noted that considering non-rectlinearity of the body rotation axis and
the specificity of the processed raw material movement along the axis of the rotating
aggregate, the total moment of the body forces resistant to the motion is shown with the
expression
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My, =My, -(1+ £siny, ), 1)

where ¢ is the coefficient of resistance moment amplitude variation to the rotating
aggregates body motion.

The dynamical properties of the asynchronous motor are considered by means of
simultaneous integration of the rotating unit mechanical part motion equations with the
equations of the motor electromagnetic state [19].

The mathematical model of an electric machine is described by the following equations

pis = as (us + 'Qsl//s - r:sls + bs (QRWR - rR ) lR) 5 (22)

Dig =bp(u,—Qw —71. i )+ ag(Qy,—171z) . (23)

In these equations, the subscripts s and R denote that the corresponding parameters are
related to the stator or rotor windings, respectively i; and iz are the matrix-columns of
projections of currents on to the coordinate axes X, y; ug is the matrix-column of voltage
source; W, Wwg are the matrix columns of complete flow connections; (2, (2 are the angular
velocity matrices; a,, ag, bs, bg are the constant coefficients; r,, rz are the stator and rotor
windings resistances, respectively.

The electromagnetic moment of the motor is found by the formula

M, =2 pyfiy iy =i, ) @4
where py is the number of pairs of magnetic poles;

7; 1s the inverse working inductance of the motor.

Depending on the location of the two neighbour teeth of the crown wheels, the total
angle of the crown pinion turn, relative to the axis the crown wheel rotation , considering the
choice of the lateral gap in the engagement of the open transmission ¥ is determined by the

expression

P

W, ) +Ay, +(q-1)-x/7, (25)

where y is the angle where the teeth of the crown pinion is turned to chose the lateral
gap between the teeth of crown pair.
The torque M,, which is transmitted by the crown pinion determined by the formula

Mm = Cm—l(gam—l - ¢m) + Vm—lp(qam—l - ¢m) . (26)

Determining the loads that emerge in the elements of the mechanical system of the
rotating aggregate under different operating conditions, there can be carried out the following
algorithm:

Variant 1: in the case where the lateral gap between teeth of a crown gear pairs is
completely chosen g = 1; M,, > 0.

The mathematical model of the drive system of rotating aggregates is formed from the
equations (13) - (15), (16) - (18), (22), (23) considering the relations (12), (24), (25).

Variant 2: in the case where the lateral gap between the crown pairs is maximal g = 2
M, <0.

The mathematical model of the drive system of rotating aggregates is formed from the
equations (13) - (18), (22) - (23) considering the relations (12), (24), (25).

Variant 3: in the case where the lateral gap between teeth of a crown pairs is partially
chosen 1 <¢g <2; M, =0.

There is constructed a mathematical model from equations (13), (14), (16) - (23)
considering the relations (12), (24), (25).
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According to the variants number (1, 2 or 3), the system of the corresponding
differential equations is determined. Their numerical integration is performed by the Runge-
Kutta method. The program provides an opportunity to identify efforts of meshed wheels
crown pairs, moments in elastic links, dynamic factors and output calculation results with a
given time step. Using modern PC allows us to optimize the parameters of the drive
mechanism according the criterion of minimum dynamic loads.

As an example, the drive system elements load of six-support rotating kiln @ 4.0x150 m
with roller support on roller bearings and welded bandages is considered. Technological
frequency of the kiln body rotation, n, =0.55 ... 1.4 rpm. As an electric motor of the main
drive, the motor AKZ-12-35-6 with a power of 320 kW and speed of n, =980 rpm are
chosen. The main gearbox A 600x900x1400 with gear ratio of u; = 87,82. Parameters of open
crown pair gear: module m =45 mm; number of teeth z; = 19, z, = 150.
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Figure 4 — Graphical dependences of the normal force change
in the engagement of the open gear crown pair transmission
of the drive mechanism of the rotating kiln 0 4.0x150 m

Fig. 4, a and Fig. 4, b show the dependences of the normal force change in the
engagement of the open gear crown pair transmission of the rotation kiln drive mechanism
D 4.0x150 m during the transition and stationary modes of operation. Curve 1 in Fig. 4 a,
represent the dependence of the change in the normal force in the engagement of an open gear
crown pair with an ideal involute profile, the teeth (y = £ = 0), the curve 2 in Fig. 4,
a — provided that the worn-out involute profile of the teeth is when y =0.004 rad and
E=0.0005 rad. Comparison of the graphic dependencies 1 and 2 in Fig. 4 a shows that the

increase of the angle4 and the uneven angles of wheels rotation of the crown pairs for the
considered case lead to an increase in the normal force in their toothed engagement by 27%.

Fig. 4, b shows the dependence of the normal force change on the engagement of an
open gear crown pair during stationary mode under condition of a worn-out involute profile of
the teeth when y =0.004 rad and E = 0.0005 rad. From Fig 4, b, it can be seen that in the
stationary mode of the rotating kiln at lower frequencies of the rotation of its housing, which
is required in accordance with the technological regime of clinker annealing, resonant states
may occur in the drive elements. It is due to the fact that the range of the rotational speed of
the kiln body according to the technological regime of the clinker annealing lies in the limits
of 0.55...1.4 rpm, which corresponds to the range of the crown wheel pair frequency which
lies within (1.3...3.5) Hz. At the same time, the frequency teeth of the crown pairs of wheels
can coincide with one of the inner frequencies of the rotating aggregate mechanical system.
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Conclusions. 1. Analysis of structures and operational conditions for traditional drive
mechanisms of large-sized rotating aggregates have indicated that the total skew angle open
gearing teeth can reach the value of 4,0-10* rad, sometimes up to 1,0-10” rad.
During long-term operation, embedding of crown gearing wheels teeth is not complete.
This causes great non-uniformity of load distribution along lines of contact, intensive
wheel and pinion teeth wearing out, and extra dynamic loads of the structural elements
rotating aggregate.

2. Algorithm and technique of structural elements calculation of operated for a long
time large-sized rotating aggregates are suggested. According to this technique,
the determination of loading in mesh of an open gearing and torque moments in elastic
links is conducted considering the mutual influence of mechanical and electromagnetic
oscillation phenomena. The kinematic parameters of open gearing are presented in terms of
non-linear dependences considering the errors from manufacturing and the parameters of
wearing out.

3. The results of investigations, which have been carried out by means the numerical
modelling method and by means of experiments, have indicated that during operation of
large-sized rotating aggregates resonance states can emerge in elements of their drive
mechanism at the expense of the open gearing teeth re-conjugation frequency coincidence
with one of the lower natural frequencies of the mechanical system. It is expedient to use of
transducers for monitoring the vibroparameters of the drive mechanism, the transducers
signalize for correcting into the aggregate body rotary speed smooth adjustment system.
Carrying out the adjustment of the kinematic parameters of the driving mechanism in due
time makes it impossible to operate large-sized rotating aggregates in resonance regime.

4. The application of the drive mechanism design of large-sized rotating aggregates
with mobile «floating» pinion of an open gearing is in prospect. In such a drive mechanism,
the pinion and the crown wheel are made with two additional rollers at their butts.
The additional rollers with the help of elastic elements are pressed against each others.
The application of such drive mechanism design enables to maintain more constant mutual
position of the wheels of an open gearing during its long-term operation, including such
parameters as interaxial distance, lateral and radial gaps.
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COATINGS DISCRETE SURFACES CONSTRUCTION
BY SUPERPOSITIONS OF ADJUSTED MESH FRAMES

The method of curve surface discrete geometric modeling on the basis of two discrete
frames superimpositions, formed by a static-geometric method, and on the basis of a single
surface curve nodal points superimposition, also formed by static-geometric method, is
considered. It has been determined that the suggested method allows to model balanced
discrete structures formed on the specified contour nodes, as well as those passing through
the specified nodal points without composing and solving equations systems.

Keywords: discrete geometric modeling, discrete surface frame, coating surfaces,
static-geometric method, the external shaping load value, geometric apparatus of
superimpositions, coefficients of superimposition.

Boponuyoe O.B., k.m.u., ooyenm

Tyaynogea JL.O., x.¢p.-m.H., Ooyenm

Ilonmascvkuil HayioHanbHuti mexHiyHuil yHisepcumem imeni FOpiss Konopamioxa
Boponuyosa 1.B., k.neo.n., euxnaoay

Ilonmascovkuti Konedic nagpmu i 2asy

Ilonmascvkoeo nayionanvHo2o mexniyno2o ynieepcumemy imeni FOpia Konopamioka

P®OPMYBAHHS TUCKPETHUX IIOBEPXOHb IIOKPUTTIB
HA OCHOBI CYIIEPITIO3NIIN 3AJAHUX
CITYACTHUX KAPKACIB

Poszenanymo cnocibd ouckpemnozo ceomempuuno2co MoOent08anHs KPUSUX NOBEPXOHb HA
OCHOGI cynepnosuyiti 080X OUCKPEMHUX KAPKACI8, CHOPMOBAHUX CMAMUKO-2eOMEMPUYHUM
MemoooM, ma HA OCHO8I CYNepno3uyii Gy3108UX MOYOK OOHIEI KpUueoi noeepxHi,
cOpMOBAHOI MAKOHNC CIMAMUKO-2€0MEMPUYHUM MEMOOOM. 3’Ac08aHO, WO 3anpONnOHOBAHUL
Cnocib 003801€ MO0eN08aAmuY  8PIGHOBANCEHI OUCKPEeMHI CMPYKmypu, c@opmosani Ha
3a0aHUX KOHMYPHUX 8V3/1aX, A MAKONC Mi, W0 Npoxoosams uepe3 3a0aHi 8y3108i mouku Oe3
CKAAOAHHSA [ PO38 SA3AHHS CUCEM DIGHSHD.

Knrouoei cnosa: ouckpemue 2ceomempuune MOOeN0BAHHA, OUCKPEMHUL KapKac
NOBEpPXHI, NOGEPXHI NOKPUMMIE, CMAMUKO-2EOMEMPUYHULL MEMOO, BENUYUHA 306HIUHBLO2O
Ghopmoymeopiou020 HABAHMAIICEHHS, 2eOMEMPUYHULL anapam cynepnosuyitl, KoegiyieHmu
cynepnosuyii.
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Introduction. Geometric designing is important for designing modern building
structures, architectural forms of coatings, when the main geometric shapes are determined at
the sketch stage with their advantages and disadvantages.

An expedient way to obtain the medial coating surfaces is inefficient. A surface must
satisfy the pre-set conditions and requirements that are often competing with each other.

Calculations of such structures considering material physical properties, manufacturing
technology and installation features require information about the object presented in the
discrete form, therefore it is advisable to form them in the discrete form in the very beginning.

Discrete geometric modeling is the most promising trend in the applied geometry
development in the current period, which can be conventionally divided into studies
on the discretization of continuous geometric images and the shaping based on discrete source
data [1, 2].

The static-geometric method of discrete geometric modeling of curved lines and
surfaces [3] allows obtaining discrete frames of curvilinear surfaces under the influence of
external shaping loads and, moreover, it is simple and descriptive. Using the static-geometric
method allows obtaining discrete frames of curvilinear surfaces on an arbitrary reference
contour.

Analysis of recent research sources and publications. The basis of the static-
geometric method mathematical apparatus is solution of cumbersome linear equations
systems, which complicates the process of computer-implemented calculations. Publication
[4] is devoted to the issue of expanding the shape-forming possibilities of the static-geometric
method by means of the numerical sequences mathematical apparatus, which permits, in
particular, to avoid composing of linear equations systems in the discrete images formation.

In publication [5], the problems of the discrete surfaces frames construction by
functional addition based on two pre-calculated frames by means of the static-geometric
method were studied. However, grids verification obtained as a result of the initial grids
superimposition with different braced stretching coefficients showed that the resulting grid is
not balanced with a set of external load on the nodes, thus the results of such superimpositions
are not accurate but approximate.

In study [6] the notion of the sets superimposition apparatus in applied geometry is
defined. A number of properties have been proved permitted to draw conclusions about the
deep comprehensive studies prospect concerning the superimposition apparatus.

The articles reports [7-11] show the approaches to determination of certain functional
dependences discrete analogues based on the superimpositions geometric apparatus of one-
dimensional point sets permitting the formation of discrete images without composing and
solving cumbersome equation systems. The shaping control of discretely submitted curves is
performed by varying the superimposition coefficients values.

Identification of previously unsettled parts of the general problem. The classical
finite difference method, static-geometric method, mathematical apparatus of numerical
sequences have their advantages and disadvantages concerning the solution of specific
practical tasks. Therefore, their studies, enrichment with new efficient algorithms, studying
the possibility of their compilation, and on this basis, expansion of the output data set, are
topical. The above methods further development and improvement in general are topical as
well. Using the geometrical superimpositions apparatus in combination with the above-
mentioned methods permits to improve significantly the efficiency and to extend the
continuous geometric images discrete modeling possibilities.

Setting objectives. The purpose of the present article is to study the method of two-
dimensional geometric image modeling in the form of discretely presented curved surface by
means of the superimpositions geometric apparatus of one-dimensional point sets based on a
single curved surface formed using the static-geometric method.
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Main material and results. It is supposed the surface differential equation specified as

5z, 5%

z=x"+)" (fig. 1) : F+ - =4 for a limited area -2 <x<2 ;-2 <y<?2, and the marginal
X

conditions are set as four lines:

. y=2; z=x2+4;
2. y=-2; z=—x2+4;
3.x=2; z=y2+4; (1)
4. x=-2; z=—"+4.

It is determined discrete point surface frame in the specified area with step 2= 1.

Ve

Figure 1 — Discretely presented surface z = X+ y2 .

According to dependences (1) the applicative points values are determined on the
surface boundary lines with step 2 = 1. In the Table 1 they are located in the boxes surrounded
with a heavy line.

Table 1 — Values of surface applicate points

i=-2 i=-1 i=0 i=1 i=2
= 8 5 4 5 8
= 5 2 1 2 5
j=0 4 1 0 1 4
j=-1 5 2 1 2 5
j=-2 8 5 4 5 8
Let us replace the differential equation with the finite differences expression
Ziny t zZivy—4zij t Ziy T Zin;—4=0 ()

and compose the system (3) of finite differences equations for all unidentified nodes of the
area.
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( z10 + z.10 — 4200 + zo1 + 201 —4=0

220 + 200 —4z10 + z11 + 211 —-4=0

z31 t 201 — 4z +zip +z10-4=0

zi1 tzq1—4zo1 +zoo + 20— 4=0

< zor tzor—4zq tzptz0-4=0 . 3)
Zoo T Zoo—4z00+ 241 +2z0.—-4=0

Zool t Zo =4z 210+ 2120—-4=0

z11 + 2z —4z0 200 + 202 —4=0

| 221 +zp1—4z11 tzi0 tz12—-4=0

Considering the initial data symmetry, the system of equations can be significantly
reduced by writing the symmetry conditions

201 =210 = 2-10 = 20-1 5 211 = Z-11 = Z-1-1 = Z1-1 -

It is substituted the marginal contour applicative-nodes values and the symmetry
conditions into the system (3):

4Z1o—4Zoo—4:0
4+zp0—4zi0 + 2211 -4=0 . ()
8+2z10—4z1;-4=0

The results of solving the system (4) are presented in the Table 1.

To form the surface discrete frame by the static-geometric method, the model of the
given surface in the form of a discrete grid with a uniform step 2 = 1 along the axis Ox:
Xir1 =x;+ h; and the axis Oy: y;1 =y;+ h; can be imagined as being balanced by certain
external efforts in nodes and forces in the braces so that these efforts are directly proportional
to these braces lengths (Fig. 2).

Z

N

) 4
Figure 2 — Diagram of the balanced discrete grid nodes

Then it can be determined the external effort KP;; that balances the effort R.1; , Ri+1 ,
Rij.1, Rij+1 of the respective braces

P,=R +R . (5)
For the type II grid [12] with the reference system of nodes, as it is shown in Fig. 2, the

equation (5) in the coordinate form is:

+R.. . +R

i-1,j i+1, ] i,j-1
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Uity Ty — 4+ iy + g + KP =0, (5)

where u is a generalized designation of the respective coordinate.

Thus, to form the discrete frame of the surface shown in Fig. 1 by the static-geometric
method, it is necessary to compose and solve a system of equations on the internal nodes
equilibrium:

4210—4ZOO—KP,'J'=O
4+Zoo—4210+2211—KPij:0 R (7
8+2210—4211—KP5/=0

where KPj; is the value of the external shaping load.

It is considered an example of discrete surface model formation based on two discrete
surface frames superimpositions formed by the static-geometric method in a single reference
contour (Fig. 3).

I 7z
¥
~
/ Anlgzil
. - /\ Ailzasl
A4/ AN Adtt7/
N -
T_ ST ] ; X
= 2R Adftad Loe—1T "
T - /
< p \ o
\b\____é -a: Aﬁl_ﬁﬂ?{ - o \___——-\\\

——— " -

Figure 3 — Formation of discrete surface models based
on superimpositions of two discretely determined surfaces.

Discrete values of the first curved surface are formed basing on the initial data
zn=4zp=4,z3=4,zu=4, Pj=—1.
The equation system (7) is:

4210—4200—1=0
4+zogo—4z10+2211—-1=0
8+2z10—4z11—-1=0

This system solution results in: zyg=27/8 , z10=29/8 , z;,=65/16;

The discrete values of the first surface application formed by the static-geometric
method in the specified reference contour and by the value of the external shape-forming load
P; = -1, specified and uniformly distributed between the discrete frame nodes, are presented
in Table 2.

40 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (50)" 2018.




Table 2 — Application points values of the first surface with the load value of P; =1

i=—2 i=—1 i=0 i=1 i=2
j=2 8 5 4 5 8
j=1 5 65/16 29/8 65/16 5
j=0 4 29/8 27/8 29/8 4
j=-1 5 65/16 29/8 65/16 5
j=-2 8 5 4 5 8

Statement. Any point coordinates of two-dimensional set of points are the coordinate
superimposition (8) of this set four arbitrary points

Xo—Xxa=ky (x1 —x4) T ko (x2 —X4) + k3 (X3 — X4)

Yo—ya=ki (01 —ya) T hka (2 —ya) T k3 (y3—ya) . (8)
zo—za=ky (21 —z4) T kp (20 — 24) + k3 (23 — z4)
It can be computed the superimposition coefficients values for three specified points of
the reference contour 4,(2; 0; 4), A2(0; 2; 4), A3(-2; 0; 4) and the central node 44(0; 0; 3,375)
to determine the coordinates of point Ay(1; 0; 3,625) .
Then the system of equations (8) is
1-0=k(2-0)+k (0-0)+k (-2-0)
0-0=k(0-0)+k (2-0)+43(0—0)
3,625 -3,375=k (4—-3,375) + ky (4 —3,375) + k3 (4 — 3,375)
The solution of this system gives the value of the superimposition coefficients:
ki =9/20, ky =0, k3 =-1/20.
To determine the coordinates of point Ay(1; 1; 4,0625), the superimposition coefficients
has the values: &y = 11/20, k, = 1/2, k3 = 1/20.
Discrete values of the second curved surface are formed according to the initial data
za1=4,200=4, 23 =4, Zas = 4, P;j = 6.
The system of equations (7) is
421() —4Z()()— 6=0
4+zoo—4z10+2211-6=0 .
8+2z10—4z11—-6=0

Solution of this system gives the result: zoo =—-9/4, zj0=-3/4, z;;, =5/8.

The discrete values of the second surface application formed by the static-geometric
method and by the specified value of the external shape-forming load P; = —6 distributed
uniformly among the nodes of the discrete frame are presented in Table 3.

Table 3 — Applicative points values of the second surface with the load value of P; =—6

i=—2 i=—1 i=0 i=1 i=2
j=2 8 5 4 5 8
j=1 5 5/8 -3/4 5/8 5
j=0 4 -3/4 -9/4 -3/4 4
j=-1 5 5/8 -3/4 5/8 5
j=2 8 5 4 5 8
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It can be computed the superimposition coefficients the values of the same three
specified points of the reference contour 4,(2; 0; 4), A2(0; 2; 4), A3(-2; 0; 4), and also the
central node 44(0; 0; —2,25) to determine the coordinates of point Ay(1; 0; —0,75).

According to the above initial data, the solution of the equations system (8) gives the
values of superimposition coefficients: k; = 37/100, k, =0, k3 =—13/100.

To determine the coordinates of point Ay(1; 1; 0,625), the superimposition coefficients
is the values: k1 = 23/100, k, = 0.5, k3 =-27/100.

The value of the external shaping load and the nodal points application of the sought
curved surfaces discrete frames as superimpositions of two discrete curved surfaces frames
pre-formed by the static-geometric method (Fig. 3) is determined by the formulas:

Pij = kll)i} +k2P'2

_ 1
z; =kz, +kyz

o2

2
ij oo

1 . . . . . .
where P, —magnitude of the uniformly distributed external shape-forming load applied

to the nodes of the modeled first surface, and Pif — that of the second one;

z;. — applicate of the ij-node of the first surface, and zl.jz. — that of the second surface.

Considering the uniform step of the load size changing from 1 to 6: 6 -1=5;1/5=0,2
obtains k1 = k, = 0,2; 0,4; 0,6; 0,8.
For example, the load value PijA4 and application of nodal points z;“ of the discrete

surface frames is determined by the formulas:
]31‘.].”‘4:2’25 =02-(—6)+08-(-1)=-12+(-08)=-2,

i

pAa=1 2

=0,6-(=6)+04-(=1)=-3,6+(-04)=—4,

P4 =06-(-6)+04-(-1)=-3,6+(-04)=—4,
BT =08-(=6)+02-(-1)=-48+(-02)=-5,

Zpit ,=02-(-2,25)+08-3375=-045+2,7=225,

zp0  =04-(=2,25)+0,6-3375=-090+2,025=1125 ,
ij

Zppt , =06-(-225)+04-3375=-135+135=0,
Zpy s =08(=225)+02-3375=-180+0,675=—-1125 .

The recurrent dependence and nodal points application value of the surface curves
discrete models is presented in Table 4.

Table 4 — The value of the external shaping load and the nodal points ordinates
of the sought surface curves discrete models

kl = 0,8 kl = 0,6 kl = 0,4 kl = 0,2
ky, =0,2 k, =0,4 k, = 0,6 k, =0,8
PAn=33T5 _ 1 |pAn=225 _ 5 [pAn=1125 _ _3 |paw=0 _ _4 pAn=-L125 _ 5 | pAn=225 _ _¢
i - i - i - i - i - i -
P =3375 |P*,=225 |P® =1125 B, =0  |P.* =-1125|P, " =-225
Pijj=—1 — Pjj=—2 — Pj=—3 — Pij=—4 — Pijj=—5 — Pij=—6 %
Pt =3625 |Pyt,=275  |P =1875 (B, =1 P =0125 [Pt =-075
All All All All All All
B =40625 P =3375 |P4  =26873P0 =2 |Py =13425|B,"  =0,625
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The results of the computed superimposition coefficients of four specified points A»,
Aoz, A-20, Aoo to determine the coordinates of unknown points 419 and A;; (considering the
symmetry conditions) of the formed curved surfaces discrete models for various values of P;
are presented in Table 5.

Table 5 — Values of superimposition coefficients

| A | A | Aa Ao | Ao An
Pi]': -1
Zij 4 4 4 27/8 29/8 65/16
k; 9/20 11/20
k> 0 Ya
ks -1/20 1/20
k= 1-ki-kr-k; 12/20 -2/20
P,'/'_ 2
Zij 4 4 4 9/4 11/4 27/8
ki 11/28 9/28
k> 0 Va
k3 -3/28 -5/28
kq= 1-k;-k>-k; 20/28 10/28
Pi]'_ 3
7 4 4 4 9/8 15/8 43/16
ki 35/92 25/92
k> 0 Ya
ks -11/92 -21/92
k= 1-ki-kr-k; 68/92 42/92
P,'/_ 4
Zjj 4 4 4 0 1 2
ki 3/8 2/8
k> 0 Va
k3 -1/8 -2/8
kq=1-k;-k>-k; 6/8 4/8
P,'/_ 5
Zjj 4 4 4 -9/8 1/8 21/16
ki 61/164 39/164
k> 0 Va
k3 -21/164 -43/164
ky=1-k;-k>-k;3 124/164 86/164
Pi]': -6
7 4 4 4 29/4 34 5/8
k; 37/100 23/100
k> 0 Vs
ks -13/100 -27/100
ky=1-k;-ko-k;3 76/100 54/100

According to the results presented in Table 5, a certain regularity can be observed
relating to the superimposition coefficient values of the specified three boundary and central
nodes to determine the sought nodes coordinates that lies in the following.
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The difference in the superimposition coefficient values of two specified nodes in the
boundary contour k; and k3 to determine the sought nodal points coordinates is a constant
value and equals to 1/2 (k) — k3 =1/2) .

It can be proved this conclusion by writing the system of equations 7 for the above-
determined curved surfaces discrete models in general terms:

421() — 4Z()() = Plf/
4+zo0 —4z10 +2z11 = Py .
8+2z10—4 z11 =P,'j
Solution of this system gives the result:
36 -9F; 36 -7F, 76 -11F,
Z00 = 3 > Z = 3 s I = 16 .
Hence, the nodal point coordinates of the specified and modeled discrete curved

surfaces is:

36 9 36 7 76 11
Aoo(o"of§_§ej) > Alo(lfo"?_gej) o Ay (L ——

—P ).
16 16 )

A(2,0;4), A,(0,2;4), A,(-2,0,4) .
Substituting coordinates of point 4;yinto the equation system (8), it is obtained:

(1-0=k (2-0)+ky (0 0) + ks (-2 — 0)

0-0=k (0-0)+hk (2—0)+k; (0—0)

(ﬁ_zg,j_(ﬁ_ggjzh 4—(2—2}3) Tk 4—(§—2}3) i
g 87) s 87 g g8 g g8
+k{4—(§—2PﬁD

L § g8

Solution of this system gives the result:
13P, -4 4-5P,
— i k=0 k.= ij
1 b 2 H 3
365,16 36F, —16
Including: k1— k3 =1/2 .

A

Substituting coordinates of point 4;; into the equation system (8), it is obtained:
(1-0=k (2-0)+ ky (0—0) + ks (-2 — 0)
0-0=k1(0-0)+k (2-0)+ k3 (0-0)

(7—6—£R4j—(§—2}3)=k1 4—(§—23) Tk 4—(§—2}3) n
16 167) s g7 g g7 g g8
+ k; 4—(§—23)

g 8"

Solution of this system gives the result:
TF, + 4 _ 1 12-1 lfj.j

7 36p 216

A

\

1 " A P 12 ° kz =5
36Pl.j -16 2
Including: k1— k3 =1/2 .

44 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (50)" 2018.




Conclusions. The method of constructing a grid based on superimpositions of pre-
calculated two or more grids with the similar topology permits to easily determine the
coordinates of an arbitrary node in a new grid according to the coordinates of the respective
nodes in the known grids.

Four specified nodal point coordinates coefficient superimpositions values of discretely
presented two-dimensional geometric images for determining the sought nodal point
coordinates can be determined bas on known initial geometric images superimposition
coefficients.

According to a single discrete model of the curved surface formed by the static-
geometric method, it is possible to form, by means of the superimpositions method, any
number of balanced discrete surface models with an arbitrary number of nodal points under
the same boundary conditions and different values of the external shaping load without
composing and solving cumbersome systems of linear equations, that permits to discretely
modeling of various shapes surfaces and to solve the tasks of discrete spatial interpolation.
Coordinates of any node in the modeled surfaces discrete frame is determined by the
formulas (8).
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SUPPORTED CONSTRUCTION FOR QUARRY EXCAVATOR TRAVERS

It has been established that repair of quarry excavators should be carried out directly
on site. In this case, the use of jacks for weighing the rotary platform of excavators Bucyrus
RH340 and Terex RH200 models for repair of running equipment is impossible because of
their design features. This type of repair is suggested to be performed as an excavator based
on the design developed by the authors. The installation of the excavator on the support
structure is carried out by its working equipment. The supporting structure is suggested to be
made in the form of two identical fragments for its unification regarding the base of
excavators and the convenience of transporting to the site of work. The suugested method of
fixing the excavator to the support structure prevents it from being displaced from the impact
of seismic loads during blasting operations. The investigation of the stress-strain state of the
supporting structure was carried out using the complex of finite-element analysis.

Keywords: hydraulic excavator, strength analysis, method of ultimate elements,
strain state.

Opucenko O.B., k.m.H., ooyenm

Denko O.I., k.m.u., doyenm

3ouyenko M.JI., 0.m.n., npoghecop

Bunnuxoe FO.JI., 0.m.n., npoghecop

Xapuenxo M.O., k.m.n., doyenm

Ilonmascvkuil HayioHanbHuti mexHivHuil yHieepcumem imeni FOpis Konopamioxa

OIIOPHA KOHCTPYKUIA ITII TPABEPCY KAP’EPHOI'O EKCKABATOPA

Yemanoeneno, wo npu pemonmi kap €pHUX exckasamopie 8UKOPUCMAHHA OOMKpPAmMi8 O
BUBACYBAHHS NOBOPOMHOI niaam@opmu 0ona modeneti Bucyrus RH340 i Terex RH200
HeMOodCIuGe uepe3 ix KOHCmpyKmueni ocoonugocmi. Tomy pemMonm 3anponoHo8aHo 8UKOHY8AMU
Ha po3pobieHill asmopamu ONOPHIll KOHCMPYKYii. YcmanoeneHHs ekckagamopa Ha ONOPHY
KOHCMPYKYII0  BUKOHAHO 11020 pobOYUM OONAOHAHHAM. 3anponoHosano cnocib gikcayii
eKCKasamopa Ha ONOPHitl KOHCMPYKYIL, Wo 3anodieac 1oeo 3MiWeHHIO 8I0 GNIUBY CEeUCMIYHUX
HABAHMAdICEHb NpU 8UuOYX08Ux pobomax. JOCHiOdNCeHHs HANPYICEHO-0ehOPMOBAHOZO CMAHY
ONOPHOI KOHCMPYKYIT NPOBEOEHO 3 BUKOPUCMAHHAM KOMNIEKC) CKIHUEHHOEIeMEHMHO20 AHANI3Y.

Knrouosi cnosa: zciopasniunuili exckasamop, aHaniz MiyHoOCmi, Memoo CKIiHYEeHHUX
eemenmis, 0eqopmosanuii CmaH.
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Introduction. Crawler moving equipment for quarry excavators is subject to heavy loads
during the process of soil development and moving the machine. Also, metal surfaces of the
propeller parts of are exposed to moisture, abrasive, and sometimes aggressive media. As a
result of these factors, crawler tapes, sprockets, steering wheels, rollers and other components of
the running gear are triggered and deformed, which leads to the repair work need.

Unlike pneumatic equipment (such as dump trucks, loaders, etc.) delivery of a crawler
excavator in general or its separate element to a service center, even on a specially equipped
platform for repair, is a complex task. Therefore, the maintenance and repair of the excavator
directly on the site of work is actual. In turn, these types of technological influences are often
associated with the need for unloading the running gear, that is, with a partial or complete
weighting of the machine [1 — 3].

Analysis of recent sources of research and publications. The practice of performing
such a type of work is tested, which is based on the disconnection of the rotary part of the
excavator by lifting it over irreversible with the help of powerful hydraulic jacks [4, 5].
However, such a lift can only be made if the overall dimensions of the swing platform in
terms of at least one of its positions exceed the overall dimensions of the crawler. This makes
it possible to bring jacks or beams to the carving elements of the swing platform.
In excavators of a number of models, for example, the Bucyrus RH340 and Terex RH200
[6, 7] (see Figure 1), the rotary platform does not go beyond the running gear and it is
impossible to put it under the jack. Therefore, in this case, other ways to unload the running
equipment, in particular, considering the excavator as a whole, should be applied.

—

=

B - - =t = e

Figure 1 — Service object — quarry excavator Bucyrus

The complexity of this work type is due to the large mass of excavators (so the mass of
Bucyrus RH340 is 542 tons) and the possibility of the impact of seismic loads during the
performance of explosive work in a quarry on a machine that is in a weighted condition.

Identification of general problem parts unsolved before. The height of the excavator
weighing is determined by the possibility of access to the main components of
the running equipment and is relatively small. So for excavators Bucyrus and Terex models
(see Figure 1), the height above the surface of the platform, which is 300 mm, is quite
sufficient for maintenance.

In the process of digging, when immersing a bucket in a rock and turning it for
scraping, the working equipment of these excavators develops considerable effort both in the
horizontal and in the vertical directions. These efforts are quite sufficient for partial weighting
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of the machine over the support surface [8]. Characteristics of the working equipment strength
meet these requirements too. However, the full unloading of all running gear cannot be
achieved. Maintenance of the machine in a weighed condition during a performance of repairs
is extremely dangerous. Consequently, it is necessary to create a supporting structure of the
required carrying capacity, which is supplied to the excavator not simultaneously, but
consistently, as a partial weighing of the machine with the help of its own working
equipment.

Consudering this fact, it was decided to lift the excavator to the required height by
installing the supports for the part of the excavator weighed out using its own working
equipment. Thus, the goal is to reduce the design of the supporting structure of the required
payload under the traverse of the excavator.

Basic material and results. In the analysis of the excavators traverse structure of the
indicated models and consuidering the wishes of the customer, it was found that the optimum
place for establishing the support structure under the traverse is its supporting platforms (see
Figure 2).

Figure 2 — The location of the supporting platforms on the traverse of the excavator

It was decided to locate the support structure under the excavator between the crawler
belt (see Figure 3). This is due to the need for access to the main components of the chassis,
the location of the traversing support platforms, the dimensions of the chassis, namely the
distance in the transverse direction between the crawler belts and the base, requirements for
pressure on the support platform.

The permissible pressure on the soil was taken in the same way as the pressure created
by the excavator itself. In this case, the required area of the supporting structure is
approaching the area of the intergenerational space. The same basic structure is proposed to
be made of two identical fragments in order to unify it with respect to the base of excavators
and the convenience of transportation to the place of work (see Figure 4).

It was decided to carry out the positioning of the machine before weighing it by coming
onto pre-exposed fragments of the supporting structure. This is due to the large mass of
individual fragments of the supporting structure, and, consequently, the complexity of their
placing under the excavator. However, the constructive feature of the traverse of the excavator
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is that in the middle part it has the highest height above the level of the reference surface.
At crawler tapes, in areas where the main platforms are located, the altitude is significantly
reduced. Therefore, constructively, each piece of the supporting structure is executed with two
mobile-bearing stands. The curbs on the excavator are shifted to the middle, which ensures
unhindered movement of the excavator over the support structure. In the future, when
weighing the excavator with its own working equipment, the main pillars are split into the
sides, under the support of the traverse of the excavator. Such a constructive solution provides
the necessary height of fixing a weighted excavator for repair of running gear.
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Figure 3 — The location of the supporting structure under the excavator (indicated by a
thickened line): 1 — crawler tape; 2, 4 — fragments of the supporting structure; 3 — the
main platforms of the traverse of the excavator

Figure 4 — The structure of the supporting structure under the traverse of the excavator
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The significant weight of mobile stands does not allow them to be moved at the expense
of the worker's efforts along the metalwork. Therefore, it was decided to use a screw
mechanism, with the possibility of its reinstallation as the pedestal progressed to the working
position (see Fig. 5). A characteristic feature of the mechanism design is in order to
compensate for distortions when pushing the pedestal, the nut of the screw mechanism is
made such that it has two degrees of freedom relative to the fixing position. Due to this fact,
the distortions are compensated in the horizontal and vertical planes. Moving the pedestal to
the working position is carried out in two resetting of the mechanism.

Installing the excavator on the support structure takes place in several techniques.
The first step is to arrange the towers in the plan at the site clearly, which is selected and pre-
prepared in accordance with the requirements for repair work. Further, the excavator moves in
its turn on the support structure to ensure the clear location of the supporting platforms of the
traverses over the reference stands.

&

Figure 5 — Fitting the pedestal under the support of the traverse
with the help of a screw mechanism

At the expense of its own working equipment, one side of the excavator is weighed to
the height necessary for the installation of support posts under the supporting platforms of the
traverse. When weighing the position of the excavator, with the help of screw mechanism, the
digging of the stands in the working position is carried out, after which the excavator falls to
the curbstones.

After turning the rotary part by 180° the steps are repeated - the opposite part of the
excavator is weighed and fixed on the stands of the second piece of the supporting structure.
In order to avoid self-propelled pivots with respect to the support plate during blasting, their
fixation is foreseen. The removal of the excavator from the support structure after the repair
work is carried out in reverse order.

Another characteristic feature of the support structure is the following: each of the
stands has two assembly units that contact each other through a spherical surface (see Fig. 5).
Such a constructive decision was made considering the support areas of the weights of the
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weighted excavator are at a certain angle to the horizon (see Fig. 6), and, with further
lowering of the excavator, the support surfaces of the platform traverses and pedestals have a
small touch area. It causes significant specific loads in the point of contact, which can lead to
deformation of these elements.

|

—
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00

Figure 6 — Scheme for calculating the deviation angle of the excavator traverse site from the
horizontal at the moment of contact with the bearing surface of the curb

Damage to the support can lead to loss of durability and drop of the excavator causing
significant material damage and is hazardous to the health and life of the maintenance staff.
This explains the high requirements for calculations.

The use of traditional analytical techniques for theoretical mechanics and material
resistance to perform a precise analysis of the stress-strain state (NDS) of the supporting
structure is not possible due to the practical impossibility of determining the exact values of
stresses in the zones of their possible concentrations. The research of the NDs of the
supporting structure, most expediently to carry out using finite-element analysis, which
perspective in solving various tasks of the mechanics of a deformable solid, has recently been
increasingly confirmed in the works of both foreign and domestic authors [9 — 12].

The idea of the Finite Element Method (FEM) consists in representing the geometry of the
supporting structure as a set of individual elements of rather simple geometric forms, which are
described by the well-known theoretical and experimental dependencies of the deformable solid
mechanics. The combination of elements is carried out by satisfying the conditions of continuity
of movements and equilibrium conditions. In this case, there are used three groups of equations:
static, describing the system equilibrium state; geometric, linking deformation and displacement;
and physical, which bind forces and deformations among themselves.

Mathematical modeling was performed using well-tested modeling complex and a
finite-element analysis of MSC /NASTRAN designed for implementation in Windows
environment at the PC. The package by which the model data is created and analyzed on the
basis of the finite-element procedure determines the movement of each node of the finite
element by three coordinate axes, the normal and tangent stresses, as well as the equivalent
stresses that are calculated according to the well-known equation of the energy of the Von
Mises modification energy the formula

O = \/0,5[(0'x - O'y)2 + (O'y - O'Z)2 + (o, - O'X)2 + 6(r§y + riz + rfx)] ,

where o,, g,, 0. — normal stress acting on the axes respectively x, y and z;
Ty, Tyz, T — tangential stresses arranged in planes accordingly xy, yz, zx.
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The MSC/NASTRAN for Windows Simulation and Finite Analysis package has
advanced geometric modeling and data exchange tools with well-known CAD programs:
AutoCAD, SolidWorks, Solid Edge, Pro Engineer, etc.

For any machine-building design, the typical calculation involves the following stages
of constructing finite-element models: the development of a geometric model; description of
materials properties; creation of a finite-element grid; formation of loads and boundary
conditions; execution of various types of settlements; analysis of the calculations.

At the first stage in the modeling package and finite-element analysis of
MSC /NASTRAN, designed for implementation on a personal computer results in the
Windows environment, a full-fledged elastic three-dimensional model of support structure
was created. The developed three-dimensional model is divided into a fairly small finite-
element grid of tetrahedral elements in the sizes from 10 to 100 mm (for the entire
construction used 97184 volumetric elements with 193954 nodal points).

The physical and mechanical characteristics used in the subsequent calculations of the
structural components of the finite-element model of supporting structure are given in Tab. 1.

Table 1 — Physical and mechanical characteristics of supporting
structure finite element model structural components

Material Modulus of elasticity, E, MIla Poisson's coefficient
Steel Ct3cm3 2,1-10° 0,30
Base under the support 50 0,30

Accordingly [13], the yield strength for structural elements made of steel Cr3cn3
thickness from 20 to 40 mm R,,=235 MPa and elements with a thickness of more
than 100 mm Ry, =205MPa, then according to [14] the design resistance:
Ry =Ry /ym=235/1,025=230 MPa — for steel elements in the thickness from 20 to 40 mm;
Ry =Ryn/ym=205/1,025 =200 MPa — for steel elements in the thickness exceeding 100 mm.

Considering the presence of contact surfaces both in the hinges of mobile stands, and
between mobile slides and longitudinal beams, the coefficients of friction for dry contact steel
surfaces are taken to be equal to 0.15, and for steel surfaces with a lubricant — 0.05,
respectively.

As the main evaluation criterion, the maximum values of equivalent stresses in the
reference structure, which arise under the action of the calculated values of loads, are accepted.

The basis for the proposed supporting structure is a pre-prepared site on the rubble
gravel with a slope that does not exceed 3°. As the calculated load values, four different load
variations that occurred at different stages of the weighting of the excavator were considered.

The first boot option occurs when one-sided lift and installation of the excavator on the
support structure. Given the lack of exact coordinates of the center of gravity of the excavator,
as the most unfavorable load, the calculated value of the vertical load from the gravity of the
excavator, divided into two hinged supports, is assumed. Considering the possibility of an
asymmetrical position of the excavator gravity center between the two hinged supports during
rotation of the rotary platform is carried out by distributing 60% of the calculated vertical load
per resistance and 40% of the load to the other.

The second variant of the support structure loading occurs when the one side of the
excavator is tied to the support structure and weighing the other side with the boom arrow. In
this case, in addition to the vertical component of the excavator own weight load, the
horizontal component of the load, directed along the line of the excavator, may appear. For
the most adverse combination of these two components, a combination of a vertical load equal
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to 90% of the calculated net weight and the maximum horizontal load, corresponding to the
value of the friction force between the traverse of the excavator and the support structure (the
beginning of the excavator traverse slipping on the support structure, the coefficient of
friction between the steel surfaces k= 0.15). The possibility of an asymmetrical position of
the excavator gravity center between the two hinged supports is considered by allocating 60%
of the calculated load per resistance and 40% of the load to the other.

The third version of the supporting structure loading considers the possibility of
seismic loads occurence during blasting during the excavator stay on the support structure.
According to the results of the instrumental measurements of the seismic fluctuations and
shock airwaves intensity during the mass explosion in the Yaristovsky GOK, LLC, the
maximum value of horizontal seismic influences is 0.109g, and the vertical seismic influences
0.159g (g — free acceleration) on distance 450-550 m from the epicenter of the explosion.
The direction of a horizontal load from seismic influences is taken along the excavator axis,
considering the previously most unfavorable location of the excavator gravity centre.

The fourth variant of the loading of the supporting structure differs from the third
variant only in the direction of the horizontal load from seismic influences, which is taken
perpendicular to the excavator axis.

Influences of wind and snow loads in calculations for the strength of the supporting
structure were not considered due to the insignificance of their estimated values in
comparison with the estimated values of seismic loads.

Calculations of the strength of the proposed supporting structure are made for the four
above variants of its loading. In all four cases, the loading of the maximum equivalent stress
occurring in the lower part of the hinge support is 191 MPa, 156 MPa, 181 MPa and
196 MPa, respectively, in the field of equivalent stresses distribution in the lower part of the
hinge support for the most unfavorable fourth loading variant, are shown in Figure 7.
As can be seen from this figure, the maximum values of equivalent stress occur on the side of
the hinge on the inner side of the hinge support lower part.

Figure 7 — Fields of distribution of equivalent stresses in the lower part
of the hinge support in the case of the fourth boot option
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The maximum values of the equivalent stresses occurring in the support plate and
longitudinal beam for all four cases of loading are 186, 188, 202 and 157 MPa, respectively.

The fields of the equivalent stresses distribution in the base plate and longitudinal beam
for the most unfavorable third loading variant are shown in Figure 8. As shown in this figure,
the maximum values of equivalent stresses are observed in stress concentration zones both
under the reference stands and in the middle parts of the longitudinal beam.

e0d
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Figure 8 — Distribution fields for equivalent stresses
in the case of the third boot option

Considering that the maximum values of equivalent stresses occurring in the reference
plate and the longitudinal beam for all cases of loading do not exceed the rated resistance
Ry =230 MPa, and the maximum values of equivalent stresses in the reference pedestal do
not exceed Ry = 200 MPa the strength of the supporting structure is ensured.

As a result of checking the possibility of stability loss of the supporting structure, the
magnitudes of the critical load factors exceeding 3 are obtained, which means that the stability
of the supporting structure is ensured.

Conclusions. Thus, the repair and maintenance of the running gear equipment of the
Bucyrus RH340 and Terex RH200 career excavators are proposed to be carried out directly
on the open mine site, by installing the machine on the supporting structure using its own
working equipment.
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THE AUTOMOBILE TIRES VULCANIZATION METHOD
REPAIR PROCESS EXPERIMENTAL INVESTIGATION

In the article local repair automobile tires expediency by vulcanization means in
mechanical damage carcass case is shown. It has been established that analytical and
experimental data on determining the required temperature of the heating element have a
significant discrepancy. It was found that on the vulcanization degree among all factors
temperature and pressure on the welding surfaces are the most influential. After processing
the experimental data and using the static methods, mathematical dependence of the
temperature on the welding surface from the heating element temperature and on the welding
surfaces as a second-degree polynomial is obtained. In order to verify the research results
reliability, the control welding of the automobile tires with cord lateral rupture was
conducted, which gave positive results.

Keywords: thermal conductivity, vulcanization, automobile tires.

Opucenko O.B., k.m.H., ooyenm

Kpueopom A.IL., cm. suxnaoau

Invuenko B.B., k.m.n., ooyenm

Ilonmascokuil HayioHanbHuti mexHiyHuil yHieepcumem imeni FOpiss Konopamioxa
Dininoea I'.A., x.m.n., npogecop

Hayionanvnuii mpancnopmmuuii ynisepcumem (m. Kuis)

EKCHEPUMEHTAJIbHI JOCIKEHHSI IIPOOECY PEMOHTY
ABTOMOBUIBHHUX HINH CITOCOBOM BYJIKAHI3ALII

Obrpynmosano 0oyinvbHicmb NPOBEOEHHS MICUeB020 PEMOHM) ABMOMODINILHOI WUHU
Ccnocobom 8yIKaHi3ayii npu MexaniyHux YWKOONCEHHAX Kapkacd. YcmanoeneHo, wo anauii-
MUYHI Ma eKCNepUMEeHMANbHI OaHi 3 BU3HAYEHHA He0OXIOHOI memnepamypu HA2pi8anibHO20
eleMenma Marmo 3HaAyHy po3didcHicmyb. 3’ac06aHO, WO HA CMYNIHbL 8VIKAHI3aYil ceped yCix
Gaxmopis naubinbwULl 6NIUE MAIOMb MeMNepamypa ma muck Ha NOBEPXHAX 38API0BAHHS.
3a Odonomozcoro cmamucmuyHux Memooié 0OpOOKU eKCNePUMEHMANbHUX OAHUX OMPUMAHO
MamemMamuyHy 3a1eNCHICMb memnepamypu Ha NOBepXHi GYIKaHizayii 6i0 memnepamypu
HA2PIBANLHO2O eleMeHma U MUCKY HA NOBEPXHAX 36APIOGAHHS Y 8UIAOI NONIHOMA OPY2020
cmynens. 3 Mmemow nepegipku  O0CMOBIPHOCMI  pe3yabmamie O0CAI0NCeHb BUKOHAHO
KOHMPONIbHE 36APIOGAHHA ABMOMOOINbHOI WUHU 3 OOKOBUM PO3PUBOM KOPOY, AKe 0alo
NO3UMUBHI pe3yIbmamu.

Knrwouosi cnosa: mennionpogionicme, 8yaKaHizayis, asmomoOiibHa WUHA.
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Introduction. Nowadays tires repair is one of the most demanded services in the
automobile service market. The statistics show that in the course of operation from 25 to 75% of
tires prematurely fail due to mechanical damage to the carcass (punctures and cuts) that require
local repair. In most cases, the tread does not exceed 30 — 50%, and timely and qualified repairs
allow to continue using this tire. In this case local repairs are more effective than restorative. Its
cost i1s 2 — 7% from a new product price, so even a slight increase in after-repair runs can
significantly increase the economic effect from such tires use [1].

One of the most effective methods to automobile tires repairing with local injuries is
vulcanization, which is the converting process general purpose caoutchouc (natural and
synthetic) into rubber under pressure and at temperature of 140 — 160 © C. Compliance with
the necessary and stable temperature regime in the vulcanization zone has a decisive influence
on the quality of the repaired product. The numerous studies results show, that the
temperature variation in the tire vulcanization zone at 5 °C leads to a change in the
vulcanization degree by more than 30% [2]. However, in a number by the industry
manufactured vulcanizers, there is a significant difference in temperature across the entire
heating element surface (more than 5 °C), and it is difficult or sometimes impossible to
control the temperature in the vulcanization zone. It is also noticed that the temperature
regime in the vulcanization zone is influenced by the pressure force between tire and the
repair material and the heating element [3 — 5].

Analysis of the last research sources and publications. Analytical calculations the
heating element required temperature, based on the thermal conductivity of multilayer walls
theory [6], do not give objective results. There is considerable discrepancy between calculated
and experimental data. Is is due to the fact that, in the analytical calculation method, it is
assumed that the contact is perfect at the point of contact of the individual layers [7] and the
heat transfer is carried out from the layer to the layer without considering the spaces between
them. However, in a real object research, the touch of individual layers is not dense and it
gives an error in the calculations. It is difficult to consider the lack of tight contact by
analytical method is difficult [8]. In this connection, it was decided to conduct a physical
experiment using methods of statistical data processing [9 — 11] to determine the required
heating element temperature when vulcanizing the various sizes tires and with different
pressures on the vulcanized surfaces. This method also gives an opportunity to obtain a
mathematical investigated process model, which in the future will allow determining required
temperature of heating element by the calculation method.

Objectives setting. The article purpose is to highlight the experimental studies results
of the vulcanization car tires process with new improved design vulcanizer.

The mains and researches. Studies have shown that the vulcanization process with
local tire repair takes place under constantly changing conditions. These changes are caused
by the thermophysical vulcanizer characteristics, the uneven distribution the layer inside
temperature, which is vulcanized and fluctuations in the environment temperature. Also, the
clamping force is significantly influenced by the vulcanization process.

Known mathematical models and automatic control systems for the vulcanization process
[8] do not consider the uncertainty factors. This leads to significant temperature deviations from
the given mode, resulting in the required complex of physical and mechanical properties of the
repaired product is violated. And there is also an irrational electricity use present here.

The car tyres vulcanization process was investigated on the advanced vulcanizer
«Asogis EVU-3MP» [12]. In order to ensure uniform heating elements pressure and
vulcanizing materials to the tyres, the cavity frame was reinforced (Fig. 1) and a bag with
sand or aluminum balls was applied (Fig. 2). Experimental studies were carried out using a
baking form for 215/60/R16 type tyres (Fig. 3), which was made independently. The surface
temperature for baking is determined by «Laserliner» laser pyrometer (Fig. 4).
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Figure 1 — The new reinforced Figure 2 — Use the bag with sand
vulcanizer frame

Figure 3 — A new baked form

Figure 4 — The temperature definition with «Laserliner» laser pyrometer

In order to determine the optimum vulcanization and mathematical dependence regimes
describing this process, the experiment planning was applied. Since the main factors
influencing the vulcanization process are the heating element temperature and the pressure on
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the vulcanization surface, and the form of the received dependence is unknown, it is decided
to accept the two-factor three-level plan of the experiment [8, 9].

During the experiment, the factors varied on three levels — the average (main), the lower
and upper, the distances from the main to the same magnitude. The intervals values variables
and the investigated range variables are given in Table 1.

Table 1 — The variables value intervals

Factors Variable intervals
The heating element temperature, © C 155-195
Pressure force on the welding surface, kgf/cm? 0-16

The temperature welding surfaces at different heating element temperatures and the
clamping force is determined by the plan are given in Table 2.

Table 2 — The three-tier experiments plan with the factors number k=2 ... (N=N;+N,+n)

) The planning Variable Interaction, | The surface welding
Experiment matrix, (x;) squares, (x2,~) (x; x;7) temperature
number 3 5 ‘
X1 X2 X1 X2 X1 X2 Yy
1 + + + + + 167,3
+ — + + —
N, 2 1323
3 — + + + — 158,4
4 — — + + + 110,5
5 + 0 + 0 0 145,8
N 6 — 0 + 0 0 125,5
1T 0 + 0 + 0 149,3
8 0 — 0 + 0 122,2
9 0 0 0 0 0 141,5
n, 10 0 0 0 0 0 142,5
11 0 0 0 0 0 142,1

In an investigation on vulcanization, experiments are divided into groups so that
experiments at the zero point are evenly distributed among others. In particular, it is taken
the following procedure for the implementation of the plan: Experiments 1, 2,9, 3, 7, 4, 5, 10,
6,7,8,11.

The experimental results are processed using from the mathematical statistics [8, 9].
As an implementation result of this experimental plan, it is obtained an algebraic equation in
the form

¥, = by +bx, +byx, + by X +byx; +byxx, (1)
where y, — the investigated surface welding temperature ;
x,, X, —outgoing factors;
b,, b, b,, b,, b,,, b, —equation coefficients.

Having determined by the method [6, 7] the coefficients and substituting them in to (1)
it is obtained the regression equation in code form
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¥, =139,4 +8,5x, +18,34x, +0,26x, +0,36x; —3,23x,x, , )

Further equation (2) refine by checking the difference coefficients b; zero by Student's
test. Check the equations for the Fisher criterion confirms its suitability to describe the
process under study.

For the convenience of further calculations, the equation (2) is reduced to the natural
form (3)

t,=0,0041-P*>+0,0009-¢>, +4,52-P+0,76-t,, —0,02-P-¢t,  —30,02. (3)

Using equation (3) building graphical dependencies from surface temperature welding
depend on the heating element temperature and values pressure (fig. 5).

Based on the graphic depending determine the necessary heating element temperature
and values pressure which provide temperature at bottom 150 °© C, which is the best value.

According to experimental studies, control of car tyre vulcanization with the side gap
rupture of the rubber-coated layer was carried out (Fig. 6). The quality of the repaired tyre is
tested pumped to pressure that exceeds the operating in twice. The repair defects is not found.
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Figure 5 — The graphical dependencies from surface temperature welding depending
on the heating element temperature and values pressure

Figure 6 — The control automobile tire vulcanization
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Conclusions. In experimental investigation result of the automobile tires vulcanization
process with the vulcanizer «Asogis EVU-3MP» help, the mathematical relationship between
the temperature welding surfaces at heating element temperatures and the clamping force in a
regression equation was received which is suitable for vulcanization modes optimization.

Practical recommendations for improving the automobile tires vulcanization process are
developed, depending on the pressing force and heating element temperature.

During the work, the frame «Asogis EVU-3MP» structure was developed, and
additional equipment for local tire repair was developed too.
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PROBABILISTIC NUMERICAL CHARACTERISTICS OF OVERHEAD
CRANES LOADS ON INDUSTRIAL BUILDINGS FRAMEWORKS

The article is dedicated to the development of analytical model of loads four-wheels
travelling cranes loads. The design values of mathematical expectation, variance and
standard for vertical and horizontal component of crane load were received. Numerical
example has shown that the values of analytical numerical characteristics are very close to
the experimental values of loads, and can be applied in the reliability estimation. Analytical
numerical characteristics are used in the of steel framework one-storey industrial building
columns calculation reliability. The time factor and the stochastic nature of the loads and the
strength of steel were considered. The effect of different parameters (cranes capacity and the
mode of travelling cranes, columns step, type of connection the column and girder, the type of
roofing and the values of wind and snow loads) on the reliability of steel frameworks was
considered.

Keywords: probabilistic model, crane loads, four-wheel overhead travelling cranes,
numerical characteristics.

IHiuyzin C.@., 0.m.u., npoghecop

Ilamenko IO.E., x.m.H.

Macnoea C.A., cm. suknaoay

Ilonmascvkuii HayionanbHuti mexHiynuil yHigepcumem meni FOpis Konopamioxa

IMOBIPHICHI YN CJIOBI XAPAKTEPUCTUKHN HABAHTAKEHb
MOCTOBUX KPAHIB HA KAPKACH BUPOBHNYUX BYAIBEJIb

Ilobyoosano ananimuyny mooens HABAHMANCEHb YOMUPUKONICHUX MOCMOBUX KPAHIB.
Ompumano po3paxyHKo8i 3HAYeHHs MameMamudHo20 cnooieants, oucnepcii ma cmauwoapmy
0151 8epMUKANLHOL U 20PUBOHMANBHOI CKIA0080I KpaHoo2o Hasanmadxcenus. Hucnosum
NPUKIAOOM NOKA3AHO, WO 3HAYEHHs YUCLOBUX XAPAKMEPUCMUK, OMPUMAHUX AHATIMUYHO,
oocums  OIU3bKI 00  eKCNEPUMEHMANbHUX 3HAYEHb HABAHMANCEHb, BOHU  MOJICYMb
3aACmoco8y8amucs npu  OYiHIO8AHHI HAOIUHOCMI. AHANIMUYHI YUCTO8] XAPAKMEPUCTMUKU
BUKOPUCTNAHO NPU PO3PAXYHKY HAOTUHOCMI KOIOH cmanegozo kapkaca OBB (oononosepxosoi
8UpoOHUYOI OVOieni) 3 Ypaxy8awHAM pakmopa uacy ma CMOXACMUYHO20 Xapakmepy
HasaumaogiceHv U Miynocmi cmani. JlocnioxceHo 6nAU8 HA  HAOIUHICMb  KAPKACie
BAHMANCONIOUOMHOCMI MA pedxcumy poobomu MOCMOBUX KPAHi8, KPOKY KOJIOH, MUny 6y3ia
3’€OHanHs pueens 3 KOJNOHOI0, MUNy HNOKPUMMS Ma 3HAYEHb GIMPO8020 U CHI208020
HABAHMAIHCEHD.

Knrouosi cnosa: iimosipHicna mooenb, KpaHo8i HABAHMANCEHHS, YOMUPUKOLICHI KDAHU,
YUCTOBT XAPAKMEPUCTUKU, HAOIUHICMb KOJIOH 8UPOOHUYUX OYOises.
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Introduction. Assessment of reliability of industrial buildings with overhead traveling
cranes requires the use of probabilistic characteristics of crane loads. The process of obtaining
these characteristics experimentally is lengthy, time consuming and technically difficult.
Therefore, the crane loads mathematical model problem is relevant and justified.

Analysis of last research sources and publications. The results of extensive
experimental investigations of crane loads nature are presented in the work [1]. Experimental
data were processed in the technique of random variables and random processes and the
probabilistic nature of crane loads were confirmed. Standardization and development of crane
loads analytical models problems are considered in works [2]. Comparative analysis of the
crane loads values defined according to national and international codes [3 — 5] is presented in
[6]. The refined values of crane loads allow to get more accurate reliability of industrial
buildings assessment [7 — 9]. The question of structures reliability is considered in [10 — 14].
The approaches to the reliability assessment were developed using probabilistic methods
describing the structures conduct under external loads. Reliability assessment of one-storey
industrial buildings with overhead cranes steel frames is described in [15 — 17], where the
spatial nature of the frames was refined. Furthermore, the detailed analysis of loads and
review of Codes [18, 19] which classify parameters of overhead traveling cranes were done.

Unsolved aspects of the problem. Notwithstanding, crane loads probabilistic model
problem describing actual nature of the crane loads on industrial building structures is not
solved.

Statement of the problem. Creating the probabilistic models of vertical and horizontal
loads from influences of overhead travelling cranes on industrial buildings structures were
done. Crane loads numerical characteristics values of crane loads were calculated.

Basic material and results. Numerical characteristics of the vertical crane loads.
Vertical load (Fig. 1) on the structures of different rows (columns, crane girders) was defined
as:

~ 6, ~ L-dly ~ [G, ~ ily
F =-2+(0+G, )J—~—|—, F,.=|-2+(0+G 1
max |: 2 (Q crab ) L :| ]’ZO min |: 2 (Q crab ) L i| ( )

where G,, G
Q — hoisting load;
L, — crane span;

— weight of the bridge and the crab of crane;

crab

a — approach of the crane hook;

y — sum of influence line ordinates;

n, — the number of wheels on one side of crane.

To the non-linear function (1) with three random arguments the procedure of statistical
linearization was applied. In this case the mathematical expectations F, and F, were
determined by substitution instead of random arguments the mathematical expectations
of O, @, y. So accurate result was got because each second derivatives that define the

mathematical expectation are zeros.
To calculate the dispersion of maximum crane load, the next coefficients were
determined:

— dFmax — L 67 )_) _ dFmax _ cm Q i .
Al,max - - - A2,max - - B
dQ Lcr nO da Lcr no
dF, 1 — L —a
A — __ max - cr . 2
3,max dy }’lo |: ( crab Q) Lcr :| ( )

30ipHuK HaykoBHX mpails. Cepis: ['any3eBe MmammaoOy1yBaHHs, OyaiBHUITBO. — 1 (50)" 2018. 63




Using the obtained coefficients, the dispersion of vertical crane load was difined as

follows:
L-ay)r (Gu+t07) .. 1[G L,-a|
ﬁ;nax: U’—_al Q2+ L—FQl &2 +_2 _B+(Gcmb+é)cr—_a .)’}2' (3)
Lcr n() Lcr n() nO 2 Lcr
For the estimation the precision of dispersion the mixed derivatives are calculated:
szInax — y . dFmax — Lc’r —a L . szmaX — Gc’mb + Q (4)
dQda L,n,  dQdy L, n, dady L.,

The dispersion precision of maximum crane load was determined using the linearization
procedure:

1 N — A — .
e =37 {[(Lcr - a)Qy]2 +(30a) +((G,,, + 0)ap } ()
cr' 0
a)
I—rr_| crab
Fmax I}.R GB /J._ Fmin
d,1¢ %
a (N
N Ler 4
N %
g )
b @ ®
H cnmax H /? H cnmax H /:
crab crab
— —T
H l? H cnmin H cnmax H kn

@ ® @ ®

Figure 1 — Schemes of crane loads:
a — application of vertical load to the transverse frames;
b — application of horizontal loads to the crane wheels

The precision of minimum crane loads dispersion can be defined similarly.
For the numerical evaluation the crane with lifting capacity Q =50/10 ¢ was taken.
The weight distribution was taken as normal with variation coefficient Vp=1/3 ¥, =1/3,

distribution y — uniform. The obtained precision of dispersion was very low (2,2% ﬁmax ).

The obtained numerical characteristics were used to construct a graph of load normal
distribution on the column. This graph well corresponds to experimental polygons of loads.
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Obtained formulas allow to use simple random arguments@ , @ 1 Yy instead of
complicated experimental study of vertical crane loads. Furthermore, the available
experimental data and priori reasons followed by analytical determination of the crane loads
characteristics can be used.

Numerical characteristics of horizontal crane loads. To calculate the dispersion of
minimum crane load coefficients are determined:

= dFmin — a i . A = dEnin - _ Gcrab + éi .
1,min dQ Lcr I’lO > 2,min da Lcr }’lo >
dF . 1G a
A = min _ _~ B + + 6
3,min dy }’lo |: 2 ( crab Q) L j| ( )

Then the dispersion of minimum crane load can be defined as:
2
- a +0 ¥ 1| G,
Fon = + | —e +—|2+(G,,+0)— | 3. (7
min (L noj Q ( Lcr I’loj I’lo |: 2 ( crab Q) :| ( )
The mathematical expectation of lateral forces on the wheels of four-wheel crane
(Fig. 2) can be found using formula (8). These forces are limiting skewing of the bridge:
ﬁ: — O’IF;nax + a(Fmax _BFmin )Lcr ) (8)
To determine the dispersion of lateral forces also linearization process can be applied
and the necessary coefficients can be defined. Then the dispersion of maximum lateral forces

will be:
L P lal 2
(01+“ ijaX (“ o fr j 9)
B B

On the other crane side lateral forces with the following numerical characteristics
appear:

CV

H"=0,F,_ a6o H" =0,1F_. orH”—OlF . (10)

The obtained formulas allow to use the numerical characteristics of horizontal crane
loads in calculations and to use these characteristics for estimation reliability of industrial
buildings structures.

Calculation of crane loads numerical characteristics. For the crane loads numeric
characteristics definition the industrial building (with a span of 24 m and a columns step 6 m)
with four-wheels traveling cranes was chosen. The cranes with operating mode 6K and the

separate drive base were considered. Crane span L, =23,0m and a crane base is B=4,4 m.
The mathematical expectations of maximum and minimum loads on crane wheels
F, =12463 kN, F, =6787 kN were calculated by substituting in (1) the numerical

characteristics of all parameters. The mathematical expectations of lateral forces on the

wheels of the crane were calculated using formulas (8) and (10): H, . =15,43 kN;
H" =12,46 kN.

The mathematical expectations of horizontal load on a column from lateral forces are:
H=H -y +H"y, =2332 kN. Expectation and standard of lateral forces with 0,1F"" are
expressed:

" =1843, X = H___ 2% =0,232,
015" 01F"" 01-126,583

where F"" is load on the crane column without weight.
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The obtained numerical characteristics of horizontal crane load correspond to the
experimental values. For the further calculations of the industrial buildings columns reliability
the numerical characteristics of vertical and horizontal crane loads were worked out.

The numerical reliability evaluation of industrial buildings columns. The analytical
model of crane loads was used in the calculation of columns reliability on the example of
multispan industrial building to design the three-span industrial building with columns of
constant cross section. The spans of building are 24 m, the top elevation mark of the
column is +14,000.

The building columns were designed on the resistance of structures in the plane
and out of the plane of dead and variable compatible effect loads action defined by
DBN V.1.2-2: 2006 [7]. The structures were uploaded by random vertical loads: dead and
snow loads were applied with eccentricity, the vertical crane loads and horizontal loads were
distributed with wind loads. The results of probabilistic reliability calculation are shown in
Fig. 2 — 4 as the probability of structures no-failure during 50 years. It was expressed in
bells P, =—Ig[l - P(1)].

The main objective of the reliability estimation was to identify the various parameters
which effect on no-failure probability of structures. In particular, two types of coverings
for buildings: «heavy» — prefabricated concrete panels and «light» — profiled steel (Fig. 2)
were considered.

3,0
Variants
/
\A\A\A\ # No 45
2,0

P;, bels

\\ N &—A— Ne 17,18
1,0 \‘\K\ —K— M 13,28

1 Permanent load, kPa 4 kPa

1 kPa - «light» (profiled steel); 4 kPa - «heavy» (prefabricated concrete panels)

Figure 2 — The probability of columns no-failure dependence on the coverage type
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Ne 48
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Figure 3 — The probability of columns no-failure of duty overhead cranes dependence
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For each variant of covering the various ranges of building columns (Fig. 3) and types
of column and girder connection (Fig. 4) were considered. In addition, the varied climatic
loads were calculated (by considering the building, located in the II, III, V, and VI snow area
and II, IIT and V wind area). Since the extreme wind load effect on the outer columns, the
parameters of middle and outer columns were analyzed separately (for such columns different
loading surfaces were considered). In total 56 variants of columns were worked out.

25
20 Variants
’ M 13
15 —-—
PD bel 10 - M 46
05 A M 15 53
0

Connection of girder with column:
1 - pin-connection; 2 - rigid connection

Figure 4 - The probability of columns no-failure dependence
on the type of girder and column connection

Conclusions. The probabilistic model of vertical and horizontal crane loads was
constructed. This model can be used for obtaining analytical stochastic loads characteristics of
overhead traveling cranes and the following use of this characteristics in assessing the
reliability of industrial buildings structures with overhead cranes. The obtained numerical
characteristics of vertical and horizontal crane loads correspond to the experimental values,
therefore characteristics can be used for reliability estimation of industrial buildings structures
with crane equipment.

The numerical industrial buildings columns reliability evaluation was done considering
the time factor and the stochastic loads nature and steel strength. For the investigation of the
different factors as for frameworks reliability influence, the next parameters were considered:
capacity and mode of overhead cranes, columns spacing, the type of column and girder
connection, the coverage type and the wind and snow loads values. The tendency to increase
the no-failure probability of structures with overhead cranes capacity increasing was detected.
Such character of probability change can be explained by reliability stress ratio decrease of
one and two overhead cranes and the growth of weight characteristic (ratio of hoist load and
own crane weight). The growing of columns no-failure probability with permanent cross
section of the industrial building was detected after increasing the coverage weight (due to the
part of permanent load growing and reducing the part of high-frequency component of
strength reserve). The redistribution of internal forces and components of columns reserve
was detected by changing pin-connection to the rigid connection of column with girder.
Herewith the increasing of permanent and snow loads parts and the reduction of wind and
crane loads parts provide the reliability columns enhancement.
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THIN-WALLED BARRELL SHELL
DEFLECTIVE MODE ANALYSIS

The paper deals with the deflective mode of steel rotary shell with different form of
outer surface that are loaded with axially symmetric load. The results show solution of shell
voltage and strain equation under the load that is described by exponential law and based on
efforts from temperature differentials. Besides, the paper represents design formulas for
deflection analysis, running bending moments and running transverse forces in shells with
different abutment to the basis. It was shown the basic function of deflection and maximum
value of relevant parameters of the reaction. The analysis of aspects about efficiency of using
corrugated wall for steel barrel shell is done. The results in analytical and graphical form are
shown. According to resulting formulas, it was made comparative calculations of shells with
constant and variable wall thickness.

Keywords: barrel shell, exponential law, deflection functions, state of stress, zone of
end effect.

Maxinsxo A.B., 0.m.H., C.H.C.

TOB «Emyans»

Maxinsxo H.O., k.m.H.

Hayionanvnuii asiayitinuii ynieepcumem

AHAJII3 HAITPY KXEHO-JE®OPMOBAHOI'O CTAHY
TOHKOCTIHHUX HUWJITHAPHYHUX OBOJTOHOK

Cmamms npucesauena O0O0CHIONCEHHIO HANPYIHCEHO-0eOPMOBAHO20 CMAHY CMANEBUX
00010HOK ~ 0bepmanHs, 3 pi3HOIO  (POPMOIO  306HIWUHLOI  NOBEPXHI,  36AHMANACEHUX
ocecumempuuHum  Hagaumaogicennsam. Ompumane piuleHHs  PIGHAHHA  HANPYICEHb |
oeghopmayiti 000IOHKU NPU HABAHMANCEHHI, WO ONUCYEMbCA eKCNOHEHYIANIbHUM 3AKOHOM mda
3 YpaxysauHaAm 3yCuib 8i0 nepenady memnepamypu. 30Kkpema, npeocmasieHi po3paxyHKosi
Gopmynu 01 GU3HAYEHHA NPOSUHIB, NOSOHHUX 32UHANbHUX MOMEHMIE Ma NO2OHHUX
nonepeuHuUx Cuil 8 000JIOHKAX 3 PI3HUM NPUMUKAHHAM 00 ocHosU. IIpueedeni ocHosHi (yHKyil
NPOCUHIB, a4 MAKONC MAKCUMATIbHI 3HAYEHHS 8IONOGIOHUX napamempid peaxyii. Buxowanui
aumaniz acnekmis, wooo epexmueHocmi 3acmocy8anHs 20po8anHoi cMiHKU 01 CMaieeux
YuniHOpuyHux 00010HOK. Pezynemamu npedcmaeneni 6 awanimuunomy ma 2epagiuHomy
suenadi. Bionosiono 0o ompumanux popmyn, 6UKOHAHI NOPIGHANbHI PO3PAXYHKU 0DOJIOHOK 3
NOCMIUHOIO MA 3MIHHOK MOBWUHOK CIIHKUL.

Knrouoei cnosa: yuninopuuna 06010HKA, eKCNOHEHYIATbHUL 3AKOH, OYHKYII NPOcUHIs,
HAanpys*CeHuti CmaH, 30Ha Kpatlogoeo eghexmy.

30ipHuK HaykoBHX mpails. Cepis: ['any3eBe MmammaoOy1yBaHHs, OyaiBHUITBO. — 1 (50)" 2018. 69




Introduction. Steel rotary shell is a prototype of many real constructions. In particular
it is the prototype of cylindrical capacities for keeping bulk material which exploration was in
the last authors’ works. In this paper barrel shells are examined from this point, and it is the
vector to be researched. But the resulting aspects can be used in other branches of material
durability and construction elements.

The analysis of the last researches and publications. A lot of national and foreign
scientists explore the deflective mode of barrel shells [1 — 10]. Though the named sources are
purely theoretical and the given formulas are not appropriate enough for practical solving of
calculation and designing capacities for keeping bulk materials.

Parts of the general problem that were not researched earlier. The determination of
the internal efforts and displacement of the thin-walled barrel shell on different boundary
conditions is shown in many scientific and reference sources. However, there must be pointed
out particular concepts that were not examined yet. First of all, it is to find a solution under
the load. It is described by the exponential law that is typical for bulk material pressure.
Secondly, there is no analysis of aspects about efficiency of using corrugated plate for the
shell surface. The achieved results are useful for further examination of shells that are
supported by upright stiffening rib.

Problem statement. The general aim of research is the solution of shell voltage and
strain equation under the load that is described by exponential law, and derivation of practical
formulas for deflection analysis, running bending moments and running transverse forces in
shells with different abutment to the basis.

Main materials and results. The shell with the diameter D,, and the height H,, is loaded
with axially symmetric load p(x). Independent variable x indicates that radial load p(x) in general
case can be changeable in length or function on the bounded length of shell. To determine voltage
and strain of such shell, there should be solved the differential equation [1, 2, 9, 10]

d*w(x p(x
—dxg )+4kf;(x):l()—r) , (1)

where D, is the cylindrical stiffness of the shell on flexion in circular direction; W(x) 1S
the function of the shell body displacement.
Coefficient k,, can be defined using the equation
ki=Ei,,[(DID,).  ki= Er,/(D}D,), 2)

w-r
where ¢, =t,0,,/(,is the thickness of plates (stiffness of its equivalent to the

stiffness of the corrugated profile with the thickness #,) that receive circular efforts; /,,; is the
length of corrugation sweep on the corrugation plate of shell /,; £ is the elastic modulus of the
material.

Equation (1) is used for the shell with the constant thickness ¢, regardless of the surface
form. It can be both smooth and corrugate. The used simplification about constancy of
thickness substantiates that numerical results solving of the differentiate equation (1) with the
changeable thickness nearly do not differ from solving when ¢, = const if to assume the
thickness of wall as the end of the shell.

By using trigonometric function, the solution for the differentiate equation (1) is the
next

w(x) = e “[Cy sin(k,x) + C, cos(k,,x) ]+ e** [Cy sin(k, x) + C4 cos(k,,x) |+ we,  (5)

where C;, C,, C; and C4 are constant integrations, that are defined by boundary

conditions, and wx(x) is the partial solution of the differentiate equation, that is defined by
analytical form of putting down the function p(x).
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As it is know, deflection of shell that is defined by equation (5) is the two pairs of
rapidly decayed periodical functions. Each of them decays depending on the distance from the
top or lower edge. For the shells long enough that are met the demands of membrane theory
of shells, both parts of equation for deflection have an independent meaning. The first part
describes image of strained condition near the shell surface, and the second — on the top edge.
Considering this feature and considering further shells pinched near the surface, it can be
considered that C; and C,4 are equal to zero.

Considering two variants of solution, when p(x) = py and p(x) = po( 1-a’), it can be
conformed the famous Yansen-Kenen’s formula. In the first case partial solution wy(x) has an
easy solve such as

we =wy = Py / (4k,.D,) (6)
where w, is an introduced designation for this equation.

Constant integrations on condition are defined, when x = 0 the deflection and rotation
angle are equal to zero. After a number of calculations there is

w(x) =W, {1 — e [sin(k, x) + cos(kwx)]} : 7)

It must be pointed out that deflection of shells from the shaped sheet will be less only on
AA,, quantity than the shells from the flat sheet (area ratio of cross-sections of shaped and flat
sheets). Since the given quantity is not very different from the unit, shaping of sheets during
the axially symmetric load has a quite indirect value. During the load
&) = po(1-a™) = poK,(x) partial solution of differential equation (1) appropriate to solve in

the form of
Px
ae
Wil X) =W 1—— N 8

(x) 0( 1+0.25§4} )

where {=/f/k,, is the ratio of the congruent coefficient.
General solution of the differentiate equation is quite cumbersome

w(x) = w, {1 —eh [sin(k,x) + cos(kwx)]} B

px )]

ae {1—e—"wx<1+4 [+ ) sin(k, x) + cos(kwx)]}.

W —
* (1+0.25¢%)
Since for every sort of agricultural production the coefficient ¢ is quite little, therefore

¢* acquire lesser value. It allows to equal this coefficient to zero and to put down the formula
(9) in easier form

W(x) = WK, (0){ 1= [sin(, x) + cos(k, )] (10)

For levels x that are detached from the shell surface, the quantity indicated in braces can
be neglected and rate deflections using the equation

w(x) =wK ,(x). (11)
Parameters p,, o and S have the next value in problems of barrel shells calculation
Po=7¢Dy /A1y B=44f,/D,, a=e P (12)

where 7,, f; and Ay are the calculated value of specific gravity, frictional coefficient and
coefficient of lateral pressure for food storage.

It should be defined how far the levels x have to be from the shell surface and to be
analyzed the effect from the shaping sheets on the given quantity. There should be performed
the rate of decay speed of functions (7) and (9) with the help of crest value ratio of deflections
in the range of two adjacent half-waves. Let the length of half-wave be line A = 7/k,.

For the cases of constant and exponent load the decay speed is characterized by the quality &*
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(for exponential load (™) ~ %), i. e. top levels for which x> 7/ k, can be considered as

distant enough from the surface. Considering that shells, consisting of shaped sheets, have the
coefficient value k,, it is lesser than the shells with flat wall. That is why it has longer zone of

end effect in £, times

k, =4/ =L, 13
2 4Dotef ()

where value D, is defined as D, = Et., / [12(1— ,uz)] .

Perform the rate of internal efforts using the classic ratios of materials strength:
e circular normal strain

E
0, (%) = 2W(x)—; (14)
DW
¢ running bending moments
d’wx)
M (x)=-D, e (15)
e running transverse forces
dM d’
0,00 =MD __pp T (16)

dx T

The received analytic dependences have been summarized to the Table 1, where apart
from the equations for bending moments and transverse forces, the main functions of
deflection and maximum value of the corresponding parameters of reaction are given.

The procedure of internal force factor receiving has to be studied additionally when the
shell has a swing joint to the surface. Results in accurate mathematical statements for A/ (x)
and Q(x), when the exponent load operates, are quite cumbersome. But the used
simplification about lesser coefficient ¢ allows significantly simplify final equations.

Attention to important feature of received dependences should be paid to. If the quantity of
shell deflections from flat and shaped sheets is practically not different, this assertion is not
true for value of bending moments and transverse forces.

For shells performed from shaped sheets, bending moments will be bigger in ; times,

and transverse forces — in k; times. It is explicated by enlarged length of end effect zone that
in k, times lesser in shells with the flat wall than with the shaped. More clearly the given

feature is illustrated on the Drawing 1.

I should be concentrated on one more aspect of using the differentiate equation (1).
Respectively to norms of design, such as NBS (National Building Standards) [12] and
Eurocode [13], spectrum of efforts from axially symmetric pressure of bulk material is always
added by efforts from temperature differential Az. Considering that this differential does not
depend on height x, the additional deflections are equal to w, =0.5¢,D,At, where ¢ is the

coefficient of temperature expansion.
But the given deflection can be induced by some uniformly distributed load p, over

girth and height of the shell that is connected with w, ratio

w, = p,Dy, | (4EL,) . (17)
Probably the density of load
tW
Py = 20{tAtED— (18)

w
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Table 1 — Design equations for determination of deflections
and internal efforts in shells with different abutment to the basis

Ne Equation R(x) Xmas Rux
The shell stiffened near the surface (uniform load)
1| w(x)=w, {1 — 7R [sin(k,x) + cos(kwx)]} 1| wy, =1.043u;,
_ —k,x . _ pO
o) M (x)= ;e [cos(k,,x)—sin(k,.x)] 0 | M =05~
K x ) k,x 4
3 Qx (x) = /f_:e & |:1 -2 Slnz (Tj} 0 Qx,max - k_z
The shell stiffened near the surface (exponential load)
4| w(x) = woK , (x){1- e [sin(k,x) + cos(k, )]} A | Wina =1.043wK (1)
_Po —k,x . _ Do
5 M (x)= pyel K, (x)e”"" [cos(k,,x) —sin(k,x)] 0 | M, =05 P (1-a)
w w
6 | 0.0 =LK, (et 1-25in? B 0 | Quwex =220~
k,, 2 ’ k,,
The shell with a swing joint to the surface (uniform load)
7 w(x) =w, [1 — ek cos(kwx)] %/1 Wiax =1.007w,
8 M (x)—& —o sin(k,, x) lg Mxmasz.lélp—g
2kw 4 ’ "
9 | 0.x) =2t [sin(k, ) ~cos(k, V] 0 | O =22
W 2kW
The shell with a swing joint to the surface (exponential load)
10 | w(x)=wK ,(x) [1 _ehux cos(kwx)] %,1 Wi = 1-067W0Kp (%,1}
1| M ()=L2 K ()™ sin(k,x) LM, ~0161221-a)
2k, " 4 ’ k;
12| Q=" K, (e [sintk,2)~cos(k, )] 0 | Qs = 2’2" (I-a)

Thus, if to consider that py = p,, then we can use all the results that were obtained earlier
for the load p(x) = po. Using reference data of NBS (National Building Standards) [14] we will
obtain quantitative assessment of the quantity p, for steel shells. Before this, we have to put
down equation (18) in easy and convenient form

~5t,— 19
P =5t (19)

w

There should be considered the variant of solving differential equation (1) in the case
when the thickness of the shell 7, is changing over the height X and find out how functional
dependence #.4(x) influence the deflective mode of the shell in comparison with the case when
lefr = CONSL.
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Figure 1 — Charts of deflections (a), running bending moments (b)
and running transverse forces (c) for shell stiffened near the surface
and with a swing joint to the surface (respectively d, f, g):
solid line — flat wall; dotted line — corrugated wall;
black line — uniform load; gray line - exponential load
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The law of the thickness change over the height is considered in the form of power
dependence

H

X
tef (X) = tef,rgw (X) = tef,r eXp |:_8w (_):| > (20)
where 7. 1s the thickness of shells near the surface; &, is non-dimensional parameter
that is responsible for the form of curve g, (x).
Since, the cylindrical stiffness D, of the shell is the function of height x, the equation (1)

must be put down in more general form [11]

d* dzw(x) 4Et,(x) . 21
3 {D() } s w(x) = p(x), (21

w

where D,(x) is the function of cylindrical stiffness of shell that accordingly to equation
(20) can be represented in form of the product D,(x) = D,g,"(x); for shells with flat wall k= 3,
and with corrugated wall k= 1.

Considering the equation for D,(x), the differentials of equation are revealed (21)

[gwm o wlx )+gw(x>}+4k“gw(x)w(x> p(x)/D, (22)
where f,,(x) is additional
k 2 k
1 (=2 ) D) | dg, () dwlx) 23)

de  do A
Using equation (20), there is set the equation (22) more specific form. Respectively for
values k=1and k=3 itis

4 3 2 52
d ng)—z e, d ng)+ £, d ng) Pk = — PO (24)
dx H, d H> dx g,(x) D,
4 3 2 2
£2() d ng)—6 &, d ng)+9 8W2 d ng) +4k;4vw(x):;w , (25)
dx H, dx H) dx gw(x) D,

Differential equation (24) is simpler and its solution can be represented in the form that
is similar to equation (5). Before making a general solution, take into consideration that the
root of characteristic equation (24) is equal

Ew 1i\/1+8{kHj . (26)
2H, &,

Since for the barrel shells k, H, /¢, >>1

L [T Y S O ) | B B O @
2H K,

This simplification permits not to consider completely equations (24) and (25), but to
replace them by simpler analogs, which will be used next

400 s 1 p)
+4k, =— 577 28
M@ D, @
2 dw) a1 p)
+ 4k, . 29
SO W= (29)

Thus, roots of characteristic equation for (1) and (24) can be considered as the same, and
the general solution of the differential equation (24) assume in the form of equation (5). Partial
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solution w« will be researched for the load of the form p(x) = p,ae™#**'#+) that takes all the

analyzed variants (i. e. uniform and exponential load with different values of the parameter &,.
For the partial solution it is

poae P

D[ (B+e, 1 H,) +4k, |

A general solution of the differential equation (24) for the shell stiffened near the
surface is function

Wx) = %{1 _eh {[1 +Z—W]Sin(kwx) + cos(kwx)} : 31

where s, =f+¢,,/ H,, is the auxiliary constant inserted for cancellation.

Wy =

(30)

Considering that s,, /k,<<1 and s4w /k4w<<l, the equation (31) can be represented in the
form

W(x) = wpare™ {1 — e [sin(k, x)+ cos(kwx)]} . (32)

The similar method can be used to determine the deflections of shell, the load on which
is circumscribed by Yansen-Kenen exponential law or on other conditions by the abutment of
the shell to the surface. Thus, when the wall thickness is changed, obtained formulas of the
Table 1 can be successfully used with only one difference — the result must be multiplied by
coefficient K, (x) = ™.

Comparative calculations of shells with constant and variable thickness of wall indicate
that more accurate calculation practically does not influence on quantity of bearing internal
efforts (moments and transverse forces), but displays only on diagram of deflections. Nature
of the given influence is illustrated in the Figure 2, it can be noticed that disregard of
functional dependence f.;(x) can lead to underestimation of shell deflections. Expansion of
the given error is influenced by increase of thickness differences of shell near its surface and
near the top. Il corresponds to relatively large parameter value &,>1.0.

w

. By &
1

vy | )

Figure 2 — Charts of deflections for shell
with a stiff (swing joint) abutment to the surface:
I-6~10;11 —g~0.5; 1l - ¢,~=1.0; IV — g,= 2.0;
black line — uniform load; gray line — exponential load
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It should be mentioned that for Yansen-Kenen exponential load ordinate of maximum
deflection of the shell x,, .4, is displaced to its top, when ¢, is increased. So, gripe conditions 1
have less influence on numeric evaluation. To obtain formula x,,, .y, the Table 1 is used (p. 4
or 10). Let’s differentiate any of these equations and equal the result to zero. Neglecting all
the terms that are responsible for the behavior of the deflection function near the surface and
liken the similar, we can obtain the next concise result; taking into account that parameter of
the load « is equal to exp(-fH )

X, max =ih’l {M} , (33)
B L et hH,

where the parameter B is determined by other equation of formulas (12) and is the
function of the friction coefficient f, and the lateral friction 4,.

The formula indicates that x,, .. depends on shell height H, and diameter D,,
characteristics of the bulk material (parameters f, and Ag) and the nature of shell thikness
changing in height (parameter &,). If to insert the obtained value x,, .., in an equation from the
Table 1 (p. 4 or 10), it can be determined maximum deflection of the shell that corresponds to
accepted distribution of shell thickness in height.

In clear mathematic formulation the solution of differential equation (29) of shell with
flat wall has considerable analytical difficulties. If to admit that function w(x) is not very
different from its analog for shell with corrugated wall (in adjustment of cylindrical stiffness
and parameter k,), then to find a solution is easy enough and it corresponds to the
circumscribed assumption.

So, formulas in the Table 1 stay relevant, considering multiple by coefficient
K, (x)=e*'"+ considering distribution of thicknesses in height.

Conclusion.

1. Analytical dependences (Table 1) for deflection analysis, running bending moments and
running transverse forces in shells with different abutment to the basis are obtained. the basic
function of deflection and maximum value of relevant parameters of reaction have been shown.

2. The deflections of shells are relatively little influenced by shaping of sheets under the
axially symmetric load and has an indirect meaning have been confirmed theoretically. But

the quantities of bending moments for shells with profiling sheets are bigger in k7 times. And
the quantities of transverse forces are bigger in k; times.

3. Considering efforts from the temperature differential A¢, formula for defining the load
p, on steel shells has been obtained.

4. Dependence of internal efforts and displacements for shells with changeable wall
thickness represented in analytical and graphical forms have been established.

5. Comparative calculations of shells with constant and variable thickness of the wall that
correspond to formulas from the Table 1 have been made, considering multiple coefficient
K, (x) = ™"+ Distribution of thicknesses in height has been considered.
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CAPACITY FLEXIBLE COMPRESSED REINFORCED CONCRETE
ELEMENTS REINFORCED WITH STEEL SHEETS

The experimental studies results of reinforced concrete elements with sheet
reinforcement load bearing capacity are presented. The drawing of experimental designs is
shown. The bearing capacity dependence graphs of the tested steel-reinforced concrete
samples with sheet reinforcement on the height of the element and dependence graphs of
tested steel-reinforced concrete samples with sheet reinforcement carrying capacity on the
applied eccentricity are constructed. The photo shows the destruction character of
experimental steel-concrete samples with sheet reinforcement depending on their height. The
general schedule of bearing capacity dependence on the height of the element and the
eccentricity of the applied load is constructed.

Keywords: composite reinforced concrete, bearing capacity, steel sheets, amount of
eccentricity.
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HECYYA 3JATHICTb THYYKHUX CTUCHYTHUX
CTAJVIESAJ/II3OBETOHHUX EJIEMEHTIB, APMOBAHUX
CTAJIEBUMMU JIMCTAMMU

Hagedeno peszynomamu  excnepumeHmanvHux OO0CHiOMCEHb  Hecy4oi 30amuocmi
3a1i306emMOHHUX eNeMeHmi8 i3 TUCMOBUM APMYBAHHAM. 300paxiceno KpecienHs KOHCMPYKYIl
excnepumenmanvhux 3paskie. Illobyoosano epaghixu 3anedxcnocmi Hecyuoi 30amuocmi
8UNPOOYBAHUX CMANE3ANI300eMOHHUX 3DA3KI8 3 JUCMOBUM APMYBAHHAM 6I0 GUCOMU
elemMenma, 2paghiku 3an1edcHocmi Hecy4oi 30amHocmi 8UnpoOY8aAHUX CmMane3anizooemonHux
3pA3Ki6 3 TUCMOBUM APMYBAHHAM 8I0 NPUKIAdeH020 ekcyenmpucumemy. Haseoeno ¢pomo, na
AKUX NOKA3AHO Xapakmep pPYUHY8aHHA OOCHIOHUX CcmaneOemoHHUX 3pa3Kié 3 JUCMOGUM
ApMYBAHHAM 3anexcHo 6i0 ix eucomu. Ilooyoosano 3acanvhuili epaghix 3anedcHocmi Hecyuoi
30amHOCmi 8i0 8UCOMU eleMenma ma eKCYeHmpUCUmemy npuKiadeHo20 Ha8aHMadlCeHHs.

Knwuoei cnoea: cmanezanizobemon, Hecyua 30amuicmov, JIUCMOBE APMYBAHHS,
eKxcyeHmpucumenm.
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Introduction. Nowadays, reinforced concrete structures reinforced with rod
reinforcement have become very popular. In these designs, concrete and reinforcement work
along with the reinforcement fully absorb tensile stresses, although its work in the compressed
zone is also effective. The construction of reinforced concrete structures is relevant. [4].
Use in the construction of prefabricated and monolithic structures with external sheet
reinforcement requires a detailed study of their work, depending on their geometric
dimensions and eccentricity of the acting load.

Review of the latest research sources and publications. Previously, experimental
studies of bent elements with sheet reinforcement with different parameters were carried out
[3]. To accomplish this work, compressed elements with reinforcing sheets 4 mm in thickness
and a height of up to 1 m were investigated [2].

Definition of unsolved aspects of the problem. On the basis of the inspection
performed during the experiments program development, the following items were planned:

— to produce prototypes of steel reinforced concrete pillars with sheet reinforcement
1000 mm high, 1700 mm, 2400 mm;

— determine the load-bearing capacity of samples as a result of centrally and centrally
compressed elements with sheet reinforcement experimental studies;

— to reveal in the course of the study the peculiarities of deformations and displacements
development, as well as the nature of steel-reinforced concrete elements destruction.

Problem statement. The purpose of the article is to obtain new data on the bearing
capacity of central and non-centered flexural reinforced concrete reinforced concrete elements,
depending on the flexibility of the samples and the eccentricity of the operating load.

Basic material and results. When compiling the experiment program, it was
considered that the bearing capacity and the stress-strain state of the steel-reinforced concrete
element depend on the constructive solution, the eccentricity of the load application and the
physical and mechanical properties of the raw materials. The task was to experimentally
determine experimentally the bearing capacity and features of work under compressed
elements load with sheet reinforcement depending on their flexibility and eccentricity of the
applied load.

For the production of experimental samples steel sheet t = 4 mm was used, cross-
reinforcement class A-I &6 mm. The height of the samples was 1000, 1700, 2400 mm, the
section 100x100 mm. To find out the work effectiveness of steel-concrete elements, a sample
of steel without concrete with a height of 1000 mm was tested. Standard concrete cubes
150x150x150 mm and prisms 150x150x600 mm, made from the same concrete as the
prototype samples were tested for definition of physical and mechanical properties of concrete
filler.

Proceeding from the task, experimental designs were done for experimental ones which
were divided into two groups: the first group of samples with reinforcing sheets in the plane
of bending moment action (Fig. 1), the second group of samples with reinforcing sheets
perpendicular to the bending moment (Fig. 2).

According to the existing normative documents on the design of bearing building
constructions, it is necessary to perform calculations for both the first and the second group of
boundary states. Considering this fact, experimental studies were conducted to obtain data on
the bearing capacity and deformability of reinforced concrete steel racks. The developed
method of conducting experimental researches and the design of prototypes conformed to
these requirements.

As a result of the experiments it was established that the element height, type of
reinforcement and other factors influence the process of destruction of steel concrete elements
with sheet reinforcement in axial compression. In samples with sheet reinforcement in the
middle section (for short samples), when the longitudinal deformations were equal to the
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limits of the metal fluidity, a grid in the form of Chernov lines was formed on the paint and
varnish coating. On the concrete surface, free of sheet reinforcement, microcracks were
combined into a macro crunch. The direction of these cracks coincided with the longitudinal
axis of the prototype. Further, the sheet reinforcement releases due to the pressure of the
concrete in the transverse direction with the formation of corrugations perpendicular to the
longitudinal axis, on the area between adjacent rows of transverse clamps. The load resulted
in destruction increases by breaking the clamps and breaking the concrete monolith.
Concrete was rolled up and fell to the side, free of sheet reinforcement.
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Figure 1 — Constructions of experimental samples with reinforcing sheets
in the plane of bending moment action:
1 — sheet-iron plate; 2 — steel reinforcing rod; 3 — full metal; 4 — concrete

The aforementioned destruction mechanism is inherent in short central compressed
samples (1/b = 4). The longitudinal axis of the destroyed samples remained straight.
Samples with a height of  / b = 8..10 were destroyed by another, albeit a close circuit.
The general for high samples is that under the influence of the load the distortion of the
longitudinal axis occurred. This leads to an uneven distribution of longitudinal deformations
in sheet reinforcement, and accordingly, corrugations were formed from the side opposite to
the direction of bending. But none of the centrally compressed samples collapsed from the
overall stability loss.
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Figure 2 — Designs of experimental samples with reinforcing sheets
perpendicular to the bending moment:
1 — sheet-iron plate, 2 — steel reinforcing rod, 3 — full metal, 4 — concrete

It has been established that the destruction nature of short noncentrally compressed
steel-reinforced elements with sheet reinforcement depends on the magnitude of eccentricity.
At an eccentricity of 1/4 of a cross-section, the mechanism of destruction is close to the
destruction of centrally compressed samples, but when the the destructive force third part
loading level reaches a distorted longitudinal axis. It still remains distorted until the moment
of destruction.

In high noncentrally compressed steel-reinforced elements with sheet reinforcement, the
curvature of the longitudinal axis was observed with the first degree of loading and increased
until the time of destruction. The destruction occurred as a result of local emissions
in the most compressed lane of reinforcement and simultaneous cutting of concrete.
About the nature of the loss destruction samples can be judged from the photographs given in
Fig. 5,7, 9.

It should be noted that after lifting the load the longitudinal axis in all non-centered
compressed steel reinforced concrete elements remained distorted and did not return to its
original straight-line state. All of the above mentioned shows that the destruction of steel
elements with sheet reinforcement is not brittle, as in reinforced concrete elements, and vice
versa, when the load reaches a certain level, the metal elasticity limit is reached, plastic
deterioration begins without reducing the loading rate.
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Thus, it follows from the foregoing that for centrifugally compressed elements, as the
limit, there two efforts should be taken: the first limiting effort of N; corresponds to the
moment when the sheet of steel reinforcement is reached by the most intense fiber of the sheet
strength; second N, is the moment of prototype destruction, where there is intense distortion
of the longitudinal axis. The value of the ultimate force corresponding to the bearing capacity
of the prototype is given in Table 1.

Table 1 — The bearing capacity of prototypes

. Bearin Bearin
Sample series Llinr%ltr}rl; Ec:znrti;cllty capaecity,%\l 1 capaiity, %\Iz, N1/N,
kH kH
SB-PD-10-1 1000 0 238 312 1,31
SB-PD -10-2 1000 25 154 198 1,29
SB-PD -10-3 1000 50 105 119 1,13
SB-PD -17-1 1700 0 234 306 1,31
SB-PD -17-2 1700 25 144 168 1,17
SB-PD -17-3 1700 50 93 105 1,13
SB-PD -24-1 2400 0 203 211 1,04
SB-PD -24-2 2400 25 138 148 1,07
SB-PD -24-3 2400 50 87 102 1,17
SB-PN-10-1 1000 0 258 319 1,24
SB-PN -10-2 1000 25 173 208 1,20
SB-PN -10-3 1000 50 108 121 1,12
SB-PN -17-1 1700 0 234 293 1,25
SB-PN -17-2 1700 25 144 168 1,17
SB-PN -17-3 1700 50 93 105 1,13
SB-PN -24-1 2400 0 184 206 1,12
SB-PN -24-2 2400 25 133 138 1,04
SB-PN -24-3 2400 50 91 94 1,03

When marking letters and figures marked: SB — samples are filled with concrete,
SS — not filled with concrete; The first figure is the sample height, respectively:
10 — 1000 mm, 2 — 1700 mm, 3 — 2400 mm, the second digit is the initial eccentricity,
respectively: 1-0 mm (central compression); 2—25 mm; 3—50 mm.

The test found that the experimental samples had a different bearing capacity, which
depended on the constructive solution (sample height), the eccentricity of the application of
the load.

The peculiarities of the work of structures with sheet reinforcement are shown by the
results of testing the compressed elements shown in Fig. 3, 4, 6, 8.
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Figure 3 — Dependence of carrying capacity of tested steel-reinforced concrete
samples with sheet reinforcement from element height
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Figure 4 — Carrying capacity dependence of the tested steel-reinforced
concrete samples with sheet reinforcement from the applied
eccentricity at the sample height h=1m

Figure S — The destruction nature of experimental steel-concrete samples
with sheet reinforcement of the series SB-PD-10-1..3 and SB-PN-10-1..3

84

Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (50)’ 2018.




350

306,0
300 -
2 250 293,0
4
- 200
[
3 150 A 105.0
168,0 5
100 -
50 | 105,0
e=0 mm e=25 mm e=50 mm

Sample height, m

‘—O—SB-PN —&—SB-PD \

Figure 6 — Carrying capacity dependence of tested steel-concrete concrete samples

with sheet reinforcement from eccentricity at samples height h =1,7 m

Figure 7 — The nature of the destruction of experimental steel-concrete samples
with sheet reinforcement of the series SB-PD-17-1..3 and SB-PN-17-1..3

e=0 mm e=25mm e=50 mm

Sample height, m

‘—O—SB-PN —&—SB-PD \

Figure 8 — Carrying capacity dependence of tested steel-reinforced concrete samples

with sheet reinforcement from eccentricity at samples height h =2,4 m
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Figure 9 — The destruction of experimental steel-concrete samples
with sheet reinforcement of the series SB-PD-24-1..3 and SB-PN-24-1..3 nature

The dependence of the test elements bearing capacity on their height and the applied
eccentricity of the applied load is shown in Fig. 10.
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Figure 10 — Dependence of bearing capacity on the element height
and applied load eccentricity

Conclusions. From the analysis of the above graphs it can be seen where extent
the element height and the eccentricity of applying load are influenced by the bearing
capacity of the compressed steel reinforced concrete elements with sheet reinforcement.
The bearing capacity of the elements at an increase in height from Im to 2,4 m was reduced
by 35,4% with central compression, by 33,7% at center-centered compression with
eccentricity of 25 mm and by 22,3% with centrifugal compression with an eccentricity
of 50 mm. The bearing capacity of the tested samples practically does not depend on the
location of the sheet reinforcement: in the plane or perpendicular to the plane of the operating
moment. At different altitudes of the tested elements and different eccentricities, the
difference between their carrying capacity was 0 — 5%.
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COMPARISON OF EXPERIMENTAL STUDIES
AND NUMERICAL MODELING RESULTS
OF CONCRETE FILLED TUBULAR ELEMENTS
WITH DEMOUNTABLE JOINTS

The article presents the results of experimental tests of compressed tubular elements
with demountable joints investigated on the central and noncentral compression (with
eccentricities 0, 0,25 and 0.5 from the diameter of the sample) and numerical simulation by
the finite element method. The obtained results were compared for similar samples and their
models. For which using numerical simulation in the Femap software system a stress-strain
state was investigated and graphical representations of principal stresses were presented. For
comparison the tensions that arose when the shell's steel pipe was reached the yield strength
were selected. The mean square deviation and the coefficient of variation of the data obtained
varied in the range of 5 — 7%, which indicates the correspondence of the results and allows
further research of partial replacement of experimental tests with numerical simulation.

Keywords: concrete filled tubular structure, demountable joints, experimental research,
numerical modeling.

Cemko I1.0., x.m.n.
Ilonmascvkuii HayionanvHuti mexuivnui yHieepcumem imeni FOpiss Konopamioxa

IHOPIBHAHHA PE3YJIBTATIB EKCIIEPUMEHTAJIBHUX JOCJIIKEHD TA
YUCEJBbHOI'O MOAEJIOBAHHSA TPYBOBETOHHUX EJIEMEHTIB
I3 PO3’EMHUMHU CTUKAMU

Haseoeno pe3yromamu eKCNepUMEeHMAalbHUX 8Unpo0by6ams CMUCHYMUX
mpy60OemoHHUX eNleMeHmi8 i3 pO3 EMHUMU CMUKAMU, OOCHIONCEHUX HA YEeHMPAlbHULl i
nozayenmposuii cmuck (3 excyenmpucumemamu 0, 0,25 ma 0,5 6i0 diamempa 3paszka) ma
YUCENbHO20 MOOENIOBAHH MemOoOOM CKIHYeHHUX elemeHmis. Bukonano nopiensanus
OMPUMAHUX pe3yIbmamie Ol AHANOIYHUX 3PA3Ki6 [ ix mooenel, 011 AKUX 3a 0ONOMO20I0
YUCENbHO20 MOOENIOB8AHHA y npocpamuomy komniaekci Femap oocniosceno wuanpyosiceno-
Ooehopmosanuti cman ma HAaA8eOeHO 2paghiuni 300padceHHs 20106HUX Hanpyxcenv. [ls
NOPIBHAHHA 00OPAHO HANPYICEHHS, WO BUHUKAIOMb NPU OO0CASHEHHI MeKYy4oCmi cmanesoi
mpyou obononku. Cepeonvoxgadpamuune iOXulenHs ma Koepiyienm sapiayii ompumanux
O0anux Koausanucy y medxcax 5 — 7%, wo c8iouuno npo 6ionosioHicmev pe3yivmamis, ye
00380714€ Y NOOAILUIUX OOCTIONCEHHS YACMKOBY 3AMIHY eKCNEePUMEHMAIbHUX 8UNPODYE8aHb
YuCenbHUM MOOENI08AHHIM.

Knrwowuosi cnoea: mpybobemon, po3’€mMHi CMuKu, eKCNepUMeHmMAanbHi O0CHIONCEHHS,
yucenvbHe MOOeN0BAHHS.
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Introduction. Concrete filled tubular structures are effective combination of steel and
concrete that allows to fully implement the features of such materials. For example, saving of
metal and cement, reduce the size of cross section of concrete filled tube elements and as a
consequence reduce the weight of the structure and transportation costs [1]. It should be noted
that the joints are an important structure element of concrete filled tubular designs. One of the
main features of concrete filled tube elements is thing that during design we should provide the
cooperation of a steel pipe-shell and concrete core.

Over the past two decades with the significant development of computer availability
and capabilities, researchers have almost unlimited prospects for calculating and modeling
structures with the help of CAD (Automated Design Systems). Abroad, the terms
CAD/CAE/CAM are usually used, where CAD (computer-aided design) — the use of
computer technology for design. CAM (computer-aided manufacturing) — under this term is
understood as the actual process of computerized production preparation and the software
systems that are used in this process as well as CAE (computer-aided engineering) are the
common name of software systems designed to solve various engineering tasks.
For example, calculation, analysis and modeling of physical processes the most well-known
among them is ABAQUS, ANSYS, ESAComp, Femap, CAE Fidesys, HyperWorks,
Moldex3D, NX Nastran and many others. Calculations in these programs are carried out by
solving differential equations by numerical methods (finite volume method, finite difference,
finite element, etc.)

Analysis of recent research. Concrete filled tubular structures are especially actively
investigated worldwide in the last 30-40 years, which was reflected in the works of:
L.I. Storozhenko — research of concrete filled tubular structures [1], A.E. Lopatto —
investigation of stress-strain state concrete in CFT structure [2], A. Fan — CFT eclements
subjected to axial compression and lateral cyclic loads [3], S. Morino — research of concrete
filled tubular elements in Japan [5], Q.Q. Liang — nonlinear analysis of axially loaded CFT
columns [6], S.P. Schneider — reviews of CFT frames design [7], X.L. Zhao — cold-formed
tubular members and connections [8]. Specifics of numerical modeling in general and pipe
structures in particular are the works of S.P. Rychkov [9].

Selection of previously unsettled parts of the general problem. Unfortunately, today
the lack of data about modeling of demountable joints CFT elements. The article is devoted to
comparison of experimental test results and the modeling of concrete filled tubular elements
with demountable joints by numerical methods.

Problem statement. The purpose of this work was to compare the data obtained by the
numerical method with the results of experimental studies of concrete filled tubular elements
with demountable joints.

Main material and results. Experimental tests of concrete filled tubular elements with
demountable joints were conducted. For laboratory tests joints with longitudinal ribs
(TBR series) and steel couplings (TBC series) were selected as the most promising. Also for the
comparison the standard flange joint (TBF series), non-jointed concrete tubes (TB series)
and 1 sample without concrete filling (T series) were investigated. Drawings and photo samples
are shown in Figures 1 and 2. The common for all samples was the height of the pipe-type
element — 800 mm, the diameter of the pipe (D) — 108 mm, and its thickness — 4 mm, the diameter
of the bolts — 12 mm, the seam leg — 4 mm.

During the test concrete filled tubular elements with splice joints on compression, two
criteria were selected for the carrying capacity of the concrete filled tubular element.
The first criterion was the state of the samples, in which the deformation of the steel pipe
corresponds to deformations of steel, which reached the yield strength (N1). The second is the
state in which a significant deformation development occurs in a concrete filled tubular
element with a constant or insignificant increase in loads, for example — in fact, this state
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corresponds to the destruction of the concrete filled tubular element (N2). The criterion of the
bearing capacity for the joint was chosen to reach the limit of steel flux of one of its elements.
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Figure 1 — Design of prototype samples:
a) TBC series; b) TBR series; c) TB and T series; d) TBF series

Figure 2 — Photo of samples before the test

Comparing the bearing capacity of the elements with joints in the TB series, we saw
that the bearing capacity of N1 was approximately equal to all experimental samples
(the difference was less than 10%), analyzing the onset of destruction (N2): with central
compression, samples of the TBR and TBC series had some higher bearing capacity (up to
5%); during noncentral tests difference in bearing capacity was significantly increased and
amounted to 35% for samples of TBR and TBF series and up to 53% for TBC series samples.

The TBC series (from 5% to center compression up to 53% for noncentral) were the
best samples of central and centripetal compression, in comparison with reference and better
efficiency (from 4 to 12%), which testifies to the rationality of the construction of this type of
connection at minor tensile moments in the joint (at eccentricities to 0.5 D). Table 1 shows the
values of bearing capacity based on the results of experimental experiments.

A numerical simulation of 13 samples was performed for pipes without concrete,
CFT samples without joints, CFT specimens with a demountable flange joint, with a joint
made with the help of longitudinal ribs and a joint made using a steel sleeve. The cases of
central compression and noncentral with eccentricities of applying a load equal to 0.25 and
0.5 from the diameter of the sample were considered.
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Table 1 — The value of the bearing capacity of experimental samples

o Bearing The coefficients of efficiency
Ne of Eccentricity of capacity, kN Ny/N, of samples
Sample load, mm
N, N, my mp n
T-1 0 450 580 1,29 - - -
TB-1 0 730 950 1,30 1,15 1,49 1,98
TB-2 27 360 465 1,29 - - -
TB-3 54 300 326 1,09 - - -
TBR-1 0 690 980 1,42 1,08 1,54 2,14
TBR-2 27 410 580 1,41 - - -
TBR-3 54 320 440 1,38 - - -
TBC-1 0 725 996 1,37 1,14 1.56 2.23
TBC-2 27 400 620 1,55 - - -
TBC-3 54 280 500 1,79 - - -
TBF-1 0 725 900 1,29 1.10 1.41 1.71
TBF-2 27 400 610 1,53 - - -
TBF-3 54 280 440 1,57 - - -

Numerical simulation of concrete filled tubular T and TB series samples.
Modeling of samples by the finite element method confirmed the typical case of
destruction, as can be seen from Fig. 3 where the main stresses obtained from numerical
simulation are depicted. For samples with a random (central) loading application, the values
of stresses were same for almost all body of the studied element, with growth near the heads,
which led to the formation of corrugations that were observed during experimental tests.
For noncentral compressed concrete filled tubular elements TB-2 and TB-3, as can be
seen from Fig. 3 were characterized by uneven distribution of stresses, with a gradual increase
in the approach to the upper steel head, which is confirmed by experimental data.

Figure 3 — Graphical representation of main stresses in numerical simulation
for the studied samples of T and TB series

TB-2

TB-3
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Numerical simulation of concrete filled tubular TBR series samples

Piping elements were investigated for central and noncentral compression. At central
compression, in fact, two rigidly connected with the longitudinal edges of concrete filled
tubular elements of the analogous sample TB-1 were tested resulting in uniform distribution
of stresses with an increase near the upper steel head which led to the formation in this place
of corrugations. However, the test compound area was reinforced by ribs, which led to a
decrease in stresses in this area. This was confirmed both by mathematical modeling and by
the nature of the deformations fixed in the experiment (Fig. 4).

TBR-2 TBR-3

Figure 4 — Graphical representation of main stresses in numerical simulation
for the investigated samples of the TBR series

For noncentral compressed TBR-2 and TBP-3 samples, in addition to the characteristic
of all concrete filled tubular elements with a similar application of the load, a significant
increase in stresses near the upper steel flange attention was drawn to the reduction of stresses
in the lower CFT element with magnitude of eccentricity. Also, for all samples of this series
the fact that there was neither a bolt cut nor a deformation of the steel longitudinal flanges, the
proof of which is both mathematical modeling and experimental data, is common.

In the places of the connection of longitudinal ribs with concrete filled tubular elements
there were places of concentration of stresses.

In Fig. 5, the detail of the concrete filled tubular element is shown in more detail. It
should be noted that at the central compression of the stress in the joint were larger than at the
noncentral. For the given structure the impact of the size of the load which acted like a little
more influence than the eccentricity of the application of the load. This corresponds to the
experimental data according to which the deformations of the ribs under central compression
were higher than in the noncentral.

Numerical simulation of concrete filled tubular TBF series samples

The samples of the TBF series were similar to other prototype designs of the concrete
filled tubular element and differed by the method of the demountable connection, this joint
was carried out using steel round flanges with a milled surface welded to the upper or lower
element and connected by bolts. The load was applied centrally and with eccentricities equal
to 0.25 and 0.5 from the diameter of the pipe. For the boundary conditions, fixing was
adopted similar to that which was during the experiment (Fig. 6).
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TBR-1 TBR-2 TBR-3

Figure 5 — Graphic representation of main stresses in the lower part
of the joint with longitudinal ribs

TBF-2 TBF-3

Figure 6 — Graphical representation of main stresses in numerical simulation
for the investigated samples of the TBF series

In mathematical modeling, the fact that the presence of a joint at central compression
had virtually no effect on the bearing capacity of the structure, the onset N; when simulations
occurred at a load similar to the experimental one, which testifies to the reliability of
numerical simulation.

The peculiarity of noncentral compressed samples is that the stresses in the steel flanges
compared to the stresses in the concrete filled tubes are very small, even with the growth of
the eccentricity of the load. It is also characteristic that the stresses and deformation,
respectively in the upper concrete filled tubular elements were significantly higher than the
lower ones. For the existing joint is actually an enhancement of the entire structure all
specimens with joints when applying the load with the eccentricity 0,5 of diameter had a
carrying capacity higher than a solid sample of more than 30%.

Numerical simulation of concrete filled tubular TBC series samples

Considering the case of central compression of the TBC-1 sample, it is noteworthy that
due to somewhat more load compared with other samples of tension in the upper concrete cell
were 10—15% more prominent than the lower ones, which are uncharacteristic for centrally
loaded samples of other series in this experiment. and is explained by the influence of the
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steel coupling. Also very interesting is that the greatest stresses were in the steel coupling
exactly when the central compression because in other cases the concrete element lost load
bearing capacity at the upper part at significantly lower loads (Fig. 7).

Considering the stress-strain state of the steel coupling, it should be noted the
emergence of small stress concentrators near the bolt holes. Similarly, the junction with the
longitudinal ribs of stress was slightly larger at the central compression, especially in the
lower part of the coupling (Fig. 8).

BC-1 TBC-2 TBC-3

Figure 7 — Graphic representation of main stresses in numerical simulation
for the studied samples of the TBC series

TBC-1 TBC-2 TBC-3

Figure 8 — Graphical representation of main stresses in the lower part
of the coupling with a steel coupling

Table 2 presents a comparison of the results obtained during the experimental studies of
concrete filled tubular elements and numerical simulation. The value of theoretical stresses
was obtained from the software complex Femap. The mean square deviation of stresses in the
compressed zone was 6.7%, the coefficient of variation was 6.8%; in a stretched mean square
deviation of 4.96%, the coefficient of variation is 5.02%. Based on the above values, it can be
said that the difference in the results is insignificant and varies within the variability of the
materials, which confirms the objectivity and realism of the mathematical modeling of
compressed concrete filled tubular samples in the software package Femap.
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Table 2 — Comparison of experimental and theoretical stresses

Bear.
Neof Gexp.com [Omod.com Gexp.ten | Omod.ten

€, mm cap. Gi, com. Ostd com. Gi, ten. Ostd ten.
Sample Ny, kN MPa | MPa MPa | MPa

T-1 0 450 | 327 | 343 ]0,9534 |0,00166 | 327 343 10,9534 10,00123

TB-1 0 730 | 336 | 345 10,9739 |0,00040 | 336 345 10,9739 10,00021

TB-2 27 360 | 273 253 | 1,0791 |0,00723 | 147 142 | 1,0352 |0,00219

TB-3 54 300 332 293 |1,1331 (0,01934| 72 78 10,9231 (0,00427

TBR-1 0 690 368 334 |1,1018 |0,01161| 368 334 |1,1018 |0,01285

TBR-2 | 27 410 340 347 10,9798 10,00020 | 42 40 |1,0500 [0,00379

TBR-3 | 54 320 316 341 10,9267 [0,00454 | 120 122 10,9836 |0,00002

TBC-1 0 700 310 334 10,9281 [0,00434 | 310 334 10,9281 |0,00363

TBC-2 | 27 400 331 340 |0,9735 10,00042| 48 51 10,9412 |0,00223

TBC-3 | 54 280 | 326 | 345 ]0,9449 |0,00241| 119 117 |1,0171 |0,00082

TBF-1 0 725 331 334 10,9910 |0,00001 | 331 334 10,9910 |0,00001

TBF-2 | 27 400 | 349 342 | 1,0205 |0,00070 | 76 79 10,9620 |0,00070

TBF-3 | 54 280 | 330 | 360 |0,9167 |0,00599| 183 185 10,9892 |0,00000

Conclusions. After performing numerical simulation of concrete filled tubular elements
with demountable joints, the following conclusions can be made:

For all investigated samples that were tested experimentally, identical real mathematical
models were created. The stress-strain state was investigated using numerical simulation in
the Femap software system and graphical representations of the main stresses were presented
that allow estimating the stress at any point of the sample, stress concentration areas, etc.

The stresses in the compressed and stretched zone of the concrete filled tubular element
were compared in accordance with the experimental data and, consequently, the results of
numerical simulation. The mean square deviation and the coefficient of variation of the data
obtained fluctuated within the range of 5-7%, which is admissible and suggests that the
modeling results correspond to the experiment.
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DURABILITY OF HEAVY CONCRETE USING
BOILER SLAGS WITH CIRCULATING FLUIDIZED BED

The results of studying the influence of boiler ash slags with a circulating fluidized bed
on the freeze-thaw resistance of heavy concretes are presented. The following materials were
used in the studies: Portland cement PPC 500 N, sand with the fineness modulus My =1.05,
crushed granite fraction 5-10 mm, boiler ashes with circulating fluidized bed,
hyperplasticizer «Fluid Premia-196». The study was performed using mathematical planning
of the experiment. It is proved that with the replacement of sand with ashes, the freeze-thaw
resistance is somewhat reduced, but the hyperplasticizer compensates the reduction of freeze-
thaw resistance by reducing the W/C ratio, resulting in the formation of super-fine pore
structure of concrete. Fine pores in the concrete structure compensate the ice formation stress
at low ambient temperatures. The optimal cement consumption has been established in terms
of freeze-thaw resistance, both at full and partial replacement of sand with ash. It was also
determined that the optimum should be considered the consumption of a hyperplasticizer in
the amount of 1.2-1.4% of the cement mass.

Key words: ash and slag, fluidized bed, freeze-thaw resistance, mathematical planning.

bonoap B.0O., 0.m.n. npoghecop
Axmeonabiee P.P., acnipanm
Ilonmascvkuil HayionanbHuti mexHivnuil yHieepcumem imeni FOpiss Konopamioxa

JOBI'OBIYHICTBH BA’KKUX BETOHIB
3 BUKOPUCTAHHSAM 30JIO0IIJIAKIB KOTJIIB
I3 QUPKYJIAHIMHUM KNIUIAYUM ITAPOM

Haegeoeni pesynomamu 00CniodiceHHs 8NAUBY 30J0WAAKIE KOMAIG i3 YUPKYIAYIUHUM
KUNJIAYUM  WAPOM HA MOPO30CMIUKICMb  8aAdNCKUX Oemonis. B Oocniojcenusx 60yno
sukopucmano nopmaanoyemenm IIL] 500H, nicox 3 mooyrem kpynmocmi M, = 1,05;
weobine epanimuuti @paxyii 5-10 mm; 3010WRaKU KOMAIE I3 YUPKYIAYIUHUM KUNTAYUM
wapom,  einepnaacmugpikamop  «Fluid — Premia-196». Jocnioocennss  nposedeni 3
BUKOPUCMAHHAM MAMEMAMUYHO20 NIAHY8aHHs ekcnepumenmy. [losedeno, wo i3 3amiyeHHuam
RICKY 3010UAAKAMU MOPO30CMIUKICINb 0eujo 3HUNCYEMBC, alle 2inepniacmugixamop cnpuse
KOMRNEHCayii 3HUMNCEHHsT MOPO30CMIUKOCMI 34 PAXyHOK 3HudiceHHsi B/I] ionowienHs, sk
HACNIO0K, YMBOPEeHHs CYynepopionoi noposoi cmpykmypu 6emony. Touki nopu y cmpykmypi
0Oemony KOMNEHCYIOMb HANPYICeHHs 6I0 Npoyecy YMBOPeHHsA b00Y HpU  HUZLKUX
memnepamypax HABKOIUUWHb020 cepedosuuja. Bcmanoeneno onmumanvHa eumpama
yemenmy 3 MOYKU 30pY MOPO30CMIUKOCMI, AK NpU NOBHIU 3aAMIHI, MaK i Npu YACMKO8IU
3amini nicky 3onowinaxku. Buznaueno makoowc, wo onmumanbHuM cio 68ajcamu eumpamu
einepniacmughixamopa 6 kinokocmi 1,2 - 1,4% 6io macu yemenmy.

Knrouoei cnosa: 3onounaxku, KUNIa4uLl wap, Mopo30CmiiKicmos, Mamemamuyre niaHy8aHHs.
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Introduction. Destruction of concrete in a saturated water state influenced by the cyclic
action of positive and negative temperatures, as well as varying negative temperatures, is due
to a number of physical corrosion processes causing deformations and mechanical damages to
products and structures.

Freeze-thaw resistance of concrete depends on its structure, particularly on the porosity
nature, as the latter will determine the volume and distribution of ice that will be formed in
the concrete body at low temperatures, and, therefore, the value of the stress produced during
the process of the concrete structure weakening.

Literature review: In concrete micropores sizing 10~ cm, there is usually bound water
that does not turn into ice even at extremely low temperatures (up to —70°C), therefore
micropores do not significantly affect the concrete freeze-thaw resistance [1]. The latter
depends on concrete macropores and on their structure.

A number of laboratory studies have demonstrated that concrete containing fly ash and
ash-slag may be less resistant to frost during freezing and thawing [2 — 4], while low-cement
concretes or high-cement concretes have lower freeze-thaw resistance, but part of the cement
in them is replaced with ash — fly ash or ash slag [5, 6].

Concrete with fly ash can provide satisfactory freeze-thaw resistance, provided that
waterproof cement is used and W/C (water-cement ratio) does not exceed 0.45, and the fly ash
content does not exceed 20-30%. In this case, of course, it is assumed that the concrete has an
adequate porous structure [7].

The degree of ashes and ash slag influence on the concrete properties not only depends
on their amount in the mixture, but also on other parameters, including the composition and
ratio of other ingredients in the concrete mixture, the type and size of the particular
component, the compaction conditions during the forming and the hardening conditions, as
well as construction methods [8, 9].

Aim of the study: analyzing the influence of ash slabs of boilers with circulating
fluidized bed on freeze-thaw resistance, and hence on the durability of heavy concretes
designed for operation in the climatic conditions of Ukraine.

Materials and methods of the study: The following materials were used in the work:
Portland cement PPC 500 N produced by «Haldeberg zement Ukraine»; sand with the
fineness modulus My = 1.05 taken from the local deposits; ashes of boilers with circulating
fluidized bed [9]; "Fluid Premia-196" hyperplasticizer based on modified polycarboxylates;
crushed granite fraction of 5-10 mm taken from Kremenchuk deposit. For more complete
detection of the ash slag and hyperplasticizer’s influence on the concrete freeze-thaw
resistance, a three-level experiment planning matrix was implemented in the study.

Freeze-thaw resistance was determined by the rapid method. According to DSTU BV
2.7-47-96 several methods for determining the freeze-thaw resistance of concrete, including
two rapid methods are established. The dilatometric method of determining the freeze-thaw
resistance by freezing in the kerosene medium was used in the work. According to this
method, the freeze-thaw resistance is determined by the maximum difference between
volumetric deformations of concrete and standard samples. The standard sample is an
aluminum cube with a side length of 100 mm. Measurement of volumetric deformations was
carried out using the «Beton-Frost» dilatometer (Fig. 1).

When planning the experiment the input parameters were taken:

X1 — cement consumption;

X, — hyperplasticizer consumption;

X3 — degree of sand replacement with ash slabs.

Terms of the experiment planning are presented in the Table. 1.
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Figure 1 — Illustration of the dilatometer with the measuring electronic unit

Table 1 — Terms of the experiment planning

Level Variable factors
X X5 X3
maximal 1 1 1
medium -1 -1 -1
minimal 0 0 0

Concrete samples were made according to the mathematical planning matrix of the
experiment. For each set, three test cubes with an edge length of 100 mm were made.
After 28 days, the samples were exposed to water saturation according to the following
procedure: the first day samples were immersed in water at the depth of 1/3 height, the second
day at 2/3 height, the third day the samples were completely immersed in water and
the thickness of water over the sample was 5 cm. For three days of water saturation
the exact volume was determined for each sample by the method of weighing in water.
All the three samples of each set were tested for freeze-thaw resistance. The samples were
placed into the measuring chamber of the device, the chamber was filled with kerosene and
sealed hermetically, whereupon the device was fit into «Feutron» climate chamber.
The chamber was connected to the electronic unit via cables. Freezing of the device with
samples lasted for 4.5 hours. During this period, the electronic unit was recording changes in
the sample’s deformation. For all the samples, the maximum relative increase in the
difference between the volume deformations & was determined by the formula

o4
v,

where AV; — maximum difference of deformation values for the concrete and the
standard samples at freezing;

V, — initial volume of the sample,cm’. According to this difference, using the table of
DSTU B V. 2.7-47-96, the concrete freeze-thaw resistance was determined.

Basic material and results. The results of studies on concretes produced according to
the experiment planning matrix are presented in Table 2.

According to the study results, the surfaces of the experiment planning input
parameters’ influence on the concrete freeze-thaw resistance were constructed, and are shown
in Fig. 2 to 4.
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Table 2 — Results of testing concretes for freeze-thaw resistance

Variable parameters Freeze-thaw resistance
Ne AV, Number of | Respective
X X 2E o= 70 cycles grfde, F

1 600 2 ash 0.304 480 400

2 400 2 ash 0.783 238 200

3 600 0.8 ash 0.548 332 300

4 400 0.8 ash 1.77 105 100

5 600 2 sand 0.147 633 600

6 400 2 sand 0.586 380 300

7 600 0.8 sand 0.184 580 500

8 400 0.8 sand 0.538 365 300

9 600 1.4 0.5+0.5 0.154 538 500
10 400 1.4 0.5+0.5 0.522 360 300
11 500 2 0.5+0.5 0.313 487 400
12 500 0.8 0.5+0.5 0.319 408 400
13 500 1.4 ash 0.362 390 300
14 500 1.4 sand 0.298 435 400
15 500 1.4 0.5+0.5 0.299 424 400
16 500 1.4 0.5+0.5 0.309 416 400
17 500 1.4 0.5+0.5 0.247 464 400

RO ‘BVRSA NS 7R

Figure 2 — Surface of hyperplasticizer consumption and the degree of sand
replacement with ash slag influence on the concrete freeze-thaw resistance
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Figure 3 — Surface of cement consumption and S-AS (sand — ash slag)
ratio influence on the concrete freeze-thaw resistance
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Figure 4 — Surface of cement consumption and additives
on the concrete freeze-thaw resistance
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Analysis of the sand replacement with ash slag degree and the hyperplasticizer
consumption combined effect shows that with the amount of ash slag increasing in concrete,
initially freeze-thaw resistance of concrete grows slightly, but with the further ash slag
increase their freeze-thaw resistance is reduced. The maximum increase is observed at
replacing half of the sand with ash slag, i.e. S-AS (sand — ash slag) = 0.5. At the maximum
sand replacement with ash slag, the freeze-thaw resistance is reduced from 400 to 100 cycles.

Analysis of the surface of influence on the freeze-thaw resistance by the cement
consumption and the degree of sand replacement with ash slabs shows that an increase in the
concrete freeze-thaw resistance with an increase in the cement consumption is almost
proportional. This fact is unmistakable, but it is known that the main component of concrete,
contributing to the increased freeze-thaw resistance, is cement.

With the increase of ash slag in the composition of concrete freeze-thaw resistance
tends to decrease. But on the surface of influence the maximum is observed at the value of
AS-S (ash slag — sand) = 0.5, i.e. the ash slag only replaces sand by half. At the reduced sand
replacement with AS in the concrete mixture, a sedimentation process was observed due to
the increased mobility of the concrete mixture. Meanwhile, with the increased replacement,
the freeze-thaw resistance also tends to decrease, because AS contribute to the increase of
concrete porosity. As it is known, the freeze-thaw resistance of concrete depends on the
porosity and the pores nature. It is obvious that concrete pores, which are formed due to the
introduction of porous ash slab, are bigger than gel pores of cement stone. As it was explained
above, gel pores of the cement stone contribute to the concrete freeze-thaw resistance
increase, acting as compensators in water’s turning into ice.

On the diagrams, we observe that with increasing cement, as expected, the freeze-thaw
resistance grows, but not proportionally. The maximum value of the freeze-thaw resistance is
observed with the cement consumption of 460 - 500 kg / m® at the plasticizer consumption of
1.2 — 1.4% of the cement mass. Thus, the optimum ratio should be considered when the cement
consumption makes 460 - 500 kg / m’, and that of plasticizer — 1.0 -1.4% of the cement mass.

Conclusions: Analyzing the data obtained as a result of the performed studies, we can
state the following:

1. Studies confirm that the greatest impact on the freeze-thaw resistance is caused by the
cement consumption. Although in the process of hardening, a well developed pore structure is
formed in cement stone, yet it also forms gel pores where water at low temperatures — up to
30 — 40°C — does not freeze, therefore, they compensate the stress that occurs during the water
turning into ice and thereby contribute to the increase of the concrete freeze-thaw resistance.

2. Introduction of ashes into the concrete mixture leads to a decrease in the freeze-thaw
resistance of concrete. This phenomenon is explained by the fact that the ash-slag has the
water consumption three times higher than the sand they replace does, therefore they
contribute to an increase in the W/S ratio. With the increase of W/S ratio grows both the total
volume of open pores, and their mean size. At the same time, permeability and water
absorption grow, and in such concretes less reserve pores are formed. In order to increase the
concrete freeze-thaw resistance, it is customary to restrict W/S ratio depending on the concrete
operation conditions. Reducing W/S is possible both due to reducing water consumption using
plasticizer additives, and by increasing the cement consumption.

3. The influence of hyperplasticizer consumption on the concrete freeze-thaw resistance
possesses a positive nature. It contributes to the reduction of the W/S ratio and thus
contributes to the reserve pores formation. It should be noted that the W/S ratio in all the
concrete mixtures within the experiment did not grow by more than 0.45. However, the
mobility of the mixture fluctuated within the range of 5 to 13 cm of the cone settlement.
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ESSENTIALS AND PROBLEMS SOLVING ALGORITHMS
OF GENERAL STRENGTH THEORY OF RC ELEMENTS UNDER
COMPLEX STRESS-STRAIN STATES

The General strength theory of reinforced concrete elements (GSTRCE) passed the long
and many-sided examination and showed the considerable advantages: well concordance
with experiments, essential economic effect, solving method unity for different strength
problems. Simple practical methods for calculating according to GSTRCE and available for
use by designers and students are developed. The algorithms of calculating of two practically
important problems are stated: strength control and selection of needed longitudinal and
lateral reinforcement. Problems solving are represented by using «manualy method and well-
known and easy-to-use software complex MS Excel. The results of experimental verification
of GSTRCE are stated and the ones show well convergence of theoretical strength to
experimental one.

Keywords: element of structure, strength of inclined and normal sections, optimization
calculation.

Mumpoganoe B.11., k.m.1., doyenm

Llenmp nepedosux memoodis po3paxyHKy 3anizobemonHux koncmpykyitl, m. [lonmasa
Ilinuyk HM., x.m.n., ooyenm

Ilonmascvkuil HayionanbHuti mexHivnuil yHieepcumem imeni FOpiss Konopamioxa

OCHOBH TA AJI'OPUTMH BUPIIIEHHA 3AJTAY 3ATAJIBHOI
TEOPII MIIHOCTI 3AJII3OBETOHHUX EJIEMEHTIB ITPU
CKVIATHUX HAITPY KEHO-JE®@OPMOBAHUX CTAHAX

3azanvna meopis miynocmi 3anizooemonnux enemenmis (3TM3BE) npovwna 0osey ma
6cebiuny anpobayiro i nokazania 3HaAuHi nepegacu: 000py 30IdCHICMb 3 eKChepUMeHmMamu,
ICMOMHUL eKOHOMIYHUL egheKkm, €OUHULL MemOO PO38 SA3aHHA OJisl PI3HUX NPOOIeM MIYHOCMII.
Pospobnoiomeca npocmi  memoou npakmuunozo pospaxyuky 3a 3TM3BE, oocmynhi
Ol  BUKOPUCMAHHA NPOEKMYBANbHUKAMU 1 cmydeHmamu. Bukiadaromves aneopummu
PO3PAXYHKY 080X NPAKMUYHO BANCIUBUX 3A0aY: NepesipKu MiyHocmi ma niooopy nHeooxionoi
apmamypu. Poszeé’sazanusa 3a0au npedcmagneno «pyuHum» MemoooM ma 3 GUKOPUCAHHAM
WUPOKO BIOOMO20 MaA NPOCMO20 Y BUKOPUCMAHHI npozpamuozo komniexkcy MS Excel.
Haegeoeni pezynomamu excnepumenmanvroi nepesipku 3TM3BE sxi nokazaniu 000py
30IdCHICMb MeopemuyHoi MIYHOCMI 3 eKCNePUMEHMANbHOIO.

Knrouoei cnosa: enemenm KOHCMPYKYIi, MIYHICMb NOXULO20 MA HOPMATLHOZO
nepepizie, ONMUMI3AYIUHUL PO3PAXYHOK.
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Introduction. On the 4™ International fib Congress [1] it was being observed the
necessity of a general theory development for the strength calculation of reinforced concrete
elements on the normal and inclined sections by unified conception basis and general
relations.

Review of the latest research sources and publications. Such general theory is
currently worked out [2, 3] and it has the important advantages in comparison with normative
designs. The theory is based on the classification of reinforced concrete elements into groups
depending on the quantity of longitudinal and transverse reinforcement (Fig. 1). This
classification distinguishes the group C of elements which are not overreinforced by
longitudinal and transverse reinforcement. The ones are differed by the most economical use
of steel and plastic failure on inclined section. These elements usually have the broken off or
bent up bars of longitudinal reinforcement. So GSTRCE is mainly limited by consideration of
elements of group C. Herewith, entering some changes and additions in the design scheme of
group C elements, the calculation methods of other groups can be obtained.
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- — == o Fr=- 4{-?‘ AT
3 - T | |
1A ng@;
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G:a = f~.el; ﬂ.—q'.\: - f ]
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Figure 1 — RC elements classification: ps, psw — respectively longitudinal tensile and
lateral reinforcement ratio, o, o5y — respective reinforcement stress,
CDZ — concrete destruction zone.

Depending on the quantity of longitudinal and lateral reinforcement, respective behavior
under load and type of failure, RC elements are classified [2] on the 4 main groups A, B, C, D
and 5 intermediate groups AB, AC, BD, CD, M:

— group A — elements are overreinforced by longitudinal and underreinforced by lateral
reinforcement; stress in longitudinal reinforcement (usually without broken off or bent up
bars) does not reach and in lateral reinforcement reaches the limit value; elements are
fractured brittly by dangerous inclined crack or by overreinforced normal section;

— group B — elements are overreinforced by longitudinal and lateral reinforcement;
stresses in longitudinal and lateral reinforcement do not reach the limit value; brittle failure of
elements by concrete compressive inclined strut between regular inclined cracks of element
web or by normal overreinforced section is happened;

— group C — elements are underreinforced by longitudinal and lateral reinforcement;
stresses in longitudinal reinforcement (usually with broken off or bent up bars) and in lateral
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reinforcement reach the limit value; plastic failure of elements by dangerous inclined crack or
by normal underreinforced section takes place;

— group D — elements are underreinforced by longitudinal and overreinforced by lateral
reinforcement; stress in longitudinal reinforcement (usually with broken off or bent up bars)
reaches and in lateral reinforcement does not reach the limit value; plastic failure of elements
by normal section, situated in action zone of shear forces that significantly influence on
strength of normal sections, takes place.

Intermediate elements groups have properties which are transitional between the
corresponding main groups.

Definition of unsolved aspects of the problem. The use of GSTRCE in practical
designs is constrained by lack of enough simple practical calculations.

Problem statement. Thus, there is necessity of development of simple algorithms to
perform calculations by this theory.

Basic material and results. Significant thesis of GSTRCE is made more exact
definition of the reinforced concrete element as a part of reinforced concrete bar structure
(RCS) on length / of which signs of bending moment M, shear V" and longitudinal N forces are
constant. This definition of element allows to unify its design scheme, which includes at one
dangerous inclined (DIC) and normal (DNC) cracks, reinforcement and forces. The end points
A and B of the DIC are considered as theoretical points of curtailment or bent-up of
longitudinal reinforcement (Fig. 2).

Concrete strength criterion in zone of concrete failure at the end of DIC (Fig. 2) is
determined as the strength condition of concrete wedge, situated over the DIC.

The interlock forces in DIC and the dowel action of reinforcement do not take into
account for the group C elements because the element parts I and II (Fig. 2) as fragments of
the plastic kinematic mechanism mutually rotate inducing the DIC opening without essential
shear of its adjacent surfaces.

It is considered the proportional loading of RCS and its elements and the load parameter
F is chosen, through which the forces in inclined section (crack) are expressed:

M:FfM’V:FfV’N:FfN’ (1)

where f, fr, fv — load functions, reflecting the element load character and depending on
parameters x4 and ¢ (Fig. 2).
Distribution of the normal o, and shear 7, stresses along the concrete failure height x is
adopted uniform.
The stresses o;, 0's Oy, of the longitudinal tensile 4;, compressed 4's and lateral A,
reinforcement are restricted by the conditions of ultimate state respectively
Usgfyd’ o, < fras Uswgfywd’ (2)

where f4, f ya, fywa — design resistances of corresponding reinforcement.

Calculation of the inclined section strength in reinforced concrete elements by the
GSTRCE is based on the design scheme of Figure 2 and on relationships:

— criterion of concrete strength above the DIC under shear force V. and compressive
force N, action

V.= Af bx+ayN,_, 3)

where 4, ay — coefficients that are taken depending on the case of failure [2, 3];
fea — concrete strength under axial compression;

b — width of cross section of element;

x — height of concrete failure zone;
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— equations of equilibrium of element part I (Fig. 2):

ZX = O’ FfN + UxAx - O_:A: _Nc = O’ (4)
ZYZO, FfV (UswArwc /S_I/CZO; (5)
Y M, =0; Ff, -(0,,4,c")[2s - 04z, — N (d - x/2) =0, (6)

where A, A's Ay, — area of cross-section of longitudinal tensile, longitudinal compressed
and lateral reinforcement respectively;

o5, Os Oy, — stresses in longitudinal tensile, longitudinal compressed and lateral
reinforcement;

s — step of lateral reinforcement bars;

zs, d — are shown on Fig. 2.
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Figure 2 — Design model of reinforced concrete element with dangerous normal
DNC and inclined DIC cracks, reinforcement and forces

From equations (3 — 6) the resulting relationship is obtained:
P21y (fy = fuan ) |24+ P[ Sy Jd + ofy - £, (14 m,& c/24d — )] -
—(mm.fm/2)(cz/cl2 + 2a)c/d)— B=0,
that is quadratic equation for the relative load parameter
P=F/f bd. (8)

In (7) fu, fr, fv — load functions, expressing the forces M, V, N in element inclined
section through the load parameter F,

(7

gv = \fydAv/\fcdbd 2 é:: = fy,dA:/f;dbd ’ gsw = fywdAvw/ﬂdbS 2 (10)
ms = Gx/\fyd s mi = G:/ﬂd s msw = O-sw/fywd ’ (1 1)

ms, m', my,, — factors of resistance use completeness of respective reinforcement.
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For determination of reinforcement cross-section area the formula of volume ratio of
element reinforcement is used:

V,= ﬂd‘:iXA/fydl +ﬂd‘§:(XA + c)/fv’dl +fcd§sw/ ywd T

12
+.fcd§sl(1_XA/l)/~fyd+fcd§s’1|:1_(XA+c)/li|/fy'd’ (12

where
S = fvdAvl/fcdbd ) 65:1 = f_‘v,dAgl/fcdbd' (13)

The problem of strength control is solved as optimization one with objective
function of the relative load parameter P, depending on parameter c. In this problem
set quantities are the next: element with all sizes, reinforcement, characters of materials
(b, h,d, zs, I, Xy, As, As1, A's, A's15 Ass S, feds fetds fras [ vas fywa) > character and situation of loads.
The ultimate load parameter F, and respective value ¢, are unknown.

Design algorithm of ultimate load parameter

1. The static calculation of structure is carried out.

2. The structure is divided on elements and each element design is fulfilled separately.

3. The length / of each element is determined; in element the location of DIC and DNC
with input X}, ¢, internal forces in the inclined section Ny, N's, Vi, V., N. are shown.

4. The load parameter F is selected and functions fy, fy, fv are determined, taking into
account the location and distribution of element loads.

5. The obtained functions f), fy, fy are substituted in resulting relationship (7) and the
relation P(c) is got.

6. The obtained function P(c) is investigated on minimum by the conditions

ms:m;:mswzl’ (14)

corresponding to the group C elements, and the value ¢, is determined.

The ultimate load parameter is calculated using the found value c,.

If as result of calculation is Xy + ¢ > [, the widened element is considered and points 2-6
are repeated.

7. The conditions of balance reinforcing are checked

A<A,  A<dA A <A

s,opt? s s,opt? SW sw,opt ? (15)

where the optimal values respective reinforcement A s, A’ opts Asw,ope are adopted from
the problem solution of the needed reinforcement determination by the load parameter that
was found in the solution of previous strength control problem.

In practice of designing the problem of calculation the required longitudinal and lateral
reinforcement in inclined section has the main importance.

The problem of needed reinforcement design is solved as optimization with objective
function as volume ration of reinforcement in element V; (12) together with additional
conditions (7), (2) and X4 + ¢ <'I. In this problem set quantities are the next: element with all
sizes, reinforcement and characters of materials, the character of loads and numerical value of
load parameter. From the previous calculation of normal (cross) section the Ay, and 4';; values
are known.

The analysis of this problem solving on the basis of Kuhn-Tucker conditions [4] shows
that the optimal reinforcement is achieved at the highest possible stresses in reinforcement
when the (14) is observed. It is appropriate to do the incomplete optimization of
reinforcement. In this case the previously performed design of the normal (cross) section
strength and the calculated 4;; and A’y values allow to adopt the areas A; < A5 and A’y < A’
with the result that A4y, X4, c are only stayed as the unknown values.
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Design algorithm of needed reinforcement

1. The static calculation of structure is carried out.

2. The structure is divided on elements and design of each element is fulfilled
separately.

3. The length / of each element is determined; in element the location of DIC and DNC
with input X}, ¢, internal forces in the inclined section Ny, N's, Vi, Ve, N. are shown.

4. The load parameter is selected and functions fy, fy, fy are determined, taking into
account the location and distribution of element loads. The relative value of the load
parameter (8) is calculated. Further the design for elements under cross bending without axial
force N are given as example.

5. From function

i

Vs d + fyo (16)
the partial derivatives
_ Org . __Ong d
V14 a(c/d)’ Vs a(XA/l) i (17)

are determined.
6. The parameters (9), &, &! according to (10) and

S Srowa |d]1
D = gs _gs - + gs’ _gs’ y_tv S (18)
( 1 ) fyd ( 1 ) ﬁ,d P
=&) S d
Dlz(gsl és)_Jp}'d v (19)
P S 1
are calculated.
7. From the system of equations
0.5D(c*/d* +2ac/d )~ y,5 = 0; (20)

Vs —B/P—0,5D(c*/d” + 2a)c/d)[o, 5D, (c*/d* +2ac/d)+ (7, - yls)] /(c/d +w)=0 (1)
the values X /1, ¢/d are found.
8. The necessary intensity of lateral reinforcement is determined by the equation:

£, =P0,5D,(¢/d> +2wc/d)+ 1, - 1,5 ] [(c/d + @) (22)

9. The Ay, and s values are calculated by the found &, (10).
10. The relative height of the concrete failure zone is determined by the formula:

gz:gzp_fv_ﬁ.ﬁm_ (23)

The condition x > a' is checked, where a’ is thickness of the protective concrete layer of
compressed reinforcement A4's.

The stated methods of problem solving can be called «manual» when the whole process
of solution is considered and the unknown parameters are found in succession. This method is
especially important in mastering of the GSTRCE. After GSTRCE mastering it is advisable to
use «computer» method, when the optimization problems are solved by using software
packages, such as processor MS Excel.

Experimental verification of the GSTRCE. The many-sided verification of the
GSTRCE was conducted under V.P.Mitrofanov guidance. The strength criterion (3) was
thoroughly experimentally verified by the specimens-wedges of usual heavy [5] and light-weight
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[6] concretes. The significant control of (3) was fulfilled on the beams with artificial DIC,
which allowed to exclude the interlock between crack sides and enabled to find reliably the
experimental V. and N, quantities [5]. The noted all-round tests confirmed the realityof theoretical
failure cases [5] of concrete wedges over the DIC and reliability of the relationship (3).

It is necessary to note that in all countries of the world the strength investigations of the
reinforced concrete elements under the shear forces action were being conducted mostly on
the elements of groups A and B (see Fig. 1) without curtailment of longitudinal reinforcement
in zone action of shear forces. These tests led to the inexact notion that RC elements failure
by the DIC has only brittle character. In our researches of the group C elements the
longitudinal reinforcement was used in the form of two-bars bundles in which one bar had the
break off in zone action of shear force and its end was welded to the being continued bar.
The tested elements revealed the positive for practice features of the group C elements: clear-
cut plastical behavior in ultimate state and the most economical expense of steel.
Our investigation included the tests:

— 26 columns under joint action of M, V, N forces [7];

— 21 usual [5], 22 prestressed and 12 usual [8] simple beams;

— 22 simple and 13 cantilever beams with failure by the cross sections where the concrete
failure zone was undergone the essential influence of shear force action [9];

— 4 simple beams with inclined compressive side [10];

— 6 two-span continuous beams [10];

—more 120 specimens-wedges [5, 6];

— 5 simple beams with shear span changing from 4,0 to 1,6.

All tested columns and beams were reinforced in accordance with the GSTRCE for the
given load.

The test data of 131 beams and columns showed the mean ratio F*'/F“*
of experimental ultimate load parameter F*“" to the theoretical one F** equal to 1,073 on the
coefficient of variation V' = 9,525 %. The comparison of the test data with design results by
the Code SNiP 2.03.01-84* (Gosstroy, Moscow, 2000) led to the mean ratio
F' ) Fl = 0,838, ¥'=23,06 %. The like comparison with Eurocode 2-1992 produced the
worst results. There are design examples according to the GSTRCE in [3].

Conclusions. The GSTRCE implementation into practice supposes perceptible
economical effect at the expense of the complete use of all reinforcement strength and more
exact optimization designs. The GSTRCE secures the simultaneous plastic element failure
both on the cross and on the inclined sections (cracks), i.e. leads to the elements of equal
resistance. The general conception basis for designs on the inclined and on the cross sections
witnesses about more high development level of the GSTRCE in comparison with known
designs systems. For the GSTRCE practical use it is offered two design methods: «manualy»
and «computering.
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MODELS OF BAY REINFORCED CONCRETE ELEMENTS
RESISTANCE AT ACTION OF CYCLE PERMANENT
SIGN HIGH LEVEL FORCES

The reinforced concrete span beam structures work with small, middle and large shear
spans under the action of cyclic loads of high levels is investigated. It is established that
researches of physical models development of bending reinforced concrete elements fatigue
resistance to the cyclic action of transverse forces and calculation methods on its base are
important and advisable due to following features of said load type: the nonlinearity of
deformation, damage accumulation in the form of fatigue micro- and macrocracks, fatigue
destruction of materials etc. The key expressions of the concrete endurance limits definition
(objective strength), longitudinal reinforcement, anchoring of longitudinal reinforcement,
which consists the endurance of whole construction are determined. Also the role and the
features of influence of vibro-creep deformations on the change mechanics of stress-strain
state of concrete and reinforcement of research elements are investigated.

Keywords: endurance, cyclic load, fatigue destruction.

Kapnioxk B.M., 0.m.u., npoghecop

Kocmwk A.L, k.m.n., npoghecop

Cvomina I0.A., acucmenm

Ooecvka depacasna akademis 6yOiGHUYMEA MA apXimeKmypu

MOJIEJII OIIOPY ITPOITHHUX 3AJII30BETOHHMX EJIEMEHTIB
3A IIUKJITYHOI 3BHAKOIIOCTIMHOI A1i
IMONNEPEYHUX CUJI BUCOKHUX PIBHIB

Hocniooxceno poboma 3anizo6emoHHUX NPOSTHHUX OAIKOBUX KOHCMPYKYIU 3 MAIUM,
cepeOHiM ma GelUuKUM NPONbOMAMU 3PI3y 8 YMO8ax Oii YUKIIYHUX HABAHMAINCEHb BUCOKUX
pisHie. Yemanoeneno, wjo po3pooaenns izuunux mooenei 6momMHo20 onopy 3aaiz300emoHHUX
eleMenmie, wo 32UHAMbCa, YUKIIUHil Oii nonepeuHux cuil ma Memoou po3paxyHKy Ha ix
OCHOGI € BAXNCTUBUMU MA OOYIIbHUMU Yepe3 mAaKi O0coOIUBOCMI 6KA3AHO20 6UOY
HABAHMAdICEHHA. HeNiHiUHicmb  0eopMy8aHHs, HAKONUYEHHS NOWKOONCeHb V  6uenaoli
BMOMHUX MIKPO- | MAKpOMpiwuH, 6moMHe pPYUHY8AHHA Mmamepianie mowo. Busnaueno
KIIOY08I 8UPA3U 3HAXOONCEHHS Medici eumpusaiocmi (00’ekmusHoi miynocmi) Oemowy,
NO3008HCHLOI  apMamypu, aHKepY8AHHA NO3008HCHLOI apmamypu, AKi U CKIa0aomo
sumpusanicmes yciei Koncmpykyii 6 yinomy. /locniodceno poab ma 0cooaueocmi Gnausy
Odepopmayiti  8IOPONOG3YHOCMI HA MEXAHIKY 3MIHU HANPYICEHO-0eDOPMOBAHO20 CMAHY
bemony il apmamypu 00CIIOHUX eleMeHMIE.

Knrouogi cnoea: sumpusanicmo, yukiiune HAGAHMAICEHHS, BMOMHE PYUHYBAHHSL.
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Introduction. In the current design standards, the calculation of endurance in bay
reinforcement concrete structures is performing under the assumption of concrete elastic
work. Calculation of sloping sections is performing under the assumption that main tension
stresses, which appears on the level of transformed section centroid, should be fully carried by
transverse reinforcement at stresses in it, which are equal to calculation resistance of
transverse reinforcement f;,, multiplied on condition load effect factor ys,, in elements
without transverse reinforcement — by concrete at stresses in it, which are equal to concrete
calculation tension resistance f.,;, multiplied on appropriate condition load effect factor ..

Such calculation approach contradicts to real work character of inelastic work of
reinforced concrete elements and does not display reinforced concrete behavior features in the
zone of transverse forces actions at cycling loads, does not display real stress-strain state, does
not consider the ambiguity of transverse forces perception by different elements at different
shear bays and character of fatigue destruction crack appearance and propagation, does not
consider or consider mediated the influence of number of structural factors and factors of
external action, which ultimately leads to significant differences between calculated and
experimental data.

Analysis of last researches and publications sources. I.T. Mirsayapov, E.M. Babich,
N.I. Karpenko [1 — 3] main attention is paid to the study of endurance and stress-strain state of
normal sections of elements, which are bent, to the endurance of concrete and reinforcement
and their deformability at second loads. During these researches there are accumulated a lot of
experimental data, there is proposed a number of practical methods of normal section
calculation in the zone of structures pure bending.

Despite the large number of experimental and theoretic researches of I.T. Mirsayapov,
E.M. Babich, N.I. Karpenko, F. Aslani, W. Trapko [1 — 5] of reinforcement concrete elements
resistance to the transverse forces action at static loads, the problem of reinforced concrete
resistance to the second loads action remain is not studied well.

Specifying unsolved aspects of the problem. Theoretical researches of physical
models development of bending reinforced concrete elements fatigue resistance to the series
action of transverse forces and calculation methods on its base are almost missing. Therefore,
today the development of physical models of fatigue resistance and destruction of near
support parts of beams, which correctly shows their real work considering real element of
concrete and reinforcement deforming at different shear spans and corresponding methods of
their calculation has just been started.

Setting objectives. The main aim of the article is to study the performance of reinforced
concrete structures by the means of creating these elements common models comprehensive
resistance to the action of high levels cyclic loads with different shear spans.

The main material and results.

Reinforced concrete elements resistance models with small, middle and large shear spans.

Researches of I.T. Mirsayapov [1] and other investigators have shown, that at ¢y / 4y > 2
fatigue destruction of near support parts of bending elements occurs with appearance of
critical inclined crack, which location is connected not only with points of external force
applying and support reaction, but with internal force factors, which occurs in shear span
(moments and transverse forces). At 1,2 < ¢/ hyp < 2 destruction of near support parts of beam
elements at cycle load has little similar signs of destruction of elements with small and large
shear spans. In this case, conduct of appearing and extension of cracks and fatigue destruction
in this zone at indicated load influences internal force factors and local concentrations of
stresses in corresponding zones near points of external concentrated forces applying.

The feature of «long» bending reinforced concrete elements work at small shear spans
(ap < 1,2hy) is appearing of local stress strips, connected with points of concentrated forces
applying within which occurs fatigue destruction. This feature of usual reinforced concrete
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beams with small shear spans joins them with «short» elements. In both cases this feature
occurs at small values of relative distance between forces, applied to element.

B.S. Sokolov [6], T.I. Baranova [7], O.S. Zalesov [8], and others consider that for
practical calculations of «short» elements the simplest solution of a problem is formation of
calculating model as frame-rod system (FRS) which consists of inclined compressed strips
and tensed bottom and compressed top reinforcing zones, which enclosure at points of
concentrated forces and support reactions applying (fig. 1).
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Figure 1 — Formation of force flows in usual («long») beam
with small shear spans at repeated load (a) and its frame-rod analogue (b)

The principle of calculation model development is in determining of compression
stresses in inclined force flows and tensile stresses in horizontal flow, intersection of which
creates system, which can be conditionally called as frame-rod model of short elements.

Main parameters determining calculation inclined strips are dimensions of load [;) a

bot
loc

nd support [, areas, under which there are forming flows of compression stresses.

The smaller is the sizes of areas, the higher is the trajectory density. So support and load areas
forms incline strip and its width at top and at bottom. Angle of incline of main compression
stresses flow approaches the angle of line incline which connects centers of support reaction
and external concentrated force applying.

It is obvious that in process of near support area modeling of concrete element work at
small shear spans using frame-rod analogue it sould be considered that its fatigue strength is
determined by durability of every FRS element: inclined compressed strips and strength of
tensed reinforcement. Fatigue destruction of tensed elements zone occurs as a result of fatigue
rupture of longitudinal reinforcement at place of intersection with inclined crack or as a result
of violation of reinforcement anchoring by inclined crack. Thus, occurring stresses should be
limited by values of objective concrete and reinforcement strength at cycle load (durability
limit) and its friction between themselves, i.e. for provision of such reinforced concrete
elements durability it is necessary to follow the durability conditions:

O () S St (1), L) frtgren(B) O () S an(t) (1)

max

where 0" (t) — compression stress on compressed force flow;

o' (t)— actual tensile stresses in most loaded fibers of longitudinal reinforcement in
the place of intersection with inclined crack;
o (t)— actual (maximum) axle tensile stresses in longitudinal reinforcement in the

place of intersection with inclined crack;
Jed rep(t) — limit of concrete durability at local compression;
Jydp.rep(t) — limit of reinforcement durability on tension;
Jydan(t) — limit of longitudinal reinforcement anchoring durability.
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Experimental researches [1, 6 — 8] have shown that stress-strain state inside inclined
compression force flow is the same as in flat-stressed elements at local load. Thus, for
evaluation of fatigue strength of inclined strip the model of fatigue destruction at compression
and equations of objective (residual) strength of concrete and reinforced concrete at cycle load
can be used. Wherein if axle «1» (fig. 2) is directed along longitudinal axle of inclined
compression force flow and axle «2» in orthogonal direction and use the same designations as
in elements with zero shear span, stress state inside inclined compressed force flow can be
represented as fig. 2.
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Figure 2 — Physic model (a) and calculation scheme (b)
of bending reinforced concrete element resistance with small
shear span at joint action of transverse force and bending moment

Since the vibro-creep deformations €., extension in compressed concrete in the
direction of stresses o

max
le

nothing interrupts its extension, it can be accepted that &“(1)=0; o™ (t)=0;

le

(t,), action, as at local compression, occurs in free conditions and

ol (t)=0""(t,); o' (1)~ " (t,), o/ (t,) and o (¢, ) slightly simple determines at
first load from the conditions of equilibrium on the base of fatigue resistance model.

30ipHuK HaykoBHX mpails. Cepis: ['any3eBe MmammaoOy1yBaHHs, OyaiBHUITBO. — 1 (50)" 2018. 115




Because stress-strain state inside inclined compressed strip and behavior of its fatigue
destruction are analogical to stress-strain state and behavior of fatigue destruction of flat-
stressed elements at local load action, expression for determining of objective fatigue strength
(limit of durability) of inclined compressed stripe at the moment of time ¢ by analogy and
takes the form:

(ko (2)+ K, (t)cosa)-Ictgp y

>fcd,rep (t) = K
lmpsma\/ﬂ'l(t)Y(l)
-1
A —1G.LB + 6Eslng-n.cos((0—a)sz3na o .
x b d sl Eo | 1441254 % || sing
‘ Ec ds

1 k=n 1) 1
—+C Kay +|— +C(t,7)|dt
E eEl[ k l//u J;@r[Ec(z') ( ):|

c

where Kj,(#) — stress intensity factor which characterizes influence of transverse
reinforcement on crack extension inside incline compressed flow;

A = 1, Bun = 1/sin’ ¢ — for reinforced concrete elements with load areas size
Lap /0 < 0,25 Ay = cos’ @, Bun = cth ¢ — for reinforced concrete elements with load areas sizes
Ly / h > 0,2; in elements without transverse reinforcement Kjq,,(2) = 0.

Multi-cycle fatigue of reinforcement is characterized by appear and extension of fatigue
cracks in it. The formation of fatigue cracks occurs as a result of intensive plastic deformation
of reinforcement steel in local volumes of stress concentration in reinforcement, main source
of which is its periodic shape. It leads to significant closed hysteresis loops, which area is
equal to energy, spent by one cycle of load. After plastic deformations exhausted, there
microcracks appear in these local volumes, some of them can transform into large crack. At
following enlargement of cycle numbers extension of main crack up to the critical size occur.
Thus, for analytical description of fatigue destruction process and change of fatigue strength
of steel reinforcement in reinforced concrete element at repeated loads there are used methods
of destruction mechanics. The durability limit (objective strength of longitudinal
reinforcement at the moment of time ¢ at the place of its intersection with inclined crack in
conditions of flat stressed state becomes:

fvd.e (l) = Gsc ' kvcf(l) /\/(Y(l) ' O-sc )2 ) ls (l) + kvch (t) H (3)
O-M
7 7\’ @
<1 vexp(-2E, -2 /o N1+ 3(e2 /o) >
where o, 7,/ — normal stresses in most loaded (tensioned) fibers and tangential

stresses in longitudinal reinforcement in the place of its intersection with inclined crack;

ls() — length of fatigue crack in reinforcement at the moment of time #;

kser — critical factor of reinforcement stresses intensity at repeated loads at the moment
of time #;

oy, — temporary steel resistance to rupture;

e} — residual plastic resource of steel.
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Process of multi-cycle fatigue anchoring of reinforcement is characterized by
appearance and extension of fatigue cracks in contact zone between reinforcement and
concrete. If the clutch stresses of reinforcement and concrete 7, are high and these stresses are
larger than limit of clutch durability, i.e. condition 7, / 7., > 1 is true, generation and
extension of through (inner) fatigue cracks occurs in contact zone between reinforcement and
concrete. As it is shown in researches of B. Broms, I. Goto [9], N.I. Karpenko [3],
M.M. Kholmyanskiy [10] through inner cracks cone-shaped volumes are formed. Indicated
cracks permeate into concrete thickness, which crumples under these protrusions. Thus,
objective fatigue strength of concrete under protrusions and forces of reinforcement
protrusions clutch with concrete should be determined as function of cone-shaped crack
length /(¢), which is permanently increasing with increasing of load cycle number. So for
analytical characteristic of process of contact zone fatigue destruction and for change of
longitudinal reinforcement anchoring fatigue strength at repeated loads it is also expediently
to use destruction mechanic methods. Then the limit of durability (objective strength) of
longitudinal reinforcement anchoring at the moment of time ¢ is determined by:

L5a c, . j
——L—singpcosp | x
cos@, Sing,

fydan,rep (t) = kuf(t)Ctg¢(

x(d+2c, +(0,75a -05c,.ctgp,sinpcosp))-(1,5-(1+sina, ) —+/sina, ) x

2t (d+2¢, )(L+L |
et ;’z)( ) W ute) ¥(1)s,(d+2c, Jsin2g,sin, ) x

2t (d +2 L+L . (5)
x(l,S-(l+sina,)—1/sinar). 7ol ;}2)( pl)x

<(Jz-U(t.0) - Y(1)s,(d +2c, )sin2g,sina, )

-1
_GC(Satggok—Zcrsin(pcosgo_ﬁ L+CﬁK ay +ji L+C(t ) \dt
E i e toar E.(7) ,

1 -
c,.cosgsin” @ A

c c

A, _ 0,5cos@ {d e 4 O,Scrsin((p—(pk)} _

where —*
A (d+c.) Sing,cos@

(4

d — rod diameter;

¢, Sr, a,— accordingly height, step and angle of reinforcement protrusions incline;

a — concrete cover;

L, L, — the length of reinforcement fastening in concrete and plastic place of this
fastening;

o — angle of wedge under reinforcement protrusions;

l(t,7) — length of fatigue crack in concrete under reinforcement protrusions at the
moment of time ¢.

During cycle loading under the influence of high stresses of concrete crumpling under
the reinforcement protrusions there are intensive deformations of vibro-creep.
With enlargement of load cycles number N due to concrete vibro-creep under reinforcement

protrusions, which surrounds them, increasing of displacement increment g,“(¢) on loaded

max
X

end and inside fastening g”“*(¢) occur, and it leads to redistribution of clutch forces P;, from

more loaded protrusions in the end of fastening to protrusions, that are situated in the depth of
fastening, i.e. occurs redistribution of clutch stresses 7, along fastening. Wherein enlargement
of load cycle number leads continuous increasing of plastic area length and increasing of
completeness of clutch stress diagram.
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Analysis of a number of experimental data shows that fatigue strength and limit of
durability of reinforced concrete bending elements in the zone of joint action of transverse
forces and bending moments exceeds appropriate stresses (loads), where inclined cracks in
tensed zone of element appear even at short time static load, i.e. bending reinforced concrete
structures resists to repeated cycle loads at presence of normal and inclined cracks in near
support areas. Concerning it at development of calculation model for evaluation of fatigue
strength or such structures durability at the transverse force and bending moment action, it is
necessary to consider existence of cracks in tensed zone, because appearance and extension of
inclined cracks radically changes the quality of stress-strain state especially in elements with
large shear spans.

The condition of crack appear in tensed zone of bending elements on appropriate
trajectories is attainment by main tensile stresses the limit of concrete tensile strength at flat
stress state «compression-tensiony if cracks appears on first load or fatigue strength of concrete
at flat stress state, if cracks appears after some number of load cycles, including its high levels.

In elements with large shear spans (ay / hyp > 2) in the zone of joint action of transverse
forces and bending moments, at first normal cracks appear, and then at optimal quantity of
longitudinal work reinforcement (in not over reinforced structures) they are warped on near
support areas by trajectories of main compression stresses and transform into inclined cracks.
At increasing of cycle number one of such inclined cracks starts to expend more intensive
and becomes critical. Trajectory of main compression stresses with appearance and extension
of initial place of critical incline crack can be described by equation y/h = m/(n + h/a), where
m; n — are determined from boundary conditions. Appearance character analysis and expand
of fatigue cracks, fatigue destruction of experimental beams, their stress-strain state in the
zone of joint action of transverse forces and bending moments at repeated loads of high level
and experimental thermograms [1] of near support areas of experimental elements allows to
propose the following hypothesis of following expand of critical inclined crack and develop
the physic model of fatigue destruction of bending reinforced concrete elements with large
shear spans. Long before appearance of normal and inclined cracks in shear span especially
before forming end expansion of critical inclined crack, in normal section at the end of shear
span where maximum moment occurs, normal crack appears (section 1-1 on Fig. 3).

Until the remaining cracks appears in the zone of transverse force and bending moment
action, the normal crack in the end of shear span extends on high height and tensed zone is

practically fully off from work, the diagram o (¢) 1s twisted, increases the completeness of

thE diagram w, and in top part of it starts to form plastic area; reduction of compressed part of
concrete section height which has no cracks yet leads to sharp increase of completeness of
diagram @, of tangential stresses and to sharp increase of maximum value of tangential

stresses 7" (t). Thus, inside the plastic area x,, of compressed zone it is sharply increased

resulting N ;" of normal NI = J'o-;”‘“( t)-dA and tangential QU =V = J'z-’”“x( t)-dA

Xy

Apr Ay

forces, where A4, — area of plastic part of compressed zone in normal section with crack at the
end of shear span. Influenced by force N;;" in compressed zone, which acts in limits of
limited load area x,; / cos y, in the direction of this force action there is incline compression
force flow, inclined on angle y to longitudinal axle of element. Pattern of stress distribution
inside this inclined compressed force flow is the same as at local compression. At the cycle
loading even before appearance of critical inclined crack inside inclined compressed force
flow from micropores in concrete body or shrinkage microcraks on the action line of tensile
stresses generates and extend fatigue separation microcracks, later they join into separation
macrocrack ed at angle y to longitudinal element axle.
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Figure 3 — Physic and calculation model of fatigue resistance
of not over reinforced concrete element with large shear span

The most characteristic feature of normal separation cracks on near support parts of not
over reinforced beams is tendency of any, even initially inclined to compression force action
line, crack to align its trajectory in the direction of this force. Wherefrom it can accepted the
hypothesis that from all inclined cracks which were formed on near support part from joint
action of transverse force and bending moment in tensed zone at first load or at increasing of
cycle numbers and load levels, critical becomes the inclined crack, which comes to zone of
influence of inclined compressed force flow, generated by action of resulting Np;* of forces
in compressed zone inside plastic area x,. It can confirm that the critical crack as a rule
becomes extreme (closer to support) crack, which forms and expand along less loaded
trajectory of main compression stresses and the following extension of critical inclined crack
and more intensive its disclosure comparing to other inclined cracks and sharp increase of
normal stresses in longitudinal reinforcement in the place of its intersection with critical
inclined crack, i.e. alignment of longitudinal forces.

It is known that fatigue destruction of reinforced concrete element on inclined section
becomes by compressed zone or as a result of fatigue rupture of most stressed rods of
transverse reinforcement which intersects with initial area of critical inclined crack, or on
tensioned zone as a result of fatigue rupture of longitudinal reinforcement in normal section
1-1 or because of anchoring violation of longitudinal reinforcement on and out of support.

So for assurance of operability of element at repeated load in is necessary to adhere to
conditions:

G]’Z“X (t) < .fcd,rep (t)’ O-:;zmr\; (t) < j;rdw',rep (t), G:’:’X (t) < j;rdq,rep (t), O-;"‘L‘f(t) < .fydan,rep (t) H (6)

max

where o, (t) — actual main compression stresses in compressed zone over critical
inclined crack in the direction of resulting of longitudinal and transverse forces action inside
concrete inside plastic part of compressed zone;

Searep(t) — durability limit (objective strength) of compressed zone over critical
inclined crack at local compression in the direction of main compression stresses at the
moment of time #;

o,,(t) — actual maximum stresses in the most loaded rods of transverse

reinforcement at the moment of time ¢ at the place of their intersection with initial part of
critical inclined crack in tensed zone;
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Syiwrep(t) — durability limit of transverse reinforcement rods at their axle loading at the

moment of time ¢;
o (t) — actual maximum axle stresses in longitudinal reinforcement at the moment of
time ¢;

max

o, (t) — actual maximum tension stresses in the most loaded fibers of longitudinal

reinforcement at the place of intersection with inclined crack at the moment of time #;
Sigrep(t) — endurance limit of longitudinal reinforcement in conditions of a flat

stressed state at the time #;
S ydanrep (1) — durability limit of longitudinal reinforcement in conditions of flat stress

state at the moment of time ¢.

As in elements with large shear span action of repeated load which leads to extension of

vibro-creep deformations of compressed concrete in the direction of stresses oy, o).,

action is accompanied with appearance and extension of additional (residual) stress-strain
state on near support part of bended reinforced concrete element. With the aim of
simplification of stress-strain state evaluation, action of repeated load and reinforced concrete
element work it is expediently to divide into two stages. First stage shows stressed state of
structure at first cycle (N = 1) of load to maximum cycle load P,,. Second stage is
characterized by stressed state of element in the process of its repeated load (N > 1), which is
directly continuous changed through intensive extension of vibro-creep deformations ;. ,; of
compressed concrete.

In general flow stresses in concrete and reinforcement and factors of cycle asymmetry
becomes in form:

O_imax (t) — O_imax (to)i O_iadd (t) : (7)

pi(t)=(p-0 (1,)+ 51 (1)) /o7 (1, )+ 51 (1)) . (8)

where p = Py / Puax, 0" (¢,) — initial stresses in concrete or reinforcement at first
half- cycle of load;
“(¢) — additional (residual) stresses in concrete or reinforcement, which appears as a

result of concrete vibro-creep deformations accumulation.
Initial stresses at first load o

i

(o

(t,) are determine from conditions of external and
internal forces equilibrium on the base of model of fatigue resistance of element. Additional

stresses o “(t), which appears at process of its repeated load, starting from the second cycle

of load are determined on the base of deformation relation for normal section (1-1) at the end
of shear span and inclined section (2-2), which is placed on critical inclined crack (Fig. 3).
Fatigue destruction of compressed concrete zone over critical inclined crack occurs

under the action of resulting Np," of transverse and longitudinal forces which appears inside

plastic part of normal section 1-1. Due to stress-strain state of compressed concrete zone over
critical inclined crack (inside inclined compressed force flow) and behavior of fatigue
destruction are analogical to stress-strain state and behavior of fatigue destruction in flat-
stressed elements at the local load action, objective fatigue strength over critical inclined
crack at the moment of time 7 we determine:
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Durability limit of longitudinal reinforcement f;, .(z) at the place of its intersection

with critical inclined crack in conditions of flat-stressed state is determining by (3) and (4).
Durability limit of longitudinal reinforcement anchoring f, (¢) by critical inclined crack

dan,rep

we determine by (5). Durability limit f

ydw,rep

(¢) at axial load we determine by (3) and (4),
taking at that, 7" =0.

Testing [1] reinforced concrete beams with rectangle cross section with shear span
ap=co= (1,51 — 1,67)h, allowed to specify the following picture of appearance and extension
of cracks and character of fatigue destruction in the zone of transverse forces and bending
moments action. Since elements with middle shear span 1,2 /< ¢y = ayp <2 hy are on borders
of elements with small and large shear spans, in their operating and in mechanics of fatigue
destruction at middle shear spans there are determined features of first and second, i.e. on the
behavior of appearance and extension of cracks in the zone of transverse force and bending
moment action and fatigue destruction of these elements has influence as internal force
factors, as local fields of stress state and stresses concentration in corresponding zones in
places of concentrated external forces applying. Thus, at middle shear spans fatigue
destruction occurs with appearance of critical inclined crack, but local fields of stressed state
and concentration of stresses in indicated zones have influence on destruction.
Critical inclined crack can appear on the distance (0,2...0,3)4 from the tensed edge and
extends in support or concentrate external force direction. In tensed zone it disclosures along
line 2-2 (fig. 4) which connects inner edge of supporting plate with external edge of load plate
and fully intersects (to inner edge of support plate).

But in its extension from support to concentrated force critical inclined crack
after approaching point O, i.e. intersection of lines 2-2 and 3-3, changes its direction and
resume extension along line 3-3 by the axle of inclined compressed flow. At the same time

max

inside compressed force flow on the line of tensile stresses o, appears and extents rupture

crack d — e along axle 3-3, which afterwards merges initial part OO, of critical crack. It is
obvious that appearance, extension and disclosure of critical crack in tensed zone (area OO,)
are connected with flat rotation and shear of inclined section 2-2, and its extension and
disclosure in compressed zone (ed) are caused by appearance and extension of rupture

max

microcracks on the line of tensile stresses o, (Fig. 4) action in the zone «tension-
compression» inside inclined compressed force flow, formed under the action of force Py,

and following merge into macrocrack with following extension and disclosing of this rupture
macrocrack. Behaviour of stress distribution inside inclined compressed force flow is the
same as at crumpling.
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Figure 4 — Physic model and calculation scheme of fatigue resistance
of inclined not over reinforced element with middle shear span

For this cause of stress-strain state and destruction character objective fatigue strength
(durability limit) of inclined concrete strip over critical inclined crack becomes:

GL  6EIL, -n-cos(p—p)sinf

1- + X

.2 3
k. (t)+K, ()1 ct sin- @ / /
_fcd,rep(t) = ( uf( ) léW( )) g(DX {ds4 Es{l,4+1,254 aéj} Sln@ . (10)
lmpsmﬂ,/ﬂ-l(t)Y(l) E, d,

1 ken ¢ 0 1
—+C | |Kay +|— +C(t,T) (dt
g Gl K, iaf{Eﬂ) ( )}d

Durability limits of transverse and longitudinal reinforcement and durability limit of its
anchoring is determined by (3), (4) and (5).

Conclusions. Thus, the calculation of reinforced concrete structures at joint action of
transverse forces and bending moments presence methods analysis, based on the researches
[1—6, 11 — 13] shows that in most cases they performin assumption of elastic concrete work
without considering its physic nonlinearity and change of deformation modes of materials in
structures at cycle loading.

Considering physical models and calculation schemes of near support areas resistance
of not over reinforced span reinforced concrete structures to repeated load of high level, there
are envisaged different types of fatigue destruction of materials considering vibro-creep
deformations, accumulation of damages in form of fatigue micro- and macrocracks.
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THE INFLUENCE OF OWN STRESSES
ON TENSILE CONCRETE STRENGTH

Based on experiments results brittle duralumin samples, effect on stresses concrete
(mortar) strength caused by non-uniform cross-section shrinkage (when dried) or expanding
(when moistened) was inevitable. Various authors’ experiments results diversity on concrete
(mortar) tensile strength of moistening and drying effect were analyzed. Reasons for
increasing air-dry concrete (mortar) strength storage at beginning of humidification were
explained. Wetting sample duration (intensity) effect on concrete strength was analyzed in
detail and opposite results causes on concrete strength moistening (drying) effects were
obtained and justified.

Keywords: own stresses, concrete strength, concrete water saturation, shrinkage, creep.

Denko O.I., k.m.1., doyenm

HOpko 1.A., k.m.1., doyenm

Kapabaw JI.B., x.m.H., doyenm

Ilonmascvkuii HayionanvHuti mexuivnuil yHieepcumem imeni FOpis Konopamioxa
Hpko II.A., k.m.H., c.H.cC.

Jeparcasnuil Hayko6o-00caioHull iLcmumym 0y0iéenibHux KOHCMPYKYill

BIIJINB BJIACHUX HAITPYXEHb
HA MIIHICTb BETOHY ITPH PO3TA3I

Cnupatouuce Ha pesyrvmamu 00CNi0i8 HAO KPUXKUMU OIOPATIOMIHIEBUMU 3DA3KAMU,
006e0eH0 HeMUHYYICMb 6NIUY HA MIYHICMb OemoH) (PO34UUHY) HANPYHCEHb, GUKIUKAHUX
HEPIBHOMIPHOIO NO NONEPeyHOMY nepepizy YCcaoKow (npu eUCyuLy8anHi) abo HAOPAKAHHAM
(npu 360100cenni). [lpoananizo6ano pisHOManimuicme pe3yrbmamis 00C1i0i8 pi3HUX a8Mopie
i3 BNIUBY 3B0JI0MCEHHS | BGUCYWYBAHHS OemoHy (pPO3YuHny) HaA MIiYyHiCmb Npu po3ms3i.
Hosacneno npuuunu 36inbwenHs MiyHoOCcmi 6emoHy (PO3UUHy) NOGIMPAHO-CYX020 30epicanHsl
Ha NOYamKy 380J0M4CeHHA. [{emanbHO NpoaHanizo8ano 6nau8 mpueanrocmi (IHmeHcusHocmi)
360710J4CE€HHS  3paA3Ka HA MiyHicmb 0OemoHy ma OOIPYHMOBAHO NPUYUHU OMPUMAHHSL
NPOMUNENCHUX Pe3YIbmamie 00CNi0i6 GNIUBY 360JI0NCEHHS (BUCYULYBAHHA) HA MIYHICMb
bemony.

Knrouoei cnoea: enacni manpyosicenus, MiyHicmo 0OemoHy, 6000HACUYEHHS OemoHy,
ycaoka, nog3yuicme.
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Introduction. Own structural stresses influence on concrete strength, caused by long
compression or tension continued, was investigated in many experiments. Unevenly
distributed over cross-section of own stresses influence on concrete strength has not been
studied, although it is advisable to consider factor that determines concrete strength.

Recent sources analysis of research and publications. To main factors influencing
own stresses cross section occurrence and uneven distribution, except for concrete
composition and conditions for its hardening and storage, concrete age [1], undoubtedly
concrete samples water saturation and drying are inclued [2 —4]. Many authors devoted their
works to investigation of concrete samples moisture content influence on their compressive
strength [5 — 8].

Analysis and justification of unevenly distributed intrinsic stresses influence on
concrete strength under compression caused by shrinkage or expanding are given in [9].

Moisture influence results on concrete strength under tension, which do not have
significant contradictions, are given in works [10 — 12]. It should also be noted that in all
above papers, unevenly distributed influence analysis on proper stresses cross-section on
concrete strength during tension was not carried out.

Among many factors that influence concrete strength under tension, it is rather difficult
to isolate influence of unevenly distributed in own stresses cross-section. To prove effect of
such own stresses on material strength, experimental studies were carried out on brittle
(silicate) aluminum alloy. In cylindrical specimens, intrinsic stresses fields with opposite sign
were created in comparison with own stresses fields caused by temperature distribution
unevenness in cross-section during samples hardening under natural conditions [13].

Confirmation of own stresses influence on material strength is result of experiments
carried out with own stresses duralumin samples higher strength with opposite sign to their
own stresses that arise under normal hardening conditions. Basing on duralumin experiments
results, influence of unevenly distributed intrinsic stresses on concrete strength under
compression was proved [9].

Identification of general problem parts unsolved before. Own stresses unevenly
distributed cross-section influence on concrete tensile strength was not investigated.

The research goal is to determe impact unevenly distributed over own section stresses
on concrete strength in tension.

Basic material and results. Difference in own stresses influence (unevenly distributed
cross-section) on concrete strength in compression and maturation is that at such stresses
compression can both increase and decrease concrete strength (depending on nature of cross-
section distribution), and when tensile, at any distribution of own stresses on cross-section,
concrete strength will decrease.

It is no coincidence that various conclusions were drawn from experiments on moistening
(or drying) effect on concrete strength when tensile. Shestoperov S.V. and Lyubymova T.Yu.
studied moisture influence on tri-calcium aluminate mortar strength. Authors came to
conclusion that when wet samples dry in atmosphere of saturated vapor or when immersed in
water mortar tensile strength decreases, respectively, increase in moisture samples.

Tsiskreli G.D. [14] in experiments on moistening and drying influence on concrete
strength received opposite results. Four samples groups were made for research, which two
groups were stored in an aqueous medium, and two ones in air. Each pair was tested in
storage by the first group. Water storage was dried before testing by the second group, and
dry storage was saturated water by other group.

As tests result, average samples of water storage tensile strength during drying
decreased from 2.33 MPa to 1.93 MPa. Average samples of dry storage with moisture tensile
strength increased from 1.13 MPa to 1.38 MPa. Such opposite results can be explained by
their own stresses samples state at test time.
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In experiments Leshchinsky M.Yu. [2] samples were stored in moist environment for
ninety days. During this period, moisture managed to penetrate sample center, and there was
significant own stresses relaxation. Before test, samples were dried to achieve constant weight
at t = 60°C. During this period, there were own stresses caused by intensive concrete
shrinkage on samples surface: external layers were tensiled, and internal compressed.

When loading such samples, external layers will be more extended. Sample will
destruct at lower external load than sample without its own stresses will do. When further
drying, internal layers will decrease in size, which will reduce own stresses values, and as
consequence, increase tensile strength. Such conclusions were confirmed by experiments of
Leshchinsky M.Yu. (Fig. 1).
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Figure 1 — Water-saturated samples prolonged drying influence
on mortar eensile strength [3]

Moisture influence on concrete (mortar) strength experiments characteristics during
tensile analusis, an unevenly distributed stress on concrete strength [3 — 5, 14] influence
analysis were not conducted.

When water-saturation is created, own stress with opposite sign comparatively with
stresses arises when drying concrete. Moistening sample correlates with external layers.
External layers of moisture increase (expands) in size, tensioning internal layers.

Sample central part will be overloaded with tensile force and from it the destruction
begins, when load of such a sample. Thus, sample will destruct at lower load comparatively
with sample without having its own stress. Water enters sample central part when further
moisture and thereby reduces its own stress and in end they can go down to zero.

Own stresses influence on mortar strength depends on stress state at wetting beginning.
For example, Maltsov K.A. moisturized air-dry storage samples. In such samples, external
layers are tensile (shrinkage), and internal layers are compressed. First torn external layers,
when tested for breaking of such samples reduce entire sample strength.

When moisturizing such sample, external layers expend first reducing their own
stresses, and as consequence, increasing strength. When moisture passes to sample depth,
central fibers | swell, creating their own stresses in sample: internal fibers are compressed,
and external tensiled reducing sample strength. Such conclusions are confirmed by
Maltsov K. A. experimentally [3] (Fig. 2).

Practically the same influence character of unevenly distributed along stresses section
on concrete strength is shown in experiments by Arkhypova A.M. [4]. Moisture uneven
distribution influence possibility on cross section of sample on concrete (mortar) tensile
strength is also considered. But such impact analysis is not provided (Fig. 3).
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Similar results were obtained by Moskvin V.M. and Basement A.M. in water influence
study saturation on concrete strength. Air-dry storage concrete disks were tested, which were
humidified during test up to 6% [14] (Fig. 4).
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Figure 4 — Moisture effect on concrete tensile strength
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Some researchers believe that changes in concrete strength during wetting (expanding)
and drying (shrinkage) are affected unevenly distributed by deformation section, but
such influence mechanism analysis is not given either in bending tests [14] or in
compression [7, 10].

Mileykovska K.M. in its experiments, strength reduction during concrete moistening
binds to concrete deformation, but coupling deformations mechanism with water saturation
with decrease in strength is not clear. It was concluded that, with expanding termination,
decline in concrete strength stops, and with sufficiently long water saturation, strength is
completely restored, which can be explained by their own stresses relaxation.

Experiments results disadvantage on their own stresses influence on concrete strength
(mortar) is that tests were carried out in short time. During experiment, as a rule, there is not
enough time to manifest either own stresses concrete creep or relaxation, and they affect
concrete (mortar) strength.

Similar experiments were carried out on cement mortar samples. Samples were dried
at 105-110 ° for constant weight and stored in desiccator after making and steaming.
For each test stage, samples were saturated with different fluids (water, ethanol, benzol,
calcium chloride water solution) for several days. It should be noted that at tests beginning
there was in samples practically absent (or brought to minimum value) their own stresses,
unevenly distributed across cross-section.

When moisturizing such samples, external layers swell first. As external layers expand
internal layer tension expend. When loading such sample with tensile force, internal layers
will be overloaded and destroyed first, therefore, sample |1 withstands less load compared to
sample without its own stress. Further, fluid penetration, for example, leads to increase in size
(swelling) of sample central part, which leads to decrease in difference in sizes of external and
internal layers, and as consequence to reduce their own stresses. As own stresses reduction
result, samples | withstands greater external tensile force.

It should also be noted that at the beginning sample wetting, during swelling external
layers caused creep when internal layers are tensed. External layers were reduced in size from
creep to compression. As result, with further expanding (mainly internal part), there are own
stresses: sample internal part is compressed and outer is stretched and sample strength when
tensed after reaching maximum value will decrease gradually. Such conclusions were
confirmed experimentally [14] (Fig. 5).

Sown in Fig. 5 dependencies confirms that moisture (drying) experiments on effect
results on concrete (mortar) strength depend on state in which stress state is sample in test. So,
when testing liquid from saturation effect dry state to moisture content 2%, the mortar
strength will decrease, and when tested with moisture content of 4% to 6% strength will
increase due to moisture.

When testing samples saturated with liquid more than 14%, mortar strength will
decrease (Figure 5). Such results explain conclusions variety obtained in water saturation
(expanding) and drying (shrinkage) effect study on concrete (mortar) strength.

As experiment showed, liquid chemical composition did not affect change character
(sequence) in mortar strength with increasing saturation. Cement prior chemical process
involvement to creation of their own stresses when wetting and drying samples is proved by
experiments results carried out over tuff [14]. Tuff samples strength dried to constant weight
24.8 MPa, samples stored in air-dry medium had strength 9.8 MPa, and when samples were
saturated with water, strength was reduced to 5.6 MPa. Samples were pre-saturated with
water, and then completely dried (to constant weight) showed strength 24.7 MPa.
Thus, reduction in strength as saturation result with water was completely reversible. Similar
picture of decrease in strength under water saturation is observed in artificial stone materials,
for example, in brick.
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Such conclusions are confirmed on cores with moisture 8%, taken from hydrosystem at
depth 40 m under water. With moisture increase 1.5 — 2.5% (due to uneven moisture in cross
section), core strength decreased. Cores further storage in air-dry environment has led to
increase in cores strength [14].

Both experimental and theoretical additional studies are required in own stresses
influence issue on concrete strength.

It should also be noted that shrinkage and expending effect described interpretation on
concrete strength with tension does not claim comprehensive explanation of this issue and has
in addition adsorption effect and compression by capillary pressure forces.

Conclusions. Analysis of unevenly distributed stresses in concrete (caused by shrinkage
or expending), which is unevenly distributed over cross section, confirms and sufficiently
substantiates their influence on concrete tensile strength.
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STRENGTH OF HIGHER STRENGTH
CONCRETE ELEMENTS UNDER SHEAR ACTION

The strength design method of concrete and reinforced concrete elements is expounded
in this article. The experimental program included the study of the strain condition and
failure load determination for considered types of elements. The strength design method is
expounded for concrete and reinforced concrete elements by means of variation method in the
concrete plasticity theory that was developed in Poltava National Technical Yuri Kondratyuk
University. There are the results of experimental investigation for truncated concrete wedges
that simulate work of concrete compressed zone above dangerous inclined crack, Hvozdev
specimens and crucial keys as well as beams. Also all elements were made of higher strength
concrete in order to test the applicability of given method to these elements. The results of the
experimental research have confirmed the applicability of plasticity zones assumed in the
theoretical solutions. The theoretical strength is well coordinated with the experimental one.
The failure character of reinforced concrete beams has been discovered. It has not differed
from the flexure elements failure by cross section made of conventional concrete.

Keywords: shear action, variation method, truncated wedge, Hvozdev specimen, key,
beam, higher strength concrete.

Manvosana 0.0., acnipanm
Ilonmascvkuti HayionanvHuti mexHivnuil yHigepcumem imeni FOpis Konopamioxa

MIIHICTb EJIEMEHTIB I3 BETOHY
INIABUIIIEHOI MIIHOCTI I1PHA 3PI31

Buknadeno memoouxy pospaxyuky miyHocmi OemoHHUX i 3a1i300emMOHHUX e/leMeHmIs,
Kompi nepedysaroms nio 0i€lo 3PI3yEANbHUX CUL, A MAKONAC NPOSPAMY eKCNEePUMEHMIB, KA
Micmumb 00Cni0AHCeHHsA 0edhOpMOBAHO20 CMAHY MA BUSHAYEHHA SPAHUYHO20 HABAHMANCEHHS
3Q3HAYEeHUX Munie enemenmis. 3acmocoeano mMemoouKy po3paxyHKy, Kompa 6a3yemvcs Ha
sapiayivinomy memodi y meopii naacmuuHocmi 6Gemony, pospoonenomy 6 IlonmHTY.
Ompumano pe3yromamu eKCnePUMEHMAIbHO20 OOCHIONHCEHHS 3PI3aAHUX OEMOHHUX KIUHIG, AKI
MoOenoms pobomy CMUCHYMOI 30HU OemOH) HAO HebEe3NeuHO NOXULOW MPIWUHOI,
3paskie 1'6030€6a ma 3ani300eMOHHUX WNOHOK, A MAKOXNC 3ANi300eMOHHUX OalOK HaA Oil0
nonepeyroi cunu. JJocnioni 3pasku Oyi0 6uecomoenieHo 3 6emoHy nio8uweHoi MiyHocmi O
3’AICY8AHHA  MONCIUBOCTIT  3ACMOCYBAHHA  3ANPONOHOBAHO20 Memoody 00 PO3PAXYHKY iX
MiyHocmi. BukoHano nopieHanbHUll PO3PAXYHOK MeopemudHoi MiyHocmi 3 O0O0CHIOHOM,
Kompuil  nokasagé ix oocmamuio  OnuzbKicme. Buseneno  xapakmep  pyiiHy8aHHs
00CNI0NHCYBAHUX OANOK, AKUU NPUHYUNOBO He BIOPIZHAEMbCA 6I0 DYVUHYBAHHS 32UHAILHUX
eleMeHmi6 3a NOXUIUM nepepizom i3 6emonie cepeoHboi MiyHOCMI.

Knrwouosi cnosa: 3pizyeanvhi cunu, eapiayitinuti mMemoo, 3pi3aHull KIUuH, 3pPA30K
T'6030€6a, wnownka, banxka, bemon niosuweHoi MiYyHOCMI.
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Introduction. Concrete and reinforced concrete elements under the action of shear forces
are important and widely used in the practice of construction. The mentioned elements include the
beams and slabs, short elements, monolithic massive constructions. They all differ from each
other in the construction determination, dimensions, forms and the character of stress-strain state
in the shear plane.

Traditional heavy concrete has being replaced by multi-component modified concrete
that differs by high strength and corrosion durability, water resistance and freeze-thaw
durability. At the same time it characterizes by higher brittle behavior that makes condition
for its homogeneous structure.

Analysis of the latest researches and publications. Data concerning main
characteristics of high strength concrete made by traditional technology using high mark
cement and precise selection of components are given in works of O. Ya.Berg [1],
O. Ye. Desov [2], V. L. Sytnyk [3] and others.

Main concepts of high strength concrete development based on high-range water-
reducers are observed by V. H. Batrakov [4], S. S. Kaprielov [5], A. V. Korsun [6] and others.

Experimental investigation of deformation and strength characteristics of high strength
concrete in Ukraine almost did not go beyond testing small specimens (mainly prisms).
Therefore, a comprehensive analysis of the characteristics of high-strength concrete can be
done only after testing full-scale structural elements and nodes of their connection. Such
investigations are famous abroad [7—11], as well as were carried out in PoltNTU [12—-14].

Emphasis of not determined earlier parts of general requirements. Usage of design
method which is based on concrete plasticity theory for elements with higher embrittlement
raises some questions.

The action of DBN B.2.6-98:2009 is being distributed on the traditional concrete and
the development of the normative document «Concrete and reinforced concrete constructions
of high-strength concrete (concrete class for compression higher than C 50/60)» is being only
envisaged. So, there is a problem of strength design of high-strength concrete elements.

Variation method in the concrete plasticity theory for concrete and reinforced concrete
elements was developed in Poltava National Technical Yuri Kondratyuk University [15].
It can be referred to the engineer design methods that bring to really easy relations, don’t need
an involvement of the complex computer programs and found wide distribution in the design
practice. The method is widely tested by strength design of reinforced concrete constructions
under shear action using heavy and lightweight concrete [16].

Objective of the work is the attempt to expand the variation method on the strength
design of high strength concrete elements by shear.

Summary of main information. Two famous technologies of getting high strength
concrete were used by author during conducting experimental investigation. Traditional one 1s
based on high mark cement and precise selection of components. The second one is based on
complex application of high-range water-reducer and silica fume.

Following elements were considered as the experimental models: truncated concrete
wedges that simulate work of concrete compressed zone above dangerous inclined crack,
Hvozdev specimens and crucial keys as well as beams.

Truncated concrete wedges were made of concrete with addition of silica fume and
high-range water-reducer [17]. Two series of specimens were tested. The first one consisted
of 5 wedges where angle o was constant and equaled to 30°. Angle § with constant o varied
in next sequence: -20° (V. directed to square corner), 10°, 0°, 5°, 20°. The second series
included 3 specimens with following parameters: with angle o = 45° angle  was 20° and 30°,
and with a = 15°— = 10°. The height of compressed zone was 4,, ~ 50 mm for all specimens
and the wedge thickness was b,, = 150 mm. Low parts of specimens were reinforced for
failure prevention.
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The concrete deformations of wedges were measured by strain gages that were placed in
some distance from the wedge top (fig. 1).

Figure 1 — Placing scheme of tensoresisterson truncated concrete wedges

There were two forms of wedge failure. The first one characterized by the failure area
that crossed the top of obtuse angle and facet of the right angle (fig. 2, b). While applying
force V. to the right angle with increasing load angle § wedge strength is decreasing, and it is
increasing with force V. from the right angle.

b c

T T T T T
S1hid -4 -1A0 -1 -EI) -6d) -&l -2 i

Given: h.=DC, b,,, &, B, fed, fora

Figure 2 — Kinematically possible scheme (a), the failure character (b)
and diagram «¢. — P/P,» for wedges that collapsed according to the first case (W1-30-0)

Formula for the ultimate load determination of such wedges is used:

h b
P=m[2B k—tgy)? +0,25(ktgy +1)* —(k—t ]x ww , 1
c Jk—1gy) (g +1)" ~ (k=g s (1)
where m= £, ~ f.,. B=(+z/(1-2))/3,
Z:fctd/fcd’ kOZVC/NC’
P =N_/cosf;

unknown parameters are P, k =V, /V and the angley (fig. 2, a).

The shear plane crossed the top of right angle and the facet of obtuse angle when the
second failure form occurred (fig. 3, b). The failure mode corresponded to the accepted
kinematical scheme (fig. 3, a).
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Given: he,by, 0, B.car fer

Figure 3 — Kinematically possible scheme (a), the failure character (b)
and diagram «&. — P/P,» for wedges that collapsed according
to the second case (W1-30-20)

In this case the strength has being proposed to evaluate as:

hwbw
cos f(tgf —tga)(1 + kk)’

P = m[ZB\/(k —1g0)* +0,25(ktg +1)> — (k —tg0)|x (2)
here unknown variables are P., k=V./V,, angle@ (fig. 3, a).

Despite the seemingly brittle failure character of wedges the substantial compression
deformations were fixed on the failure plane. They are close to ecu values on the diagrams of
concrete mechanical state. Diagrams «&. — P/P,» became warped that testified about the local
plasticity zones existance (fig. 2,c and 3, c).

Gvozdev specimens (4 twins) were made of the same batch with wedges.

The specimens failure took place by the surface that crossed the shear plane and was almost
congruent with it (fig. 4, b). The strain gages (fig. 4, ¢) indicated the presence of compressed and
tensile sections of failure surface: in the middle part of design section tension was fixed, whereas
compression has been found near inlet corners.

b C

1

Given: h,b.fed, fer
Figure 4 — Kinematically possible scheme (a), the failure character (b)
and the diagram of relative concrete deformations
from the load level «&. — P/P,» (c) forGvozdev specimens

134 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (50)" 2018.




The Gvozdev specimens strength has been calculated as:

P =m2B [k~ 1) + 0.25(kigh + 1) —(h - 1gf)|x 018, Ml cul8 Pk + 1ge)
gh+iga  1gf+iga

where unknown variables are P, k =V, /V and angles a and f (fig. 4, a).

,(3)

The limitation 2X=0 was used by the task solution.

Crucial keys had the thickness b; = 150 mm and height /; = 200 mm with correlation of
their dimensions [;/h;= 0,25 that provided non-shear failure with maximum strength
provision. Bar reinforcement of reinforced concrete keys has been selected so that two bars
located in the middle height of key corresponded to the four bars located in the upper and
lower parts of the key (for two twin specimens). One sample was concrete.

A q..

= & \—
& AL .
IJ f ..‘._".::E';J'_'-'E.—
o
: Given:
?;:_: 5. 5 hkr bkx lk: AS} O-y: ﬂdx ,f;’ld
B | G i Find ¢,

Figure 5 — Kinematically possible scheme of reinforced concrete keys failure

For making the specimens the concrete of higher strength was used with cement M700
mark addition [18].

The failure character of keys principally didn’t differ with different reinforcement
distribution by the section height (fig. 6, a, c). Spacing the reinforcement in two levels led to
the increasing of concrete compression deformations up to 50% (fig. 6, b, d). Besides the
reinforcement of the upper level begins to work earlier comparing to its central placing. In the
reinforcement of the lower level the dowel effect has being observed [19]. The keys strength
with dual reinforcement is up to 10% bigger comparing with single.

The ultimate load of keys has being proposed to calculate by the formula that answered
to the design scheme on the fig. 5:

q, = (m[zBJ(k —1gf)? +025(kigB+1)" —(k—tgf) x—BE 4 £ (k +1ga) %
tga +tgf

; 4

% tgﬂ T O-y (Axl + AS2 )k l
iga +1gf bhy y

/ .
where y = -, and the unknown parameters are q,, k =V, / V,, angles a, B. Calculating
k

of g, is made within the realization of limitations: ZM ; =0, ZM 0=0, ZM »=0.
In the case of one-level reinforcement placing the space of reinforcement in formula (4)
equals4 =4, +4,,.
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Figure 6 — The failure character (a) and diagram «e&, (¢.) — P/P,» (b) for reinforced
concrete keys with one-level and two-level (c, d) plasing of reinforcement

The ultimate loads of all elements were calculated with the help of variation method of
concrete plasticity theory. The method is based on the model of rigid-plastic solid and
solution in dissoluble functions of velocities. The main point of the method consists of
composition of kinematic scheme of failure (fig. 2, a, fig. 3, a, fig4, a, fig. 5). In terms of the
scheme the method function is written. It is positive and on its real stress-strain state reaches
its minimum that equals zero. From this condition we have the function for the ultimate load
determination (1) — (4).

For each of the shear cases as the failure forms the mean arithmetic relation of theoretical
foe =g 1, /h, to experimental f!*strength X = f5“/ £’ square mean deviation g, ; and
factor of a variation v specified relation were determined. The general factors are X = 0,958 ,

0,-1=0,051, v=5,3%. For better visualization the theoretical and experimental results comparison is
represented in fig. 7.
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u W truncated concrete wedges

A Gvozdev specimens
O keys
O wedges-samples of Mitrofanov V.P. [13]

0¥
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Figure 7 — Comparison of theoretical and experimental strength of specimens

Besides of mentioned above elements the beams investigation was conducted on
the shear force in cross section. The first series consisted of 9 samples where concrete of three
different classes was used. Concrete placing took place in a climate of «Poltavtransbudy»
plant within the metal formwork using concrete mixer of constrained action and shaker table
for concrete mix packing. The second series consisted of two specimens where concrete of
two different types was used: with adding of polypropylene fiber and without it. The aim of
this testing series was the verification of possibility of reinforced concrete structures making
with higher strength concrete in laboratory conditions.

Testing samples presented the beams of rectangular cross section with the dimensions
bxh =120x180 mm, and length 1500 mm. The first series were reinforced by space frames
with longitudinal bars 4016 A400C, transverse bars 206 A240C with 200 mm interval.
As the assembling reinforcement bars were 2006 A240, joint bars were @6 A240C. In the
beams of second series bars were 20020 A400C as the longitudinal reinforcement (fig. 8).

a) =l

b) R
2 bz, 20008 £
2 150

Figure 8 — Geometrical dimensions and reinforcement of beams:
a — first series; 0 — second series;
1 — longitudinal main reinforcement; 2 — handling reinforcement;
3 — transverse reinforcement; 4 — binding bars
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Investigation of testing samples took place in laboratory setup of reinforced concrete
and masonry structures and strength of materials chair according to the scheme of
«pure bendingy, the relative span was a/d= 2,3 (fig. 9).

b=y
e

e
s SRTITES

Figure 9 — Investigation of beam 1B — FC — 1 on flexure

In all beams by the load level of V/V, = 0,4 normal cracks appeared first in the middle
third of span. During next load stages their opening width increased, inclined cracks appeared
(by V/V,=0,55). Beams failure took place by means of shear of compressed zone above
dangerous oblique crack (fig.10). Displacement of certain blocks along the failure plane took
place that is being realized only in the presence of non-elastic deformations on it. By holding
on the last load level or load decreasing (over-bound state) failure accompanied with concrete
breaking and essential bending of longitudinal reinforcement in the place of inclined crack
crossing. It confirmed the presence of dowel effect. Ultimate beams deflections were
10 — 13 mm on the average.

Facet A

Lower
facet

FacetB

Upper
facet

Figure 10 — Failure character of testing beam B-HS-1-a

Theoretical strength of beams was calculated according to the SNiP [20] and DBN [21],
results of theoretical and experimental strength comparison are represented in the fig. 11.
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Figure 11 — Comparison of theoretical and experimental strength of beams

Conclusions. Experiments confirmed theoretical kinematical schemes of failure and
presence of local plasticity zones regardless of brittle failure character of higher strength
concrete elements. Comparing design of theoretical strength calculated with variation method
of plasticity theory with experimental strength showed their sufficient proximity. Failure
character of testing beams principally didn’t differ from failure of bending elements by
sloping section of medium strength concrete. Standard design method of beams strength by
cross sections showed essential deviation with results of experimental investigation. So, it
needs further improvement.
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RESEARCH OF DURABILITY COMPRESSED REINFORCED
CONCRETE ELEMENTS FROM HIGH-STRENGTH
CONCRETE BASED ON THE DEFORMATION MODEL
WITH EXTREME STRENGTH CRITERION

Results of experimental research strength of compressed concrete elements from
high-strength concrete are presented. Effect of applying high-strength concrete on ultimate
deformation of most compressed concrete brink &, and strength of compressed concrete
elements are investigated. On the basis of theoretical calculations statistical analysis
of strength compressed concrete elements from high-strength concrete in normal sections
with obtained experimental data on the basis of improved strength calculating methods
of concrete elements from high-strength concrete in normal sections by using program
complex « CRC-12» are compared.

Keywords: reinforced concrete element, ultimate concrete deformation, deformation
model, strength criterion, program complex, high-strength concrete.

Mumpoganoe ILb., k.m.n., ooyenm
Ilonmascvkuil HayionanbHuti mexHivHuil yHieepcumem imeni FOpis Konopamioxa

JTOCJUIKEHHS MIITHOCTI CTUCHYTHX 3AJI30BETOHHUX
EJJEMEHTIB I3 BACOKOMIIIHUX BETOHIB HA OCHOBI
JE®OPMALITHOTI MOJEJI 3 EKCTPEMAJILHUM KPUTEPIEM
MILIHOCTI

Haseoeno pezynomamu excnepumenmanvHux OOCHIONCEHb MIYHOCMI CMUCHYMUX
3a1i300eMOHHUX eNleMeHmi8 i3 BUCOKOMIYHUX OemoHis. YcmanoeieHo 6naué 3acmocy8anus
BUCOKOMIYHUX OEMOHI8 HA cpanuyHy Oeghopmayito HAUbIIbWL CMUCHYMOI epani OemoHny &,
Ul MIYHICMb CMUCHYMUX 3a1i300emOoHHUX enemenmis. Ha ocrno6i cmamucmuunoeo ananisy
NOPIGHAHO MeOPemuyHi PO3PAXYHKU MIYHOCMI CMUCHYMUX 3a1i300eMOHHUX eleMeHmi8
i3 BUCOKOMIYHUX OEMOHI8 y HOPMANbHUX Nepepizax 3 OMpPUMAHUMU eKCNepUMeHmMAalbHUMU
OaHuMU HA OCHOBI pO3p00ONIEeHOI B800CKOHANEHOI MeMOOUKU pPO3PAXYHKY — MIYHOCMI
3ani300€MOHHUX  e/leMeHMI8 (3 BUCOKOMIYHUX OemoHie y HOPMAIbHUX nepepizax 3
BUKOpUCMAHHAM npocpamuozo komnaexcy « CRC-12y.

Knrwowuosi cnoea: 3anizobemonnutl enemenm, epaHuuHa Oeghopmayis Oemowy,
oeopmayivina mooenv, Kpumepii MiyHOCMI, NPOSPAMHULU KOMNIIEKC, BUCOKOMIYHUL OEMOH.

30ipHuK HaykoBHX mpails. Cepis: ['any3eBe MmammaoOy1yBaHHs, OyaiBHUITBO. — 1 (50)" 2018. 141




Introduction. In European construction practice reinforced concrete structures with
high performance concrete is widely used. Their use is regulated by normative documents [1].
Widespread use in the global construction practice concretes with high performance and
technological properties, which is denoted by the term High Performance Concrete (HPC) is
evident and irreversible. This trend is caused by growing need of society in unique and
reliable engineering buildings and constructions use the high-strength concrete. Characteristic
for such concrete is high and ultra-high strength, low penetration, high corrosion resistance
and durability, superior deformation characteristics. It should be noted that these properties
are achieved with the use of highly mobile mixes, and sometimes self-compacting [5, 6].

Review of recent sources of research and publications. Presently process of
harmonization of normative documents for designing of concrete and reinforced concrete
structures and their elements with Eurocode-2 is conducted. Concrete durability class is
calculated within the range of C 12/15 to C 90/105. In standards functioning in Ukraine and
the rules for designing reinforced concrete structures classes of concrete, only durability
within the range of C 3,5 to C 60 was calculated. In comparison with the standards [1] this
fact corresponds to the classes of concrete durability to C 50/60. In [1] classes of concrete
durability the limit C 90/105 is. in Ukrainian functioning norms and rules [2] there are no data
regarding the calculation of reinforced concrete elements (RCE) durability from HPC which
is true for different types of deformation. That is why the study of these issue as well as
definite physical and mechanical characteristics of RCE from high strength concretes is an
urgent task.

Parts of the common problems unsolved earlier. Deformation model (DM)
application in the theory of the reinforced concrete is the proper step forward, as it makes use
of deformed solid body mechanism equations complete set: physical ones for concrete and
reinforcement, geometrical and equilibrium equations. As a result, DM allows determining
precisely the limit of reinforcement modification, RCE reinforcement modification durability;
to consider the character of concrete complete diagrams and to reinforce behavior of other
characteristics. Considering descending branches of compression charts which reflects the
process of material bearing capacity decrease as a result of increase of its destruction together
with the use of DM with extreme strength criterion (ESC); to provide an opportunity to
analytically get boundary deformation of RCE concrete compressed brink [3 — 5, 8 — 18].

Experimental research of ultimate characteristics of concrete compressed zone,
deformability and strength of RCE from HPC, theoretical calculations at central and
noncentral compression and comparison based on the methodology of DM with ESC with
experimental research data and their statistical analysis are actual tasks.

Theoretical research of boundary characteristics concrete compressed zone and
mentioned above RCE strength were conducted on the basis of DM with ESC and were given
in [8 —18].

Purpose of the research. In connection with lack of experimental data, researches of
influence concrete strength class on &, value — concrete ultimate deformation compressed

zone, and compressed RCE strength, including strength received with HPC, experimental
RCE research and executed comparative analysis of obtained results with analytical
calculations on the basis DM with ESC were conducted.

The main purpose of experimental research is determination of stress-strain state and
internal forces distribution, compressed concrete brink ultimate deformations of high-strength
concrete reinforced concrete elements, working under flat central and noncentral
compression, and also verification improved methods of calculating strength RCE from HPC
in normal sections on the basis DM with ESC [18].

Main material and results. In DM applying the full set of Deformated Solid
Mechanics equations is used: physical ones (for concrete and armature), geometrical and
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equilibrium equations. As a result, it is possible to find overreinforced RCE strength and
overreinforced limit more accurately, considering concrete and armature character and other
characteristics complete diagrams. Application the DM with ESC gives an opportunity to
calculate the strength of reinforced concrete elements in normal section and to receive
physical and mechanical characteristics for a wide range of concrete classes (from C 3,5 to
C 120 and more) [3 -5, 17, 18].
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Figure 1 — The software complex «CRC — 12»

For the solution of the problem checking strength of compressed reinforced concrete
elements in the normal section on the basis on DM with ESC on PC algorithm of engineering
methods of RCE calculation and software package «CRC — 12» (Figure 1) [18] with
application numerical and optimization methods for different classes of concrete strength was
developed, including high strength (from 10 to 120 MPa) and for different classes of
reinforcing steel.
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In the process of experimental research of concrete compressed reinforced concrete
elements deformation and reinforcement in specific cross sections of reinforced concrete
elements were measured. Particular attention was given to determination of concrete ultimate
deformations and reinforcement in specific sections of reinforced concrete elements.

For studying, concrete class and load application eccentricity on strength and
deformation reinforced concrete elements were impacted; test samples have been divided into
three groups:

1. Columns, concrete compressive strength f., ... = 61 MPa, eccentricity of load
application ¢y =0 mm (K-1-1-11, K-1-2-11), e¢p =3 mm (K-1-3-ME, K-1-4-ME), ¢y = 12 mm
(K-1-5-BE, K-1-6-BE);

2. Columns, concrete compressive strength f., ... = 69 MPa, eccentricity of load
application ey =0 mm (K-2-1-11, K-2-2-11), ep =3 mm (K-2-3-ME, K-2-4-ME), ¢y = 12 mm
(K-2-5-BE, K-2-6-BE);

3. Columns, concrete compressive strength f.,, .0 = 75 MPa, eccentricity of load
application ey = 0 mm, (K-3-1-11, K-3-2-11), ¢p = 3 mm, (K-3-3-ME, K-3-4-ME), ¢y = 12 mm
(K-3-5-BE, K-3-6-BE);

Central and noncentral compressed reinforced concrete elements test results were
analyzed on specific samples according to the class of concrete, type and eccentricity of load
application. The samples by length have a rectangular cross section with a constant height and
dimensions — 120x120 mm for transfer of eccentricity application of load in the supporting
part of the column. Schemes of geometric dimensions, reinforcement and location of strain
gauges on concrete were shown at Figure 2 and Figure 3.
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Figure 3 — Scheme of reinforcement and geometrical dimensions
of experimental samples (concrete columns)

Reinforcement of the samples was performed symmetrically, four longitudinal armature
rods class A500, diameter 12 mm, connected with spatial cage using welding clamps armature
with class A240C, diameter 6.5 mm, with increments 80 mm (Figure 3, 4).
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Figure 4 — Spatial reinforcing cage for reinforced concrete columns

According to data obtained from experimental researches ultimate characteristics of
concrete compressed zone and normal sections tested samples strength were analyzed.
Statistical analysis of the results is shown in Table 1.

Table 1 — Experimental and theoretical values of deformation and strength
of concrete elements normal cross section in the stage, close to destruction

The maximum
relative deformation . Longitudinal N
# Model of the most Cu’t% | force N,, MH u’teor/\] ’
code compressed brink cu, test u, test
of concrete % %
E e test > 100 ey oor » 00 Ny test Ny teor
1 | K-1-1-I] -2,40 -2,436 1,015 0,803 0,8059 | 1,0036
2 | K-1-2-1] -2,38 -2,436 1,0235 0,804 0,8059 | 1,0023
3 | K-1-3-ME | -3,24 -3,293 1,0163 0,405 0,4054 | 1,0009
4 | K-1-4-ME | -3,22 -3,293 1,0226 0,404 0,4054 | 1,0034
5 |K-1-5-BE | -3,50 -3,763 1,0751 0,109 0,1118 | 1,0256
6 | K-1-6-BE | -3,67 -3,763 1,0253 0,11 0,1118 | 1,0163
7 | K-2-1-1] -2,47 -2,507 1,0149 0,900 0,9097 | 1,0107
8 | K-2-2-11 -2,48 -2,507 1,0108 0,920 0,9097 | 0,9888
9 | K-2-3-ME | -3,31 -3,337 1,0081 0,450 0,4531 | 1,0068
10 | K-2-4-ME | -3,28 -3,337 1,0173 0,445 0,4531 |1,0182
11 | K-2-5-BE | -3,41 -3,565 1,0454 0,115 0,1174 | 1,020
12 | K-2-6-BE | -3,46 -3,565 1,0303 0,116 0,1174 | 1,0120
13 | K-3-1-1] -2,55 -2,577 1,0105 1,00 1,0128 | 1,0128
14 | K-3-2-1] -2,56 -2,577 1,0066 1,05 1,0128 | 0,9645
15 | K-3-3-ME | -3,39 -3,383 0,9979 0,49 0,4998 | 1,02
16 | K-3-4-ME | -3,37 -3,383 1,0038 0,50 0,4998 | 0,9996
17 | K-3-5-BE | -3,36 -3,392 1,0095 0,12 0,1221 | 1,0175
18 | K-3-6-BE | -3,35 -3,392 1,0125 0,118 0,1221 | 1,0347
Mean arithmetic value 1,0192 1,0088
Mean squared deviation 0,0177 0,0155
Coefficient of variation, % 1,7337 1,5331
Asymmetry 2,1017 -1,2412
Excess 5,4891 3,1178
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Analysis of experimental data made it possible to confirm their good convergence and
accuracy of strength theoretical research results, physical and mechanical properties of
concrete compressed zone, etc., obtained by the method on the basis DM with ESC.

Using the DM with ESC theoretical and experimental data of the most compressed fiber
of concrete (&) and normal sections strength of reinforced concrete element boundary
deformations were compared.

Conclusions. The constant value of &, ~ 3,5% taken in Eurocode-2 for concrete
low and medium strength is overestimated for compressed concrete elements.
Considering of increased fragility in the area of high-strength concrete physical would be
more reasonable introduction to calculate higher reliability coefficients or lower coefficients
of working conditions, rather than as it is customary in Eurocode-2, — decline ultimate
deformation &, which does not agree with experiments and calculations by the deformation
model with extreme strength criterion. At the ultimate deformation of compressed concrete
elements &, many factors are involved that must be considered in their strength calculation.
By calculations results based on deformation model with extreme strength criterion, &, its
value changes significantly when changing class of concrete, class of reinforcing steel, load
character, cross-sectional form, etc. Conducted experimental research provides an opportunity
to make conclusion about the reliability of deformation model with extreme strength criterion.
Deformation models with extreme strength criterion allows to analyze a full complex
of normal sections limit parameters in the stage of their destruction, also to
use the corresponding calculation dependencies and to detect elastic or plastic state of
reinforcing steel.

References

1. Eurocode 2: Design of Concrete Structures. EN 1992 — 1.1: General Rules and Rules for
buildings. — Brussels: CEN, 2004. — 226 p.

2. JIFH B.2.6-98:2009. bemounni ma 3aniz06emonni koncmpykyii. OchosHi nonosicenns. — [ Qunuuil 6io
01.07.2011]. — K. : Minpecionbyo Yxpainu, 2011. — 71 c.

3. Mumpoganoe B. I1. Tlpaxmuueckoe npumenenue 0ehoOpMAyUOHHOU MOOEU ¢ IKCMPEMATbHbIM
Kpumepuem npouHocmu icene300emonnvix snemenmos / B. I[1. Mumpoghanoe // Kommynanrvnoe
xozsucmeo 20podos. Cepusi: apxumexkmypa u mexnuueckue nayku.— K. : Texuuxa, 2004. —
Boin. 60. — C. 29— 48.

4. Mumpogarnos B. I1. [Ipedenvrnas cocumaemocmos 6emona HOPMAIbHBIX Ce4eHUll Jcene300emoHHbIX
anemenmos / B. Il. Mumpogpanos, C. U. Apyes // I[Ipobremu meopii’ i npakmuxu 3a1i300emouy:
30. nayx. cm. — Hoamasa: IIJ]TY, 1997. — C. 333 — 337.

5. Mumpoganoe B. I1. O memoodax onpedenenusi npedeivHoll depopmayuu 6emona iHcene300emoHHbIX
anemenmos / B. Il. Mumpoganos, A. A. llxypynuii, J[. H. Jlazapes // Hayrxosuii gichux
oyoienuymea. 30. nayx. np. — X.: XJJTYBA, 2008. — Bun. 45.— C. 34 — 45.

6. Kanpuenos C.C. Mooughuyuposannvie 6emoHbl HO8020 NOKOACHUS. PealbHOCHb U NePCRekmusea /
C. C. Kanpuenos, B. I'. Bampaxos, A. B. lletinghenvo // bemon u sicenezobemon, — 1999. — Ne 6. —
C.6-10.

7. Baocenos FO. M.  Hoeviti  6ex — Hosvle apexmusuvie mexnonocuu / FO. M. Baocenos,
B. P. ®anuxman // Mamepuanet 1-oti Beepoccutickoti kong. — M., 2001. — C. 91 — 101.

8. Bnaue miynocmi Oemony ma KitbKocmi apmamypu Ha 2paHuyHi Xapaxmepucmuky HOPMAaibHO20
nepepizy 3anizobemonnux enemenmis / B. Il. Mumpogpanos, O. A. Ilxypynit, /]. M. Jlazapes,
b. I1. Mumpogarnos // Pecypcoexonomui mamepianu, KoHcmpykyii, 0yoieni ma cnopyou. 30ipHuK
Haykosux npays. — Piene: HYBI'TI, 2005. — Bun. 12. — C. 208 — 217.

9 O grusiHuu hopmbl HOPMATLHOLO CEHUEHUsL HA NPedeibHYi0 dedopmayuro Gemona cocamou 30Hvl /
B. II. Mumpogpanos, A. A. Llxypynuu, b. I1. Mumpogpanos, /. H. Jlazapes // 36ipnux nayxosux
npayw. Cepis «I anyzeee mawunodyoyeanus, oyoisnuymeoy. — llonmasa: [lonmHTY, 2005. — Bun.
15.—C. 89— 94.

146 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (50)" 2018.




10. Weiss W. J. An Experimental Investigation to Determine the Influence of Size on the Flexural
Behavior of High Strength Reinforced Concrete Beams / W.J. Weiss, K. Guler, S. P. Shah //
5-th Int. Symp. on Utilization of HS/HP Concrete (20— 24 June 1999). — Sandefjord, Norway,
1999. —Vol. 2. —P. 709 —-718.

11. Mitrofanov V. P. Optimization Strength Theory of reinforced concrete Bar elements and structures
with practical aspects of its use / Bygningsstatiske Meddelelser. Danish Society for Structural Sc.
And Eng. Vol. 71, No.4, Dec 2000. — pp 73-125.

12. Ulxypyniu O. A. I'panuunuti  Hanpyoiceno-Oeghopmosanuit.  cman i MIiYyHICMb  CIMUCHYMUX
sanizobemonnux enemenmie / O. A. llxypynit, II. 5. Mumpoganoe // Pecypcoexonommi
mamepianu, kKoncmpykyii, 6yoieni ma cnopyou. —2013. — Bun. 25. — C. 480 — 487.

13. Mumpodghanoe B.Il.  Aneopummel  pewsenus 30044  NPOUYHOCMU — HOPMAIbHbIX — CEYeHUll
JHCeNe300€eMOHHBIX DNIEMEHMO8 HA OCHO8e IKCmpeManvhuix kpumepues / B.II. Mumpodghanos,
I1L.5. Mumpoganoe // Hayxosuii eicnux 0Oyoisnuymea. — Bun. 69.— X. : XATYBA XOTB AFY,
2012. - C. 137 — 149.

14. Mitrofanov V. P. About necessity of the General Theory of Reinforced Concrete and its Role in the
ADM Model Code / V. P. Mitrofanov, N. M. Pinchuk, P. B. Mitrofanov // 36ipnux nayxosux npays.
Cepisn «l anyzeee mawunobyoysanns, 6yoisnuymeoy. — 2013. — Bun. 4(1). — C. 179 — 189.

15. Ulxypyniu O. A. Po3paxynox MiyHOCMI CIMUCHYMUX 3A1i300€MOHHUX eleMEeHmiE I3 GUCOKOMIYHUX
bemonie na ocrnosi degpopmayitinoi mooeni / O. A. Llxypyniu, II. b. Mumpogpanos // 36ipuux
nayxosux npayv. Cepis «l anysese mawunobyoysanus, o0yoienuymeoy. — Iloimasa: IoamHTY,
2009. — Bun. 24. — C. 43 — 49.

16. HIxypynii O.A. 3acmocysannsi Oegopmayiinoi mooeni 3 eKCmpeMaibHuUM Kpumepiem O
PO3PAXYHKY MIYHOCMI 3ai300eMOHHUX eneMenmis i3 eucokomiynux 6emonie / O. A. Llxypynii,
1. 5. Mumpodgharos // Bichux Odecbkoi Oepacasnoi axademii OyOisHUymsea ma apximexmypu. —
Ooeca: 3osniwpexnramcepsic, 2010. — Ne 38. — C. 683 — 689.

17. Hlxypyniu O. A. Bnaus npoyenma apmysaunHs ma xkiacy 6emoHny Ha MIYHICMb 3a1i300eMOHHUX
enemenmie / O. A. llxypyniu, 11 B. Mumpoganos // Bichux BinHuybkoeo nonimexniyHo2o
incmumymy. — Binnuysa: BIII, 2010. —Ne 4. — C. 20 — 33.

18. Mumpoganos I1. 5.  Pospaxynok Miynocmi — CMUCHYMUX — 3A1I300€MOHHUX — eleMEHmIe i3
BUKOPUCMAHHIM BUCOKOMIYHUX OEmoHi6 Ha OCHOGI OedopMayiinol MoOeni 3 eKCmpeMalbHUM
Kpumepiem: ouc. kano. mexu Hayk: cney. 05.23.01 «bBydisenvui koncmpykyii, 6y0ieni ma cnopyouy
/II. B. Mumpoganos. — Ilonmasa, 2013. — 221 c.

© Mytrofanov P.B.

30ipHuK HaykoBHX mpails. Cepis: ['any3eBe MmammaoOy1yBaHHs, OyaiBHUITBO. — 1 (50)" 2018. 147




https://doi.org/10.26906/znp.2018.50.1070
UDC 624.011

Bidakov A.M., PhD, Associate Professor

ORCID 0000-0001-6394-2247  bidakov@mdk-khnuba.com
O.M. Beketov National University of Urban Economy in Kharkiv
Raspopov I.A., post-graduate

ORCID 0000-0002-5084-5533  raspopov@mdk-khnuba.com
Kharkiv National University of Civil Engineering and Architecture

TEST METHOD OF CLT BY TENSION PERPENDICULAR TO GRAIN

It is known that cross laminated timber (CLT) is a relatively new material in timber
design. There is no information about its behavior and strength in tests by tension
perpendicular to grain. Little information available is based only on simple tests for assessing
the bearing capacity of some variants of devices which are used for the installation of
CLT panels. In practice tension perpendicular of CLT panels occurs in curved CLT panels
and in some wall-floor connections with screws. First proposed of test setup is based on the
parameters related to solid timber and glulam after detailed analysis. The main influence
factors on the tensile strength perpendicular to grain were investigated, and the necessary
sizes of the CLT specimens were determined considering the features of the material
structure. The recommendations derived in this publication can be included in standard
EN 16351 or EN 408.

Keywords: cross laminated timber, tension perpendicular to the grain, proposing of size
of test specimens, test arrangement.

bioakoe A.M., k.m.u., ooyenm

Xapxiscokutl HayionanvHull yHieepcumem micbkoeo 2ocnooapcmea im. O.M. bexemosa
Pacnonos €. A., acnipanm

Xapkiscbkuil HayionanvHull yHigepcumem 0yO0i6HUYMEa ma apximexkmypu

METOJUKA BUIIPOBYBAHb NOMEPEYHOI KJIEEHOI JJEPEBUHU
IIPHU PO3TAT'Y HOIIEPEK BOJTOKOH

Bioomo, wo nonepeuna kneena Oepeseuna (IIK]/]) € 6i0nocno HOBUM Mmamepianom
Ha ocHo8l Oepesunu. Ha cvbo2oOHiwHIll OeHb 6Ii0cymHs HGopMmayia wooo MiyHocmi
1IK]/]- naneneii npu posmsey nonepex 6010KoH. [leaxa inghopmayis icHye ma IpyHmy€emocs na
pe3yibmamax MiyHOCmi Npu NPOCMUX BUNPOOVBAHHAX O€AKUX BapIaHmie MOHMANCHUX
Kpinienv naueneu nepekpummis. Ha npaxmuyi pozmsae nonepex eonokon IIK/[ naneneii
cnocmepieaemuvca y 3icHymux NaHensax, a maxkoxc y 0esaKkux e8UHMOoSUX 3 €OHAHHAX CIMIHOBUX
nawenet 3 NamensiMu nepekpummis. Ynepuie 3anponono6aHo HOGUl MemoO OO0CHIONHCEHHS
IIK]], wo 6a3zyemvca Ha napamempax, AKi 6paxogyioms Moodelb 6unpodyéaHv YiNbHOI
ma Kie€eHoi 0epesunu nicis 0emanibHo20 anaunizy. Jocuiodceni OCHO8HI 6nau6osi axmopu
Ha @eluyuHy MIYyHOCmi npu po3msey Nonepex B60JIOKOH, mMd 6CMAHOBNIEHO HeOoOXIOHI
posmipu 3pasxie IIKJ] naueneii 6uxoosauu 3 ocobaueocmeli CMpPYKmypu mamepiany.
Pexomenoayii, onucani y oawiui nyonikayii, modcymos Oymu GKIOUEHUMU 00 CMAHOAPMY
EN 16351 abo EN 408.

Knrouoei cnosea: nonepeuna kiecna oepesuna, po3mse nonepex 60J0KOH, NPONO3uyis
PO3Mipié 6unpobyeanbHux 3pasKis, cxema 6UNPOOYEanHsL.
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Introduction. Moreover, the German national design code contains recommendations
for the reinforcement of certain parts of timber elements which are loaded by tension
perpendicular to grain. Before resorting to reinforcement, it should be known the strength of
material by stressed conditions which result in certain fracture modes. As it is known, ductile
fracture mechanism is a more desirable and safer type of timber elements disruption (failure)
than brittle failure. Various tests show that it is brittle failure that occurs most often in timber
by tension perpendicular to grain. The transfer from brittle to ductile failure mechanism was
achieved by using different type of screws.

According to former standards EN 338:2003 and EN 1194:1999 strength properties of
solid timber and glulam are dependent on timber density. According to Russian national rules,
strength by tension perpendicular to grain of glulam is also dependent on strength classes (3
classes), but German national rules DIN 1052:2008-12 contain only one value of strength by
tension perpendicular for all strength classes. Now EN 1194:1999 has been revoked and all
the data of strength properties of GLT are stipulated in EN 14080:2013 [11], where strength
values by tension perpendicular are changed and considered to be equal for all strength
classes. A similar situation occurs in the new version of EN 338:2009 for solid timber, where
strength data by tension perpendicular are also equal.

The orientation of annual rings in cross section of solid timber specimens influences the
test data of strength and stiffness by tension perpendicular to grain (Fig. 1).

— e N
= § )
= B

R pd
radial 45° tangential

[
[ i o fuso |

Figure 1 — Dependence of strength and stiffness
on the annual ring orientation in specimens of solid timber

The dependence of strength values on size effect in the cross section parameters of solid
timber, glulam and LVL occurred by bending and tension along the grain direction.
Additionally, GLT shows volume effect by tension perpendicular to grain [3]. In accordance
with EN 1193, ST and GLT specimens have geometric parameters as shown in figure 2,
which are considered in a number of publications by Blass [1, 2], Aicher [3], Ranta-Maunus
[4] and others. The reference volume is accepted as Vy=0,01m’ and it is taken into account
during the design of double tapered, pitched cambered and curved beams where tension
stresses perpendicular to the grain appear in the apex zone.

The maximum tensile stress perpendicular to grain by bending of tapered beams should
be calculated according to equations which are proposed in EC-5, clause 6.4.3 (8). This clause
is a matter of national choice. It is well known that climate change leads to cracks and
consequently results in residual working area in longitudinal section.
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Figure 2 — The size of test specimens according to EN 1193:1998:
a — solid timber; b — glued laminated timber

Cross laminated timber is a new and modern timber plate orientated material in building
industry. In practice tension perpendicular of CLT panels occurs in wall-floor connections
with screws, as well as in notched connections of floor panels supported on wall panel and in
curved CLT panels, as it is shown in figure 3.

a) b)
Tl screw
3 ]
L S
wall G AN A NN AN
8 —— |
P I ‘i ; crack
t%i = |
{

.

Figure 3 — Examples of tension perpendicular of CLT in practice:
a — wall-floor connection; b — floor-floor -wall connection;
¢ — curved CLT panels; d — mounting parts

Review of the latest research sources and publications. As it was introduced in
section 1, strength by tension perpendicular to grain is dependent on a number of major
factors such as density, volume of tested specimens and grain orientation in cross section of
solid timber elements (Fig. 4).
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Figure 4 — Main factors that influence the strength by tension perpendicular

The tensile strength for solid timber according to former versions of standards
EN 384:1995 [10] and EN 338:2003 was derived on the basis of the relationship between
tensile strength perpendicular to grain and density:

EN 384: 1995 frs04 = 0,001 p; (1)

0,6

EN 338:2003 Sroox = min{0,0015 P, @

Strengths properties of glued laminated timber by tension perpendicular to grain
according to EN 1194:1999 are based on the following equation:

EN 1194:1999 Sro0.gux =0,2+0,015- £, ,, (3)

where f; 9041 1S glulam strength perpendicular to grain and f,o1 is the tensile strength
parallel to grain of these planks.

The characteristic value of strength fi90q1 1s related to the reference volume of
V4=0,01m>. The test method for determining the tensile strength perpendicular to grain of
glulam using this reference volume V), is stipulated in EN 1193 where the specimen
parameters are 90 mmx275 mmx400 mm (Fig. 2) and the volume is 0,0099 m>.

In order to show more vividly the correlation between density and strength by tension
perpendicular in solid wood and glulam, «X» parameter is introduced. Equation (1) and (2)
can be written in the following modified way:

1 P
Jooox = }'pk O ], 90k :yk ) 4)
which means that X parameter equals:
P
X = . 5
oo ©

Tables 1 and 2 show the values of X parameter for solid timber and glulam referring to
data taken from EN 338 and EN 1194. The graphic illustration of X parameter is shown in
figures 5 and 6.

Table 1 — X parameter for glued laminated timber

GL24c | GL24h | GL28h | GL32h | GL36h
GL28c | GL32c | GL36¢

Jeo0k 0,35 0,4 0,45 0,5 0,6
Pk 350 380 410 430 450
X 1000 950 911,1 860 750
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Table 2 — X parameter for solid timber

Cl4 | Cl16 | C18 | C20 | C22 | C24 | C27 | C30 | C35 | C40 | Cc45 | C50
Jro0k 0,4 0,5 0,6
Dk 290 | 310 | 320 |330 |340 |[350 |370 | 380 |400 |420 |440 | 460
X 725 | 620 | 640 | 660 | 680 | 700 | 617 | 633 | 667 | 700 | 733 | 767
1100
1000
g: 900 ——GL**h
:.: BSD\. 860 —|-Gl**c

\ 750

Gl24

Gl2g

Gl32

Gl36

Figure 5 — The illustration of X parameter for glued laminated timber
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Figure 6 — The illustration of X parameter for solid timber

After some transformations, the equation (2) for X parameter is expressed in the
following form as shown in equation (6):

ft,90,k = min

0,6 > 2206 x =L
X

0,0015- p, > X =

0,6
= 666,666.

0,0015

(6)
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For maximum and minimum values of soft solid timber density, X parameter acquires
the following values:
_ pk,min 290 _ pk,max 460

min =——=483 7339 Xmax == 766,66 (7)
0.6 06 06 0.

X

The critical value of X parameter, when equation (2) is divided into two sub-equations,

can be found by simple substitution:

=0,6- 666,667 = 400 kg/m’

crit

Pk
—:()56—) 't:O’6'X
X pk,crl

The analysis of the relationship between strength perpendicular and density is important
to understand the underpinnings behind the equations and data in the revoked standards or
former versions of these standards. Nowadays, there is a certain simplification and averaging
in some of the strength and elastic characteristics of glulam and solid timber.

Problem statement. The method of conducting tests into tension perpendicular of
ST or GLT is described in EN 1193, as it is shown in figure 7. Now Standard EN 1193:1998
has been revoked and new recommendations are provided in EN 408:2010 [12] with some
amendments. Intermediate solid timber or glulam stressed parallel to grain are bonded to the
specimens. It is reasonable to install two inductive measuring gauges in diagonal position.

As it is shown in figure 7, in the new version of standard EN 408:2010 it is possible to
connect a steel plate immediate to the investigated test specimen or the apply tensioned
loading directly to the intermediate wood elements.
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Figure 7 — Test arrangement:
a — solid timber; b — glued laminated timber EN 1193;
¢ — glued laminated timber EN408:2010
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There are data from national standards of different countries and from different periods
shown in table 3 that allow a comparison between strength values of solid timber and glulam
by tension perpendicular to grain. The strength of glulam is a little higher than that of solid
timber and this fact explains the system effect of glued lamellas. CLT is composed of an
uneven number of layers which are arranged crosswise to each other at the angle of 90° and
the system effect will occur in a different way, influencing the value of strength by tension
perpendicular.

Table 3 — Characteristic and design values of strength properties
of solid timber (ST) and glued laminated timber (GLT) by tension perpendicular
to grain according to standards of different countries

Country Standard ST GLT Equation
(N/mm®) (N/mm?)
J1.90.k J190,d J1.90.k J190,d
Euro EN 338 0,4 softwood
standard 0,6 hardwood
EN 384 0,4-0,6
EN 1194 (revoke) 0,35-
0,6
EN 14080:2013 0,5 0,5 for all
classes
Germany | DIN 1052:2008-12 0,4 0,5 for all
classes
UK BS 5268-2-2002 0,2- - - fi.00=1v/3
0,47
USSR CHuITII-25-80 - 0,6-0,8 | 0,25-
0,35
Ukraine | JIBH B.2.6-161:2017 0,4%* 0,5 *softwood
0,5%* **hardwood
Russia CIT164.13330.2016 0,4-0,6 0,25- 0,12-
0,35 0,23
Belarus | TKII EN 1995-1-1-2009 | 0,4-0,6 0,35-
0,6
Swiss SIA 265:2012 0,1 0,15 for all
classes

While considering CLT panels with timber based plate material (LVL and plywood)
located inside, we need to take into account the strength by tension perpendicular to grain of
these materials. If the strength of timber-based materials proves to be lower than the strength
of solid timber lamellas, there occurs a system with a weak link.

As it is known, the strengths of plywood and LVL in tension perpendicular to plate area
are absent in technical specifications of different producers and technical reports of research
organizations, see table 4. That is why the assessment of strength properties of non-
homogeneous CLT plates becomes rather difficult.
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Table 4 — Characteristic values of strength properties
of LVL by tension perpendicular to grain

Jfro0k Organization, Refe-
Timber based plate material (N/mm?) Ne of technical report or ren-
certificate ces
Steico Ultralam, 2015 - DIBT Z-9.1-811 [7]
Ultralam (Russia), 2010 - TSNIISK (Moscow) [9]
CTO 36554501-021-2010
Ultralam (Russia), 2009 - MPA Stuttgart Certificate [8]
= CE 0672-CPD-I 14.04.1
— 12009 - Bericht 51220-901.6453.000/2
Kerto —S and —Q Metsa: VTT [6]
Wood (Finland) 2004, - Certificate Ne 184/03
Update 2016.
Kerto — S and -Q - VTT Statement [5]
Metsa: Wood (Finland)2011 VTT-S-05156-11

The basic material and results. EN 16351 [13] proposed tests for CLT plates with the
cross section of lamellas 30x150 mm. Besides, it is known that the technology of CLT
production allows some gaps between lamellas in the layers. In addition, lamellas of middle
layers in some cases have relieves (see figure 8, right). Gaps and relieves reduce longitudinal
section. This weakening needs to be taken into account when calculating strength values.

SEEREEE ivess

Ngap

Figure 8 — Gaps and relives in CLT cross section

Different strength of planks depending on the grain orientation leads to uneven
distribution of stresses in the layers of CLT plate. Gaps and relieves create constructive
heterogeneity which also influences the uniformity of stress distribution (see figure 9).
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Figure 9 — Uneven distribution of stresses by tension perpendicular to grain

As it 1s shown in figure 7, the investigated test specimens are glued to both sides of the
timber element and then glued to steel plates. Grain direction in auxiliary timber elements
coincides with the direction of the applied load. The steel plate can be 40 mm thick, as in the
test for GLT in accordance with EN 1193:1998.

Test setup can be arranged in two ways with difference volume. The first version is
simple and can be used to obtain the difference and calculate the volume factor in CLT.
In this proposed arrangement the tensioned perpendicular area of timber specimens is
different and the system effect will influence the obtained test data. The volume of specimen
in figure 10 (on the right) is 0,00945m’ which is close to the reference volume of glulam
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(0,01m*). The area of cross section exceeds 2500 mm?” as it is recommended by standard
EN 408:2013 for GLT. The increased area of tested specimen is explained by the fact that
CLT is a plate timber material. The width of the specimen is similar to GLT (more than
100mm) and it is proposed to use 150mm as a reference size of planks.
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Figure 10 — Test arrangement for CLT:
a — small specimen; b — CLT specimen
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Figure 11 — Proposal for the loading protocol

The load F shall be applied at the constant rate of cross head movement throughout the
test. The rate of loading shall be adjusted so that the maximum load Fig,max 1S reached within
(300 + 120) s.

The structure of CLT panels assumes the use LVL and plywood in the middle layers.
However, the values of strength of timber-based materials by tension perpendicular to grain
are unknown and this fact makes it more difficult to analyze and predict the strength this type
of CLT panels. Table 4 shows that research laboratories have not yet considered the strength
by tension perpendicular to grain in flatwise position of timber based materials such as LVL
and plywood. EN 16351 [13] does not contain exact information as to how many layers of
LVL or plywood a CLT panel can possibly have (see figure 12). Nor does it say anything
about the acceptable percentage of these layers in timber-based plate materials.
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Figure 12 — Variants of CLT panels with LVL or plywood
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Basic principles of arranging tests into tension perpendicular to grain for CLT have
been transferred from the methods proposed for ST and GLT. The suggested proposal for a
similar test into CLT panels takes into account the fact that CLT is a plate building material
and the plate configuration of specimens is preferable.

The issues of size effect (area factor) and volume effect remain open and require further
investigation effort. The reference volume V(=0,01 for CLT is obviously small in comparison
with the volume of CLT panel. Without experimental results it is not possible to determine
what type of law of distribution corresponds to CLT by tension perpendicular to grain.

The strength of CLT panels with LVL and plywood in the middle layers is difficult to
assess by tension perpendicular to grain because the strength of these veneer-based materials
is unknown in this type of stress condition.

The knowledge of strength by tension perpendicular allows us to take decisions which
will decrease action perpendicular or suggest reinforcement of basic connections, such as
wall-floor connection (see figure 13).
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Figure 13 — Variants of connection modification:
a — basic connection; b — decrease action perpendicular; ¢ — reinforced basic connection

The reduction of action perpendicular is achieved by installing screws at angles
different from the layers direction in CLT floor element. The inclination of the screws can
occur in two planes.

Conclusions. The resulting proposal for test setup is based on the parameters related to
solid timber and glulam, also taking into account the test model for CLT.
The recommendations derived in this publication can be included in standard EN 16351 or
EN 408. In addition, there is a plan to conduct a comprehensive test considering the above-
described investigation into CLT by tension perpendicular, allowing further discussion on the
dependence between strength and the above-mentioned factors.
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MONITORING OF THE SOIL-CEMENT PILES
BUILDINGS SETTLEMENTS

In the paper it is discussesed new experimental and theoretical developments on soil-
cement pile produced by drilling-mixing method. The biggest focus were made on field
samples and full scale tests of the soil-cement piles, long term geodetic observations of the
constructions settlements. Those experiences were implemented in Ukrainian normative
documents. Geodesic monitoring of nine-ten storey building (with soil-cement piles length 6
m and diameter 500 mm in wet loess foundations) have shown that the settlements of its
sections is much smaller than the ultimate values in national requirements.

Keywords: wet loess soil, pile, soil basement, foundation, soil-cement, mixing
technology, strength, settlement.
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Bunnuxkoe FO.JL., 0.m.u., npoghecop

bonoap B.O., 0.m.H., npoghecop

Hoeoxamuii B.I'., 0.m.H., npoghecop

Ilonmascvkuil HayionanbHuti mexHiyHuil yHieepcumem imeni FOpis Konopamioxa

MOHITOPHUHI" OCIJAHb BYAIBEJIb
HA TPYHTOLUEMEHTHHMX ITAJISIX

Poszenanymo nosi  excnepumenmanvho-meopemuyni po3poOKu asmopie 3 NUmMans
0ypO3IMIULYB8ATILHO20 MEMOOY BUSOMOBILEHHS [PYHMOYEMEHMHUX NAlb, OOCAIOHUX HAMYPHUX
8UCOMOGNIeHb | BUNPOOYBAHL  IPYHMOYEMEHMHUX  NAalb,  MPUBANUX  2€00e3UYHUX
cnocmepedxcenb 3a  OCIOGHHAMU OyOieenb HA  IPYHMOYEMEeHmHUX naifax, sAKi 0y10
8paxoeano  npu  CKIa0amHi  cyyacuux Jlepacasnux — OyoigenvHux Hopm  Ykpainu.
3’acosano, wo reode3uuHi cnocmepexceHHs 3a 0e8 SMu-0ecAmuno8epXo8uUM HCUMi08UM
0YOUHKOM HA IPYHMOYEMEHMHUX Naisiax 008xcuHoio 6 m i diamempom 500 mm 3a ymos
3aAMOKIUX JIeCOBUX OCHO8 MNOKA3ANU, WO OCIOGHHA 6CIX U020 CeKYyili 3HAYHO MeHWi 3d
00nYCMUMy HOPMAMU GETUHUHY.

Knrwouosi cnoea: 3amoxnuil necosuil IpyHm, nais, IPYHMOBA OCHOBA, (DYHOAMeHM,
IpYHmMoyemenm, OYypO3IMIUYBaIbHA MEXHON02I, MIYHICMb, OCIOAHHS.

30ipHuK HaykoBHX mpails. Cepis: ['any3eBe MmammaoOy1yBaHHs, OyaiBHUITBO. — 1 (50)" 2018. 159




Introduction. Volume of piles using in modern construction is constantly increasing.
Therefore, using of new ways to improve its construction and manufacturing methods is
important problem for today. Boring piles are the most commonly used type of piles in the
world because of its technological efficiency and production convenience at the construction
site. But, concrete boring needs additional technical measures to use it in different
geotechnical conditions. For example, when the soil does not hold borehole walls then casing
pipes are used, but even those measures does not fully protect the well from breakthrough by
movable soil. Then drilling should be protected by clay mud which circulates in the well,
brings out ruined soil, and at the same time supports walls in a stable position.Such measures
are complicating production of the boring concrete piles, there additional time and costs are
required.

Development of the soil cementation boring-mixing method during last few years has
led to the new boring piles arising — soil-cement piles. It has all advantages of the bored piles,
but in the same time problem of the borehole walls stability is completely excluded in the any
kind of the geotechnical conditions [1 — 7].

Analysis of recent sources of research and publications. Known data [2 — 12]
indicates that physical and mechanical properties of the soil-cement piles in the different
places are quite clos for piles in the same soil conditions and with the same cement percentage
content.

Experimental data of the Poltava geotechnical school [5 — 8, 13] show that mechanical
properties of the soil-cement depend from lithology of dispersed soils; pH index of the water
and of the water-soluble salts; cement percentage content and its quality; cement quality;
water-cement ratio (W/C) and degree of soil-cement mixture compaction; presence of the
steel reinforcement in the soil-cement; presence of the chemical additives.

In particular, laboratory and field researches and statically tests of the soil-cement
physical and mechanical characteristics have shown that:

— cement content increasing from 5 to 50% leads to the soil-cement mechanical
characteristics increasing by linear dependence, so, structural strength of soil-cement is possible
to regulate by cement content even for the complete replacement of soil by cement in mortar;

—in soil with lower content of clay grains there arehigher mechanical characteristics, for
production strong soil-cement sand with low content of clay grains is most effective;

— additives (sands and tails) using leads to soil-cement strength R and deformation
modulus E increasing, so it is recommended to use additives and tails more efficient;

— soil-cement piles reinforced by steel frame allow to increase the carrying capacity by
material to a value that exceeds the value of their carrying capacity by the soil.

Identification of general problem parts unsolved before. In weak soil massive, for
example wet loess soil, due to their small deformation module, significant settlement of the
buildings and structures base foundations is possible, even under the condition of the soil-
cement piles use.

Therefore, in order to expand the normative base of the GCE design and increase its
reliability, the method of objects settlement determining with strip rafts on the soil-cement
piles. The most reliable option for solving this problem is comparing the calculated and
measured long-term geodetic observations of the natural objects settlements values.

That is why the goal of this article is the geodetic observations results analysis in time
for the building with strip rafts settlements on the soil-cement piles and the substantiation of
the most reliable method of forecasting settlements of such objects.

Basic material and results. Soil-cement piles were used during house construction in
the str. V. Kozak, 14 in Poltava (Fig. 1).

Building is placed on the territory with dense housing (Fig. 2). Because there are a lot of
close buildings, pile driving is impossible.
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Figure 1 — General view of the three-sectioned nine-ten storey house
in the str. V. Kozak, 14 in Poltava (order of sections — left — right)

Figure 2 — The site of the three-sectioned nine-ten storey house
on the str. V. Kozak, 14 in Poltava
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In terms of geomorphology site 1is dedicated to Poltava loess plateau.
Engineering-geologic section of the building site is on the Fig. 3.
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Figure 3 — Engineering-geologic section of the construction site

At the construction site normative values soils physical and mechanical characteristics
are presented in the Table 1.

Soils 2 — 6 can serve as the natural foundations, their calculated physical and
mechanical characteristics are given in the Table 2.

The level of the ground water is 2.2 — 3.6 m underground so bore-mixing technology
efficient method of pile arranging use is possible in such conditions. As pile is almost below
the groundwater level, hydro geological conditions are also favourable for normal soil-cement
strength increasing.

Soil for piles is soil 3 (Tables 1 and Tables 2).

For sections I and II there were constructed reinforced soil-cement pile with length 6 m
and a diameter 500 mm. Welded reinforcement space frames was used for piles
reinforcement.

Piles in three rows are performed under the middle wall of the building, distance
between the rows axes is 1000 mm, and distance between the piles axes in the one row is
1000 mm.
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Piles in three (distance between rows axes is 1000 mm, distance between piles axes in
row is 1100 mm) and two three (distance between rows axes is 1000 mm, distance between
piles axes in row is 1000 mm) rows are performed under external walls of the building.

Under section III root piles were arranged. Separating screen between the sections was
not found.

Table 1 — Normative physical and mechanical soils characteristics of construction site

Soil number
Characteristics
1 2 3 4 5 6
Moisture on the liquidity point Wy, 0.37 | 0.32 | 036 | 0.30 |0.43
Moisture on the border of plasticity W, 0.21 | 0.20 | 0.21 | 0.19 |0.23
Plasticity number I, 0.16 | 0.12 | 0.15 | 0.11 |0.20
Natural moisture w 0.18 | 0.24 | 0.30 | 0.28 | 0.25 |0.24
Moisture at full water saturation W, 0.32 | 0.30 028 | 0.25 [0.24
Liquidity index I 0.19 | 0.83 0.47 | 0.55 |0.05
Water saturation ratio S, 0.75 | 0.89 092 | 0.93 |0.88
Gravity weight of the soil particles Y kN/m?) 26.56 | 26.46 |26.56 |26.46 |26.66
Gravity weight of the soil Y(kN/m?) 14.80|17.64 | 18.01 |18.63 |19.16 |[18.98
Gravity weight of the dry soil Y4 (kN/m?) 14.23 | 13.85 | 14.55 | 15.33 [15.30
Gravity weight of the water saturated soil Y, 18.78 | 18.01 |18.63 |19.16 [18.98
Gravity weight of the pushed soil in water v, 898 | 872 | 9.18 | 9.65 |9.68
Porosity n 046 | 048 | 045 | 042 |0.43
Porosity ratio e 0.87 | 091 0.82 | 0.73 [0.74
Filtration coefficient of m/day 0.40 | 0.20 | 0.40 | 0.20 | 0.50 | 0.10

Table 2 — Calculated physical and mechanical soils characteristics

o Soil number, values
Characteristics Measur.
2 3 4 5 6
Gravity weight of the soil, , kN/m?® | 17.54/18.68 | 17.91 18.53 | 19.06 | 18.88
Specific cohesion, ¢, MPa 0.015 0.010 | 0.016 | 0.011 | 0.054
Angel of the internal friction, ¢,| deg 23 28 25 28 19
Deformation modulus, E MPa 8.5/4.5 7.0 12.0 11.0 | 21.0

Permanent monitoring of building by geodesic leveling settlements was used to
determine actual settlements of the building foundations. On the building sections there
were installed leveling marks in special places. Observation of building settlements started
in June 2013 after the construction of the building cap, where geodetic marks had been
established.

Observations continue by present. Building is taken in the exploitation on 1.02.2015.
Scheme of the geodetic leveling marks is shown on the Fig. 4.

During the observations volumes of work were measured (masonry, floors, loads

presence on the floors and so on). Behind them linear load on grillage and unit pile were
expected.
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Graphics of the minimum, medium, maximum settlements in time for building marks
are shown on the Fig. 5.
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Figure 4 — Scheme of the geodetic leveling marks of nine-ten storey house on
(str. V. Kozak, 14 in Poltava) I-I1I — building sections;
M-1...M39 — wall leveling marks; R-1...R-5 — bench marks;
st. 1... st. 5 — leveling intermediate stations

As a result of field tests were found that on 02.01.2015 settlements are:

— first section marks minimum settlement — 29 mm, average — 38,9 mm, maximum —
60 mm;

— second section marks minimum settlement — 32 mm, average — 45,8 mm, maximum —
67 mm;

— third section marks minimum settlement (with root piles) — 40 mm, average — 54 mm,
a maximum — 70 mm;

— absolute settlement of all sections, and their relative uneven subsidence are less than
the ultimate values in national requirements [1];

— there is tendency to pile foundation settlement stabilization;

— sections mutual influence that caused their uneven deformation is not recorded.

Conclusions. Thus, geodesic monitoring of nine-ten storey building (with soil-cement
piles length 6 m and diameter 500 mm in wet loess foundations) has shown that the
settlements of its sections are much smaller than the ultimate values in national requirements.
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Figure 5 — Graphs of the geodetic marks minimum, average and maximum settlements
in time (apartment building str. V. Kozak, 14: a — section I; b — 1I; ¢ — III)
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CONSOLIDATION ZONES FEATURES FORMATION
OF A GROUND AROUND SQUARE SHAPED PILES

Necessity to resolve the problem of concerning the analytical dimensions definition and
constructing forms of compacted zones of ground around the lateral surface of square cross
section pile in normal to pile axis direction are shown in this article. Various analytical
methods of ground compacted zones radius determination around cylindrical elements driven
into the ground considering its initial state were analyzed. Graph-analytical method of
ground compaction zones construction around square cross-section piles was developed.
Efficiency of the developed methodology and analytical expressions using possibility to
determine the radius of compaction zone of a ground around the driven or jacked-in elements
is confirmed by comparing obtained solutions with the experimental data. The developed
methodology allows increasing the efficiency and reliability of piles and pile foundations use
due to their rational design.

Keywords: pile, bearing capacity, compaction zone of a ground, movement zone of a
ground, cross-section, jacking.

Manuwes O. B., x.m.n., ooyenm
Kuiscokuil nayionanvrutl ynieepcumem 0y0ienuymea i apximexmypu

OCOBJIMBOCTI YTBOPEHHS YIIIJIBHEHUX 30H IPYHTY
HABKOJIO KBAJIPATHUX ITAJIb

Jlosedero OoyinbHicmsb UPiULEHHS NUMAHHA WOOO0 AHANTMUYHO20 BU3HAYEHHS PO3MIDI8
ma no6yoosu Gopmu ywiitbHeHux 30H IPYHMY HABKOJO OIYHOI NO8epXHi K6AOpamHoi naii &
HOPMAbHOMY 00 oci nani Hanpsamky. Ilpoananizoeano pizni ananimuyri Memoou 6UHAYEeHHS
paoiyca YWinoHeHoi 30HU IPYHMY HABKON0 YUNIHOPUYHUX eleMeHmis, Wo 3a2auba00mscs y
IPYHM 3 YPAXYBAHHAM 1020 noyamrkoeoz2o cmary. Po3pobneno epagoananimuuny memoouxy
noby0o6u YWjilbHeHUx 30H IPYHMY HABKOLO NAlb KEAOPAMHO20 HONEPEUHO20 Nepepizy.
Edexmusnicme po3pobnenoi memoouku ma MONCIUBICMb BUKOPUCTNAHHA AHATTMUYHUX
8Upasieé 0 GU3HAYEHHs padiyca YWINbHEHOI 30HU TPYHMY HABKONIO 3A0USHUX abO
80ABNI0BAHUX  €/leMEeHMI8 NIOMBEPONHCEHO WLIAXOM NOPIGHAHHA OMPUMAHUX DpilleHb 3
eKCNepUMeHmMantbHUMU Oauumu. 3 ’aco8ano, wo po3pobieHa Memoouka 00360J58€ NiOSULUMU
eghekmusHicmos ma HAOTUHICMb BUKOPUCMAHHSA NATb | NATbOBUX (DYHOAMEHMIB 34 PAXYHOK iX
PAYIOHANILHO20 KOHCMPYIOBAHHSL.

Knrouoei cnoea: nansa, wmecyuya 30amuicmv, 30HA VWINbHEHHA IPYHMY, 30HA
nepemiujenHs Ipyumy, nonepeyHull nepepis, 60a611068aAHHS.
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Introduction. The present-day constructions in large cities situation is often
accompanied by negative engineering-geological conditions and processes. They require from
the constructors to use safety and efficiently foundations and in most cases it can be piles.
However in spite of their fairly significant distribution a considerable volume of factors are
not currently studied. They affects diving conditions and pile working in pile foundations.
The construction experience shows that diving of square cross-section piles in a pile group at
a distance up to 4d leads to a pile turning around its axis by 45° during pilling (Fig. 1). It is
due to the uneven distribution of stresses and as a consequence uneven ground base
compaction around the square pile.

Figure 1 — Square piles turning around its axis by 45° during pilling

Moreover, the numerous numbers of analytical calculation methods for determining pile
foundations base deformations under the action of vertical compressive static load does not
allow to obtain reliable results in comparison with experimental data. In this case the
deformation characteristics of the soils given in the reports of engineering surveys are
proposed to use during calculations. They do not consider the real state of the ground base,
which is associated with the shape and dimensions of piles cross section, its plan position, the
angle of rotation around the vertical axis passing through the cross-section of the pile and the
sequence of the pilling.

Analysis of recent researches and publications. Construction practice shows that the
foundations installation without removing soil is accompanied with compaction zones
formation. There is a change of natural physical and mechanical soil characteristics within
these zones. The creation of such zones makes it possible to improve the base of foundations,
enhance their bearing capacity and increase efficiency. The dimensions of these zones, their
numerous and qualitative indicators should be considered in the calculation methods for
determining bearing capacity and deformations of jacked or driven piles and pile foundations.
However, confirmation of the developed methodology results for soil compaction zone sizes
determination around jacked or driven piles can be based only on data obtained by
experimental research results, for example, after digging or probing. Thus, stress distribution
character in sandy base of circle cross-section pile models is given in [9, 12]. The authors of
works [2, 3, 10, 11, 13] investigated the deformations of sandy soil in the base of jacking and
driving piles, and they have also established the difference between them [4]. Experimental
semi-field researches of pile-stamp models with different cross-sections in clay soils are given
in [7]. And the peculiarities of the compaction and deformation soil zones formation around
the piles under the action of horizontal loading are considered in [14 — 16].
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The analytical expressions for determining the size of the soil compaction zones around
a cylindrical element divined into the ground are given in [1, 5, 6]:

R =L+ [3(13¢) (1)
2 2 e

R2=1{ 4+6ﬂ-1)j, )
n
ZE-FZ(W’-i-p"—i-VMJ
R3: pw ps _+r2, (3)
1—(Wp"+”"+m] g
Pv  Ps

where r — average pile radius; e — soil porosity coefficient; m — relative content of solid
particles; n — soil porosity; W — soil moisture; p; — dry density; py — water density;
ps — soil skeleton density; V., —a volume of compressed air between solid particle aggregates
and water, V., 1s accepted =O0.

Selection of previously unbundled parts of the general problem that the article is
devoted to. With a help of formulas (1), (2), (3) it can be determined the radius of compaction
zones around the diving into the ground cylinder, or in other words, of the circular cross-
section piles. The numerous volumes of jacked or driven piles with significant distribution in
construction practice have a square cross-section. So the use of formulas (1), (2), (3) does not
allow to obtain the results similar to real conditions, which is not correct.

The purpose of the work is to develop a method for determining sizes and construction
forms of compaction zones around the square cross section pile and to perform a comparison
of the obtained results with the experimental research data.

Main material and results. For the development of the soil compaction zone radius
determination method around the square cross-section pile the symbols are introduced: R;; is
a radius of the compaction zone which directions correspond to the form of the compaction
zone obtained experimentally (Fig. 2) [8], and determined in accordance with average radius
r(1=LIL I, ..., n), by the formulaj (j =1, 2, 3).

N

Figure 2 — Compaction (1) and deformation (2) zones of ground around experienced
piles determined in field conditions

To construct ground compaction zones around the square cross-section pile the
following algorithm is used:
1. Separate calculated elements are allocated in the piles cross-section (Fig. 3).
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Figure 3 — Calculated elements for determining average radii r (a) and ry; (b)

2. Average radius 1; is defined for each element as the average between the described
and inscribed radius.

3. Compaction radius of ground R;; is determined according to formulas (1), (2), (3)
with a help of average radius ;.

4. Line segments R;; are plotted from the each element center of gravity (Fig. 4).

5. The tips of all radii R;; are connected. Zone of compacted ground around the piles
lateral surface is obtained as a result.

R,} /
Ry j T Rll,j
R/, N R, ,
Rll,j l Rll,j
R

Lj
Figure 4 — Compaction zone radius directions around square cross-section pile

Using presented algorithm and formulas (1), (2), (3) there is ground compaction zones
around square cross-section pile constructed and compare the obtained results with the
experimental data compared given in [8].

Output data: a square cross-section pile with a side size of 300 mm. Pile was driven on a
depth of 4m in medium density fine sands, low degree of water saturation with the following
characteristics: p = 16.28 kN/m’, pg = 15.6 kN/m>, e = 0.671, W = 0.043 .

The radii of ground compaction zones around a square cross-section pile in directions
shown in fig. 4 are determined. Two clearing elements are allocated in the pile cross-section.
The first is square GKLM element (Fig. 3, a) with a side of 300 mm. The second is square
ABCD element (Fig. 3, b) which vertices match with each side centers of square GKLM.
For the first element the reduced radius r; was calculated as the arithmetic mean of the
described and inscribed radius (r, r2) around the square GKLM (Fig. 3, a). Then the values of
the compacted zone radii are calculated by the expressions (1), (2), ( 3): Ry = 56 cm,
RI,2 =47 cm, RI,3 =40.4 cm.

Also define reduced radius ry is defined as arithmetic mean of the described and
inscribed radius (r3, r4) of ABCD element (Fig. 3, b) and compaction zones radii are
RILI =396 cm, RIL2 =333 cm, RII,3 =28.6 cm.

Ground compaction zones around square cross-section pile in horizontal direction are
shown in fig. 5.
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Figure 5 — Compaction ground zones (1, 2, 3) around square cross-section pile
determined by the corresponding formulas

In order to compare the analytical calculations values with the experimental data, the
compaction zones constructed analytically (Fig. 5) on zones of movements and compactions
of a ground based on field investigation results were imposed (Fig. 2). These zones were
determined around the lateral surface of the square pile with the help of dynamic probing
tests, cone penetration tests, cutting ring and visually after the digging [8]. The overlay results
are presented in Fig. 6.

Analyzing Fig. 6 it is possible to note that the character of ground compaction zones
constructed analytically are similar to the displacement zones obtained experimentally in field
tests. The dimensions of the compacted ground zones determined experimentally are less than
analytical ones determined by the formula (1) up to 26%. The radius of the compacted soil
zone determined experimentally coincides with the analytical determined by the formula (2),
which at the diagonal points coincides with the experimental deformation zones and is by 7%
higher than the experimental deformations in the normal direction of the pile side.
Expression (3) allows determining the maximum values of the ground deformation zone
in the pile side normal direction, coinciding with the experimental data, but they are smaller
than experimental compaction and deformation zone of a ground at diagonal points
up to 20%.

Figure 6 — Comparison of analytical calculations and experimental data:
1 — deformation and 2 — compaction zones defined in field conditions;
3a, 3b 3c— analytically constructed compaction ground zones
with a help of formulas (1), (2), (3) respectively
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Conclusions

1. The analytical method of a ground compaction and deformation zone sizes
determination around the lateral surface of square cross-section pile was developed. Its use
allows obtaining analytical results close to the experimental ones.

2. Analytical values of the ground compaction zone radius around the piles lateral
surface in a comparison with the practical results show their satisfactory convergence with
maximum deviation increase to 26% using formula (1) and minimum deviation to 7% using
formula (2).

3. Comparison of existing analytical methods with experimental data shows the
possibility of their employment for analytical compaction or deformation ground zone radius
determination around the square pile lateral surface.

4. Compaction zones construction in soils with different porosity coefficient allows
placing piles more efficiently in pile foundation, improving analytical method for determining
the stresses type distribution around jacked or driven piles with square cross-section,
improving their calculation method by the second group of boundary states and increasing
their efficiency.
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LABORATORY EXPERIMENTAL RESEARCH
OF LOADING FORCES DEVELOPMENT ACTING
ON THE SIDE SURFACE OF THE PILES

The forces of negative friction or loading forces of friction on the piles develop due to
additional deformations of near pile array and they cannot be more force of resistance on the
side of pile in rest, that is formed due to own weight of the ground founding.
The paper presents the results of laboratory experimental research of loading forces of
friction acting on the lateral surface of the piles without taking into account the vertical load
(being relatively at rest) and provided an analysis of methods for detection of negative
friction forces (loading forces) acting on the lateral surface of the pile, with the appointment
of their load-bearing capacity. The researches have confirmed the theoretical statement about
the equality of the loading forces of friction to ground resistance forces under the action of
the torque load but not the pulling load, as it is suggested in the modern standards.

Keywords: experiment, pile, rest, soil subsidence, side surface, loading friction force.

Haiiovonosa B.€., acnipanmka
Xapxkiscokuil HayioHanbHUll yHigepcumem micbko2o 2ocnooapcmea imeni O. M. bexemosa

JIABOPATOPHI EKCIHEPUMEHTAJIBHI JOCJIIIKEHHSA
PO3BUTKY JOBAHTAXYBAJIbBHUX CIJI,
O AIIOTH ITO BIYHIN ITIOBEPXHI ITAJIb

Vemanoeneno, wo cuna HecamusHozo mepms, ab0 O008AHMANCYBANbHA CULA HA
nano, po3BUBAEMbCA 3d PAXYHOK 000AMKOBUX Oedhopmayiil HABKOIO NANIbOBO2O MACUBY | He
Modice Oymu  Oinbwioro 8i0 cuau onopy no OiuHill NOBepXHi naii 6 Cmaui CHOKOM,
wo ¢opmyemvca 3a paxymox 61acHoi eacu IpyHmogoi ocnosu. Hasedeno pesynvmamu
1aOOpPaAMOPHUX — eKCNEPUMEHMANbHUX — OOCHIONCeHb  O0BAHMAIICYBAILHUX — CUL  mepms,
wo Oitomb no OiuHil NOBepXHi MOOeNbHOi nani 6e3 Ypaxy8aHHs BepMUKAIbHO20
HABAHMAJICEHHST (YMOBHO Y CMAHI CHOKOI0), mMd aHANI3 MemOOUK GU3HAYEHHS CUT
He2amueHo20 (008aHMANCYBAILHO20) mepms, wo Oilomb Nno OiuHill NOBepXHi Nnanb, Npu
npusHayerHi ix Hecyuoi 30amuocmi. BukoHaHumu — OOCHIONCEHHAMU NIOMBEPONCEHO
meopemuyre NOJNOHCEHHS U000 DIGHOCMI O08AHMANCYBANLHUX CU Mepms [ CUul Onopy
IpyHmy nio uyac Oii KpYyMuibHO20 MOMEHMHO20 HABAHMANCEHHS, d He BUCMUK)YBAIbHO2O
HABAHMAICEHHS, K 3ANPONOHOBAHO ) CYUACHUX HOPMAX.

Knwuosi cnosa: excnepumenm, nais, Cmaw CHOKOW, RPOCIOaHHs IpyHmy, OIuHa
NOBEPXHS, O0BAHMANCYBANILHI CUTU MEPMAL.
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Introduction. Designing buildings and structures on pile foundations, the force of
loading friction should be considered in cases where the conditional rate of soil deformation
of the mass around the pile can exceed the rate of the pile foundation sediments which, as a
rule, is in the base of structurally unstable soil as well as in other cases of the same ground
layer deformations.

The issues of the loading forces of friction development in the pile foundation are
discussed in work of researchers from our country and foreign countries: Brom Beng B.,
Felenius N., Krafford K., Endo M., Berrum L., Johansen 1., Karisel J., Dalmatov B.IL,
Lapshin F.K., Rossikhin Yu.V., Grigoryan A.A., Zaretsky Yu.K., Morozov V.N. and others.

Except theoretical researches, there are practical ones investigating the forces of
negative friction by means of the field methods, that are most reliable. It is possible to mark
the use of tenzopile, and also normative and patented methods and methods of friction acting
forces determination on the lateral surface of foundations and piles. However, offered field
tests with the use of the considered methods or are labour intensive at application of tenzopile
or the forces of negative friction determined on the basis of pile tests on the action of the
pressing and pulling out loads, and the equality of the soil resistance forces along the lateral
surface of the pile is assumed.

Analysis of recent sources of research and publications. The analysis of recent
publications [1, 2] shows the great interest of researchers in the development of negative
forces which are determined as loading forces of friction in the latter norms [3]. Existing
norms [3 — 4] and «Guide» [5] regulate the detection and calculation of negative friction
forces in determining the load bearing capacity of piles when they are tested with compressive
and pulling out loads. This position is incorrect because the development of the loading forces
of friction on the lateral surface of the piles is due to deformations s of the soil mass where
the change in the stress state of the base can be neglected [6], and in the case of application to
the pile the experimental vertical load, the intense state of the soil base around the pile
changes significantly. It points out to the fact that the normative method [3] of setting the
calculated load on a pile in the collapsible soils does not consider the peculiarities of the
friction loading forces formation in the soil and as a result it is incorrect.

Identification of general problem parts unsolved before. In the paper [6 — §]
Samorodov A.V. proposes the theoretical idea about the equality of the loading force of friction
P, and the strength of the resistance at rest 7 on the lateral surface of the piles (Fig. 1) revealed
previously [7 — 9]. Ty is the resistance force acting on the pile of the torque load M formed
depending on the stress state of the soil mass around the pile due to its own weight when there
is not the vertical load on the pile which is conditionally at rest, kN.
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Figure 1 — Schemes of distribution of the resistance forces of f;
and loading forces of friction 7, on the lateral surface of the pile
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To confirm the theoretical position: P,~ T (Fig. 1), laboratory experimental researches
with similar parameters of the previously investigated system for the determination of 7 by
means of reeling torque load M [9] were performed.

The purpose of this work is to do laboratory experimental research to confirm the
theoretical position: P,~= T) (Fig. 1).

Basic material and results. As an experimental installations (Fig. 2) it is used a
specially equipped tray in the form of a metal barrel of height # = 900mm, @ 560mm and
thickness of 10 mm, in the lower part of which was a «double» bottom with a gap
(h =100 mm), which was filled with a rubber air «pillow».
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Figure 2 — Plan of installation during the experiment to determine
the loading forces of soil friction P, on the lateral surface
of the model pile at different height of filling A:
1 — model fluoroplastic pile J46 mm; 2 — tray; 3 — partition wall (flake board);
4 — sand (fine, dry, homogeneous sand: ¥~ 15 kN/m’, ¢~ 30°); 5 — rubber air «pillow»;
6 — measuring instrument (electronic scales, model: AXIS A20); 7 — hole for hose used for
inflating-blowing out «pillow»; 8 — throughput system (rubber pressure seal)

A model of fluoroplastic pile with similar parameters of the previously investigated
system was used to determinate 7 by means of the torque load M [9]: @ 46 mm and a height
of 1000 mm, which has been made basing on the theory of similarity [10] on a scale of
M = 1:10, that is the relator of two numerical values of the model pile, such as the length of
the pile L and its diameter D, was similar to the ralator of the same numerical values for a real
pile (Fig. 3, a). Fine, dry, homogeneous sand was used as filling (y = 15 kN/m’, ¢ = 30°).
The average grain of sand size is from 0,20 to 0,25 mm. The tray has been filled with the
sand evenly, not in large portions, like rain to the required filling height 4y, = 0,2; 0,4; 0,6
and 0,8 m. After complete filling before the beginning of the first series of experiments,
the installation was kept in the design position for a minimum of 30 minutes.
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The distance between the pile and the walls of the tray is approximately 257 mm.

Preparation for the experiment and its implementation included several stages (Fig. 3):

— the modeling pile was installed in the design vertical position by means of free
hanging, where the lower end of the pile was passed through the entire buffer on the weights
(Fig. 3, b) through the special hole in the bottoms where the pile leans on the scales surface
(Fig. 3, ¢);

— the sandy ground was filled to the height of A;

— simulation of the touching down process of the entire thickness 4y by a value s, =
100 mm was blowing out air from the «pillow». The beginning of the soil mass movement at
each loading stage was fixed visually;

— additional weight of the P, pile was recorded due to loading forces of the soil 7, on
the lateral surface of the pile. Electronic transmission scales (4XIS A20 model) were used to
transfer the force (Fig. 3, ¢).

Thus, a series of experiments were made to determine the loading forces of
the soil friction on the lateral surface of the model pile at the height of the fillings:
hg = 08m (he/D =17,39); hy = 0,6 m (hye/D =13,04); hy = 0,4m (he/D = 8,70);
hg = 0,2 m (hy/D = 4,35). For each height of the filling 4y, seven experiments were made,
they allowed to do qualitatively statistical processing of the private values of the experimental
data according to [11]. The results of the experiments are summarized in Table 1, which also
gives comparison of the results of determining the resistance forces at the pile side surface at
the rest 7)) obtained earlier by PhD Tabachnikov S.V. [9].

a)

d)

Figure 3 — Photo during the experiment:
a — model pile; b — a through hole at the bottom of the installation with a rubber gland seal;
¢ — electronic scales (model AXIS A20); d — general view of installation:
1 — tray; 2 — model pile; 3 — sand;
4 — hose, used for in flatting-blowing out «pillow»; 5 — electronic scales
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Table 1 — Comparison of the friction P, loading forces values

and the resistance forces at the side surface at the rest 7}

Height of filling Correlation P, T, Discrepancy,
haG)(m) | ha/D D) (ke (kg 7

0,2 4,35 0,648 0,466 28

0,4 8,70 1,828 1,819 0,49

0,6 13,04 4,229 4,100 3.1

0,8 17,39 7,501 7,085 5,55

For this experiment, the friction P, loading force dependence of loose ground (sand) on
the relative value of 4,/D is given in the form

P, = 0,0245-(z/D)* + 0,002:(z/D) + 0,0486

(1

and is shown graphically in Figure 4, where the plot of the dependence on the ground
resistance force at rest 7} is also shown [9].
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Figure 4 — Graphs of dependencies of loading forces of friction P,

and ground resistance forces at rest 7y from hy/D (z/D)

The results of the experiment confirm the theoretical statement about the equality of
forces: P, = Ty (Fig. 1), that is the loading forces of friction P, must be determined with the
torque load M but not the pulling load Fj, as has been proposed in modern standards [3].
During the additional real experiments it allows to reduce the effect of the potential loading
forces of friction P, on the lateral surface of the piles in structurally unstable soils, and, as a
consequence, to increase the bearing capacity of the piles F; under difficult conditions.
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At Figure 5 the results of calculation are evidently presented: the forces of negative
friction P, [12] using different to methodologies [3 — 5], other things being equal, where
higher adopted — «methodology KNUCEA» approach is offered .

According fig. 5 application of different methodologies gives considerable distinction in
the values of the loading (negative) forces: the value of P, obtained by the proposed methods
of «KNUCEA» 1is in 2 times less than in the methods of the «Guide to the Design of Pile
Foundations» [5] and «Ukrainian SBN» [3] and in 1,5 times less than the «Russian methods
of SP» [4].

2000

Pa, kN III

Methods

Figure 5 — The values of loading forces of friction P,

Conclusion. On the basis of experiments and the obtained results the following
conclusion can be done:

1. The conducted laboratory investigations confirmed the theoretical statement about the
equality of the loading forces of friction on the lateral surface of the piles P, and the
resistance of the soil 7 under the torque load: P,~= T), that is the loading forces of friction P,
must be determined by the torque load M but not the pulling load F, as it is proposed in the
modern standards [3].

2. The developed methodology (method «KNUCEA») for determinations of resistance
forces on the lateral surface of the piles in a state of rest 7, [8] allows to adapt it for
determination P,, as concrete example [5] shows considerable distinction in the values of
loading forces of friction P, at application of different methodologies: the value of P,, obtained
by the method of «KNUCEAW, is in 2 times less than in accordance with the methodology of
the «Guidancesy [5] and in 1,5 times less than the «Russian methods of SP» [4].

3. Preliminary results of the research indicate the possibility of influence reasonable
reduction of the potential loading forces of friction P, on the lateral surface of the piles in
structurally unstable soils which during the additional real experimental substantiation will
allow to increase the bearing capacity of the piles F; on the compressive loads and as a
consequence provide certain economic effect.
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FEATURES OF STREET-ROAD NETWORK MODERN
DESIGNING AND RECONSTRUCTION IN CITIES

The main problems associated with the organization of traffic and pedestrians
movement in modern cities are determined. The world experience in designing and
reconstruction the street-road network of cities is considered. The factors determining
current trends and features of designing and reconstruction of street-road network in
Ukraine cities are identified. The priorities of street-road traffic affecing its formation and
development are considered. The main goals to adap urban construction and reconstruction
projects to the change of priorities, which took place in the theory of transport planning,
are formulated.

Keywords: street-road network, transport planning, priorities of traffic, optimization
of city planning structure.

Jumeunenxo T.II., x.m.n., ooyenum

TI'acenko JL.B., x.m.1., cmapwuii uxnaday

Hlapun I'.l, 0.e.1., ooyenm

Ilonmascvkuil HayioHanbHuti mexHiyHuil yHieepcumem imeni FOpis Konopamioxa

OCOBJUBOCTI CYHACHOI'O HPOEKTYBAHHSI
I PEKOHCTPYKUII BYJIMYHO-TOPOXHbOI MEPEXKI MICT

Busnaueno ocnoeni npobnemu, nos’szami 3 opeanizayiclo pyxy mpaHcnopmy i
niwoxodie y cyuacHux micmax. Poszensanymo ceimosuil  00c8i0 nNpoexmyeanHs U
PEKOHCMPYKYIT 8YIUUHO-00POHCHBOI Mepexci micm. Buseneni ¢pakmopu, ski eusnavaromo
CYHUacHi merHOeHyii ma ocooausocmi NpoOeKmy8aHHs i peKOHCMPYKYIi 8YIUUHO-00POAHCHbOL
Mepedici Hacenenux nyHkmie Ykpainu. Pozenanymo i o6rpynmoeano npiopumemu 8YauUyHo-
00POIACHLO2O PYXY, WO 8NAUBAIOMb HA ii hopmyeanusa i pozeumox. Chopmynbo8ano 0CHOBHI
yini, AKi maioms Oymu 00CASHYMI Npu HPUCMOCY8AHHI NpoeKkmie 0yOieHuymea ma
PEKOHCMPYKYII MICbKUX 8YIUYyb 00 3MiHU npiopumemis, Kompa 6i0dynace y meopii
MPAHCNOPMHO20 NIAHYEAHHA.

Knwuoei cnosa: synuuno-oopooicHa  mepedica, MpaAHCHOpmMHe  NAAHYBAHHA,
npiopumemnicmos pyxy, ONMuMi3ayia niaany8aibHoi CMPYyKmypu micma.
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Introduction. The street-road network of the settlement (SRN) is one of the most stable
and important city-building elements, so it must be calculated for a long period of using
without expensive major rebuildings and reconstructions.

The current state of urban traffic sets the task to architects, roads designers and workers
of transportation sector, which solution depends not only on characteristics of public
transport, but also on city development.

Analysis of recent sources of research and publications. Nowadays, more and more
researchers of transport planning use the term «Automobile Dependency» [1, 2]. During the
last decades the international coordination is carried out in the field of transport, roads and
urban development. The largest international organization that conducts such coordination is
Permanent International Association of Road Congresses (PIARC).

Issues of road infrastructure, urban transport systems development are systematically
considered in documents of profile committees PIARC [3, 4]. In 1995 PIARC conducted the
specialized XX World Road Congress, devoted exclusively to problems of urban transport
planning. In the United States, at the state level, acts were adopted, where special attention
was paid to the organization and safety of pedestrian movement: Intermodal Surface
Transportation Act of 1991 (ISTEA), Transportation Equality Act of 21th Century.

In the works [5 — 7] the classification of the main geometric structures of the street-road
network is given, their influence on the parameters of transport systems functioning of is
evaluated and recommendations on the use of the city territory for different planning schemes
are given. But such classification based on width and operational qualities cannot fully reflect
all the processes taking place on the streets. The street should be not only a city transport
artery, but also the place of human interaction. During the organization of street space should
be guided by a number of requirements related to activation of social and economic functions:
improving the quality of life, mobility and activity of the inhabitants.

Identification of general problem parts unsolved before. The rapid rate of
motorization in Ukraine creates a new situation in urban designing. A few years ago, the focus
was on improving traffic conditions for road transport (increasing the capacity of SRN and the
speed of the connection) and purely technical aspects of resolving this issue.
Now problems of providing conditions for pedestrian traffic and especially for the low-
mobility groups of the population are getting worse.

Problem formulation. The purpose of this study is to summarize the world experience
of designing and reconstruction of urban street-road network and to develop proposals for its
improvement in accordance with the change of priorities occurred in the theory of transport
planning.

Basic material and results. The problems of reconstruction of the transport system
and the street-road network are very significant. Transportation directly affects labor and
cultural-domestic activity of the population, causing technical and social progress of society.
Highways and street-road network make up the city framework, forming its planning
structure. Moreover, transport communications is the most stable element of this structure,
which maintains its functional significance, even with global changes in the organization of
urban transport and life of the population. In recent decades the problems of transport in large
cities have become much more complicated because of the increasing number of cars and their
active using for labor, cultural, domestic and recreational travels.

In Ukraine, for example, the total number of passenger cars approached 2.5 million against
0,55 million in 1991 [8]. The level of car ownership in big and largest cities of Ukraine
1s 85 — 275 cars per 1,000 inhabitants. The similar rate in urban areas of developed foreign
countries is 450 — 700 cars per 1,000 inhabitants. Even with the fact that the level of motorization
in Ukrainian cities is low compared with the motorization level of developed Western countries,
transport problems in Ukrainian cities are acute and require urgent solution [9].
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In the city centers at rush hour the speed of road transport is reduced to 10 — 15 km/h.
Time expenditures for travel are increasing, the average time for travel from place of residence
to work exceeds 60 minutes at normal rates for 90% of passengers no more than 40 minutes.
The study revealed a number of modern cities street-road network problems, the main ones are
following (see Fig. 1).
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Figure 1 — The main problems of street-road space

Incorrect prioritization of street space security. Space security depends on many
factors: clear and intuitively understandable boundaries of spaces for different activities
(walking, moving by bicycle or car, rest in cafes or places for recreation etc.);
high concentration of residents on streets, which gives a sense of unity with the city
community; good lighting in the dark and so on. Still street lighting is calculated considering
the value of traffic. Instead, sidewalk lighting is often relegated to the background, while
lighting quality is one of the street safety keys.

No clear zoning of street space. The boundaries of private and common spaces in
Ukrainian cities are still not clearly defined and there is not any graduation. The boundaries
can be both physical (building front, fence, green plantations, etc.), and «mental»
(paving, lighting, etc). Because of the lack of clear zoning, pedestrians cannot feel safe even
on the sidewalks, car drivers can sometimes both park and ride in pedestrian areas.

Non-use of the principles of universal design. The universal design is the design of
objects, environment, programs and services appointed to make them as fit for the use of all
people without the need for adaptation. Universal design does not exclude auxiliary devices
for specific groups with disabilities where they are necessary. Its main principles are equality
and accessibility, flexibility for simple and intuitive use, affordable presented information, the
right to make mistakes, the need for low physical effort, the presence of the desired size,
place, space.

Chaotic commercialization of street space. City streets are filled with institutions for
business, seasonal and non-sanctioned trade, promotional materials, etc. Thus, the quality of
urban space and its visual perception sharply falls. At the same time, it contributes to the
reduction of the efficiency of promoting goods and services, the development of the shadow
economy, the establishment of «society of consumption» principles and the reduction of
mental health of people (irritation due to impossibility of free passage, feeling of
imperfection, etc.).

Limiting the availability of street space. In the streets of most cities there are no special
facilities for people with limited mobility, the design of improvement elements often is not
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ergonomic, the crossing of the road often need to use an underground passage, inconvenient
for the elderly and low-mobility groups of the population.

Lack of integrated approach in designing and creating of street space. A large number
of stakeholders in the using of space, variety of landowners create chaotic placement of
improvements and other elements of street space. Often there is no street navigation, no
signing.

Economic levers in the creation and maintenance of street space. In market conditions,
the city is not able to maintain a high quality of free space, based in Soviet times.
It is necessary to introduce new scenarios for the development of such places using
investments from different business structures.

Problems of street space exploitation. When operating the streets, normative acts
regulating the maintenance of street space are often violated. Garbage disposal system is
ineffective, poorly performed work on the current paving repair, etc.

On the second step there is cycling transport, which has the same advantages and
problems as the pedestrian, but occupies a separate place in the pyramid because it allows to
overcome much larger distances (effective radius of bicycle use is 5 — 7 km) and needs parking
spaces and, on separate streets, a separate infrastructure.

Also, with the development of urban traffic, the task of environmental protection revolts
especially sharply. Protection from noise, vibration, air pollution of the city by harmful impurities,
contained in the exhaust gases of the car are the most acute problems of modern cities.

High growth of city motorization, increasing traffic volumes on the streets, creating a
network of high-speed roads and highways of continuous motion, rational organization and traftic
management with the creation of the best conditions for its safety are the problems of transport in
a modern city, without them the normal functioning of the city life is impossible [10, 11].

In recent years, the views on designing and reconstruction of the street- road network
have undergone revolutionary are changed. The term «Automobile Dependency» got
the following definition: automobile dependency is the total effect of a number of factors,
which leads to a high level of car using and limits the possibility of using transport alternative
modes. Another definition is automobile oriented transportation and land use patterns.

World experience shows that even investing heavily in the development of the road
network, the solution of road transport services problems is complex; it is impossible to solve
the problem of transportation in large cities by providing comfortable movement of cars.
The best in terms of transport cities in the world (Copenhagen, Berlin and others) use the so-
called pyramid of priority (see Fig. 2), which is advised to apply when making decisions in
streets designing and reconstruction [12].

N PEDESTRIANS
CYCLISTS
PUBLIC TRANSPORT
COMMERCIAL TRANSPORT

PRIVATE MOTOR VEHICLES

Figure 2 — The transport pyramid of the city
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Considering the mass of the pedestrian movement and its safety for the environment, on
the highest step of this pyramid pedestrian should be set. The long-term global experience
proves that the city cannot be comfortable and attractive if it is not convenient for pedestrian
traffic ( the most vulnerable are low-mobility groups of population).

The third step of transport pyramid is public transportation, which carries far more
people than private cars, produces considerably fewer emissions (especially trolleybuses),
takes much less space on the road and is not parked for a long time in the central part of the
city. The social role of public transport, which is much more affordable for private cars, is
also great.

To commercial vehicles, delivering consumer goods, in cities with an efficient transport
system have priority above private transport, since convenient conditions for this kind of
transport stimulate business development and prevent the shortage of goods. Standard is the
permission of commercial vehicles in certain hours, usually in the morning.

The last step in the pyramid of priorities are private vehicles, which, although provide
high mobility, comfort and unlimited travel range, have low efficiency (large expenditure of
energy efficiency relative to the weight they carry), causing noise and chemical pollution and
occupies large areas.

The PIARC methodical documents of recent years and the works of 20th Congress
highlight the following important directions of the development of road traffic organization:
decreasing the intensity of traffic in city centers; searching for alternative, environmentally
friendly modes of transport; the priority of public passenger transport and cars used by several
passengers (HOV — high occupancy vehicles); parking regulation; the interaction between the
street-road network and the urban environment.

The most radical means of reducing the intensity of traffic in urban centers are car-free
zones. They are characterized by a total ban on traffic, with the exception of special types
(ambulance, police, fire and communal services, shop maintenance). Such zones are arranged
on small, usually guarded territories. As an example, the historical center of Tallinn
(Old Town) and the ancient quarters of Little France (Strasbourg).

Currently, a common measure of traffic management is «traffic calming», which
combines technical and architectural-planning solutions. According to the definition of the
Institute of Transport Engineers (ITE) traffic calming is «a combination of physical measures
that reduce the negative effect of cars using and improve the conditions for other street users»
[13]. The main objectives of these measures are: improving living conditions; considering
priority of the requirements that are put forward by the user of the city territory (work,
recreation); creating safe and aesthetically attractive streets; reducing the negative effects of
road transport (especially noise and pollution); creating favorable conditions for pedestrians,
cyclists and people with limited mobility.

Among the main results achieved by the calm of the movement, the following items are
indicated: decreasing of vehicles speed; reducing the number and severity of accidents;
provision of conditions for various types of movement (by public transport, by bicycle, by
foot); reduction of transit traffic of motor transport.

Traffic calming is achieved by technical measures and laws. First of all, creating
calming zones they eliminate the transit movement, where within the zones through-streets
turn into dead-end, loop, ring, etc. In addition, the speed limit is introduced, which can
sharply reduce the number of conflicts between pedestrians and transport, and regulate
parking. It should be emphasized that when designing zones of calming the improvement of
the streets and the design of their space play very important role and they are considered as a
means of influencing the mode of vehicles movement.

Service of areas often relies on public transport, which is in priority. Therefore,
the combinations are possible, for example, of pedestrian traffic and tram lines
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(Strasbourg, Saint-Etienne) or pedestrian traffic and bus routes (Dijon). The organization of
street space, their landscaping and design ensure the priority of pedestrians and cyclists
movement and stimulate the reduction of vehicles speed; in particular, it is supposed the
reducing of SRN bandwidth or some its sections.

In the USA and Canada, where practice of parkway design is used, measures of calming
the movement are combined with landscape design. For example, part of sustainable
development programs in the great Vancouver area was the creation of so-called «green
streets», «green waysy». Designing of this street type involves reducing the coverage areas,
increasing the areas of landing and lawns within the streets, turning them into boulevards,
creation of separating strips with landings, application for sidewalk paving and construction
from natural materials instead of standard asphalt.

As an example, there should be considered the problems arising during the
substantiation of the SRN development in disigning the plan of Poltava.

From the beginning of the XXI century, the city officials of Poltava faced the acute
problems of organizing transport, cycling and pedestrian traffic and parking areas in the
central part of the city, caused by a number of reasons. The level of motorization in Poltava
region in 2003, 2005 — 2009 and 2011 was higher than the nationwide and in 2008 reached
the maximum number — 164 cars per 1,000 inhabitants [14]. During the last decade, the so-
called tertiary sector (trade, domestic services and various forms of commerce) has been
rapidly developed in the settlement. Thus, the «trading core» — a functionally rich territory
with an area of approximately 15 hectares, which became the focus of mass attraction of
pedestrian and transport flows, has been created. The territory of the «trading core» is
gradually expanding and is increasingly saturated with new objects. In fact, there is the
process called in foreign urban planning literature as «urban regeneration». The organization
of transport services of «trading core» requires the reconstruction of the SRN, but is in
disagreement with the requirements of Poltava cultural and historical center preservation.

The city area needs the development of cycling, as the city is compact, most of the
streets have a fairly wide passageway, sidewalks are often separated from the roadway with
greenery, there are many parks, squares in the city, which promotes the development of
recreational cycling. But the results of survey conducted in October 2014 — January 2015 by
public organizations «SITI-LAB» and «VeloPoltava» give an idea of the obstacles that
prevent Poltava residents from crossing the bike. Among the factors that influence cycling in
Poltava are: low quality of roads and sidewalks (this factor is very important for 75.3%
of the respondents, important, but not critical for 20.4% and not important for 4.3%);
disrespect from drivers/pedestrians, discrimination on the road, violation of the road rules
(48.1, 41.3 and 10.6% respectively); lack of bicycle paths (45.1, 46.8 and 8.1%), lack of
bicycle parking (44.7, 41.3 and 14.0%), lack of bike parkings at work (38.7, 29.4 and 31.9%).

Therefore, the development and improvement of master plan will have to solve new
problems, including the area of ensuring the availability of Poltava SRN to the needs of
cyclists and people with disabilities. For execution and addition the transport section of the
new master plan and, in particular, the justification of the SRN development, a number of
initial indicators should be given. Among them are the projected level of motorization,
population mobility (including owners of individual motor transport), distribution of
passenger flows between public passenger transport and individual automobile, cycling and
needs of people with disabilities.

Thus, Ukraine, like other countries of the world, has faced the problem of adapting the
projects of city streets construction and reconstruction projects to changes of priorities, which
took place in the theory of transport planning (see Fig. 3).
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Figure 3 — The change of priorities, which took place
in the theory of transport planning:
a) the priority of private car; b) the priority of pedestrian movement [15]

Conclusions. Considering the world experience in designing and reconstruction the

street-road network of cities, the main goals to achieve adapting urban construction and
reconstruction projects to the change of priorities, taking place in the theory of transport
planning can be formulated:

conducting constant researches as the basis for further design work;
differentiation of the road network by type of prevailing types of transport and organization
of movement;
minimizing the mileage of traffic when traveling between any two points in the city;
the maximum possible restriction of transit traffic within the city;
reduction of the harmful effects of traffic flows on residential quarters, recreation areas,
areas of historic buildings, which have architectural and artistic value;
preparation of settlement for the future progress in the sphere of vehicles;
creation of one-way streets and pedestrian streets;
increasing mobility of people with disabilities, construction of main bicycle paths;
clear zoning of streets, separation of pedestrians space and automobile streams,
arrangement of parking places, etc.

To achieve these goals, it is necessary to make changes in transverse profiles of city

streets (to change the distribution of width of the street, design slopes, types of coverage), to
consider the priority when designing roads interconnections, to provide measures to improve
the environmental situation in the urban environment. The competent implementation of these
actions requires clear orientation in diversity of space organization elements.

References

1. Peiiyen €. O. Opeanizayia i besnexa micokozo pyxy / €. O. Peuyen. — K. : TOB «CIK I'PVII

VKPAIHA», 2014. — 454 c.

ISBN 978-617-709-243-7.

2. Barton H. Healthy Urban Planning in practice: experience of European cities/ H. Barton,

C. Mitcham, C. Tsourou // Report of the WHO City Action Group on Healthy Urban Planning. —
Copenhagen: WHO Regional Office for Evrope, 2003. — 57 p.

3. Central Coordinating Committee for the Promotion of Accessibility for the Disabled (CCPT).

Accessibility of Buildings and the Outdoor Environment. — Delft: Doutch Standard Institute,
1988. — 67 p.

4. Dansk Ingeniwrforning (Danish Engineering Association). Planning of Open Spaces as regards

Access for Disabled People. Translated by Eva Eriksen. — Copenhagen: Forlag Normstyrelsen
Publicationer, 1984. =51 p.

30ipHuK HaykoBHX mpails. Cepis: ['any3eBe MmammaoOy1yBaHHs, OyaiBHUITBO. — 1 (50)" 2018. 187




5. Jlobanos E. M. Tpancnopmuas nranuposka 2opooos / E. M. Jlobanos. — M. : Tpaucnopm, 1990. —
240 c.

6. Moughtin C. Urban Design. Street and Square / C. Moughtin. — Architectural Press, 2003. — 320 p.

7. Marshall S. Streets and Patterns: The Structure of Urban Geometry / S. Marshall. — Spon Press,
2005. - 318 p.

8. Avinikosa I'. B. Memooonoziuni ochosu niamysants mepumopii pecionie Yxpainu: asmoped. ouc.
Ha 3000ymms HAyK. CMyneHsi Kawo. mexH. Hayk: cney. 05.23.20 «Micmobyoyeanns ma
mepumopianvre nianysanuny / Aunikosa I'anna Bimonvoiena. — K., 2015. — 23 c.

9. Bypko JI. JI. Ilopisusnvhuil ananiz piens asmomooOinizayii ¢ Ykpaini ma kpainax €spocorosy /
. JI. Bypko // Mamepiaru Misxcn. nayk.-npaxkm. xou@. «Tpancnopmui npobremu HaAuOIIbUUX
micmy. —X., 2012. — C. 60— 61.

10. Lytvynenko T. Peculiarities of infrastructure designing for the movement of individual
environmental friendly vehicles / T. Lytvynenko, L. Gasenko // Periodica Polytechnica
Transportation Engineering. — Budapest: University of Technology and Economics, 2015. —
Vol. 43. — No. 2. — P. 81 — 86.

DOI: 10.3311/PPtr.7593

11. Lytvynenko T. Principles of the road beautification elements placing / T. Lytvynenko, I. Tkachenko,
L. Gasenko // Periodica Polytechnica Transportation Engineering. — Budapest: University of
Technology and Economics, 2017. — Vol. 45. — No. 2. — P. 94— 100.

DOI: 10.3311/PPtr.8592.

12. Komgpopmue micmo. Ak cnnanysamu eenoingppacmpykmypy: 006ionux / I pomadceka opeanizayis
«Acoyiauyisn eenocunedoucmise Kuesay. — K. : ABK, 2014. — 64 c.

13. Ivasenko V. Analysis of the regulatory provisions for engineering construction and traffic
management course for projecting public transport to the needs of people with limited mobility /
V. Ivasenko // Cyuacni mexnonocii 6 mawmuno6yoysanni ma mpancnopmi. — Jhyyox: Jlyyoxuti HTY,
2016.—Ne 1 (5).—C. 17-21.

ISSN 2313-5425

14. llesuenxo 1. IO.  Pecionanvna Ougpepenyiayis — asmomobinizayii  Hacenenns  Yrpainu /
L IO. lllesuenxo // Exonomika: peanii uacy. —2015. —Ne 3. — C. 41 — 46.

15. I'epwuman A. Kax sepnymo 2opod moosm? [Onexmponnwviii pecype] / A. lepwman. — Peosicum
docmyna. http://gredark.livejournal.com/127476.html.

© Lytvynenko T.P., Gasenko L.V., Sharyi G.I.

188 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (50)" 2018.




https://doi.org/10.26906/znp.2018.50.1075
UDC 620.91:711.4

Filonenko O.1., PhD, Associate Professor

ORCID 0000-0001-8571-9089  olena.filonenko.pfl@gmail.com
Yurin O.1., PhD, Associate Professor

ORCID 0000-0002-9290-9048  yurinoleg54@gmail.com
Kodak O.A., PhD, Associate Professor

ORCID 0000-0001-6138-6101  kodak.olga@gmail.com
Poltava National Technical Yuri Kondratyuk University

ENERGY PERFORMANCE
OF RESIDENTIAL BUILDINGS

The problem of the Ukrainian housing stock energy performance is under consideration.
Analysis of the outer walling thermal protection condition has been performed for the basic
building construction solutions through the example of Poltava. The housing stock is
represented by brick, large-block and panel system buildings, erected in the 50-80-th of the
last century. The actual values of heat transfer resistance of the outer walls, windows, covers
and other building enclosure are 3—5-fold less than the permissible minimum dimension
according to the present-day requirements. The article presents recommendations for thermal
modernization of the outer walls in accordance with their construction design, attic and
basement floors (over the unheated basement), as well as transparent outer structures
according to the present-day standard requirements.

Keywords: thermal modernization, supplementary heat insulation, residential houses
walls.

Dinonenxo 0.1, k.m.u., doyenm

HOpin O.1., x.m.H., ooyenm

Kooak O.A., k.m.u., ooyenm

Ionmascvkuii HayionanbHuti mexuiynuii yHigepcumem imeni FOpis Konopamioxa

EHEPITOE®EKTUBHICTD ’KUTJIOBUX BYIWUHKIB

Pozensnymo  npobnemy  emepeoepexmusnocmi - ocumiogoco  Goundy  Ykpainu.
IIposedeno ananiz cmamny menno3axucmy 308HiUHbOI 0O0NOHKU OCHOBHUX KOHCMPYKMUBHUX
piwens Oyodigenv Ha npuxnadi m. Ilonmasa. I[Ipedcmasneno sxcumiaosuii oo ye2iaHumu,
BENUKOONOYHUMU MA NAHENIbHUMU OYOUHKamu, ki 30yooeami 6 50-80 pp. munynozco
cmonimms. Po3paxoeano OilicHi 3HaueHHsi onopy menionepeoadi 308HIWHIX CMIH, BIKOH,
NOKPUMM Ma THWUX 020POOACYBANbHUX KOHCMPYKYIU, AKI Y 3—5 pa3ie menwii 3a MIHIMAlIbHO
donycmumi 3a cyvyacHumu eumocamu. Hadano pexomenoayii wooo mepmomooepHizayii
308HIWHIX CMIH 32I0HO 3 IX KOHCMPYKMUSHUM DIUEHHAM, 20PUWHO20 NEePeKpumms ma
nepekpumms HAa0 HeOnauo8aHUMy Ni08ANAMU, a MAKONC CEIMIONPO30PUX 308HIUUHIX
KOHCMPYKYIU 34 CYYACHUMU HOPMAMUBHUMU BUMOLAMU.

Knrouosi cnosa: mepmomooepHizayis, 000amrose YmenieHts, CMiHa Hcumio8o2o 0yOuHKy.
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Introduction. Solution of the energy saving problem significantly determines the terms
of Ukraine’s surmounting the long-lasting economic crisis. Maximum energy saving is
reducing dependence on the countries supplying fuel and energy resources, it is minimizing
energy-output ratio of national products.

The existing housing stock of the national houses was mainly formed in the postwar
Soviet period, when at designing and constructing houses the primary expenditures were to be
saved, and the energy exploitation costs were considered as the secondary indications in the
ultimate building efficiency calculations. Change of the house-heating technological
conditions, caused by the need of maximum energy saving, has lead to the mass-scale
discomfort in the exploitation conditions of the residential buildings: low indoors air
temperature, high humidity, carcinogenic fungi on the internal structures surface and in the
premises air. These issues are requiring the immediate solution due to their great social
importance, thus, at analyzing the exploitation properties of buildings, it is necessary to
provide not their energy saving, but energy performance.

Entering the European environment expected by Ukraine stipulates enacting of common
European regulations and their implementation ways. The major field of development is
harmonizing the national standards base [1, 2] with the European Union’s requirements in
terms of the buildings’ energy performance [11] and implementing «Energy strategy of
Ukraine up to 2030» in the building construction industry.

Raising the energy consumption efficiency is impossible without taking specific
measures in the sphere of building construction.

Due to the necessity of detailing the state forecasts on energy saving in the national
economy, data have been updated concerning the energy saving development of the country
in accordance with the Energy strategy of Ukraine up to 2030.

According to the above Strategy, in 2030, compared to 2005, the total fuel resources
saving due to the engineering factor is estimated to make 128.42 mlint.r.f. (ton of reference
fuel); electric energy saving will make 108.72 bln kW/year; heat energy saving will make
231.87 mInGceal which totally makes 198.06 mint.r.f.

The basic energy saving reserve is reducing energy resources consumption by the
residential and public objects which share in the total energy consumption of the civil-
engineering industry makes over 80%.

Latest sources of studies and publications review. Many authors devoted their studies
to the issues of raising the heat shielding properties of the residential and public buildings’
walls to comply the standard regulations requirements. For instance, they were considered in
the works [3-5, 9, 10]. Study [6] is devoted to the analysis of the heat-retainer (insulant)
type’s influence on the humidity status of the walling, the insulant being located on the
indoors side of the walling. Study [7] is considering the issues of the basement outer walling
heat insulation. Studies [8] are devoted to the issues of the outer walling insulation in the
areas of heat-conductive materials inclusions.

Setting parts of the total problem not-solved before. Publications devoted to thermal
modernization of the residential houses’ outer walling structures do not consider the influence
of the panel walls joints on the additional heat insulation layer width. The joint’s area
occupies a significant part of the panel wall’s area, therefore, its structure not taken into
account, is leading to errors in determining the additional heat insulation layer width. Besides
panel walls, the study considers other most common outer walling types used in residential
houses of Poltava.

Setting the problem. The present study was aimed at developing recommendations on
the outer walls thermal modernization in the existing residential houses of Poltava. While
determining the width of the additional insulant in the panel walls, the influence of the panel
walls joint’s structure on the value of the heat transfer resistance was taken into account.
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Basic material and the results. The housing stock of Poltava is represented
by the brick, large-block and panel system buildings, erected in the 50-80-th of the last
century (Fig. 1).

Figure 1 — Residential buildings of Poltava

The present state of residential houses walling thermal protection in Poltava does not
comply with the present-day requirements [1]. The actual values of heat transfer resistance of
the outer walls, windows, covers and other walling structure are 3—5-fold less than those
registered in [1, 2], as the permissible minimum values.

In the Soviet period, the attic floor heat insulation was performed by means of floor
filling with keramzit (expanded clay aggregate). The heat transfer resistance of the said
structure makes 1.5-2 m*-K/W. To obtain the standardized heat transfer resistance value
(4.95 m*K/W) the floor should be insulated with the efficient slab insulant of 200 mm width
which is determined by the thermotechnical calculation according to the diagram in
Figure 2,a. The unheated basement floor covering structure should have heat transfer
resistance not less than 3.75 m*-K/W and it should be performed according the diagram in
Figure 2, b.
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1. Floor slab 1. Floor slab

2. Vapour barrier insulation 2. IZOVAT 160 heat insulant
3. IZOVAT 40 heat insulant 3. Waterproofing
4. Sand-cements creed 4. Reinforced screed

5. Floor covering
6. Skirtboard
7. Wall
Figure 2 — Recommendations for heat insulation
a — of the attic floor; b— the unheated basement floor

The present-day heat-engineering requirements to the windows stipulate installation of
double-glazed insulation windows with the low emissivity glass or the glass chambers filled
with argon or krypton. For the city of Poltava, the minimal permissible value of the heat
transfer resistance makes 0.75 m®-K/W, therefore the following glazing variants are
recommended: variant 4i-10-4M1-10-41 (double-glazed insulation window with two layers of
the low emissivity glass and soft coating and one standard glassplate, the glass chambers
filled with air) or variant 4M;-10-4M,-10-4K (double-glazed insulation window with one
layer of the low emissivity glass and hard coating and two standard glass plates, the glass
chambers filled with krypton).

Most walling structures in residential buildings are made of panels, large-blocks and
brick. Panels manufactured at Poltava Integrated House-Building Factory (HBF) are
illustrated in Figure 3.
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Figure 3 — Wall panels structure
a— 300 mm wide without the thermofiller; b — 350 mm wide with thermofiller
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Wall panel is manufactured without the thermofiller (Fig.3, a). Having taken into
account the suggestions made by PoltIBI, Poltava Integrated House-Building Factory started
producing wall panels of 350 mm width and performing their joints using thermofiller
containing polystyrene foam with the density py = 50 kg/m’ and width of 40 mm (Fig. 3, b).

At determining panel walls’ thermal protection it is necessary to take into account the
panels joints which occupy a significant part of the total panel area. Therefore, the heat
transfer resistance calculation should be performed based on the structure’s temperature field.
The temperature field calculation is performed by means of Elcut program.

Temperature fields of the unheated panel wall are displayed in Figure 4.

Results of determining the panel wall’s matched heat transfer resistance are presented
in Table 1.

Table 1 — Results of determining the panel wall’s matched heat transfer resistance

Panel wall’s Matched heat Minimal- Meantemperature | Minimalpermissi
width, mm transfer temperature on on the internal | blevalueofthewall
resistance of the the internal surface, °C ingstructure’sheat
walling, m?-K/W surface, °C transferresistance
value, m* K/ W
300 0.595 12 12.2 33
350 0.721 12.9 133 '
a)
—

b)

Figure 4 — Temperature field of the unheated panel wall:
a — 300 mm wide without the thermofiller; b — 350 mm wide with the thermofiller

Additional outer heat insulation can be made of the double-density rock wool
FASROCKMAX (the outer layer having the density ofpy = 155 kg/m’, the internal layer’s
density is po = 87 kg/m®) or of polystyrene foam PCB-C-35 with the density of py = 35 kg/m".
Advantages of the first variantare high exploitation properties, the second variant’s merit is its
low cost. Results of determining the additional insulation width are presented in Table 2.

Large blocks which were used for building construction in Poltava were made of
keramzit with the density of p = 1600 kg/m’. Most of the outer walling structures made of
brick have the width of 0.38 m, 0.51 m and 0.64 m. Brickwork of conventional clay brick
with sand-cement mortar having the density of po = 1800 kg/m’ was used.

Results of determining the matched heat transfer resistance for large-block and brick
walls are presented in Table 3.
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Table 2 — Results of determining the additional insulation width

Additional insulation type Additional Walling heat Minimal
insulation width, transfer temperature of the
mm resistance, internal surface,
m*-K/W °C
Rock wool FASROCKMAX 110 3.433 18.6
Polystyrene foam PCB-C-35 110 3.507 18.6

Table 3 — Results of determining the matched heat transfer resistance
for large-block and brick walls

Wall Wall Walling matched Minimal Mean Minimal
made |width, mm| heat transfer | temperature of |temperature of| permissible value
of: resistance, the internal the internal of the walling

m?-K/W surface, °C surface, °C structure heat
transfer resistance,
m* K/W
blocks 400 0.714 13.2 13.2
0.38 0.649 12.6 12.6 13
brick 0.51 0.81 14 14 '
0.64 0.97 15 15

The order of layers location at thermal modernization of the outer walling structures for
large-block and brick buildings is illustrated in Figure 5.

Figure S — Facade of the thin-layer plaster system:
1 — heat insulant; 2 — steel grid; 3 — base coating layer; 4 — dubbing layer;
5 — decorative plaster; 6 — masonry paint; 7 — steel anchoring; 8 — wall

Width of the additional heat insulation for the outer walls made of blocks and brick is
presented in Table 4.
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Table 4 — Results of determining the additional heat insulation width

Additional heat Wall Wall Additional Walling Minimal
insulation material | width, m |heat insulation| heat transfer |temperature of

type width, mm resistance, the internal

m? K/W surface, °C
Blocks 0.4 0.11 3.522 18.6
Rock wool 0.38 0.11 3.47 18.6
FASROCKMAX | Brick 0.51 0.1 3.373 18.7
0.64 0.1 3.534 18.6
Blocks 0.4 0.1 3.346 18.6
Polystyrene foam 0.38 0.11 3.544 18.6
PCB-C-35 Brick 0.51 0.1 3.441 18.6
0.64 0.09 3.338 18.6

Conclusions:

1. Recommendations on thermal modernization of the existing residential buildings’
outer walls in Poltava, to be used in practical activity, have first been developed.

2. To determine the additional heat insulant’s width in panel walls the influence of the
panel walls joint structure on the matched heat transfer resistance.

3. Over 90% of the existing residential houses in Poltava require thermal modernization.

4. The outer walling heat transfer resistance in most of residential houses is less than the
standardized value. In panel buildings it is by 78%—82%, in block ones — by 78% and in brick
houses — by 71%—80 % less.

5. The slabs’ heat transfer resistance is by 60%—-85% and that of the windows is by 70%
less than the standardized value.

6. Compliance with the standard regulations of heat transfer needs applying the
additional insulant layer 100—-110 mm wide, using additional insulation of FASROCKMAX
rock wool, and the layer 90-110 mm wide, using PCB-C-35 polystyrene foam. The panel
walls joints’ influence on the heat transfer resistance should be taken into account while
performing thermal modernization of panel walls.

7. Further research should be devoted to studying the influence of all panel walls joints
variants on the walling matched heat transfer resistance values.
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STATIC MIXERS IN FLUSHING FLUID
CIRCULATION SYSTEMS OF DRILLING RIGS

The work of three static mixer designs in flushing fluid circulation systems of drilling
rigs was studied taking into account the basic parameters of drilling mud. Modelling was
carried out, and parametric slurry fields were obtained in the pipe work area, that is in a
static mixer installation site and in the area of pipeline behind it. The following models were
obtained: velocity fields, vorticity fields, turbulence intensity fields, scale turbulence fields
along the travel path. Graphs of the parameters changes regarding the tube axis were plotted.
The comparative analysis of patterns and curves was carried out. The rational design of static
mixer for obtaining of optimum mud mixing technology features is grounded.

Keywords: static mixer, mud, modelling, vorticity field, turbulence intensity, turbulence
scale.
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CTATUYHI 3SMIIIIYBAYI B HUPKYJISIMHUX CUCTEMAX
ITPOMUBAJIBHOI PIIMHU BYPOBUX YCTAHOBOK

Hocniodxceno pobomy mpvbox KOHCMPYKYIU CMAMUYHO20 3MIWY8ada 6 YUupKyIAYIuHil
cucmemi  NPOMUBANLHOI piOUHU OYPOBUX YCMAHOBOK, YPAXO0BYIOUU OCHOBHI napamempu
0yp06020 pozuuny. Bukonano mooenosanns ma ompumano napamempudni noas 2iopocymiudi
y pobouiti 30Hi mpybu, a came 6 Micyi YCMAHOBKU CMAMUYHO20 3MiuLysaua i 6 30HI
mpyoonpoeody 3a Hum. Ompumano mooeni: nojs weuoKocmet, Noas 3d8UXPEHOCHI, NOJis
iHmencusHocmi mypoyienmHocmi, noisa macumaody mypoyieHmHocmerl no O08XHCUHI ULIAX)
nepemiuiyéanus. Ilobyoosano epagiku 3minu 00CHIOHCYBAHUX NAPAMEmMPI8 BIOHOCHO OCI
mpyou. Buxonano nopieuanbHull awaniz mooenet ma xpusux. OOIPYHMOBAHO PAYIOHATLHY
KOHCMPYKYII0 CMAmMu4Ho20 3Miuyeaua Oas OMPUMAHHA ONMUMALbHUX MEXHON0IUHUX
Xapaxkmepucmuk nepemiuty8anus 0ypo8o2o po3uuHy.

Knrwouosi cnosa: cmamuynuii 3miwyeay, OYpoSuli pO34UH, MOOEN08AHHs, NOe
3A6UXPEHOCMI, IHMEHCUBHICMb MYPOYIEHMHOCMI, MACUmMad mypoyieHmHOCi.
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Introduction. In recent times static mixers are widely used in a number of industries,
due to their advantages, including a large number of possible options for design solutions, the
lack of moving parts, drive units, power consumption, possibility of hydro and pneumatic-
transport networks combination, as well as a variety of technological features, which they are
able to perform: gaseous, liquid and loose solidphase components mixing, dispersing of
solidphase components in poor and immiscible liquids, solidphase flocculation in fluid flows,
intensification of the reagents dissolving in liquids, etc. [1].

In the flushing fluid circulation systems we use different designs of mechanical
agitators, such as blade, rotary, ball ones and others. Static mixers are seen to be promising
[2]. However, their design should meet the requirements of effective drilling mud mixing
with reagents, to integrate into existing hydrotransport communications of the drilling
rig circulation system of the surface complex. To attain this purpose it is important to
perform the study of the static mixer effect on slurry parametric fields, including speed
and vortacity.

Analysis of recent research and publications of sources. Development of technical
solutions and active static mixers research starts in 1980 — 90 [1, 3, 4]. In [1] it is emphasized
that the construction of static mixers of the first generation was based mainly on intuition with
the following empirical approbation of options. The best of them was chosen on the basis of
comparative analysis. Instead, modern technology widely uses slurry flow modelling.
In [5], numerous tools for analyzing complex mixing devices were developed, 3D.
Calculations are based on the finite elements method. In [6], the author using methods of
computational dynamics of fluid for modelling showed that the static mixer forms a complex
vorticity system which includes a stationary longitudinal vortex flow and transient
(secondary) flows (vortexes) that, according to V. G. Levich [7], can be considered as a
developed turbulence.

In [8], the dependence of pressure drops in turbulent flow (Re = 1000 — 5000) created in
a static mixer, away from the number Re, was studied. In [9], the Kenics static mixer in a
wide range of turbulent flow (Re = 1 —25000) was examined. The picture of the velocity field
and pressure difference for three modifications of the Kenics-mixer and flow of liquid
and air was obtained by a picture of the velocity field and pressure difference for three
modifications Kenics-mixer and flow of liquid and air was obtained by numerical modelling.
In [10], the authors use «mixing efficiency» as the description of the static mixer and show its
dependence on power spent on mixing, and the difference in pressure in the mixer.
Using the method of mirror images the calculations of parametric mixer fields were
carried out. On the base of their comparative analysis is was shown that different designs of
static mixer determine different models of mixing, which are called «global» and «local».
Optimization of the mixer geometry to provide the necessary process parameters was
carried out.

Accentuation of unsolved before aspects of the problem. However, in domestic and
foreign practice studies of static mixer in flushing fluid circulation systems of drilling rigs are
unknown.

Setting objectives. The aim of this research is to study the design of three non-
newtonian fluid static mixers with the following parameters of mud: density — 1250 kg/m’,
dynamic viscosity — 0.02 cPs with the use of the Flow Simulation module of Solid Works
software environment.

Basic material and results. The study is provided for the design of three static mixers
belonging to different classes of devices (Table 1).
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Table 1 — Investigated objects «pipeline — static mixer»

Number
of the Design description 3D-model mixer
experiment
1 Pipe B#114x9 mm Without mixer
2 Pipe B3114x9 mm, with an additional
set of static mixer Ne 1
3 Pipe @114x9 mm, with an additional
set of static mixer Ne 2
4 Pipe 3114x9 mm, with an additional
set of static mixer Ne 3

To obtain models of the above-mentioned parametric fields we use the Flow Simulation
module of the SolidWorks software environment [12, 13]. The results of the research are
presented in Table 2. The graphs of the mud velocity changes along the length of the pipeline
(curves v(L) are given in Fig. 1. The graphs of the vorticity changes / (%5) regarding the pipe
axis L (m), (curves n(L)) are shown in Fig. 2. The graphs of turbulence intensity changes /,,
(m) regarding the pipe axis L (m) (curves I (L)) in Fig. 3. Schedules zoom /, turbulence (m)
tube axis L (m) (curves /,, (L) are shown in Fig. 4.

We calculate the following parametric fields of the slurry in the pipe work area, which
covers the mixer itself and a section of pipe behind it up to 20 pipe diameters long:

— slurry velocity field v (m/s);

— vorticity field n (¢') (average circular velocity of the fluid in vortex flow);

— turbulence intensity field (%) I [11]

u!
I=—, 1
7 (1
where the mean-square velocity of turbulent fluctuations is
i 1 12 12 12 2
= |—u"+u”"+u” ==k ; 2
\/ Sl = ) @

and the average turbulent flow speed is

U= JUX+U2+U? ; (3)

— turbulence scale field along mixing length Z,, (m).
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Table 2 — Results of static mixer modelling with the help of flow simulation module
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Table 2 ctd

Experiment
number

Experiment 2 — Pipe ©¥114x9 mm with an additional static mixer Ne 1

Model of parametric experiment
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Table 2 ctd

Experiment
number

Experiment 3 — Pipe @114x9 mm with an additional static mixer Ne 2

Model of parametric experiment

Velocity field
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The results describe the changes of mud turbulence along the pipeline in the site of
static mixer installation and in the area of pipeline behind it. As you can see, turbulence
evaluations are represented by curves n (L), and (L) and /, (L) which correspond each other
(Figure 1 —4). The average circular velocity of the fluid in the vortex flow n, the turbulence
intensity / and turbulence scale /,, attain their maximum at the site of static mixer installation
and then decrease along the pipe at the distance up to 10 pipe diameters (/0D). Similar
experimental data on the Re character were obtained in [11, 14]. However, each of the studied
types of the static mixer affect individual characteristics of turbulence in different ways.

The maximum and minimum values of velocity v, vorticity n, turbulence intensity / and
turbulence scale /, are shown in Table 3.

The comparative analysis of the velocity curves v (L) shows that the mixers Ne 2
and Ne 3 differ favorably from the mixer Ne 1, and give close values of characteristics of the
flow field in the pipe. The maximum flow velocity for them is at 15 — 16 m/s, minimum —
3.5 — 3.6 m/s, that is vastly larger than the indexes of the mixer Ne 1 (respectively
4.9 and 1.8 m/s) and 3.5 times more than the maximum flow velocity without mixer.

The analysis of vorticity curves n (L) shows that best data demonstrates mixer No 2
(maximum 786.5 s™'), a little worse — mixer number 3 (706.4), next lower order are characteristics
of mixer Ne 1 (108, 5). However, mixer Ne 2 delivers stable high vorticity in the pipeline on the
section of 0.5 m long. For other mixers the curve » (L) has an unstable pulsating character.

The comparative analysis of turbulence intensity curves changes /, (L) shows a
significant advantage of mixer Ne 3 (maximum 43.53%) and the practical parity rate of results
of mixer Ne 1 and 2 (respectively 28.13 and 27.01%)).

The analysis of the changes of curves of the turbulent vorticity scale along the pipeline
n (L) shows almost the same picture for all three mixers — the diameter of vortexes in
turbulent flows naturally reduces at the site behind the mixer. The rate of turbulence scale
changes is the same for mixers Ne 1, 2 and 3.

a) b)
R maA ||
-.E-. ‘g [ A1
Z > (1]
[ = ¥
u r}
] 2
5 3.
Length {m) Length (m)
c) d)
Z 2
] ]
L 2
o _ e =1 u | - S
> = —
Length [m) Length (m)

Figure 1 — The schedules of velocity changes v (m/s)
relatively to the tube axis L (m) (curves v(L)):
a) experiment 1 (pipe without static mixer); b) experiment 2 (mixer Ne 1);
c¢) experiment 3 (mixer Ne 2); d) experiment 4 (mixer Ne 3)
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b)

Vorticity (1/s)
Verticity (1/5)

Length (m) ' Length (m)
d)

Vorticity (1/s)
>
rd
Verticity (1/5)

Length (m) ' Length {m)

Figure 2 — The schedules of vorticity changes n )
relatively to the tube axis L (m), (curves n(L)):
a) experiment 1 (pipe without static mixer); b) experiment 2 (mixer Ne 1);
c¢) experiment 3 (mixer Ne 2); d) experiment 4 (mixer Ne 3)

b)

Turbulent Intensity (%)

Turbulent Intensity (%)
i

d)

Turbulent Intensity (%)
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Turbulent Intensity (%)
!

Length (m) ' Length (m)

Figure 3 — The schedules of turbulenceintensity changes I (%)
relatively to the tube axis L (m) (curves 7 (L)):
a) experiment 1 (pipe without static mixer); b) experiment 2 (mixer Ne 1);
c¢) experiment 3 (mixer Ne 2); d) experiment 4 (mixer Ne 3)
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Figure 4 — The schedules of turbulence scale changes /,, (m)
relatively to the tube axis L (m) (curves /,, (L)):
a) experiment 1 (pipe without static mixer); b) experiment 2 (mixer Ne 1);
c¢) experiment 3 (mixer Ne 2); d) experiment 4 (mixer Ne 3)
Table 3 — Maximum and minimum parameter values
Parameter Experiment No Design description Max value Min value
1 Pipe without static mixer 443 4,41
Velocity 2 Pipe with mixer Ne 1 4,88 1,83
v (m/s) 3 Pipe with mixer Ne 2 15,19 3,53
4 Pipe with mixer Ne 3 15,99 3,59
1 Pipe without static mixer 1,19 0,01
Vorticity n, 2 Pipe with mixer Ne 1 108,5 0,01
¢’ 3 Pipe with mixer Ne 2 786,5 0,01
4 Pipe with mixer Ne 3 706,4 0,97
1 Pipe without static mixer 2,27 0,89
Tﬂ‘g;‘:;ﬁ“f 2 Pipe with mixer No | 28,13 1,28
(%) v 3 Pipe with mixer Ne 2 27,01 1,41
4 Pipe with mixer Ne 3 43,53 1,73
1 Pipe without static mixer 0,0020 0,0011
Turbulence 2 Pipe with mixer Ne 1 0,0053 0,0005
scale I, m 3 Pipe with mixer Ne 2 0,0044 0,0004
4 Pipe with mixer Ne 3 0,0052 0,0005
Conclusions:

1. Static mixers are efficient devices that can increase the slurry turbulence and thus
have several advantages, including a large number of possible options for design solutions,
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such as the absence of moving parts, drives and power consumption, the possibility of
combining with hydro and air-transport network.

2. The investigation of functioning of three static mixer designs of Non-Newtonian
Fluid with the following mud parameters: density — 1250 kg/m’, dynamic viscosity — 0.02 cPs
with the use of Flow Simulation module of SolidWorks software environment made possible
to obtain slurry parametric fields in the pipe work zone, including the mixer and a pipe section
behind it up to 20 pipe diameters long: slurry velocity field v (m/s); vorticity field n (¢”)and
turbulence intensity field /(%),turbulence scale field along the length mixing /,, (m).

3. According to the obtained data, the best technological mixing specifications of mud
are provided by mixers Ne 2 and Ne 3, which are recommended for carrying out in the system
of mud preparation at the site of its mixing with the reagents. For them, the maximum pulp
velocity is 15.2 — 16 m /s, vorticity is 786 — 706 ¢, the turbulence intensity is 27 — 43.5%,
the turbulence scale is 4.4 — 5.2 x 10~ meters.
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MAGNETIC FIELD INFLUENCE TECHNOLOGIES
ON HIGH-PARAFFIN CRUDE OIL IN THE PIPELINE
WITH DIFFERENT CALIBER

Influence technology of constant magnetic field at high paraffin oil is enhanced
to prevent the formation and wax deposition in the tubing and during oil transportation by
pipelines of different calibres. Action mechanism determination of directed static
magnetic field on high- viscosity paraffin oil wells in Boryslav deposits was investigated by
conducting laboratory tests of samples. For Botyslav field conditions the construction of
magnetic recovery equipment (MRE) regarding the influence of magnetic induction on heavy
oil deposits is designed.

Key words: paraffin, oil, magnetic induction, well, oil field.
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HB® «Ykpnpommexnonocis- Ky (m. Kuig) 6 Kanaoi

TEXHOJIOI'TA BIIVIMBY MATHITHOI'O ITOJIA
HA BUCOKOITAPA®IHUCTY HADTY
Y TPYBOIIPOBOJAX PI3BHOI'O JIAMETPY

Yoockonaneno mexnonocito enaugy 0ii nOCmiiiHo20 MACHIMHO20 NOJNA HA BUCOKO
napaginosoi Hagpmu 3 memoro 3anodieanHs YMeopeHHs i 8i0KIA0eHHSA napaginy y HACOCHO-
komnpecopnux mpyoax (HKT) ma npu mpancnopmyeanui nagpmu Haghmonpogooamu pizHux
diamempis. Bushauuno mexawizm Oii CHPAMOBAHO20 NOCMIUHO20 MACHIMHO20 NOJS HA
8UCOK08 3Kl napaginucmi Hagmu ceeponosun bopucnascbkoeo pooosuwa  wsxOM
nposedeHus  1abopamopHux — 00cuiodcenv  ix  3paskie. Cnpoexmysano, OJsi  YMO8
bopucnascvkozo podosuwa, KoHcmpykyilo anmunapa@inogo2co MacHImHO20 NPUCMPOIO
(MAY) wooo éniugy tioco macHimHoi iHOYKYii Ha NOKIAOU BUCOKO8 A3K0i Hagdmu.

Knrwuosi cnosa: napagin, nagpma, macnimua in0yKyis, c8eponio8una, pooosuuye.
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Introduction. Flow rate large losses during the operation of oil production wells
derived from oil deposition of asphalt-resin-paraffin deposits (ARPD) in the tubing.

Asphalt-resin-paraffin deposits (ARPD) are known as paraffin - buttery or solid masses
of dark color. Formation of paraffin deposits reduces oil production, decreases turnaround
time of wells, increases labor, material costs and the cost of produced goods. The concept of
the formation and control technology with ARPD in oil production is still relevant scientific,
technical and practical problem, since this factor directly affects the final performance and
well productivity.

Review of the last researches. Researches of scientists and experts have shown that
pipeline crystallization of paraffin deposits is not constant criterion. The development of
technology and equipment to control asphalt-resin-paraffin deposits has a long history.

However, it cannot be said that all the difficulties are associated with the problem
preventing the formation of asphalt-resin-paraffin deposits (ARPD) in the tubing are
resolved.

A.A. Abramson, Yu.V. Antipin, G.A. Babalyan, N.F. Bohdanov, D. M. Bohdanov,
N.R. Ibragimov, N.N. Neprimerov, A.V. Zguba, A.N. Pereverzev, N.I. Tayusheva,
V.P. Troniv, K.R. Urazakov, Z.A. Khabibullin and others had great contribution to the
solution of theoretical and practical issues of paraffin deposits.

The researchers also established some regularities of paraffin deposits formation in
wells that affect on paraffin deposition under the following conditions:

—reducing pressure in the bottom hole, and thus violation of the hydrodynamic gas-
liquid equilibrium system;

— intensifying gas emission;

— decreasing of temperature in the reservoir and borehole;

— speed change of the gas-liquid mixture and its individual components;

— hydrocarbon composition in each phase mixture;

— volume ratio of phases.

Uncertain problems. Today the theoretical and practical issues of paraffin
crystallization at various surfaces of pipelines, features and profiles of deposits in tubing
while oil transportation by pipelines are not enough studied. The influence of magnetic field
on the highly paraffin oil are generally considered selectively and without systematic
approach.

Aim of research. Influence technology of constant magnetic field at high paraffin oil is
enhanced to prevent the formation and wax deposition in the tubing and during oil
transportation by pipelines of different diameters.

The main material presentation. Transportation of oil by pipelines of various
diameters and variety of conditions for oil field exploration of high paraffin produced oil
requires individual approaches to prevent technology of paraffin deposits in pipelines.

Today, as many decades ago, there are following dominated oil methods: thermal,
chemical, mechanical, application of coatings, physical.

These methods with minor modifications, and sometimes without them are applied in
wells with different operating. Therefore, in the description of technologies concerning
particular way will include only significant differences characteristic of the operation present
method.

The above methods are used in different production wells (free-flow, pumping and its
varieties), as well as oil transportation by pipelines.

There are many factors that either hinder or contribute to the intensive formation of
paraffin deposits.
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To the most significant of them we can refer:

1. Flow rate. As the studies have shown, the intensity of the deposits increases at the
beginning, with the increase in speed due to the growth in mass transfer, and then decreases,
as tangential stresses which increase the bonding strength of paraffin to the equipment
surface.

2. The gas factor and the process of gas evolution itself during the pressure decrease.
With release and expansion of gas, temperature is lowered, and gas presence in the flow
enhances mass transfer, as a result, the proportion of paraffin hydrocarbons crystallizing on
the surface of the equipment increases substantially.

3. The presence of mechanical impurities, which are active centres.

4. Crystallization can lead to decrease in the intensity of paraffin deposition by reducing
the state of oil super saturation and increase its share of crystallization in the volume.

5. The state of equipment (substrate) surface of has significant effect on deposits
strength, in particular, substrate material polarity and surface quality (smoothness). The
higher the value of the material polarity and its smoothness, glossiness (purity of treatment),
the less is adhesion, and therefor at lower flow rates, paraffin formations will be broken from
such surfaces.

6. Water cut of well production. It has twofold effect. First, with a small water amount
in oil and other equal conditions, a slight increase in the intensity of paraffin deposits is
observed, and then with increasing of water content in the flow, the intensity decreases both
due to increase in the flow temperature (the heat capacity of water is 1.6 ... 1.8 times greater
than oil), also due to the phase reversal, during which the contact of oil with the equipment
surface deteriorates. 7. At the Boryslav field, the most intensive well waxing occurs at rate of
15 to 20 tons per day. With further increase in the production rate, we can observe
sedimentation from the underground well equipment surface by gas-liquid mixture flows.

The oil flow sheet in the tubing cavity, at high water cut, for hydrophilic and
hydrophobic surfaces is shown in Fig. 1.

)
(ox

Figure 1 — Scheme of oil flow sheet in the tubing cavity with high water cut:
a) metal surface is hydrophobic; b) surface is hydrophilic;
1 —rod, 2 — tubing, 3 — oil, 4 — ARPD, 5 — water

Therefore, during exploitation of the reservoir, the changes occur in the physical
chemical composition of the oil due to several reasons: decrease in reservoir pressure and gas
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release, hydrodynamic chromatographic section of the oil during its movement in the
formation, dissolution of the components in the oil-flow past water and oxidation itemized to
the formation with oxygen injected water. Al mentioned leads to change in the
thermodynamic characteristics of the formation and the fluid chemical composition, which is
the main reason for the formation of asphalt-resin-paraffin deposits in oilfield equipment.

Table 1 — The research results of APRD formation conditions

Depth, meters | Pressure, MPa Total gradient temperature,| Temperature gradient
°C/100 m caused by gas-oil mixture
1400 11,5 1,5 0,14
900 7,5 1,9 0,17
600 5,0 2,1 0,34
200 2,3 1,8 0,55

To prevent and reduce deposits growth using ASPR with the help of directly placed
devices in the wells, in most cases devices with permanent magnets are used. These small
devices have the best possible performance and virtually unlimited service life, they do not
require significant maintenance costs, provide all the necessary range of magnetic treatment
performance.

Magnetic devices that are used to prevent ARP deposition, have the most complex
usually reversed field distribution, greater length of working channels, high gradient of
magnetic field. Increasing of intensity and gradient are the main areas of such devices
improvement.

The advantage of such anti paraffin equipment electromagnetic constructions is
simplicity of increasing the duration of magnetic action, increasing the number of
successively placed current windings and pole pieces. With corresponding increasing in the
length of the device its consumption of power increases in proportion. However, despite the
high specifications, this lack of general magnetic, closing axile surface of the pole pieces 3,
leads to lower tensions of magnetic field and increased energy costs due to increased losses in
the dispersed magnetic fluxes.

A scheme of development of a similar electromagnetic devices of Kharkiv National
University of Engineering and Economics, with windings inside the pipe is shown in Fig. 2.

1 3 4 $ 2
L\ O\
o =1

X X

Figure 2 — Electromagnetic devices:
1 — the case; 2 — input and output flanges; 3 — pole pieces; 4 — total magnet core;
5 — current windings; 6 — shell of current windings

2z
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This construction has high permeability magnetic shielding outer body with input and
output flanges for connection to fluid conduits but high permeability magnetic shielding pole
pieces are connected with common axial cores where the current windings are. Near there are
windings switched on towards each other on the treated fluid protected with nonmagnetic
material covering. Annular gap between the outer surface of pole pieces and the inner surface
of the body is working channel for fluid. System of current windings and pole pieces in the
gap form reverse alternating magnetic field, which is used for magnetic treatment of liquid,
and presence of the unifying magnetic pole piece reduces the total energy loss in scattering
magnetic flux, thereby improving device energy parameters. Performance of various known
devices ranges from 2 to 100 m3 / h, the maximum strength of magnetic field in the working
channel 96 kA / m (magnetic induction 0.12 T), the channel length of the current magnetic
field of 0.3 to 3 m. To receive reverse magnetic field to 6 current windings are used, where
specific energy consumption is from 6 to 35 W / m3. If the length of the gap g between the
outer surface of the pole pieces and the inner surface of the outer body-tube is less axial
thickness of the pole pieces, high tension H of magnetic field in the working gap of such
devices can be roughly determined from the equation:

I-n
2.g’

where / — amperage, and 7 - the number of turns in each winding.

The proposed magnetic anti paraffin equipment (MAE) does not have these
disadvantages. Because of usage of pipeline cores figurine-shaped magnetic the system covers
only small section of the pipeline. Number of magnets is small, magnetic treatment provide
effective total fluid volume that passes through the device in the same conditions of high-
gradient field with sufficient treatment duration.

Permanent cylindrical chain 1 mounted in the pipeline 2, has reversible axial
magnetization created so that the outer poles have the same polarity and the opposite polarity
formed in the middle of its length. The working channel for the fluid is the gap cross section
between the outer surface of the pipe 2 and the outer pressure vessel 3. In order the fluid enter
to the channel and out of it after treatment in the wall pipe 2, near the ends of the magnet 4
holes are made.

Fig. 3 shows schematic diagram of the proposed MAE.
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Figure 3 — Magnetic anti paraffin equipment (MAE) for liquid magnetizing:
1 — reversible magnetized permanent magnet; 2 — the pipeline;
3 — outer casing; 4 — holes for fluid input and output.

When using high permeability outer casing 3 in a device of this type, reverse magnetic
field can be obtained (with a small reverse number) that predominantly is perpendicular to the
direction of fluid flow force lines with high intensity and gradient. However, it is difficult to
obtain large areas of high gradient length fields. Devices of this kind are easy to implement by
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means of the pipe 2 sequence of magnetization directions, alternating axially magnetized
magnets. Significant increase number in field reverses number does not represent difficulties.
As it can be seen further, on this principle very large number magnetizing devices are made.
For all these devices the main purpose are magnetic water treatment and water systems.
Obviously, the consistent deployment of any other above magnetic devices with permanent
magnets, they can be converted to multiblock where many reverse magnetic fields can be
received. Due to this fluid duration, treatment is significantly increased.

Conclusions. Therefore, influencing technology of magnetic field at high paraftin oil by
magnetic anti paraffin equipment (MAE) proposes figurine-shaped magnetic cores use.
Number of magnets is small, but it ensured the effectiveness of magnetic treatment of fluid
entire volume passed through the device in the same conditions of high-gradient field with
sufficient treatment duration.

The equipment (MAE) can work in pipelined of different diameter thus providing the
necessary magnetic field strength and magnetic induction. It has small magnet mass, requires
lower cost, comparatively to other similar devices.

The equipment (MAE) differs from other magnetic devices for fluids treatement that
there is no need for any power supply to the unit, as it is based on permanent magnets.

Magnetic field influencing technology wusage at high paraffin oil by magnetic anti
paraffin equipment (MAE) shows the necessity to use such equipment either in free flow
wells with high content of asphalt resign paraffin particles (especially in winter), or at the
operation of deep- centered rod and diaphragm pumps, as well as oil transportation by
pipelines of different diameters.
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CONDITIONS OF A SINGLE INTAKE DESCENDING
OF INTERMEDIATE CASING STRINGS OF AN EXCESSIVE
WEIGHT COMPARED TO A DERRICK LOAD CAPACITY

The way of the intermediate casing string descending is considered. It allows
overcoming the limits of derrick load capacity through the weight transferring descending
intermediate casing string on the cemented string that is based on the foundation.
In particular, technology is developed where the weight of each additional string, as it builds-
up, is equivalent to additional friction forces which arise in the enlarged area. Such a descent
technology does not depend on the load capacity of the derrick load capacity, does not create
loads on the basis of derricks as well as additional tensile loads in the string with an increase
in its length. It is proved that if such a condition is met, all known restrictions for the descent
of intermediate columns of any length in a single intake are removed. Authors determined
descending casing string weight that is distributed over the previously installed and cemented
string. It is suggested to distribute casing string weight on existing and cemented string.

Keywords: drill string, borehole, drilling fluid centralizer.

Conoeitoe B.B., 0.m.n., npoghecop

Muxaiinoecoka O.B., k.m.n., ooyenm

Epmaxosa 1. A., k.m.n., ooyenm

Ilonmascvkuil HayioHanbHuti mexHivHuil yHieepcumem imeni FOpis Konopamioxa

YMOBHU CITYCKY B OJMH MIPUMAOM MMPOMIKHUX KOJIOH
3 HEPEBUIIIEHOIO BAI'OIO IOPIBHAHO
3 BAHTAXKOIIIAUOMHICTIO BYPOBUX YCTAHOBOK

Posenanwymo cnoci6 cnycky HpOMIdNCHUX KOJIOH, KOmMpuili 00360JA€ NOO0OAAMU
0OMedNHCeH s 3 8AHMANCONIOUOMHOCMIO DYPOBUX YCMAHOBOK 34 PAXYHOK NEPeHeCeHHs 8a2u
KOJIOHU, AKA CHYCKAEMbCA HA 3aUeMeHmo8aHy KOIOHY AK Ha @yHoamenm. 30Kkpema,
PO3pobNeHo MexHON02i0, KOAU KOMCHA 000amKo8a 6daza KONOHU Npu il HApOwy8aHHi
eKBIBAICHMHA 000AMKOBUM CULAM Mepms, SKi GUHUKAIOMb HA HAPOWEHIU OLIAHYI.
3’sacoeano, wo maka mexHon02is CHYCKY He 3aledxCumb 8i08aAHMANCONIOUOMHOCMI OYpo6oi
YCMAHOBKU, He CMBOPIOE HABAHMANCEHb HA OCHOBY 8edHC, 4 MAKONC 000AMKOBUX PO3MANCHUX
HABAHMAdICEHb Y KONOHI npu 30inbuenni ii 0osxcunu. Jloeedeno, wo, AKWO maka ymoea
BUKOHYEMBCSL, MO BCI BI0OMI 0OMENCEHHS 015 CRYCKY NPOMINCHUX KOJOH 0Y0b-K0i 008IHCUHU
8 0OUH NPULLOM 3HIMAIOMbCA. YCMaHoBNeHo a2y 00CaOHOT KOJIOHU, WO CHYCKAEMbCA, KOMpa
PO3NOOINAEMBCA HA paHiule 6CMAHOBIEH) | 3aYeMeHMOBAH) KONOHY.

Knrwouosi cnosa: xonoua, ceeponosuna, 6yposuti po3uuH, YeHmpamop.
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Introduction. An intermediate casing string runs between the conductor and the drill
string and serves for blinding the complicated zones or horizons overlying the design depth.
Depending on the number of intermediate casing strings, the well is generally designed as a
multi string. Most of the casing strings are descended into a well in one step. However, often
at high depths, the string is lowered by parts (sections), respectively, into two or three steps. It
1s done in cases where the weight of the casing exceeds the lifting capacity of the drilling rig
if, due to the insufficient strength of the casing, it is impossible to form a solid string for
tension; if it is necessary to divide the string into parts due to the risk of complications
occurrence. The length of the lower part (section) is chosen so that its tip would be above the
shoe of the previous string at 50-100 m or 200 m higher than the possible zone of
complications in the range of resistant rocks formations.

A characteristic feature of some gas deposits is the presence of abnormally high
reservoir pressures, as well as massive gas deposits within thick gas-bearing formation. When
constructing wells at gas fields it is necessary to consider its specific features:

1) the elasticity and compressibility of the gas that saturates the washing liquid during
the drilling;

2) gas higher mobility and permeability compared to oil and water;

3) significantly higher pressure along the borehole from the wellhead to the bottom
hole, compared to oil wells at uniform reservoir pressures;

4) high flow rates and gas velocities in the operation of gas wells, causing significant
losses of formation energy. In order to prevent the disruption of a borehole in gas fields, the
depth of the intermediate casing string descent should be deeper than that one of the oil fields.

Decreasing in a number of intermediate casing strings allows saving the time and
resources in the process of a well completion. The necessity of descending each string
severally is caused, basically, by an insufficient load-carrying capacity of derricks. Also,
casing pipes use of domestic and sometimes foreign production cannot withstand the loads
from a dead weight of long casing string. Nowadays the technology of descending the heavy
casing strings is known. It uses heavy hydraulic jacks installed at a wellhead. But it solves the
problem partially since the restriction of a maximum length of a casing string is still there.

To prevent the gryphon occurrence, before the perforation in gas-bearing or pressure
formations, it is necessary to use the conductor or an intermediate casing string to cover the
whole soil unit capable of absorbing the washing liquid and through which it is possible to for
gas to leak into a surface. For gas fields with a thick gas formation and abnormally high
reservoir pressure, the number of intermediate casing strings and the position of their liners
(shoes) should provide a drilling without absorption of washing liquid and associated
emissions and blowouts.

Analysis of recent sources of research and publications. In prosperous countries, the
drilling is carried out by using the drilling rigs of high carrying capacity which allows the
descending of heavy casing strings in a single intake. For example, at the well No. 1 at Bertha
Rogers (USA), a 426 mm casing string with 6580 kN of weight was descended to the depth of
4202 m [1]. In case of an excess of the column weight over the load capacity of a rig, a
special mobile equipment is used, it is equipped with the powerful hydraulic jacks with a high
speed of its bearing supports. With this equipment at the well No. 1 in Medoip (USA) a 508-
millimeter casing string with length of 3800 m and weight of 9500 kN was successfully
descended [2]. The maximum depth and weight of the column, which is descended using this
equipment, are determined by the load of threaded joints.

In our country, the methods of heavy casing columns descending have been developed
and applied by the way of their weight decreasing, mainly by increasing the pushing out force.
There are a number of technologies for descending heavy casing strings. The simplest way is
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the descent of the casing strings with the replacement of the drilling mud in it for a
lightweight liquid with partial emptying. However, in this case, upon the restoration of the
drilling mud circulation, there is a violation of the hydrostatic balance in the well. In the
annular space, the density of the drilling fluid decreases, and in the pay zone, there are
conditions created for the formation of the reservoir fluids inflow and its further extraction to
the surface, and hence the conditions of water and gas oil manifestations and related
complications. This inevitably causes the borehole stability deterioration.

Given the fact that the weight of the column increases by the weight of the volume of
additional fluid, during the upward movement, the forces of resistance are added (10 - 15%
for vertical wells). There are difficulties in undermining the column at the time of its
extending with the next pipe. To go beyond the capacity of the drilling rig, it is necessary after
the circulation to empty the column again to the previously achieved value, using a
compressor and descent of a drill string [3]. The allowable amount of emptying during the
descent of columns with impenetrability is limited to the condition of four-fold strength of
pipes for crushing. The above limitations do not allow the heavy casing strings to be lowered
in a single gear.

Identification of general problem parts unsolved before. An important role in the
well drilling is the right choice of well design, which would ensure the creation of a durable
and hermetical channel, stability of the borehole during the entire period of production,
preventing the inner flow, and also allow performing well repair work. To reduce the weight
of the casing string on the hook, the device was proposed to create an additional frictional
force when descending the string into the well [4]. Friction governed by backfilling sand or
other granular material that fills the annular space between the casing that goes down and the
cylinder. The sand falls into the open upper cylinder funnel and pours off at the lower end
through a series of narrow openings. The rate of sanding is regulated by compressed air. In
the upper part of the cylinder, a hydraulically controlled telescopic device is provided for the
possible reduction of the annular space intersection, if the speed of the column rise increases.

The creation of significant frictional forces provides the necessary clamping force [5].
When it is in accordance with the weight of the string, the device must be of a considerable
length, which is difficult to achieve. Significant work on reducing the sections number of
casing strings was carried out by the laboratory of techniques and technology for wells
completion of the State Research Institute of Drilling Technology. Thus, a 340-millimeter
intermediate casing string was descended at a depth of 4600 m by three sections instead of
five according to the project. It is summarized and analyzed existing methods of facilitation of
casing strings during their descent into wells, as well as possible variants of cementation.
Nonstandard technologies of columns descent have been worked out, the realization of which
1s promising, but technically complex and has a number of limitations [6, 7]. Such
technologies include the "pontoon" method of releasing heavy casing strings and the descent
of the string by increasing the density of the fluid in the annular space.

In general, the goal is to develop the issue of reducing the sections number of casing
strings. It has been developed in two directions:

- increasing of lifting capacity of drilling rigs, the creation of special jacks for
descending the casing strings;

- increasing the lifting force acting on the string in a liquid mud.

The first way allows to execute the descent of the heavy casing strings and has only one
limitation for the load in the threaded joints. When applying welded strings - is the limiting
tensile stresses on the pipe body.

The second way is technically more complicated and requires additional casing
installation, which adds additional restrictions. The first method of descending the casing in a
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single intake is real and limited by loads. In the second method, the sections number of the
casing descending decreases by 30-60%.

Basic material and results. The descent of the string should be done after conducting
geophysical surveying, preparatory works. Inspection and preparation of the casing elements
were carried out primarily on the tube base. After a visual inspection, the pipes were subjected
to instrumental control, with defectoscopic installations, calibers. The total length of the
imported pipes by 5% exceeded the length of the casing. The reserve consists of the most
robust pipes. Before the descent of the casing, the well was washed for 2-3 cycles. The rise of
the casing pipes on the drill was carried out in the presence of protective rings for a thread.
Each tube is numbered, measured and verified by external inspection. A template was passed
through each tube.

The previous assembling of the productions string was carried out with the AKB-3M
tool, smooth rotation of the casing from its capture to the complete stop, and then the quality
of assembling was checked on the number of complete threads that remained above the
coupling.

Fastening of the threaded joint was carried out with AKD-3M tool with maximum
short-term torque. In the normal threaded connection, the last thread coincides with the end of
the sleeve, a deviation of 1 thread is allowed. Intermediate washings were carried out from a
depth of 1200 m every 300 m at least one cycle. In the process of flushing-out of well,
pressure, circulation, and parameters of the drilling mud, level in the inflow containers should
be controlled.

It 1s proposed another way to descend the intermediate casing strings, which allows
overcoming the limitations of the drilling rigs lifting capacity by transferring the weight of the
casing string to the cemented column as a foundation. Using this approach to the task of
descending into of intermediate strings in a single operation, the weight of which exceeds the
capacity of drilling rigs, there are no restrictions as to the carrying capacity of drilling rigs, as
well as for the loads. Thus, the weight of the column on the hook can only be a part of its
actual weight.

The implementation of such technology can be carried out by various technical means.

The essence of the technology lies in the fact that each additional weight of the string at
its build-up is equivalent to the additional forces of friction that arise in the enlarged area.
Such a descent technology does not depend on the load capacity of the drilling rig, does not
create loads on the basis of the derricks, as well as additional stretching forces in the string at
an increase in its length. If this condition is fulfilled, then all known restrictions for
descending the intermediate casing strings of any length in one step are removed.

With this approach, the weight of the lowered casing is divided into a previously
installed and cemented casing string, the action of the distressed loads moves down under the
shoe of a previously installed string of a larger diameter. The diagram of tensile stresses in the
string changes.

It is considered the technology of the descent of a heavy casing by an example of a
hypothetical well.

In the well to a depth of 6800 m, it is necessary to lower the casing string with a
diameter of 245 mm with a wall thickness of 12 mm of strength group M, which weighs
4760 kN. The string consists of casing pipes OTTM1 with a normal diameter of the coupling,
a tolerable stress of 3870 kN and a limiting weight in the wedge holds of 4350 kN. The
descent is carried out by a drilling machine with a carrying capacity of 2000 kN with a 324-
millimeter column set in the well at a depth of 3600 m.

The descent of a 245-millimeter column weighing 700 kN is based on standard
technology at a depth of, for example, 1000 m. Further descent is carried out on a rigid elastic
centralizer (Fig. 1), each of them, as calculations show, in the gap of strings with diameters of
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245 and 324 mm, can withstand a weight of 12 - 16 kN with a coefficient of friction «metal —
metal» 0,17. When installing the centralizer while building-up the string, the rest of the
weight can be unloaded to a 324-millimeter string.

To make it possible to break the column of wedges, a telescopic connection is
established in a 245-millimeter string with a stroke of up to 0.5 m. The weight of the string
under the telescope must be zero or less at the design depth and the casing string should
completely hang on the centralizers.

6

Figure 1 — Unloading centralizer for well pipe strings:
1 — spring element; 2 — guide lining; 3 — screw;
4 —slots; 5 — ledges; 6 — chamfers

It is allowed to not install telescopic string connection, but use the tension of the string
to remove the wedges due to its lengthening. At the same time, only the part of the string
whose weight is located on the hook will lengthen, and the lower part will be unloaded on the
centralizers.

When the 245-millimeter string of 324-millimeter shaft leaves the open barrel, the
weight of the 245-millimeter string will be increased by the weight of the column part which
hangs on the centralizers. The centralizers will not work in a barrel with a nominal diameter
of 295 mm.

By extending the string with the installation of the toruses center, it is possible to
compensate the weight of the column in an open barrel length of 3200 m and leave the
convenient weight to work with (approximately 200 - 300 kN) to hang on the hook.

It should be noted that the actual depth of the descent of a 245-millimeter column is
equal to the load in an open barrel from a 324-millimeter column.

In this case, it is considered a 245-millimeter casing string with weight of 6390 kN
(3870 kN from a boot of a 324-millimeter string plus 2520 kN in a 324-millimeter string) at a
length of 9100 m in one step.

In addition, due to the lifting force of a drilling mud with the density of 1200 kg/m°, the
length of the string can be increased by 15,28%. If steel pipes of the grade R-110 were used in
an open barrel, the weight of the string, lowered in one step by a drilling machine with a
carrying capacity of 2000 kN, can reach 8710 kN, which is equivalent to 12443 m. In the
Kola extra-deep well, it is possible to lower a 245-millimeter string in one step to a depth of
14344 m with a drilling density of 1200 kg/m’.

The necessary and sufficient condition for the descent of the column in one step is the
stability of the well bore during the descent.
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Conclusions. The proposed method allows lowering heavy casing strings into a well in
one step. The maximum weight of the string does not depend on the load capacity of the
drilling rigs. The weight of the string is limited by the carrying capacity of the threaded joints
of the string part, which is in the open barrel, and the weight of the string to the bottom of the
previously lowered string.

The benefits of the lowering a casing string in one step include: no need in using the
admission tool, which by its own weight limits the weight of the section; no need in equipping
the string with connecting devices, as well as the use of disconnectors; reducing the wear of
the columns in the docking areas where it reaches the highest values; the parallelism of the
strings creates normal conditions for cementing; changing of the forces diagram in the string;
more favorable conditions for the column sealing; no need to tension the string; shortening the
borehole. An essential disadvantage is the lack of the strings ability to «wander».
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MATHEMATICAL MODELING OF THE THERMODYNAMIC
PROCESS GAS-STEAM BUBBLES

A mathematical model that considers the inertial oscillations and thermodynamic
components bubbles in liquid heat exchange processes, heat transfer on the boundary
bubbles. Research of the dynamic characteristics of gas-steam bubbles in various size was
conducted. After the calculations its temperature, velocity, pressure steam environment inside
the bubble in time, graphs bubbles size change graphs were built . It is established that each
bubble size has its oscillation frequency. Calculated speed phase transients and found that it
is in its maximum during the bubble oscillation. For thermodynamic properties of the surface
of contact liquid and gaseous phases defined amount of solid phase formed. The research
results can be applied to optimize various of technological processes related to the boil,
swelling materials, and the formation of gas hydrates in a fluid cavitation.

Key words: mathematical model, bubble, heat exchange, gas hydrate, pressure,
temperature.

Kymnuii b.A., k.m.u., ooyenm

Ilonmascvkuii HayionanvHuti mexuivnui yHieepcumem imeni FOpis Konopamioxa
Ilaenenko A.M., 0.m.n., npoghecop

Keneyvkuui mexunonoeiunuii ynisepcumem (Ilonvwa)

MATEMATHUYHE MOJIAEJIIOBAHHSA TEPMOANHAMIYHUX
MPOLECIB I'A30IMAPOBOI BYJIbBALLIKA

3anpononosano mamemamuiny Mooenb, KA PAX08Y€E IHEPYIUHY ma MepMOOUHAMIUHY
CK1a006i ocyunayii 6y1boauox, meniooOMiHHI npoyecu y pioOuHi, meniooOMiH HA paHuyi
oynvoawxu. Ilposedeno 00cnioxHcenHss OUHAMIYHUX XAPAKMEPUCTUK 2A30Napo8ux 0y1b0auox
pisnux posmipie. Ilicia BUKOHAHUX PO3PAXYHKIE NOOY008AHO 2pagiku 3MiHU pO3MIpY
oynvOawky, ii memnepamypu, wWeUOKOCMI pyxXy, MUCKY NAP02aA308020 CepedosuLd 6cepeouni
Oynvbawky 8 vaci. YcmanosieHo, wo KO*CHUU po3mip OVIb0AUIOK MAE C80I0 YACMOMY
ocyunayit. Pospaxosano weuoxicms ¢hazoeonepexionux npoyecie i 6CmaHo81eHo, uo 80HA
Habysae  MAKCUMANbHUX  3HAYEHb  came Ni0  yac  ocyunsayiu — Oyavoawku.  3a
MePMOOUHAMIYHUMYU XAPAKMEPUCIMUKAMU NOBEPXHI KOHMAKMY piOKoi ma 2a30nodioHoi ¢a3
BUBHAYUEHO KLIbKICMb YymeopeHoi meepooi aszu. Pezyrbmamu 00CniodNceHb MONCYMb
3acmocogysamucs Ol ONMUMI3ayii Pi3HOMAHIMHUX MEXHONOIYHUX NPOYECI8, NO8 A3aHUX 3
KUNIHHAM, CNYYeHHAM Mamepianie, ymeopeHHAM 2a308ux 2iopamie ma Kasimayicto y piouHi.

Knrwowuosi cnosa: mamemamuuna moodens, 0yavbOawika, meniooOMiH, 2a308uti 2iopam,
MUCK, memnepamypa.
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Introduction. One aspect of the use of advanced technology gas storage is the
possibility of building gas storage near large consumers (boiler, CHP). Structurally, a storage
battery consists of gas tanks placed in the pit or in the hangar. In spring and summer filled
with gas storage, which forms the clathrate structure, and in autumn and winter - give them
gas at expansion by using low-grade heat source. Building of such storage facilities near CHP
can significantly smooth out seasonal unevenness of gas consumption and is a real alternative
to the construction of underground gas storage [1].

Technologically, the accumulation of gas occurs in a dissolution of gas bubbles in water
under certain of thermobaric conditions [2]. The process of formation of solid phase takes
place on the surface of the oscillating bubbles. During the oscillation is very quick change of
thermodynamic parameters of the system «gas-steam bubble — liquid». The study of the
dynamics of the process to determine the most influential factors to optimize the production
process [3] and reduce the volume construction and installation works. Direct observation of
phase transients on the surface of the bubbles is a complex engineering and technical
challenge: high pressure (up to 20 MPa), small bubbles (10°+10” m) and the high rate of
oscillation (107 s). Easier way is mathematical modeling of heat exchange and mass transfer
processes on its surface.

Review of recent research sources and publications. To analyze the dynamics
of growth of vapor bubbles commonly used equation Rayleigh-Plasseta [4-6]. To determine
the vapor pressure inside the bubble is often used Clausius-Clapeyron equation [7, 8],
or consider adiabatic process [9]. According to other researchers, the processes inside
the oscillating bubbles are not limited to the phase transition or the lack of heat exchange at
the surface bubbles. In [10] the mathematical formulation of the problem more fully.
In addition to the equation of Rayleigh-Plasseta it contains the equation of van der Waals
forces to determine the pressure within the gas-steam bubbles and allows you to calculate the
temperature of gas inside the bubbles based on the first law of thermodynamics. Also added a
mathematical model heat and mass transfer across the border bubbles. However, this
mathematical model does not account for the impact of traffic on the wall near her heat
exchange processes and phase transitions in liquid.

Selection not solved earlier of parts the general problem. For the modeling the
transition processes phase on the surface of the bubbles should consider the possibility of
dissolution of the gas bubbles in the liquid while liquid phase transition in the solid phase.
This process is determined by the rate of heat and mass transfer processes at the surface of the
bubbles, which in turn depends on the temperature and pressure inside the gas-steam mixture
bubbles. In speed mode cavitation bubbles to change the size of some times can reach several
hundred meters per second, which significantly affect the course of the heat - and mass
transfer processes at its border. As a result of these processes, thermophysical characteristics
of liquid on the boundary of the bubble can also significantly vary. Thus, for a correct
formulation of the problem should adequately take into account the complex interrelated
mechanical and thermodynamic processes that occur in a limited volume at high speed.

The problem statement. The aim of this work is to create a mathematical model of the
dynamics of vapor bubbles that will get reliable information about its thermodynamic
characteristics during growth or compression. In general, the mathematical model should
include the following components: model the kinetics of gas bubbles in a viscous fluid; model
thermodynamic processes inside the gas-steam bubbles; model of heat - and mass transfer
processes in border vesicles; Modeling of phase transitions in liquid form with ice or other of
solid phase; modeling heat transfer processes in the liquid surrounding the bubble.

Basic material and results. To develop mathematical models of gas-steam bubbles in
the liquid is applied following simplifying assumptions: gas-steam bubble has a spherical shape;
fluid is viscous and incompressible; gas-steam bubbles inside is a mixture of gas and vapor fluid
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whose mass may change as a result of mass transfer processes in border bubbles; Gas and vapor
bubbles of fluid in the middle considered as real gas (including van der Waals forces).

The velocity of the fluid (R) on the border of bubbles can be determined by integrating
the known equation of Rayleigh-Plasseta [4]. At some times the pressure inside the bubbles
can rise sharply and describing its thermodynamic state must take into account the difference
of the parameters of state of ideal gas. To determine the partial pressures of the components of
gas-vapor mixture, it is advisable to apply the equation of van der Waals forces [10, 11].
In general, the mathematical model of thermodynamic processes of gas-steam bubbles
containing the following equation:
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where R — speed liquid bubbles on the boundary, m/s;

7— time, S;
Ppp) — pressure gas-vapor mixture inside the bubbles, Pa;
P, — fluid pressure, Pa;
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pr— fluid density, kg/m’;

W — dynamic viscosity fluids, Pa-s;

o, — the surface tension on the boundary liquid gas, N/m;

P, — the partial pressure of gas, Pa;

Pe pp — under the density of gas and steam, kg/m’;

R, = 8314 — universal gas constant, J/(kmol-K);

ug — molecular weight gas, kg/kmol;

U, — molecular weight liquid vapor, kg/kmol;

T — the temperature of the gas mixture in the bubble, K;

ag, a,— constant Van der Waals forces respectively for gas and steam, (N-m*)/mol?;

be, b, — constant Van der Waals forces respectively for gas and steam, m’/mol;

my, m, — weight respectively gas and pairs, kg;

¢q, ¢, —mass heat capacity of the gas and water vapor, J/(kg°C);

g — specific heat flux at the surface bubbles, W/m?;

T'r » — surface temperature bubbles, °C;

¢, — heat capacity of liquid, J/(kg°C);

Ar — fluid conductivity, W/(m°C);

g, — volumetric power sources or waste water heat, W/m”’.

As a result, phase of the transition processes on the boundary bubbles liquid can change
its thermophysical characteristics (A4,,p,,c,).Volumetric heat source considers phase

transitions in liquid medium.

For the formation of the solid phase certain conditions must be fulfilled, the partial
pressure of gas exceed the minimum pressure phase transition at a given temperature.
The weight solids are determined by removal of the transition region phase transition heat.
The intensity of the heat sources for volume phase transition are adopted linearly
proportionally to the temperature difference between the surface and the phase transition
temperature equilibrium solid phase. 1-16 system of equations can be solved by using digital
techniques such as Runge-Kutta 4th order [12, 13].

In the proposed mathematical model computer program «RELEY41» was compiled and
behavior of methane bubbles of different sizes under these initial conditions was investigate
Methane bubbles from water vapor impurity in the water at the thermobaric conditions
sufficient to hydrate formation were investigated. Size of bubbles effect on the rate phase-
transition process was defined. To accomplish this fact calculations of thermodynamic
properties of bubbles with radii 2 0,5 0,1 0,05 0,01 mm were done. The calculation results are
shown in figure.1+5.

For the initial bubbles radius of 0.1 mm. the results of calculation of the radius and mass
of solid phase formed over time is shown in Figure 1. During initial isothermal conditions.
Obviously, the most intensive formation of solid phase occurs during the oscillation process.

Analyzing Figure 2. there are three characteristic temperatures bubbles: warm region,
the region damped oscillations and fixed area. Bubbles of small size are heated very quickly
and this area of the graph we cannot see. Region warming is noticeable only for relatively
large bubbles. Due to the intense of heat removal in this area there is the highest rate of phase
the transition processes, but it has low duration and so the amount of solid phase formed is
small.

In contrast to the cavitation process where the velocity of the bubbles wall reaches
hundreds of meters per second, bubbles with gas have much lower velocity wall, Figure 3.
Initial velocity is determined by the initial conditions, and eventually dies speed
(due to the loss of energy to friction and heat exchange with the environment) more quickly
than smaller bubbles.
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Figure 1 — Change of the radius of bubbles and the specific weight of solid phase:
1 — the radius of the bubbles (R), mm; 2 — the amount of solid phase (mg), kg/m’

5,08
t,C

5,07
5,06
5,05

MN\AMIWW
5,04

5,03

5,02

5,01 —_ 2 3 —g 5

5

0 20 40 60 80 100 120 140 160 180 200
time, mks

Figure 2 — Temperature of gas-steam bubbles environment:
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Figufe 3 — The rate of change of radius of bubbles for bubble radii:
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Figure 5 — Graphs of pressure changes bubbles of gas-steam environment
1-2mm, 2-0,5mm, 3-0,1 mm, 4—-0,05mm, 5-0,0lmm

Analysis of the dependency indicates the significant influence of two factors on the rate
of solid phase, the size of bubbles and its oscillations. Reducing the size of the bubbles leads
to increase in their total surface area. However oscillations of small bubbles rapidly damped
(range 0.01-0.1 mm) and do not create significant impact on the phase transition processes.

In large bubbles (radius 2 mm) dominant influence on the phase transition processes are
oscillatory parameters. Their damped of oscillations continued relatively long time and during
that time formed the main part of the solid phase. However, large bubbles have low total
surface area of contact interface.

The pressure in the middle of the bubbles is another important factor for mass transfer,
Fig. 5. At the same initial temperature conditions pressure low inside the bubbles is greater.
This phenomenon is caused by surface tension, also it intensifies the process of phase
transition.

Conclusions. It the investigation mathematical model for comprehensive consideration
of the impact of various factors on the thermodynamic state oscillating gas-steam bubbles is
achieved. At the beginning of solid phase oscillations formation (damped oscillations)
bubbles are observed. The starting mechanism for these fluctuations is the temperature
difference between the gas-steam bubbles and medium temperature phase transition, which 1is

30ipHuK HaykoBHX mpails. Cepis: ['any3eBe MmammaoOy1yBaHHs, OyaiBHUITBO. — 1 (50)" 2018. 225




determined by the pressure medium. During solidification of the liquid phase, and then,
through heat exchange and steam bubbles environment locally increasing liquid temperature
occurs . Increased gas temperature leads to increased pressure bubbles and begins the process
of increasing its diameter. Each size has its bubbles frequency oscillations. Gradually, viscous
fluid damped oscillations and phase transition process is supported by heat removal in the
outer layers of liquid. At the time of the oscillations top speed of solid phase formation was
observed. Over time, the speed phases in the transition processes decreases gradually.
The research results can be applied to optimize technological processes related to the boil,
swelling materials, and the formation of gas hydrates in fluid cavitations.
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DIRECTIONS AND MECHANISMS OF INNOVATIVE
HIGH-TECH AND ORGANIZATIONAL DEVELOPMENT
OF REAL ECONOMY SECTOR

It is given the results of researching problems and prospects of real economy
development and its leading sectors of economic activity — industry and construction.
1t is established the causes of development absence and inefficient functioning of these areas
of management. On this basis the direction of innovation and high-tech industrial and
organizational development and building complexes of the countr were determined.
Modern mechanisms for the implementation of such strategic tasks at the expense creation
and progress outrunning of domestic enterprises that are capable to use modern standards
and strategic project management, the latest achievements of science, engineering and
technology to develop and implement various investment projects and development programs
were proposed. It is proved that research results should promote not only the progress of the
real economy, industry and construction, but also to increase global living standards in
Ukraine.

Key words: innovation and high-tech development of the real economic sector, industry
and construction, strategic and project management.
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Ilonmascvkuti HayionanvHuti mexuivnuil yHigepcumem imeni FOpis Konopamioxa

HANPAMH I MEXAHI3MHU IHHOBAHIﬁHp-
BUCOKOTEXHOJIOITYHOI'O 1 OPT'TAHIBAINIMHOI'O
PO3BUTKY PEAJIBHOI'O CEKTOPA EKOHOMIKHA

Haseoeno pesynemamu oOocniodcens npobaem i nepcnekmug po3sumky pearbHO20
CeKmopa eKOHOMIKU ma U020 NPOGIOHUX 2any3eli 20CNOO0APIOBAHHA — NPOMUCIOBOCMI U
0yoisHuymea. Bcmanoéneno npuuunu  8I0CYMHOCMI  pO36UMKY Ma  HeepekmusHo20
@yHryionysanns 3a3HaueHux cgep cocnooaprosanns. Ha yiti ocnosi eusnaueHo Hanpamu
IHHOBAYIUIHO-BUCOKOMEXHONI02IYHO20 U  OP2aHI3ayitiHo20 PO36UMKY NPOMUCIOB8020 MA
0y0i6eNbH020 KOMNIEKCI8 KpaiHu. 3anponoHo8aHO CY4UAcHi MeXawizmu peanizayii makozo
cmpame2iuHo20  3a60AHHA 34 PAXVHOK (DOPMYBAHHA U  GUNEPEONCAIOU020 NpO2pecy
8IiMuuUsHAHUX nionpuemcms. /Josedeno, wo pe3yibmamu OO0CHIONCEeHb MAOMb CHPUAMU He
MINbKU Npocpecy peanrbHO20 CeKmopy eKOHOMIKU, NpOMUciogocmi ma OyoieHuymea, a u
3DOCMAanHIO 00 CBIMOBUX CIMAHOAPMIE PIGHS dcumms HacelleHHs YKpainu.

Knrouogi cnoga: innosayitinuil i 6UcOKOMeXHON02IUHUL PO3BUMOK PEANbHO20 CEKMOPY
EeKOHOMIKU, NPOMUCI0B0CME ma 0YOIGHUYMEA, CMPame2iuHull i NPOEKMHUN MEHEONCMEHM.
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Introduction. Decreasing of scientific-technical, technological and economic potential
of the national economy, absence of real reform and inconsistent of government policies in
socio-economic sphere development — all this led to the current crisis occurrence.
Today Ukraine takes 161 place in the world by economic freedom index. Another indicator of
modern development that reflects the country's place in the global economy is its international
competitiveness. By this indicator, the state takes 82 place among 133 countries of the world,
including such indicators as «institutions» — 120 «development of finance markety — 106
«product market efficiency» — 109. In the field of higher education Ukraine takes 45" place in
the field of innovation development — 52nd, by the level of advanced technologies use — 65" ,
in the sphere of intellectual properties protection — 114th.

The events of the last two years, signature the association agreement between Ukraine
and the European Union (EU) showed that the society is determined move to global stable
standards and innovative development of the country in all life spheres, management and
business. In these circumstances, the task of forming a new organization and management
model of the further real economy development, its leading economic sectors, industry and
construction based on the standards of the strategic, multi-project and project management
which successfully used in leading countries and world companies, primarily in US, EU,
Japan, Singapore, South Korea, Canada and so on becomes relevant.

Analysis of the recent research and publications sources. Studing problems of
modernisation industrial-economic systems and different spheres of economic activity,
development of theoretical foundations and practical measures for the management of
innovation processes and development of high-tech dedicated to work of domestic and foreign
scientists such as S. Valdaytsev, Z. Varnalii, V. Heyets, N. Ekvilain, U. Zabrodin,
A. Mihailichenko, V. Onyshchenko, A. Saruhanov, P. Zavlin, S. Illiashenko, V. Soloviov,
V. Stivenson, L. Fedulova, R. Jacobs and others [1 — 7].

Analyzing their researching and development dynamics of the national economy real
sector, industry and construction from 80 years of the twentieth century to the present day, we
can determine that the main problems that lead to their inefficiency and low competitiveness
today are:

a) declining the level of innovation-technological and economic potential of the national
economy and its non-availability of progress for the last 25-30 years;

b) inconsequence and weakness of the socio-economic state policy and innovation
development for ensuring sustainable growth of the national economy.

The main reasons of economy not inefficiency are:

* inconsequence of previous economic reforms;

« insufficience of legislative, regulatory, scientific and methodological basis for the
national innovation system and the high-tech manufacturing formation;

* national policies and development programs non-availability, comprehensible state policy
of socio-economical and innovativ development of economy, their implementation;
mechanism;

» finance limitations and inefficiencies of other state science innovation support for
processes, projects and development programs;

* lack of economic incentives for business entities to implement technological
modernization by implementing innovative projects and development programs;

* low population innovation culture level and weak educational outlet on its growth;

* absence of developed large innovation and high technologies market in Ukraine;

« insufficient support for innovation, development of export-intended and high-tech
manufacturers that are implementing innovative products;

* absence of public-private partnership and concerted action in the sphere of innovations
for manufacturing and other economic sectors modernization;
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* chaotic and unbalanced high-tech manufactures investment programs realization in
Ukraine and lack of support from state body;

* low level of information-communication innovation processes service, including national
science and economy integration into world processes;

* insufficiency of modern design, innovation, product-marketing and operation
management of professional teams from the realization management standard of complex
industrial systems development;

* lack of innovation consulting and development in the field of innovation-technological
economy development;

* high imbalance in industrial inefficient load regions and lack of state policy proportional
stable areas development.

Considering the mentioned facts? It is possible to confitm that Ukrainian industry
innovative activity level in the field of engineering is almost 10 times lower of international
standards (in Ukraine — it's 6-8%, and in the advanced countries and companies of the world —
70-90% [1, 9, 10]); fatigue of domestic manufacturer fixed assets in industry and construction
exceed 80-85% of their technical-technological base (TTB); productivity and energy
consumption per unit of production (or maintenance of buildings and structures) in accordance
is 5-10 times lower and 3-8 times higher than in the USA, EU, Japan or South Korea.

Bold unsolved before parts of the general problem. According to the calculations of
the famous Ukrainian specialist in the investment industry and construction G.O. Bardysha,
to recover and to develop domestic economy to the European average it should be involved
total investment amounting to 3,0-3,5 trillion dollars USA, including in the field of capital
construction — 1,3-1,6 trillion dollars USA [5].

Considering these and other results of the conducted existing researches analysis and
publications, it can be determined that existing approaches and mechanisms (strategy and
policy) about organization and management of innovative and high-tech development of
machine-building and other manufacturers in industry and construction in other areas of the
national economy real sector need radical updates for real transition to an innovative model of
development and management international standards. Still unexplored areas of specific and
effective mechanisms (organizational, functional and production systems, procedures and
tools) development of economy, industry and construction real sector. The basic material of
this article is dedicated to implement these objectives

Formulation of the researching problems. The aim of this work is to illustrate new
theoretical approaches and practical recommendations for the establishment of guidelines and
mechanisms for innovative high-tech and organizational development of economy, industry
and construction real sector, considering the best international and domestic experience, the
latest achievements of science and technology, engineering, strategic, multi-project and
project management [1 — 11]. Specific tasks that are solved in this article:

1) determination of strategic development directions of the real economy sector ,
industry and construction;

2) formation of industrial and organizational industry and construction and manufacture
development mechanisms in these areas of management, providing their innovation progress
and competitiveness.

Basic material and results. The authors’ conducted researches allow to propose such
results and recommendations.

Describing this work first tasks implementation and considering the global standards of
social-economic management and innovative development of Ukraine, which are given in
previous development and authors publications [4, 9-11], it is needed to determine the
following specific features of real sector of the national economy, industry and construction
development functioning and directions:

30ipHuK HaykoBHX mpails. Cepis: ['any3eBe MmammaoOy1yBaHHs, OyaiBHUITBO. — 1 (50)" 2018. 229




1. The main objectives and priorities of modern public policy innovation and high-tech
development of the national economy should be:

* increasing in production scientifically based product with high added value volume;

* solving the socio-economic issues and saturation of the domestic market;

* optimization of regional and territorial development through the rational distribution of
high-tech production;

* solving environmental problems and ensure safety, occupational safety, environment and
areas of human activity;

* economic security and development of foreign trade.

In Table 1 there is given a detail of the above objectives and priorities.

2. The main directions of state regulation further development of industrial and
construction facilities Ukraine can be defined:

* to set priority sectors and industries;

sdevelopment of state targeted (priority and complex) software innovation and
technological sectors development and productions;

« state regulation of structural changes;

* the development of competition and restriction of monopoly;

« tax regulation of industry and construction;

» monetary policy for the development of industry and construction;

* depreciation policy;

* investment policy;

« scientific, technical and innovation policy;

* state policy of reforming property relations;

* price and tax policy;

» state order and targeted development program;

* integration of domestic industry and construction industry into the world economy.

* promoting to economic security of Ukraine.

3. Today the priority areas of innovation and high-tech development of the real
economy sector, industry and construction in which there are used targeted programs and
investment projects with use of standards of strategic and project management are:

3.1. Electrostations technic-technological modernization creation and development of
new and renewable energy sources, newest resource saving and energysaving technologies,
comprehensive progress of capital construction sphere. This complex includes:

* health safety means and safety technics at mining enterprises; modern equipment for coal
mining complex conditions; equipment for production and preparation for methane
consumption (in coal mining areas);

* energy-efficient motors and drives for basic industries; different electrical equipment;
sources and energy efficient lighting systems; functional and power electronics in the energy
field;

* power stations and networks modernization, telemetry systems, automation and
protection in nuclear power stations (NPP); electrical networks of issuance NPP capacities;
gassteam installation and combustion technology of low-grade solid, liquid and gaseous fuels,
traditional fuels, etc.;

* oil and gas drilling equipment, including oil and gas installations for extraction on the
territory of the sea shelf;

* highly energy efficient compressor equipment;

* high-tech manufactures development of construction industry and building organizations.
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Table 1 — The goals system of innovation and high-tech development,
industry and construction, real economy sector of modern state policy

The growth of
manufacture
scientifically based
products with
high added value

1. Specific weight share of high-tech products and competitive products with high
value of added part in composition of GDP specific weight share growth.

2. Increasing the share of consumer goods in the composition of GDP.

3. Increasing GDP of industry.

4. Effective use of own potential and resources.

5. Ensuring strategic balance in national economy

6. Exit to foreign market, establishing of subsidiaries branches and joint
manufactures.

Ensuring of
competitiveness

1. Improving the products quality and transition to international standards of quality
management and competitiveness (TQM, ISO).

2. Nomenclature development and improvement and assortmen of scientifically
based technology and high-tech products with high added value.

3. Decreasing of product cost product, resource and energy intensity of production
and products.

4. Promotion of domestic industrial products on domestic and world markets.

5. Creation and improvement of fundamentally new technical and technological base.

Solving of socio-
economic issues

1. Increasing revenue to the European level (of advanced countries).

2. Improving the education and professional skills of all staff.

3. Comprehensive automatization and cybernation manufacture, maintenance and
management.

4. Creation of comfortable and safe working conditions.

5. Social protection of industrial personnel.

Optimization of
regional
(territorial)
development and
location of high-
logic manufacture

1. Creation of high-tech scientific production systems.

2. Strategic planning and placing new production, development available considering
requirements and objectives of the Ukraine development programme strategy (its
productive forces) under conditions of minimizing the total cost of establishing and
implementing manufacture.

3. Elimination the uneven of trade and territorial production development.

4. Promoting the implementation of regional projects within the state industrial
policy.

Solving of 1. The transition to international standards of sustainable development,
environmental environmental safety and environmental protection.

problems and 2. Creation of the most favorable conditions for people activities

ensure of 3. Dec.rease negative impact of the industry on the environrpent.

environmental 4, Savmg and gtrengthenmg of natural resource state potential. .

protection 5. Ensuring rational and complex use of natural sources of Ukraine.

Realization of 1. Transition to program-budgeting and planning mechanism for the implementation
implementation- of strategic objectives of innovation and development.

innovation and 2. Simultaneous and mutually integrated development of the national innovation
target system and industrial sector of Ukraine based on management project and program
development development. . . . .
programs 3. Ensuring establishment of economic growth and innovation development national

centers.

Economic security

1. Facilitating to innovation accelerated development of high-tech producing by the
way of tax, customs and other preferences by the state investment policy.

2. Removing structural imbalances both in the industry and in the country.

3. Opposition of the Ukrainian raw materials transformation to industrialized
countries.

4. Creating favourable investment climate and increasing innovation activity of
industrial sector.

5. Prevention capital outflows.

6. Decrease the dependence of industry on import (energy and critical technologies),
compliance limit exports.

7. Minimization of the shadow sector and industry criminalization.
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3.2. Mechanical engineering and instrumental engineering, which should provide high-
tech development of all manufacture industries; development of modern high-quality steel,
manufactures of enterprising newest building technique. This group includes:

* production of newest rocket-space types and aviation technique, and electric vehicles;
system tools of technological projection, manufacturing and logistic support of working
processes of new generation technique; newest tools of diagnostic types, machinery,
equipment and parts for high-tech systems of various purpose;

* production of newest high-tech types and economic building technique and equipment for
the building industry enterprise;

* systems of telemetry, ranging in different environments optoelectronic systems of dual
purpose;

* equipment and materials for welding and performance of related processes, durable and
dynamically stable welded constructions; equipment, materials and newest technologies for
corrosion protection;

* equipment and special technologies of newest steel producing types; recycling
technology of secondary raw materials nonferrous metals;

* household and municipal electronic technics and its technological processes of manufacturing
based on innovative modern types of televisions, refrigerators and other consumer goods.

3.3. Nanotechnologies, microelectronics, information technology, telecommunications
and computer systems. This complex applies to:

* information systems of control and management of basic technologies objects and
various economic industries objects; intellectual computer systems and high productivity
means; recognition software systems and processes object; digital broadband media
distribution systems;

* laser techniques and equipment, technological processes of their application;

* electronic database of communication systems, computer and telecommunications
technologies; optical fiber systems; light signal and information outfit.

3.4. Chemical technologies, new materials, biotechnology progress developing includes:

» modern catalysis, development and use of new catalysts and new catalytic processes;

* development of genetic-engineering technology;

» immunological medicines and biomixture materials;

* modern construction materials and technologies for their production and use;

* ceramic and supersolid materials;

» modern materials of chemical production;

* newest types of semiconductors and monocrystalline material.

3.5. Machines and mechanism, other industrial production for high-tech development of
agriculture and processing industry

3.6. Transport  systems; building, reconstruction, technical upgrading and
modernization. This comprehensive direction includes:

* innovative technologies, machines and mechanisms for roads, bridges and transportation
systems building and reconstruction;

* rationalizing modern system using satellite and ground-based equipment rationalizing ;

* ports reconstruction;

* gas, oil and ammonia transportation modernization.

3.7. Human health and economic sphere care includs:

» diagnostic and therapeutic software and hardware complexes;

* modern medicines;

* equipment and technology for alternative energy sources;

* energy-efficient, resource-saving, modular, environmentally safe equipment for water
treatment systems, water purification, heating and control means.
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3.8. Information-communication systems and technologies developing.

Along with determination and guarantee of realization domestic industry development
and building sector priority directions, state structural policy modern mechanisms should
provide measures for:

* investment flows and other resources in priority areas stimulation;

* support innovative and high-tech industries development that promotes and implements
scientific and technical progress, high technology production and competitive production of
world-class quality;

* protection and financial support of sectors that are in state of stagnation, diversification
and optimization, which require industrial machinery radical overhaul;

* reorganization of production in depressed areas;

* developing national strategic, tactical and other plans, programs, national, sectoral and
regional projects for the solution of structural adjustment programs as well as all categories of
staff training and re-training, including new working power creation;

* solving problems related to capital focus and priority in capital-intensive areas of
structural adjustment.

Considering these and other features of the real economy, industry and construction
should take place at the national and regional levels of governance (strategic plans, programs,
laws, regulations and other instruments) and in specific investment projects and targeted
programs of enterprise and other complex systems development.

To solve second objective results of this study, strategic goals of innovation and hi-
logical and economic growth of the country for the implementation of the ongoing progress of
industrial enterprises and construction companies were identified. It is needed at first to
implement the restructuring of their industrial and economic, organizational and functional
systems of innovation investing mechanism production advanced forms and operations, based
on common approach to project planning, development and management of domestic
producers and providing these complex challenges of continuous improvement :

1. Ensuring manufactures responds to real conditions of the external environment by
the way of:

« formation or clarification manufacture mission;

* business-activity strategy determing and development as long-term goals realisation
means;

* specific projects and programs development and local integrated goals implementation;

» specific projects and programs development and integrated local and objectives
implementation;

* these realization projects and programs processes organization managemen.

2. The ways for innovation-investment activities providing by creation new and
improvement existing products, technologies and production capacity for customer needs
satisfaction are:

» consumer demand and needs dynamics study, various segments and market sectors
competition and prospects;

* creating of new company products creating and existing company products improvement;

* design new and improving existing technology and production capacity, improving it’s
production and economic mechanism and organizational and management systems and
business activities.

3. Development of high-tech production that provides:

* production facilities and equipment, high technologies uninterrupted introduction
optimization and rationalization;

« their efficient use ensure;

* new and rationalization existing processes design in space and time;
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* industrial systems cybernation and automation, flexible manufactures and new lines creation;

« total quality management and competitiveness of products and manufacture ensuring;

* rationalization and improving management efficiency of enterprise manufacture

4. The ways to develop the system of providing production activities:

» comprehensive implementation and effective use of modern information and computer
systems planning, organization, control and regulation of material-mechanical production that
provides energy needs;

* procurement system and inventory management optimization;

* energy efficiency and enterprises energy saving improvement;

* equipment, buildings, structures and communications repair improvement;

* tool, transport and warehouse company facilities rationalization.

Comprehensive and effective solution of these problems provides use of modern project
management and program innovation-investment development of high-tech industry approach
of which is related to the:

» creating of new production systems (industrial companies and manufactures) for the
production of competitive products;

* renovation and development of high-tech manufacture in existing industrial complexes and
production facilities.

Conducted researches considering the world experience analsis results and successful
management (and nowadays state of Ukrainian enterprises) allowed to defermine such main
tasks as for business-processes progress keys:

1. To monitor and analyse environment, market and customer needs to indicate global
trends, identify new innovation, determination of specific requirements and conditions for
further development and business activities.

2. To form and/or improve systematic imagery about the mission and total innovation-
investment strategy of company development in total, individual elements and activities sphere
etc. It is necessary to consider the requirements, conditions and achievements about development
in environment, to assess the current state and potential opportunities and improving systems and
all speres of the company activity, to develop them to the best world standards.

3. To develop and effectively implement innovative programs and projects by the
creation and realization of new products, modern services and other innovations. To manage
strategic process according to certain general and innovative investment strategies of the
company. The concept and plans for product innovation should be developed, full range of
research, design and other works for development, implementation and realization of
innovation (projects and programs) should be conducted and their economic and other
efficiency should be ensured.

4. It is necessary to create and develop marketing, development and other effective
systems and fields of activities for the promotion, marketing and firm in-life service product
innovation. This is especially important for unique vehicles, machinery, equipment, buildings
and other facilities that have long-lasting operation period (several years) and require constant
of service repair, further improvement.

5. To implement innovative technology development, technical-technological base and
entire production system of the enterprise, including their features, sphere of material-
technical and other support, organization and management, etc.

6. At same time with the development of industrial and construction companies, industrial
and technically complex engineering systems, it is also advisable to improve the structure and
functions of firms oriented on service. They need to develop logistics and effective resource flows
and services for themselves and for all their customers (clients) to develop and implement new
advanced qualification standards of personnel and services, develop a list of systems and
mechanisms for the effective implementation of these services, ensuring their good quality.
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7. To improve infrastructure, functions and direct relationships with consumers,
customers and other contact audiences ensure maximum innovation and investment projects
and programs «turnkey» with focus on long-term mutually beneficial cooperation with
Ukrainian foreign audience, and in the field of foreign activity.

8. To improve system and standards of management human resource enterprises to
apply modern project and program oriented methods of personnel management which
implements innovative-investment projects and development programs. Thus, for the
improvement of staff it is recommended to implement integrated and world achievements,
best systems and personnel management standards, such as:

« standards ISO 9000, defining the total system and sphere of management;

* American, Japanese, European and other standards of project management and
corporated business (PMBoK: 2004, P2M, IPMA, PRINCE 112 [7,8]);

* modern strategic management, which is based on the balanced system of indicators
(The Balanced Scorecard). This system was proposed in the mid-1990s, by US scientists
R. Kaplan and D. Norton;

* innovative form of gradual improvement management of enterprise personnel in the
process of its development, which is based on the model of maturity project management
(Project Management Maturity Model — PMMM).

9. To implement integrated development and information resources management of
systems and sphere of innovation company, its projects and programs

10. Ukrainian enterprises have toimprove effectiveness of consumption (spending)
material (especially) energy resources constantly, to provide real (at times) to reduce energy
consumption and material production and production, to provide modern management and
activity development in this sphere.

11. It is necessary constantly to improve all the financial and economic activity of
business entities, especially in the field of studing, involvement and efficiency and return on
investment involved in innovative projects and development programs. This strategic
direction is advisable to use modern tools and procedures for project financing, effective
management of development and implementation business plans, budgets, and other financial
plans, standards of performance.

12. In the period of its activity development in any project or program, each
manufacture must ensure the protection and system management in environmental area. In
this field, the manufacture is more expedient to interact with the state bodies, with regional
and local , public (environmental) organizations, with society etc.

13. Development of all types, directions and spheres of relationships with the
environment, innovative manufacture that carries out improvement, going to be competitive.
It is needed to improve the management of external relationships, develop effective PR-
programs for organization and its products positive image.

14. As it was mentioned, each innovative manufacture must manage its development,
systemic and long-term process improvement and change.To provie this it is recommended:

* to create (improve) and constantly measure complex of the organization activities
performance;

* to conduct internal and external quality evaluation, to ensure its uninterrupted
improvement and management based on totaly system quality management (TQM),
international and domestic quality standards etc;

* to perform comparative analysis of activities, achievements, state and potential of the
manufacture, to evaluate the performance of pre-designed policies, programs and projects;

* to make changes and adjustments to their policy measures to promote sustainable
development and improvement of enterprise competitiveness, etc.

In complex and effectively realized certain strategic goals and objectives it should be based
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on the creation of innovative-investment model, strategy and program of company development at
the application of this strategic and unique process project management standards.

Analysis of successful companies and world enterprises in innovation management,
business-projects and development programs confirms advanced experience that is possible
to determine the following basic rules of corporate and project management to solve
improving business processes of various Ukrainian enterprises problems:

1. The integration of innovative tasks as fundamental basis for improving the
competitiveness of the company — innovator is a single innovative program. This means that:

a) all staff understand adopted innovative program (strategy) development of innovative
enterprise and support it;

b) all fields of the enterprise activity for effectively interaction and agreement develop
according with this concept;

¢) innovative problem (projects and programs, etc.) focus is to satisfy the demand on
defined market segments;

e) innovative potential is concentrated (focused) in limited innovation-investment area
(field).

2. Creating and stimulatingof innovation-investment climate in the innovations
company provide:

a) development sense of career and readiness to risk both in managers and in employees;

b) development of extradepartmental and interdisciplinary thinking of developers;

c¢) development of critical attitude to achieved results in innovation and innovation
business.

d) stimulating of innovation and investment activity on the enterprise;

e) development and deepening of cooperation with other organizations — innovators and
business partners

3. Using of extraordinary organization solutions, which means:

a) organization of innovation-investment measures and transformations (innovation) as
permanent basis of evolution and manufacture business-processes;

b) use of project form of innovation activity management;

c) the development of flexible, innovative adaptive structures.

4. Development and application management methods of innovation projects:

a) fundamental training of innovation, innovative measures and transformations;

b) quality project planning;

¢) objective evaluation and economic projects assessment;

d) strict control by projects implementation.

5. Preparing of manufacture and innovative products promotion:

a) implementation researching and technical training of innovative products series
manufacture under long-term demand of estimates for promising market segments;

b) preparing defined market segments for innovation product;

¢) construction the system for sale innovative product;

d) preparation of system for service consumers maintenance.

6. Providing high efficiency and economy-innovation and investment projects and
development programs:

a) reducing the duration and decreasing the cost for innovations and innovative-
investment business;

b) ensuring maximum possible world class quality and satisfy the demand for
innovative products;

¢) implement of ahead innovative measures and changes in competitions;

d) permanent identification of the highest achievements and focus their innovations on
their rational and efficient use
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Conclusions. The main result of the gradual introduction and use of proposed
mechanisms and practical recommendations for innovation and high-tech development
enterprises and organizations is that it  should be supported their progress and
competitiveness in global and neoliberal space and also ensure Ukraine welfare to
international life standards. This conclusion confirms the European model of sustainable
development, which involves the state leadership and society.

The main areas for further researching in the field of innovation and high-tech
development of real economy sector, industry and construction should be the search of
financial effectiveness mechanisms, administrative and intellectual support of the above
processes.
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WORLD EXPERIENCE OF BUSINESS PROCESSES
ORGANIZATION BUILD-INVESTMENT PROJECTS
NEW FORMS AND MANAGEMENT IN THE FIELD OF
UKRAINE COMPLEX OBJECTS DEVELOPMENT

The scientific principles and practical recommendations on the organization and
management of business processes and construction investment projects in the real sector of the
Ukrainian economy are developed. These issues are considered on an example of the
development of objects and processes in the oil and gas complex. The basis of its improvement is
proposed to apply new forms and best international experience to ensure the modern progress
and competitiveness of complex industrial and business systems. It is determined that the practical
recommendations given in the article can be successfully applied in industry and other sectors of
the real economy sector of Ukraine. Their use should ensure the acceleration of modern progress
and the growth of the competitiveness of the domestic economy.

Keywords: innovative and high-tech development, project management, engineering,
development.

Peokin O. B., x.m.n., ooyenm

Ilaxomos P. L., k.m.u., ooyenm

3uma O.€., k.m.H., Ooyenm

Ilonmascvkuil HayionanbHuti mexHivHuil yHieepcumem imeni FOpis Konopamioxa

HOBI ®OPMH I CBITOBHUI JTOCBIJ OPTAHI3AIIIL
1 YIIPABJIIHHS BIBHEC-ITPOIIECAMU TA BYIIBEJIBHO-
THBECTULIMHUMHA MPOEKTAMHU B C®EPI PO3BUTKY
CKJIAJTHUX OB’EKTIB YKPATHU

Posensnymo naykosi ocHoéu ma NpakmuyHi pekomeHoayii wodo opeauizayii ma
YApasninus Oiznec-npoyecamu i 6y0i8eNbHO-IHBECMUYIIHUMU NPOEKMAMU 8 PEeANbHOMY CeKmopi
EeKOHOMIKU HA NPUKIAdi po3eUmKy 00 €kmis i npoyecié y Hagpmoeazoeomy komniexkci Ykpainu
3a paxyHoK YNpOo8aOJCeHHsi HOBUX (YOpM ma C8imMmoo2o 00C8i0y 3a0e3neyeHHsi CY4aCHO20
npoepecy Ui KOHKYPEHMOCHPOMONCHOCMI — CKIAOHUX — BUPOOHUYO-20CNOOAPCLKUX — CUCHEM.
3anpononosano ocHo6Hi npoyeoypu ma iHCmpymMeHmu peanisayii makux 00CmamHb0 HO8UX 0Jis
Vipainu mexawnizmie 3abe3neuenHs HHOBAYIUHO20 MA  BUCOKOMEXHONOSIUHOZO PO3BUMKY
3A3HAYEHUX CUCMEM, SK CMpameiuHuti, MYTbMUNPOEKMHUU | NPOEKMHUL MeHeOdCMeHm,
IHOICUHIPUHE MA 0eBeTIONMEHM.

Knrwouosi cnosa: innosayitinuti ma 6UCOKOMEXHONOIUHUL PO3BUMOK, NPOEKMHUL
MeHeOHCMeHm, THHCUHIDUHS, 0eBeIONMEHM.
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Introduction. Nowadays the Ukrainian economy real sector state, its industrial,
construction, oil and gas and other economy branches require the restructuring of the modern
innovation and investment mechanism of high-tech and continuous development, based on the
advanced forms application and world experience in this process organization and
management, the latest advances in science, technique and technology in order to ensure their
competitiveness in Ukraine and in the world.

Technical re-equipment and development of the state economy in the direction of
world standards requires 3.0 — 3.5 trillion USA dollars in the various forms of investment.
1.2...1.5 trillion USA dollars should be mastered in the field of capital construction [1], that
is, in the field of new construction and expansion of enterprises, industrial objects, oil and gas
spheres, construction and other sectors of the national economy. This list should also include
all types of construction investment and innovation projects and programs related to the
reconstruction, modernization, overhaul and technical re-equipment of practically all available
production facilities, equipment, buildings, constructions, various types of transport
communications (highways and their infrastructure). The listed and other aspects of the
present require world experience qualitative study and involvement in Ukraine and
construction new forms organization and management in market economy for the
modernization and development of all objects and processes in the economy real sector.

Analysis of recent research and publications. A number of domestic and foreign
specialists developments are devoted to the study of issues related to the organization and
management of business processes and construction and investment projects in the economy
real sector, in the sector of capital construction, industry and objects of the oil and gas
complex. Over the past decade, unconditional leaders in the field of innovation in the creation
and practical implementation of the latest forms of organization and management of projects
latest forms in the leading sectors of the economy are the leading construction and investment,
development and engineering companies American academics and representatives.
They created and developed the world-renowned worldwide standards of USA PMBoK
project management: 2004 [2] that have been successfully applied and developed for several
decades. Based on their principles, different sets of recommendations and norms of
international organizations for project management are developed and are currently operating:
the European standards of professional knowledge and skills on project management IPMA,
the relevant requirements and recommendations of the World Bank and the European Bank
for Reconstruction and Development, etc [6].

In addition to the listed and other standards of project management, which became the
valid standards of investment business projects and programs design, organization and
management for the development of complex high-tech, production, organizational-economic
and transport systems in the leading economy branches, it is needed to submit the research of
such famous foreign and domestic scientists as P. Martin and K. Tate [3], D. Gerd and
A. Tovb [4], G. Kerzner [5], G. Tsines, Y. Zabrodin, A. Sarukhanov, S. Bushuev, I. Babayeyv,
V Yakovenko S. Dziuba and others. In addition to the listed and other standards of project
management, which became the valid standards of design, organization and management of
investment business projects and programs for the complex high-tech, production,
organizational-economic and transport systems development in the leading branches of the
economy, the research of such famous foreign and domestic scientists as P. Martin and
K. Tate [3], D. Gerd and A. Tovb [4], G. Kerzner [5], G. Tsines, Y. Zabrodin, A. Sarukhanov,
S. Bushev, 1. Babayev, V Yakovenko S. Dziuba and others. Analyzing existing publications,
it should be noted that they pay great attention to the general procedures of projects
organizational and economic management in a stable business environment, which are
inherent in the advanced countries of Europe and the world. At the same time, due to the
manifestation of crisis phenomena and the domestic economy development weakness, lack of
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experience in project management in Ukraine construction, industry, oil and gas complex in
the market economy conditions, it can be determined that the existing recommendations of
international organizations and project management scientists [2 — 9] for domestic enterprises
today are not enough and they need to be refined accordingly.

Description of general problem unsolved aspects. Considering the above factors and
theoretical developments and practical recommendations lack for the business processes and
projects organization and management in the field of capital construction and industry, as well
as at the objects of the oil and gas complex in management modern conditions, there was a
need to expand the list of applied researches on studying and engagement to the new forms
domestic enterprises activity and world experience in the processes organization and
management. According to the authors, solving this problem is an actual task, which has some
scientific novelty and practical value.

The purpose of the paper. The main objective of the article is the scientific
foundations and practical recommendations formation for the business processes and
construction organization and management and investment projects in the economy real
sector, such as the objects and processes development in Ukraine oil and gas complex due to
the introduction of new forms and world experience in the modern progress organization and
management in economic systems.

Basic material and results. A key condition for the competitiveness of Ukraine oil and
gas sector is the creation of a modern, closed-loop cycle for high value-added products
extraction, transportation, deep processing and production. The main objects of the oil and gas
complex include:

— preparation of territory and routes for the oil and gas wells, storage facilities, pipeline
systems and oil and gas extraction, storage, transportation, products processing and sale
processes other objects arrangement;

—linear objects (engineering structures, equipment and communications) of main
pipelines;

— facilities for the extraction, storage and gas preparation for transportation;

— main pipelines compressor stations;

— gas distribution stations;

— facilities for oil and gas extraction, collection, storage and preparation for
transportation;

— stations for the oil and gas transfer;

— marine oil pipelines;

— oil refining objects;

— gas processing objects;

— natural gas liquefaction plants;

— other objects.

Almost all enterprises and organizations of the oil and gas complex which are the
subjects of economic activity, in order to ensure their functioning and continuous
development in the current conditions of Ukraine, new functions and corporate standards of
industrial and commercial and any other activities formation, must introduce company main
business processes different innovations and world experience that can be grouped into such
groups:

1. Market analysis, needs and requests of consumers (and customers) for products and
enterprise services (marketing research).

2. Formation of strategic vision (market philosophy) and strategy (strategic plans and
programs) among enterprise owners, leaders and personnel.

3. Innovations development and introduction (the latest products, services, technologies,
production systems, etc.), including «turn-key basis» production and implementation.
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4. Products and services effective commercialization and sale ensuring.

5. Production systems and processes formation (organization and constant progress) and
providing them with everything necessary in the necessary level of products and enterprises
competitiveness formation conditions.

6. Development of production service and enterprises oriented on production and
commercial service, marketing and advertising (including engineering, development and life-
style or «brand» service).

7. Organization and management of contractual work (contracting), cooperation with
suppliers, consumers, clients and other stakeholders.

8. Personnel management of the enterprise.

9. Management of information systems, flows and enterprise resources.

10. Management of investments, financial resources and enterprises expenses in projects
and programs, etc..

11. Creation and development of work comfortable and safe conditions on the objects
and in all systems of the enterprise (ecological safety and environmental protection activities,
technical safety and labor protection management).

12. Management of external communications and the environment of the enterprise.

13. Enterprise development programming and designing (its products, technologies,
production and other systems and business processes). Their «turn-key basis» implementation
ensuring. Development and competitiveness growth continuation.

The transition to world standards of management and ensuring the continuous progress
of enterprises in the oil and gas complex requires not only the implementation of the above
measures and processes, but also the work on the development and application of new
mechanisms, procedures and tools for their organization and the successful implementation of
a «turn-key basisy». These (new for Ukraine) mechanisms should first of all include strategic,
project and multi-project management, engineering, reengineering, development, corporate
and life services, etc. Consider them.

Considering the global experience of integrated and rational use of procedures and tools
for strategic, multi-project and project management, it can be noted that in addition to the
world-renowned ISO 9000 standards in the management of projects and programs for the
development of complex and unique systems (enterprises, facilities of the oil and gas
complex, etc.), advanced countries and companies today also apply such complexes of
standards:

— 3rd version (edition) of the PMBoK Guidebook: 2004, which today is the current
American national (and world) standard of the project and program management system [2];

—developed on its basis in recent years and widely applied in practice, other
modifications to this methodology of project management, such as:

— Japanese system of knowledge and skills in project management P2M;

— a complex of international requirements for the competence of project management
specialists and the relevant European standards for professional activities in this area — IMPA
Competence Baseline (ICB);

— project management methodology PRINCE 1 and PRINCE 2, applicable in the UK;

— other standards of project and multi-project management used in the management of
investment projects and development programs.

Summarizing the world experience in applying new forms of organization and
development of enterprises, corporate and project management, this process can offer a new
comprehensive solution to existing problems in the state, forming the general contours of the
standards system for managing investment projects and programs for the complex industrial
and economic systems development in the oil and gas sector of the Ukrainian economy:
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1. Ukraine ISO 9000 standards, legislation and regulatory system determining the
general management system in the state, branch, corporate and program-design environment.

2. Project Management Standards, as outlined in PMBoK: 2004, P2M, ICB (IMPA),
PRINCE 1 and PRINCE 2, which create a regulatory and methodological framework for
building a project management system and programs. They are the focal point for the entire
set of management standards for any projects (including construction, reconstruction and
technical re-equipment of oil and gas complexes, enterprise development programs).

3. On the basis of the above listed standards, specific corporate standards are developed
for today powerful (advanced) development and engineering companies that are able to
implement «turn-key basis» for any projects and programs, including the attraction of
necessary investments. Worldwide examples of such companies are Fluor Daniel Corporation,
Technip-Coflexip, Bechtel, Parsons, Man, Petrofac, Foster Wheeler Inc., AMEC, ABB
Group, World Super Engineering, etc. They implement projects all over the world, and
therefore their corporate standards (among other things) regulate multi-project and project
management in subdivisions (strategic business units — SBU and so-called «professional
project management offices — PMO offices», participating in international and national unique
projects, applying modern strategic multi-project and project management, engineering and
development.

4. At the last stage, management standards are developed directly for specific projects
and programs in the oil and gas sector. Their approximate list is shown in the Table 1.

One of the main tasks in the field of business projects organization and management
and oil and gas complex development in Ukraine is to ensure its competitiveness in the
conditions of the domestic economy globalization and neo-liberalization. Today, the concept
of competitiveness should be considered as the property of economic entities and their
products to the maximum society and individual consumers needs in comparison with similar
companies and their products (including services), which are available (or offered) in the
domestic and world markets. The key parameters that determine competitiveness today are the
products, works and services quality, their price (cost), consumption and exploitation
(service) costs, first of all, objects, structures and engineering communications in the oil and
gas sector, including quality, price and other parameters of their «brand» and «life» service,
modernization and further (continuous) development.

Today, engineering is recognized (in the leading countries and companies of the world)
as a highly effective function of modern business and innovation and investment activity,
which essence is to provide consumers with the latest products, high technologies and
production systems, research, design, construction, calculation, analytical, production
organizational structure advanced services, including the feasibility study and business plans,
different types of project, work and other investment documents, professional supervision and
project management of complex projects and programs. Today, the leading companies in the
world operating in the oil and gas business use the following types of engineering: design,
technological, cost, financial, industrial, integrated, which combines all the above types of
engineering in various combinations. In leading countries and companies in the world,
integrated engineering is called the Build-Own-Operate-Transfer system. This system
assumes that the project's main executor (project team, «PMO office», customer, etc.) not
only designs and implements a «turn-key basis» project, but also exploits it (for example,
various facilities and engineering structures of the oil and gas complex) over a significant
period of time (20...25 years), after which it can transfer it to the owner (for example, the
state, or the operating organization).
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Table 1 — Recommended list of project management
standards at the oil-gas complex

St?}g?rd Procedures which the standard relates to

1 Organizational structure of the enterprise

2 The main business processes of the enterprise

3 Corporate governance standards

4 Strategy and strategic plans for enterprise development

5 Organization of works on the pre-investment phase of the project

6 Preparation of proposals for the tender

7 Pre-project research, development, approval, examination and approval of
feasibility study, business plans and other project documentation

8 The main aspects of project management (including the formation of its statute
and the project management plan or program)

9 Organization of work on a project (program)

10 Development of project documentation

11 Use of project documentation

12 Identification and control on project documentation (program)

13 Project Control (Development Program)

14 Project quality plan

15 Memo (instruction) to project management (programs)

16 Shifts management

17 Discussion on the progress of the project implementation (programs)

18 Project planning (program-design activities)

19 Development and implementation of works breakdown structure and the organiza-
tional structure of the project (program) in the dynamics of its development

20 Project cost control (program)

21 Development of cost allocation structure

22 Project Reports (Program Activities)

23 Management on information, documentation and document circulation in the
project (program)

24 Equipment and mechanisms

25 Project staff and personnel policy

26 Project Risk Management

27 Safety and creation of comfortable working conditions (labor protection, safety
engineering, ecology, technogenic and other kinds of safety)

28 Procurement by project (program)

29 Subcontract agreements

30 Work instructions and regulatory framework

31 Materials control on the site

32 Check and test on the site. Adjustment works

33 Maintaining executive documentation

34 Preliminary development, testing and launching of objects (project, program)

35 Final report on the project (program)

36 Accumulation and use of project data (program)
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The undeniable advantages of engineering should include: increasing the efficiency of
any innovation and investment projects and programs for the development of enterprises and
facilities of the oil and gas complex; reduction of design and program activities terms and cost
with simultaneous growth of their quality and modernity; attractiveness for the owner,
customer and investors; creation of prerequisites and real opportunities for the transition to
world standards of management, corporate and project management; reducing investment and
other risks, increasing competitiveness.

In addition, engineering, construction, development and other companies that have
participated in or may be involved in projects and programs in the oil and gas sector, there are
real opportunities and economic interest to provide a complex of «branded» and «life-long»
services, or develop the objects of the oil and gas complex both in Ukraine and in the world.

Development is one of the most advanced and modern concepts of programmatic and
design (system) management, when within the framework of a unique innovation-investment,
construction, organizational or other project or program of enterprises and objects
development of the oil and gas sector, not only an object is created of any complexity and
uniqueness (enterprise, building or construction, industrial and other equipment,
communications having a long-lasting decade-operation period), but also permanent and long
get integrated service, modernization and development of this facility and professional
management. It is a function of a legal owner who will carry out commercial or other
exploitation of the whole object (equipment), and the potential co-owner, its developer and
manufacturer. Such company development of the two mentioned entities always is considered
in continuous facility improvement, increases technical and technological capacity,
competitiveness, modernization of the brand service system, as well as in the mutually
beneficial production and facility commercial exploitation in the prospect long-term. Thus,
development is an implementation mutually beneficial form of various business projects and
programs for innovation and investment enterprises — developers and producers of a unique
product (including buildings, structures, communications, involved in the production of the
economy oil and gas sector) and for the goods owners and buyers.

The engineer and developer-oriented advanced companies, construction companies and
industrial enterprises world experience shows that the application in their business projects
and development programs of the above-mentioned innovations from strategic and multi-
project and project management, engineering and development allows these organizations to
get:

—total duration of projects and programs reduction, by 12...20%, including their active-

investment phase — 15...25%;

— work complexity reduction by 12...25%;

— operating costs reduction by 20-25%;

—the project total cost reduction by 10...15% or more [5].

At the same time, the quality and competitiveness of both the project (or program) and
its developers and owners are grown up.

Considering the economy real enterprises and objects state in Ukraine, and especially in
its oil and gas complex, as well as the need for their engineering, re-engineering
(revolutionary, bifurcation renewal) and continuous development to world standards of
management and business activities) at relevant enterprises it is necessary to accelerate the
engineering and development subsystems and functions implementation in their innovation-
investment models of activities continuous development and improvement, which in the end
eventually lead to increased efficiency and competitiveness of domestic business entities and
their products, reduce and protect against the negative impact of the crisis and provide
integration into the global and European economy.
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Conclusions. Summing up, it can be determined that the introduction of new forms and
world experience in the organization and management of business processes and construction-
investment projects for solving the problems of industrial objects and oil and gas complex
capital construction in Ukraine, including the practical recommendations of the article
authors, all considered promotes the progress of our country real economy sector, increases
the population welfare, and ensures their dynamic transition to world standards of
management, life and progress.
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WORKS EXECUTION ORGANIZATION AT BUILDING
RECONSTRUCTION AND RENOVATION WITH USAGE
OF SLABS LIFTING METHOD

The article considers works execution organization at reconstruction and renovation of
residential and public buildings for embedded systems with usage of slabs lifting method at
restrained urban conditions. The paper suggests usage features of the slabs lifting method at
building reconstruction conditions. The technology of reconstruction with the usage of slabs
lifting method allows to refuse practically the use of lifting cranes and to reduce significantly
(up to 50%) the required building area compared with the lifting crane construction methods
of embedded structures. It allows to perform the reconstruction without restriction of traffic
on adjoining streets and to perform construction in restrained urban conditions.

Keywords: organization, reconstruction, renovated buildings, embedded systems, floor
slab panels, slabs lifting method.
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Introduction. Reconstruction of old urban development residential buildings, having,
as a rule, historical significance and creating an architectural character of the city central part,
is undoubtedly actual. The topicality is conditioned by the necessity of preserving the
architectural integrity of historical development and, at the same time, the need for adaptation
of planning concepts and buildings constructive concepts to the new operating conditions.
The main reasons for the need of reconstruction are the discrepancy of existing planning
concepts with modern conditions and the usage of wooden structures as ceiling structures.
Due to long operating terms, wooden structures, as a rule, are generally at insufficient
condition and require replacement or cannot withstand to the new increased operational loads.
One of the such buildings reconstruction methods is the construction of embedded systems
with the preservation of existing enclosure structures (Figure 1). To the features of works
execution at the reconstruction of buildings at restrained urban conditions, especially in the
central, historical parts of the cities it should be considered considerably limited size of the
building area.

Figure 1 — Building reconstruction with the usage of enclosure structures:
1 — existing enclosure structures; 2 — foundation of the embedded system;
3 — embedded structures

This requirement essentially affects the possibilities of construction equipment and
lifting cranes use. In some cases, the usage of lifting cranes requires the restriction or
cessation of vehicles for a long time, and sometimes, the usage of lifting cranes is impossible
at all. The foregoing leads to refuse of the usage prefabricated reinforced concrete structures
and to use monolithic reinforced concrete structures as structures of the built-in frame.
However, the usage of monolithic structures still requires the use of lifting cranes for the
reinforcement cages and formwork supply. One of the methods allowing us to abandon the
lifting cranes usage during the erection of built-in structures almost completely is the slabs
lifting method [1].

Review of the latest research sources and publications. Recently, due to the actuality
of the need for residential and public buildings of the old urban development reconstruction, a
large number of works, was devoted to this question by both domestic [2 — 6] and foreign
authors [7 — 15]. In works [2 — 6] the peculiarities of the foregoing buildings reconstruction,
the problems of construction equipment use in the conditions of the limited size building area
are considered, and the usage of prefabricated and monolithic reinforced concrete as a
material of embedded structures is compared. It is concluded that the reconstruction of the old
urban development buildings by replacing the ceiling structures and construction of built-in
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structures allows to preserve the architectural character of the cities historical part and at the
same time to adapt buildings to the new conditions of exploitation. The works of foreign
authors are often devoted to the issues of the concrete objects reconstruction [7 — 9], some
parts of the works are devoted to the historic building structures strengthening [10 — 12].
Works [13 — 15] discuss the general issues of historical buildings reconstruction.

Definition of unsolved aspects of the problem. Despite the large number of works on
the topic, until this time, the method of foregoing building reconstruction has not been
proposed. There was no method that would allow to abandon usage of lifting cranes
completely, to facilitate work organization under conditions of the building area limited size
significantly and to refuse vehicles movement. The possibility of lifting slabs method usage
for the reconstruction of buildings was not considered.

Problem statement. To analyze the peculiarities of lifting slabs method usage for the
reconstruction of residential and public buildings by constructing embedded systems.
To identify the benefits of these buildings reconstruction method use in comparison with
other methods.

Basic material and results. As it has been shown [1], the construction of multistory
frame buildings with a monolithic or prefabricated monolithic reinforced concrete frame by
the lifting slabs method is to create the entire complex of floor slab panels on the ground
surface or on a floor slab panel above the underground part. After floor slab panels
installation and attainment it is required reinforced concrete strengthening, the floor slab
panels lifting up to the design position on previously erected columns using lifts.

This method has the following sequence of work:

1) erection of building underground part by the traditional method, that anticipates the
erection of column foundations, installation of the underground part columns, installation of
building underground part envelope, floor slab panels, etc. (Figure 2);

e s

Figure 2 — Erection of the building with the slabs lifting method usage:
1 — stiffening core; 2 — foundations; 3 — columns; 4 — complex of the floor slab panels

2) the arrangement of the stiffening core, that ensures the durability of the building in
the longitudinal and crosswise directions. As a rule, a stair enclosure with elevator shaft is
placed inside the stiffening core;

3) installation, or placement of the ground floor monolithic columns;

4) installation of the floor slab panels complex round the building for the entire building
area or section;

5) after the required reinforced concrete strength attainment of the floor slab panels, the
lifting of slabs in an intermediate position with the usage of lifts fixed on the columns is
accomplished;

6) installation or placement of the next level columns, moving the elevators and floor
slab panels lifting;
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7) after the lifting of all floor slab panels into the design position, the elevators are
removed, next stage is the roof, enclosing structures arrangement, after that general
construction works and finishing works are performed.

The advantages of such a method of building construction should include the fact that it
can significantly reduce the usage of lifting cranes, and sometimes completely abandon their
usage, significantly reduce the building area size; and in addition, due to lack of bearing walls
inside the building; this method does not impose restrictions on the choice of design
decisions.

This method was supposed to be used primarily for new construction, the usage of this
method during the reconstruction was not considered.

From the analysis of this method advantages, it follows that its use during the
reconstruction of buildings through the construction of embedded systems would be allowed for
reconstruction without going beyond the constraints of restrained urban development conditions
imposed on the construction. The method of floor slab panels lifting due to the refusal of cranes
usage would allow reducing the building area size to almost the area size of the reconstructed
building; refuse to restrict traffic and pedestrians and the operation of nearby objects.

The structure of the building reconstruction works by the proposed method will be as
follows:

1) disassembling of the internal structures of the building is carried out. At the same
time, disassembly should be conducted with strict sequence observance of the structures
disassembling adopted in the technological plans. If necessary, the reinforcement of the
enclosing structures is done;

2) the soil excavation under the foundations of the embedded system, the installation of
monolithic foundations under the embedded structures are arranged. If necessary, there can be
concrete mixture preparation at the object and feeding it with a light-weight concrete pump,
located in the dimensions of the building. After the attainment required concrete strength, the
waterproofing of the foundations and soil backing with compaction are carried out.
If necessary, a reinforced concrete floor of the underground building part is arranged;

3) erection of first level monolithic columns is done. Formwork and reinforcement
frames are installed from scaffold; the delivery of concrete mixture is carried out by a light-
weight concrete pump;

4) installation of monolithic floor slab panel above the underground part of the building
is carried out. Concrete is delivered centrally to the formwork by a concrete pump, located
outside the building;

5) after the attainment required concrete strength of floor slab panel above the
underground part, on its surface one after another the entire complex of floor slab panels
(Figure 3) 1s arranged. Panels are separated by a separating layer;

6) after the attainment required concrete strength, the structures of the scaffold,
formwork, prefabricated reinforced frameworks and a light-weight concrete pump are loaded
onto the last plate for concreting the next level of columns;

7) elevators for lifting floor slab panels are installed on the headings of the first level
columns [1]. Panels are lifted to an intermediate position and fixed (Figure 4);

8) concreting of the second level columns is carried out;

9) the lifting of the floor slab panels is continued after the attainment required concrete
strength of the columns. The last two paragraphs are repeated until the concreting of the last
level columns end and the lifting of all floor slab panels in the design position. After that, the
joints between columns and slabs, between plates and enclosing structures are packed;
the light-weight concrete pump is removed from the surface of the slab by a lifting crane.
Installation of the building roofing, internal general construction works, and finishing works
are operated by traditional methods.
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Figure 3 — Installation of embedded frame with usage a lifting slab panels method
(stage of floor slab panels concreting):
1 — existing walls; 2 — foundations under embedded framework; 3 — columns;
4 — floor slab panels complex

‘tn
tth

s

Figure 4 — Installation of embedded frame with usage a lifting slab panels method
(stage of second level columns concreting):
1 — existing walls; 2 — foundations under embedded framework; 3 — columns;
4 — floor slab panels complex; 5 — scaffold; 6 — column formwork

As it has been shown in the given works, the proposed technology of buildings
reconstruction allows to refuse the lifting cranes use during the works execution practically.
It allows to increase the building general plan coefficient of compactness to 60 — 80%.
With the usage of the traditional construction methods, this ratio is about 10 — 40%.
The proposed method obviates the floor slab panel formwork installation and supports
structures under it, as the formwork is pre-concreted slabs. This method allows to reduce the
work complexity on the floor slabs installation significantly.

However, the usage of the lifting slabs method at the construction of embedded systems
involves the manual assembly of column formwork, installation of reinforcing cages into the
formwork, assembly and disassembly of scaffold, installation and removal of lifts.

The most effective method of construction organization is the streaming construction
method and this method usage allows for definite significant advantages such as regularity
and low intensity of resource consumption, reduction of construction time [7]. However, in
the consideration case, the usage of this construction method is complicated by certain
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conditions. One of these conditions is a relatively small building area size that complicates or
makes it impossible to separate the building to the required number of work zones. As a rule,
in most cases, such types of buildings could be divided up to a maximum of two work zones
that is not enough for the streaming organization of the monolithic structures construction.
However, such case does not mean that it is impossible to effectively organize the process of
installing embedded systems by usage of lifting slabs method. At the same time, the greatest
attention should be paid to the organization of work on the installation of floor slabs, since
their share in the total construction complexity of embedded systems is 60 — 80%.
Figure 5 shows an work indicative schedule on the floor slabs package installation.

Working shifts
# Names of the proc
21416 |8|10|12(14]116(18]20(22|124(26|28|30|32 (34|36 |38 (40|42
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Distribution diagram of labor resources (need)

Figure 5 — Work schedule of floor slabs package installation by dividing the building
into two work zones: arrowed lines show the workers transfer

As it has been seen from the chart shown in Figure 5, even when dividing the building
into two working zones, the continuous work of the building team is organized.
Due to this condition, the number of workers, duration of the distribution layer between
the slabs installation work, the installation of reinforced frames and the concrete mixture
placing should be the same with the duration of the concrete surface curing and attainment
of the required concrete strength for the work start on the next slab. One of the conditions for
such work organization is the use of integrated workers brigade combining the installation of
reinforced frameworks and the concrete mixture placing. At the same time, as it is seen from
the distribution diagram shown in Figure 5, the irregularity coefficient of labor resources
usage is close to one.

Conclusions. The proposed buildings reconstruction technology can be used
(after conducting an economic comparison with other possible methods of reconstruction in
these conditions) for the reconstruction of residential and public buildings by installing
embedded systems of monolithic reinforced concrete frame type.
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The technology of reconstruction with the usage of slabs lifting method allows to refuse
lifting cranes use and to reduce significantly (up to 50%) the required building area
compared with the lifting crane construction methods of embedded structures significantly.
It allows to perform the reconstruction without restriction of traffic on adjoining streets and to
perform construction in restrained urban conditions.

One of the criteria for such technology use is the presence of buildings stiffening core
and stair enclosure walls cannot be disassembled.
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INDICATORS OF FLOOR SLABS REINFORCEMENT
TECHNICAL AND ECONOMIC INVESTIGATION
BY DIFFERENT TECHNOLOGIES

The paper presents the results of technical and economic indicators study of reinforcing
monolithic reinforced concrete slab various methods, namely: the supply of metal beams with
the installation of additional supports, external reinforcement of stretched zones using
MAPEI technology, adhesion of metal plates and carbon fiber to the developed technology.
There is established that the highest indicators of the materials cost, labor intensity and
wages for the execution of works relate to the option of reinforcing the floor slab by supplying
metal structures, and the lowest indicators have options for reinforcing the floor slabs using
MAPEI technology and bonding carbon fiber under the developed technology. The cost of
materials for reinforcing the plate in the developed technology with the adhesion of steel
plates is the lowest, but complexity, wages and the duration of the work on this technology are
much higher than other studied technologies of external reinforcement.

Key words: reinforcement of floor slab, external reinforcement, carbon fiber, technical
and economic indicators.

Monooio O.C., k.m.n., ooyenm
Kuiscokutl nayionanvruil yuisepcumem 0y0isHUYmMea ma apximexkmypu

JOCJIIVKEHHA TEXHIKO-EKOHOMIYHHUX ITOKA3ZHUKIB
INIACUJIEHHSA IIVIMT IIEPEKPUTTA
3A PI3BHUMHU TEXHOJIOI'ISIMHT

Haseoeno pesynomamu O0ocniodcenHns mMexHIKO-eKOHOMIYHUX NOKA3HUKIE PI3HUX
Memo9i8 niOCUiLeHHsE MOHONIMHOL 3aI300eMOHHOT NAumu nepekpummsi, a came. ni08edeHHIM
Memanesux 0OAIOK 3 YCMAHOGNEHHAM O00AMKOBUX ONOpP, 308HIWHIM — APMYBAHHAM
posmsacHymux 30H 3a mexHnonozieio «MAIIEDy, npukneiogannsm memanesux nAACMUH 1
gyaneyeso20 80JI0KHA 3a PO3PODIEHOI0 MEXHONO2IEID. YCmaHo61eHo, Wo Hauuwi NOKASHUKU
sapmocmi mamepianie, mpyoomicmkocmi ma 3apooimuoi niamu Ha GUKOHAHHA podIim mae
eapianm NIOCUNEeHHs NAUMU NEePeKpUmms Ni0GeOeHHAM Memanesux KOHCMPYKYiu, a
HAUHUMC4i — eapianmu NioOCuleHHss naumu nepekpumms 3a mexuonociero «MAITEDy 1
NPUKTICIOBAHHAM 8Y2lleyeso20 BOJNOKHA 3a po3pobNeHolo mexHonoeiclo. 3’acoeano, wjo
sapmicms mamepianié Ha NIOCUIEHHS NAUMU 8 PO3POOSEHIl MEXHON02l 3 NPUKIEIOBAHHAM
cmanesux NAACMUH HAUHUdNCYA, ale mpPYOOMICMKICMb, 3apoOimua niama ma mpueanicms
BUKOHAHHS pOOIM 34 MAKOI MEXHON02IEI0 3HAYHO SUWI 3a THWE OOCTIONCYBAHT MEXHON02Il
nIOCUNEeHHS 308HIWHIM APMYBAHHAM.

Knrouoei cnosa: niocunenns naumu nepekpumms, 308HIUHE APMYBAHHA, 8y2ielese
B0JIOKHO, MEXHIKO-eKOHOMIYHI NOKA3HUKU.
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Introduction. During the inspection of a building in Kyiv, a number of damages and
defects in inter-floor overlapping structures were detected. The building is 5-storey, frame-
monolithic. For floor slabs reinforced concrete was used. On their surface numerous damages
were found in the form of cracks, located in stretched areas (Fig. 1). It was found that damage
was caused by the influence of constructive, technological and operational factors, in
particular: insufficient reinforcement of stretched zones; overload of constructions;
discrepancy of the protective layer thickness with the design decision and regulatory
requirements; strength of concrete is lower than specified in the project; the thickness of the
floor slab, in some places, is less than the design; probable early unpacking.

Figure 1 — Longitudinal (a) and bending (b) cracks on the surface of the floor slab

As a result of the visual-instrumental inspection and checking calculations of the
overlap pings it was established that the technical condition of the structures does not provide
sufficient load bearing capacity for their normal and safe operation according to their intended
purpose. Therefore, it is recommended to perform their enhancement.

Analysis of recent research and publications. The analysis of normative and technical
literature has established that in practice, in order to reinforce the slabs, the following
structural and technological solutions are used: increasing the cross-section due to
the build-up; change of the static scheme of work due to the installation of protrusions,
slippers, racks, etc. [1 — 3]. However, in this case, the installation of additional reinforcement
structures will reduce the inter-floor space, or change the structural and planning decisions of
the interior space of the building. In addition, the load on the supports and foundations is
significantly increased, or even the need arises for the installation of additional foundations
for new supports.

Selection of previously unsettled items of the general problem. Considering the
above mentioned, one of the excellent methods of reinforcing structures is external
reinforcement (gluing using special adhesives on the surface of high-strength canvases, plates
or strips (lamellae) structures. Materials and technologies of foreign production are now used
in domestic building practice [4 — 6]. For the purpose of structures enhancement by external
reinforcement, metal and composite materials based on carbon fibers, fiberglass and plastics
can be used [7 — 10]. On the basis of SE «Research institute of building production» (Kyiv) a
number of experimental studies were carried out. Based on the results of these studies
constructive and technological solutions for amplification of beam structures with external
reinforcement using domestic materials were developed [11 — 13]. However, before providing
recommendations for using specific amplification technology in construction, its techno-
economic feasibility should be established.
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Thus, the aim of this publication is the study of technical and economic performance
(TEP) of various technologies for reinforcement of overlap slabs.

Main material and results. In order to assess the economic feasibility of a certain
method of slabs enhancement, it was decided to compare the following methods of
amplification: supply of metal beams with the installation of additional supports, external
amplification under the «MAPEI» technology and external reinforcement under the
previously researched and proposed technologies. Provided research and comparison of
technical and economic indicators for overlapping with area of 250 m?, where outer loop is
based on the piers and columns support it in the middle (Fig. 2, 3).

The main technical and economic performance indicators (TEP) selected for
comparison: cost of materials for amplification, complexity, wages and performance duration.

By the first method, the reinforcement of the floor slab is provided by the supply of
metal beams with the installation of additional supports (columns) (Fig. 2). Since, when
performing amplification by the indicated method, the height of the room is significantly
reduced, but in this case it is not acceptable, therefore this method is considered only for the
purpose of the TEP comparison.
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Figure 2 — Scheme of reinforcing elements of the floor slab according
to the method of supplying steel beams
with the installation of additional columns
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The project provides for the installation of rigidly fixed metal columns (two 16U wires
welded in a box) to existing reinforced concrete vertical structures in the areas shown in
Fig. 2. On the columns longitudinal double T-beams 18B1 and 20B1 on the lower shelves are
laid and welded; through their inserts (if necessary) transverse double T-beams 14B1 and
16B1 are laid and welded.

The following methods provide external reinforcement of slabs made of reinforced
concrete, such as bonding metal plates or carbon fiber on the stretched zones. It allows
increasing bearing capacity of the plate and reducing deflection. The areas for adhesion of strips
for external reinforcement are shown in the schematic of the reinforcement elements (Fig. 3).
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Figure 3 — The layout of the floor slab reinforcement elements
with the method of external amplification
(MAPEI technology, metal plates, or carbon fiber under developed technology)

By the second method, the reinforcement of the floor slab is performed according to the
technology of the «MAPEI» company. Prior to the beginning of the reinforcement work,
future carbon fiber bonding sites should be cleaned from the «glossy» surface using a
sandblasting device, or a grinding machine with a special disk to clear concrete surfaces.
This technology provides for priming the concrete surface to strengthen the foundations with
composition MapeWrap Primer 1, bonding unidirectional carbon fiber MapeWrap C UNI-AX
with adhesive MapeWrap 21. The ends of the carbon fiber strips are mechanically fixed with
metal plates and bolts M10.
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In the third method is scheduled to perform enhancement of the plate by sticking metal
plates to its stretched areas. Firstly, the cleaning of the places for gluing plates is carried out
according to the technology described above. Subsequently, the place of gluing the plates and
10 mm on each side outside each plate is impregnated with the composite grounding
foundation «Consolid 1» manufactured by LLC «COMPOSIT". At least 24 hours later
bonding of metal plates (4 x 50 mm) is executed on an epoxy based adhesive «kKEDMOK»
produced by LLC «COMPOSIT». At the ends the plates are fixed with wedge anchors M10.
Plates are pre-wiped to shine and degreased.

By the fourth method, the reinforcement is performed by gluing of of unidirectional
carbon fiber stripes on the stretched zones. Before the beginning of the gluing work, place
intended for bonding the fiber is prepared, namely, the surface is cleaned and «Consolid 1»
foundation is applied as described in the previous method. After 24 hours «<EDMOK»
adhesive is applied on the prepared surface and strips of carbon fiber are «drowny in it with a
spatula. In 5-10 minutes, another layer of kEDMOC» adhesive is applied to the surface of the
fiber so that it completely percolates the fiber and remains on the surface. The ends of carbon
fiber strips are mechanically fixed with metal plates and bolts M10.

First of all, there should be established the cost of the materials necessary for the work
on reinforcing the floor slab for each described technology. The total cost of materials and
equipment is determined by the formula (1):

Py =2 (P Ou)>
i=1

where p, —total value of the products of each individual material;
Q,, — the volume of each individual material..

For the first method is defined the overall length of each type of steel elements
and multiplied by its density, double T-beams 14B1 = 571,41 kg, 16BI= 698,5 kg,
18B1 = 256,41 kg, 20B1 = 659,2 kg; Channel for columns 16U =2905,32 kg.

Consequently, the total cost of metal elements is:

UAH
P, =232 kg (571,4kg + 698,5kg + 256,4kg + 659,2kg + 2905,3kg) = 118 106,5 UAH,

where 23,2 is the cost of one kilogram of steel constructions.
For the second method it is established that in order to strengthen the stretched zones of

the slab floor, 376 rm of carbon fiber MapeWrap C UNI-AX 300/10 is required, which, with a

UAH
strip width of 10 cm has a density of 300 g/m. The cost of such carbon fiber is 154,7 /rm-

Thus, the cost of fiber needed to strengthen the entire plate is:

UAH
P, =154,7 /tm % 376,0 rm = 58 167,2 UAH.

The MapeWrap Primer 1 priming fluid consumption is 11.28 kg. With the price of 1 kg of
H
grounding 740,76 /kg, 1ts total cost is:

UAH
P, =740,7 /kg x 11,28 kg =8 355,7 UAH.
For adhesion of carbon fiber, adhesive MapeWrap 21 is used with a total consumption
UAH
for an overlapping amounting 37,6 kg. The price of glue is 553,97 /kg S0 its total cost is:
UAH
P, =5539 /kg x 37,6 kg =20 829,2 UAH.
For the third method of amplification, analyzed in this article, 581.0 kg of steel stripe

L UAH ,
4x50 mm are needed at its price of 23,2 /kg- Consequently, the total cost of the steel strip
for reinforcing the plate is:
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UAH
P, =232 /kg x 581,0 kg =13 479,2 UAH.

The total cost of the grounding «Consolid 1» is:

UAH
P, =227 1x9,51=2156,5 UAH

with its need amounting 9.5 liters and a price of 227 UAH/liter.
The total cost of adhesive «<EDMOC», which is used when amplifying the plate
according to this technology, is:

UAH
P, =288,0 kg x 28,2 kg=28121,6 UAH

at its price 288 UAH/kg and need 28.2 kg.

For the fourth method of amplification 376.0 rm of unidirectional carbon fiber with
density of 300 g/rm and a width of a strip of 10 cm a required, as indicated above, at a price of
125.0 UAH/m. Under these conditions, the total cost of fiber for the plate reinforcement is:

UAH
P, =125,0 /tm % 376,0 rm = 47 000,0 UAH.

The total cost of the grounding «Consolid 1 is:
UAH
P, =227,0 /1 x15,71=3564,0 UAH

with its need for 15.7 liters and a price of 227.0 UAH/liter.
The total cost of adhesive «kEDMOC», used when amplifying the plate according to this
technology, is:

UAH
P, =2880 /g x752kg=21657,6 UAH

. . . UAH
As the need for glue kEDMOC» is 75.2 kg, and its price — 288 /kg-
The calculation of the cost of materials needed to reinforce the floor slab is given in
Table 1 and in Fig. 4.

Table 1 — Cost of materials for reinforcement of floor slab by different methods

Cost of materials, UAH
Name of material supply of «MAPEI» | gluing metal |gluing carbon
metal beams | technology plates fiber
Metal beams and columns 118106,5 - - -
MapeWrap C UNI-AX 300/10 |- 58167,2 - -
MapeWrap Primer 1 - 8355,7 - -
MapeWrap 21 - 20829,2 - -
Steel strip 50x4 - - 13479,2 -
Consolid - - 2156,5 3564,0
EDMOK - - 8121,6 21657,6
Carbon fiber 300/10 - - - 47000,0
Anchor M10 - 516 516 516
Steel strip for mechanical
fasteningp i 345 i 345
Total cost 118106,5 88213,1 23757,3 73082,6
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Figure 4 — Cost of materials for reinforcement of floor slab:

23757,3

Technology

1 — supply of metal beams; 2 — «MAPEI» technology;
3 — gluing of metal plates; 4 — gluing carbon fiber

The second phase of the study TEP provides establishment of complexity and amount of
wages for performed work at strengthening plates with different technologies. The complexity
is determined by the normative values in accordance with the DBN, SGS, DSTU and Unified
Norms and Prices, as well as by the values obtained by the results of their own timing. All
labor complexity values are summarized in Table 2.

Table 2 — Calculation of labor complexity of reinforcing overlapping slabs
by different methods and wages for these works

Working operation The complexity and wages to enhance
the floor slab according to the appropriate technology
supply of «MAPEI» gluing metal | gluing carbon
metal beams | technology plates fiber
- s - an - an - s
'HEREHEREHEREHE
L < . RogRS . L . LS|
=515 |E5|5 |g5|§6 |E§|§
o g .« S g = S E| = S gl =
&) = &) = &) = &) =
Painting of metal elements | 28,5 | 584,2 - - - - - -
Cutting, assembly 478,2 19803,1 - - - - - -
and welding
Cleaning the surface - - 8,8 1804 | 8,6 |1763| 88 | 1804
Priming the surface - - 10,2 [209,1 | 9,6 |196,8| 10,2 | 209,1
Technological break — 24 hours
Gluing Carbon Fiber / - - 55,4 [1135,7]| 336,3 [6894,1| 55,4 [1135,7
Metal Plates
Fixing ends of stripes - - 19,2 [393,6 | 17,6 | 360,8 | 19,2 | 393,6
with anchors
Total 506,7 10387,3 93,6 [1918,8| 372,1 [7628,0| 93,6 |1918.8
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Wages, salaries of workers performing amplification are defined in UAH based on the
data book «Pricing in construction». The indicated costs are 20.5 UAH/hour for the worker
with a grade of 3.8. The calculation of labor and wages is shown in Table 2. The histogram of
labor intensity (Fig. 5) and wages (Fig. 6) on the reinforcement of the plate by different
technologies is constructed according to the data of Table 2.

Q, man/hour
6001
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400

300+

200

100

O,

Technology

Figure 5 — The work complexity on reinforcement of the floor slab:
1 — supply of metal beams; 2 — «MAPEI» technology;
3 — gluing of metal plates; 4 — gluing carbon fiber
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Figure 6 — Wages for strengthening slabs:
1 — supply of metal beams; 2 — «cMAPEI» technology;
3 — gluing of metal plates; 4 — gluing carbon fiber

The duration of the floor slab reinforcing process (Fig. 7) is determined by adding the
duration of the work operations with the length of the technological breaks between them
according to the Table 2. It is considered that the painting of metal constructions and surface
cleaning is carried out by one worker, the assembly and welding work is carried out by three
workers, and all other processes are performed by two workers.
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Figure 7 — Work duration on floor slabs reinforcement:
1 — supply of metal beams; 2 — «cMAPEI» technology;
3 — gluing of metal plates; 4 — gluing carbon fiber

Conclusions. According to the study of technical and economic performance of
different amplification technologies applied to the same floor slab, it was found that the cost
of materials, complexity and wages for performing such works on reinforcing floor slab with
the amplification method of metal structures supply is the highest. At the same time, labor
intensity, wages and the duration of work execution are the lowest with the reinforcement of
the floor slabs by the technology of the company MAPEI and the bonding of carbon fiber by
the developed technology. The cost of materials for reinforcing the slab by the developed
technology, namely, bonding of steel plates is the lowest, but the complexity, wages and
length of work under such technology is much higher than other investigated technologies of
reinforcement by external enhancement.

The research results are a strong argument in choosing a particular way of structures
strengthening, one of the decisions of feasible study
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METHODOLOGICAL PRINCIPLES OF CALENDAR PLANNING
BY PROBABILISTIC CHARACTER OF CONSTRUCTION

1t is defined that the tasks of reducing the cost of construction products should not be
solved by saving the direct costs, but due to objective reduction of costs by rationality of the
production work organization. It is established that construction works are fulfield in prone to
changes of the environment conditions, so not only these factors should be taken into account
in the process of construction, but also those that may only be predicted with a certain
probability. It was developed the dependence of the work duration calculation both with the
usage of a set of construction machine and without its usage by applying the coefficient of the
construction project sensitivity to the factors of a changing environment. The proposed
calculation allows to reduce the failure risk of the commissioning project terms and provides
an opportunity to accelerate the construction process in the given specific conditions. It was
carried out the estimation of the coefficient of sensitivity in different local conditions
depending on the influence of various factors: weather conditions; provision of material
resources; number and qualifications of workers.

Keywords: scheduling, duration of construction, coefficient of sensitivity, probabilistic
nature of construction.

Anmyxoea /I.B., acnipanmka
Kuiscokuil nayionanvruil ynisepcumem 0y0ieHUYmMea ma apximexkmypu

METOAUYHI IPUHIHUIIN KAJTEHIAPHOTI'O INTAHYBAHHAA
ITPU UMOBIPHICHOMY XAPAKTEPI BY IIBHUILITBA

Bioomo, wo 3ae0amns 3uudicenHs eapmocmi  6y0igenbHOI  NPOOYKYIl NOBUHHI
BUPIULYBAMUCS He WIAXOM eKOHOMII Ha NpAMUX 8umpamax, a 3d pAaxyHok 06 €KmueHo2o
SHUDICEHHA —~ 8UMPAm  WIIAXOM — PAYIOHATLHO — OpP2AHi308AHO20  GUPOOHUYMEA  poOIm.
Yemanoesneno, wo 6Oyodieenvne 6upoOHUYMBO (HYHKYIOHYE 6 YMOBAX CXUNbHOZO 00 3MiH
cepeoosuwa, npuyomMy Ha npoyec 0yOiGHUYMEA BNIUBAIOMb He MINbKU 3a30a1e2i0b YPaXo68aHi
YUHHUKY, ale U Mmakxi, wyo Moxicymes Oymu nepedbaueHi auuie 3 NEBHOK UMOGIDHICMIO.
Haseoeno 3anedcnocmi 3 po3paxynky mpueanocmi npogeoents pobim ;K npu 6UKOPUCMAHHI
KomMniekmy 0y0i8elbHUX MAawluH, mak i 0e3 Hbo2o i3 3ACMOCY8AHHAM Koediyicuma
cencumugHocmi  0y0igenbHo20  Npoekmy 00  YUHHUKIE — MIHAUBO20  Cepedosuuyq.
3anpononosana memoouxa po3paxynKy 00360JiA€ 3MEHWUMU PUSUK 3PUBY MePMIHI8 30A8aHHS
00’°’ekma ma HA0ae MOMCIUBICIMb NPUCKOpUmMuU npoyec 0yO0iGHUYMEA 8 KOHKDEMHUX YMOBAX.
Bukonano oyinosanns koeghiyienma ceHCumueHOCMI 6 Pi3HUX MICYeBUX YMOBAX 3ALEHCHO IO
6NIUBY PIZHOMAHIMHUX YUHHUKIG: NO2OOHT YMOBU, 3a0e3nedenHs. MamepialtbHUMU Pecypcamil;
KinbKicmo 1 Keanighixayis pooimHuxie.

Knrouoei cnosa: ranenoapne niamysamHs, mpusanicms OyOisHUYmMeda, roeghiyicnm
CEHCUMUBHOCMI, UMOBIPHICHUU Xapakmep 0Y0isHuymad.
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Introduction. Scientific studies of calendar planning models and methods of control,
project management and forecasting of changes in schedules in the course of works are
relevant for today and give the significant impact on the results of work of construction
organizations [1, 2].

All activities of an organization include risks. Organizations manage risk through its
identification, analysis and subsequent evaluation, whether the risk will be changed through
processing to accord the risk criteria. Throughout this process they exchange information and
consult with stakeholders, carry out risk monitoring and analysis, and fulfill the management
actions to counteract risks, to reduce the impact of risks on the construction process.

The main factors that determine the efficiency of construction are the price and quality.
The tasks of the costs reducing of the construction products should be solved not by saving
the direct costs in the form of buying cheap materials or using «cheap» labor, but by means of
the objective costs reduction by optimizing the planning and organizing the construction
process [3].

In the field of construction there are numerous problems that should be solved by
improving the methods of scheduling. Among these problems are the problems of
construction time and costs exaggeration; low productivity; low quality products; downtime
of workers and equipment; poor working conditions; the wrong ratio of workers of different
professions (adjusters, welders, carpenters, etc.) in each area of work (due to the lack of
sufficient numbers of workers of some professions, workers of the other professions will work
with low productivity) [4].

So, it is normal that within the equal position the competitive advantage is given to the
construction company with higher labor productivity and fewer downtime.

The costs of the construction product depend not only on the costs of used materials,
machines/mechanisms, wages of workers, but also depends on how rationally and
productively the construction works are organized [3].

Review of the latest research sources and publications. Some of the tasks of the
construction production organizing are control, management and optimization of the
scheduling in the process of their implementation, taking into account the variability of the
working environment and the influence of various groups of factors on the planned actions
with the aim to complete the project in the most favorable terms.

In these conditions it is extremely important to ensure the coordination of the work of
all construction participants, to subordinate their activities to the general rhythm of
construction, to take into account the influence of numerous random factors that cause
deviations of the entire system from the planned course of work.

The construction industry operates in conditions prone to environmental changes
(supply disruptions, accidental breakdowns of machines and mechanisms, weather changes,
etc.), and the construction process is affected not only by factors that can be taken into
consideration in advance, but also a number of such influences which can be provided only
with a certain probability [5].

The internal risks are such risks that different parties within a company can undertake.
Subcontractors, stakeholders, designers etc. fall under internal risks. External risks are those
that are out of the project organization range to control, for example weather or introduction
of new laws. Project risks represent those risks that could occur during a project and are
associated with time scheduling, cost, quality etc.

Risk management does not only involve time and cost factors in a project but it is also
the way of understanding the problems that might emerge before it is too late, and by doing so
the processes can be more easily controlled. The quantification done in the risk management
is good to have as a reference to highlight the different areas that are in need of further
investigation, clarification or design [8].
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The most frequent causes of project implementation failures are: a lack of resources,
insufficiently skilled workforce, misallocation of funds and unrealistic terms, which is a
consequence of poor planning quality [1].

It is very important to observe the schedule of construction and installation works, as
the disruption of the schedule may introduce disorganization into the production process.

Definition of unsolved aspects of the problem. The creation of resource and time
buffers is a typical technique to combat the disruption of the work schedule [2].
The specificity of the construction industry does not allow applying the theory of constraints
in its classical form for creating resource and time buffers.

Risk assessments in the organizational and technological models of construction
production can be carried out using fuzzy logic [7-9].

Determination of the construction facilities duration by average indicators can be
carried out according to normative documents [10], but it should be noted that the schedule is
unique for each construction organization.

Problem statement. It is improving the methodological principles of scheduling for the
probabilistic nature of construction by calculating the duration of construction and installation
work, taking into account their sensitivity to various external and internal factors that cause
deviations from the planned schedule of work.

Main material and results. The sequence of work, conditioned by the technology of
construction processes, is the first to influence the duration and cost of housing, loading of
resources, etc.

Despite the fact that there are general guidelines, they are not intended to provide the
risk identical management in all organizations. When creating and applying calendar plans
and risk management structures, it is necessary to take into account the different needs of a
particular organization, its specification, objectives, context, structure, activities, processes,
functions, projects, products, services or assets and specific practical methods used.

It should be noted that the tasks of scheduling are usually considered in the traditional
formulation according to the accepted technology of conducting works, starting from
technological routes and standards. At the same time, studying of technology options or, at
least, using of various technological routes in the analysis will allow to identify the optimal
options for loading resources, respectively, to increase productivity and reduce costs.

Moreover, when considering options, it is not necessary to engage in simple search, it will
be correctly guided by logical dependencies and experience, which will allow to identify the
most promising ways and, having considered them, choose the optimal variant of the schedule.

The chosen schedule will also allow to minimize losses, such as: excess stocks of raw
materials and materials; reducing or eliminating the intersection of workspaces with
simultaneous carrying out of various works; reducing the probability of spoilage or loss of
materials; improving quality (no need to redo the work); eliminating excessive movement of
people and equipment through the construction site.

The implantation of risk management and ensuring its continued effectiveness requires
the adoption of a strict and permanent commitment on the part of the management of the
organization, as well as strategic and detailed planning to fulfill obligations at all levels.

Also, we note that the methods use an imperfect regulatory framework, based, as a rule,
on averaged indicators.

The plan of combating risks must be developed throughout the organization, ensuring
the application of risk management policies and the inclusion of risk organization in all
procedures and processes of the company. The risk management plan can be integrated into
other plans of the organization, for example, into a strategic plan.

On Fig. 1 shows the scheme for accounting for the probabilistic nature of construction
production in the scheduling (construction and installation work).
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Construction project
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construction and
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Terms of construction and installation works taking info account project sensifivity

Optimization of resources and terms

Plan of construction and
installation works

Figure 1 — Scheme of accounting for the probabilistic nature
of construction production in the calendar planning

The way expressing the consequences and the probability of their occurrence, and the
way they are combined to determine the level of risk, should reflect the type of risk, the
available information and the purpose for which the result of the risk assessment should be
used. All these principles must comply with the risk criteria. It is also important to consider
the interdependence of various risks and their sources.

It is proposed to use the sensitivity coefficient in calculating the duration of construction
to take into account the probabilistic nature of the process.

The duration of work (in working days) is determined by the formula (1):

r-92K (1)
n-Z

where Q — labor intensity of work, person-days;

K¢ — the sensitivity coefficient;

n — the number of workers who can occupy the front of work;

Z — shifts.

The following formula (2) can be used to estimate the duration of the work performed
with the use of a set of machines under the conditions of a probabilistic nature of the
construction industry:

w-K
where W — scope of the work;
Kcy— the sensitivity coefficient for the main work performed;
M7 — capacity of a set of machines in shift;
Z — shifts;
Tp —duration of preparation of cars for performance of works (installation, sampling);
Kcp—the sensitivity coefficient for preparatory work.
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Organization and management of processes is always present, but the proposed
calculation can reduce the risk of commissioning time disruption and gives the opportunity to
speed up the construction process, as in these specific construction conditions, specialists are
aware of the strengths and weaknesses of the project. Therefore, during calculating or
adjusting the duration of work, a time reserve (insurance) is laid in the form of possible
failures (for example, equipment failure, material shortage, theft, staff diseases, etc.). and for
the purposes of project acceleration if appropriate conditions are created for it.

As for the impact of risk factors that have little effect on the implementation schedule,
such a minor change in the schedule through the management influence of directorate makes
it possible to catch up and enter the schedule.

The evaluation of the sensitivity coefficient can be determined in different local
conditions, as shown in Table 1 — 4. It is also possible to assess the sensitivity coefficient for
other risk factors.

Table 1 — Selecting the sensitivity coefficient to the provision of material resources

Ne Assessment of the state of material resources Coefﬁp l.el.lt of
sensitivity
1 Disruptions in the supply of material resources (unreliable >1
suppliers, logistics violation, other reasons) and / or insufficient
quality (many defects)
2 The quantity and quality of material resources do not contribute 1
to effective work (not enough tools and equipment, poor quality
of overalls, fuel and lubricants, building materials, etc.)
3 The amount of resources is sufficient to carry out the work, their <l
quality is high, which contributes to higher labor productivity
and a shorter work execution time
Table 2 — Selecting the sensitivity coefficient taking
into account the number of workers
Ne Assessment of the number of workers Coefﬁc {er'lt of
sensitivity
1 The number of workers is less than required for various reasons >1
(employed at other sites, diseases, absenteeism, etc.)
2 The number of workers is sufficient in quantity, but the wrong 1

ratio between workers of different professions
(welders, installers, carpenters, etc.),

which does not contribute to effective work

3 The number of workers is sufficient in quantity with the correct <1
ratio between workers of different professions

(welders, installers, carpenters, etc.), which contributes to higher
labor productivity and shorter work execution
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Table 3 — Selecting the sensitivity coefficient when taking
into account the qualifications of workers and engineers

Ne Qualification assessment Coefﬁp l.el.lt of
sensitivity
1 Workers have insufficient experience in carrying out various
jobs, low qualification of engineers and technical workers >1
2 The qualification of workers and engineers is sufficient to carry
out the work, but it is not sufficient to exceed the norms of time 1
3 The qualification of workers and engineers is high, there is a
material interest in overfulfilment of norms <1

Table 4 — Selecting the sensitivity coefficient when taking
weather conditions into account

Ne Assessment of weather conditions Coefﬁp i.el.lt of
sensitivity

1 Winter period >1

2 Autumn and spring periods 1

3 Summer period <1

If the sensitivity coefficient factor is shown K> 1, this can be, for example,
K=1.1; K=1.2, if, in the opinion of experts, the scope of work will be performed faster,
respectively, by 10%, by 20%. The value of the sensitivity coefficient is K<I, it can be,
for example, K=10,9; K =0.8, if, according to experts, the scope of work will be executed
more slowly, respectively, by 10%, 20%.

Conclusions.

1. Structural chart of accounting for the probabilistic nature of construction production
in the calendar planning.

2. There were developed the calculation dependencies of the work duration, both with
the use of a set of construction machines, and without their use.

During the research, it was revealed:

The duration of construction is recommended to be determined taking into account the
probabilistic nature of the construction process.

Risk is an important factor in the construction industry and its influence and impact
only keeps increasing with infrastructure projects becoming ever more complex and therefore
more exposed to high risks. Depending on the severity of the problem, the consequences can
result in a heavy cost due to a failure or oversight in the risk evaluation. An assessment of the
risk rating should provide an understanding of which risks are epymost affected for the
particular organization of construction.

It has been analyzed the influence on the sensitivity coefficient of various factors, such
as material resources, the number and qualification of workers, weather conditions.

It is planned to consider the determination of the duration for other various works taking
into account the probabilistic nature of the construction industry in further studies.

268 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (50)" 2018.




References

1. Netscher P. Building a Successful Construction Company: The Practical Guide/ P. Netscher. —

Subiaco 6904 (Australia), 2014. — 253 p.
ISBN: 978-1500680008.

2. llamposa 1. A. Onmumizayis mpusaiocmi pooim xHcumnogozo 0yOieHuymea: ouc. ... Kamo. mexH.
Hayk: 05.23.08 — mexnonoeis ma opeauizayiss NpoOMUCIO8020 Ma YUBLIbHO20 OyOienuymea /
Hlamposa Inna Anamoniisna. — Kuis, 2006. — 173 c.

3. Oberlender G. D. Project management for engineering and construction. Third edition /
G. D. Oberlender. —The McGraw-Hill Companies Inc., 2014. — 420 p.

ISBN: 978-00-07-182231-2.
4. Netscher P. Successful Construction Project Management: The Practical Guide / P. Netscher. —
Subiaco 6904 (Australia), 2014. — 235 p.

ISBN: 978-14973444419.
5. Nyman D. Maintenance Planning, Scheduling &Coordination / Don Nyman, Joel Levitt. —Industrial
Press Inc., 2006. — 84 p.

ISBN: 0-8311-3143-8.
6. Jackson B. Construction Management JumpStart, Second Edition / Barbara J. Jackson. —
Indianapolis: Wiley Publishing Inc., 2010. — 386 p.

ISBN: 978-0-470-60999-6.

7. Tyeati O. A. KonyenmyanvHi OCHO8U 3ACMOCYB8AHHS HEYIMKUX MIp SAK CKIa008ux bOaeamo-
Kpumepianvrnoeo ananizy y oyoienuymei / O. A. Tyeaii // Texnixa 6yodienuymea.— K. : KHYFBA,
2006. —Ne 19. — C. 79— 83.

8. Fridriksson G. Analysis of Construction Organizations Risk Management: Master’s Thesis
BOMX03-16-11 / G. Fridriksson, A. Jonsson. — Gothenburg: ChalmersUniversity of Technology,
2016. - 58 p.

9. Mawescvrka M. Tlobydosa mooeni OyiHIOBAHH NAPAMEMPI6 MENI08020 KOMPOPMY HA OCHOSI
Heyimkoi nociku / M. Mawescoka, 1. Tkauenxo // Bicnux Hayionanvnoco yHieepcumemy
«/Ivsiscora nonimexuikay: Komn tomepni nayku ma ingpopmayitini mexrnonoeii. — 2010. — Ne 686. —
C. 91-96.

http://ena.lp.edu.ua:8080/handle/ntb/8270

10. JICTY b A.3.1-22:2013. Busnauenns mpusaniocmi 0yoisHuymea 06 ekmig [Hunnuii 6io 2014-01-01].
— K.: Minpezionbyo Yrpainu, 11 « Ykpapxoyoinghopmy, 2014. — 34 c. — (Heporcasnuii cmanoapm
Yrpainu).

© Altukhova D.V.

30ipHuK HaykoBHX mpails. Cepis: ['any3eBe MmammaoOy1yBaHHs, OyaiBHUITBO. — 1 (50)" 2018. 269




https://doi.org/10.26906/znp.2018.50.1085

UDC: 514.182: 004.15
Usenko V.H., PhD, Associate Professor
ORCID 0000-0002-4937-6442  valery usenko@ukr.net
Kodak O.A., PhD, Associate Professor
ORCID 0000-0001-6138-6101  kodak.olga@gmail.com
Poltava National Technical Yuri Kondratyuk University

PROBABILITY OF THE UTILITY NETWORKS
DOUBLE-RING STRUCTURES’ CONNECTIVITY
FOR SITES WITH VARIOUS RELIABILITY

The analytical description study results on probability of connectivity for the structures
used to model the reliability of various complicated systems are presented. Expressions are
formed to calculate the connectivity probability of systems that have structural redundancy.
The characteristic components of the formulas are distinguished and they are systematized
according to their increasing complexity and the number of elements. The features of the
equations’ structure permitting to conveniently formulate the probability of the structures
connectivity in the process of their construction and transformations are determined. The
examples show the formation of formulas and their structural parts at various levels of
complexity. The use of the ratio value of the network structure element’s unreliability and its
reliability is justified, thus reducing the awkwardness of exact expressions for the connectivity
probability of network structures and substantially improves the compactness and
convenience of using the equations.

Keywords: structural modeling, connectivity probability, reliability of a system with
different reliability of elements

Ycenko B.I., k.m.u., ooyenm,
Kooak O.A., k.m.n., oouenm,
Ilonmascvkuti HayionanvHuti mexuivnui yHieepcumem imeni FOpis Konopamioxa

WMOBIPHICTD 3B’SI3HOCTI ABOKLJIBIHEBUX CTPYKTYP
ITHZKEHEPHUX MEPE’K 3 PI3HOIO HAAIMHICTIO AIJIAHOK

Haseoeno pezynomamu 00CniodxiceHHs AHAIMUYHO20 ONUCY UMOGIPHOCMI 38 SI3HOCMI
CMPYKMYP, W0 UKOPUCTNOBYIOMbCAL OJIsL MOOENI08AHHS HAOIUHOCMI PI3HUX CKAAOHUX CUCTEM.
Ilobyoosano eupaszu oOuUUCIEeHHA 3HAYEHHS UMOBIPHOCMI 36 SI3HOCMI CUCmeM, WO Maiomo
cmpykmypHuil pesepe. Budineno xapaxmepHi cK1aoo8i (opmyn, cucmemamu3osano ix y
nopsiOKy 30iNbUeHHs CKIAOHOCMI ma KilbKOCmi eiemeHmis. YcmaumoeneHo ocobausocmi
0y006u pieHAHb, AKI 00380A10Mb 3PYYHO CKIA0AMU GUPA3U UMOBIPHOCMI 38 SI3HOCMI
cmpykmyp 'y npoyeci ix KOHCmMpYIO8auHs U nepemeopenv. Ha npukiadax noxazaHo
YMEOpeHHs hopmyn [ iX CMPYKmMYPHUX YacmuH piZHUX pieHie ckiaonocmi. OOIpyHmMo8aHo
BUKOPUCMAHHA BeIUYUHU CNIBBIOHOUIEHHS 3HAYEHHS HEeHAOIHOCMI elleMeHma CMmpyKmypu
Mepedic ma 1020 HAOIUHOCMI, WO CKOPOUYE 2POMIZOKICMb MOYHUX BUpA3ie IMOGIpHOCMI
38 SI3HOCMI CMPYKMYP Mepedc i CYMMmeEBO NiOBUWYE  KOMNAKMHICMb Ma 3PYYHICHb
BUKOPUCMAHHS DIGHAHD.

Knrwouosi cnosa: cmpyxmypHe mMo00enio8anHs, UMOBIPHICMb 38 S3HOCMI, HAOIUHICMb
cucmemu 3 pi3HOI0 HAOTUHICMIO eleMeHmMIs.
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Introduction. Development of science and technology widely uses different technical
systems (TS), including engineering networks in all branches of industry and management.
Qualitative characteristics of compound systems are steadily increasing. However, the
problem of security remains the major one. Functions performed by the present day
engineering systems are complicated enough, and their tasks are extremely responsible.

The need to integrate different scientific fields in the problem of systems’ reliability is
explained by the fact that the problem is complicated. Theoretical studies indicate [1 — 7] that
it is impossible to achieve a significant increase in the systems’ reliability level taking
separate isolated measures. Integrated solution of tasks enhances the efficiency of each
method and helps obtain qualitatively new results.

Determining the probability of connectivity is an important task in designing and
reconstruction of utility networks: water, gas, mobile operators’ networks, etc. [1].

Analysis of recent research sources and publications. Recent studies [5] have
analyzed the reliability of the network structures with elements that have the same reliability
values. In the operating objects, the properties of reliability and efficiency are in the mutual
conflict [1, 5]. To raise the reliability of different systems additional expenditures are
necessary, thus reducing their efficiency. The study [8] represents the optimum network
design with series-parallel structures. In [10], the method of rational valuation of reliability in
systems with parallel and serial-parallel structures is suggested.

In [11], the main reasons of inadequate development on redundant utilities’ reliability
problems are highlighted. The concept of interval and boundaries of the -efficient
improvement of the redundant utilities’ reliability is suggested. The attention is focused on the
approaches to the identification of the basic patterns in technical systems’ failures, the
probability model of the technical systems’ non-failure is suggested. Comparison of the
probability time of technical systems’ non-failure operation with different configurations is
performed, the influence of structure forms on the technical systems’ uptime is shown.

Determination of still unsolved aspects of the general problem. In mathematical
modeling of reliability it is necessary to accurately determine the probability of connectivity
for structures with varying reliability of elements.

Problem statement (formulation of the aim and methods to research the problem).
Probability expressions should be suggested for connectivity of network systems with areas of
varying reliability. At a trial designing or reconstruction of structurally complicated redundant
systems, this model will be useful for better decision making.

A method should be suggested for constructing analytical expressions of the exact
connectivity probability value for structures with varying reliability elements having two
cycles, and a random number of sites in cycles in a compact recording format that is
convenient for computer simulation.

It is necessary to display dependence expressions on the connectivity probability for
structures that are transformed by means of removing or adding new sites.

Basic material and results. The form of network structure significantly effects its
reliability. Important is the connectivity of the structure that is a topological feature of the
network. To determine the structural reliability the concept [5] operating condition is applied,
when all components of the structure are connected to each other. The system may have a
structural reserve that is formed by closure of connections between the elements in the form
of cycles. Accordingly, non-operating condition arises when connection is lost with the only
node of the structure. The ultimate operating condition [5] is formed through the connection
of all the nodes of the structure by sites of wooden cover. In this case, the system’s structure
is extensive and has no connection closures between the nodes.
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Probability of the network structure connectivity is the probability of the compatible
events sum:

T
R=YP(B)-Y P(BNB,)+..+(-1)'P(BNB,N..NB,), 1)
i=1 i# ]
where P(B,) — is the formation probability of the wooden cover B, that connects all the
nodes of the structure;
P(B,. NB j) — 1s the probability of the simultaneous existence of the wooden covers

B;and B, in the system’s structure.

Let us consider modeling of the structure’s reliability in more general terms. Let us
assume, that sites are having different reliability: r* =7 #...#r’. Limitation: the nodes’
reliability is considered absolute: 1" =7, =...=r) =1.

Let us take two sites and connect them so as not to close the structure. Then the
reliability of the system, with two sites connected in series, will be: R=r; 7, , with three sites:
R=r; ry r3, with n sites: R=r; r,,...,r,. The structures of systems with elements connected in
series can have a branched (extensive) form. They have no structural reserve, because they
have not a high level of reliability. The reliability value (probability of connectivity) varies
within the range of rational numbers (0, 1). This indicates that with increasing of the number
of sites connected in series, the level of the system’s structural reliability is reducing
nonlinearly.

Let us close the structure into the cycle for the two sites to have common ends. The
simplest structural reserve of the system is formed, when there are not one, but two
connections between the nodes. The reliability equation for the redundant structure consisting
of two sites with different reliability »; # r», in the form of parallel connection between the
two nodes v; Ta v, looks as follows [1]

R =1-T](1-1). @)

or:
R:—I”II”2+I’]+I’2. (3)

Let’s consider the formation of more complicated structures with a single cycle. Let us
add to the structure one site with reliability r; into the cycle C° and the new node

C}ud=C;. Then another structure will be obtained in the form of a triangle with the
following equation of the connectivity probability:

R= —2]"17’21"3 + rir + rir; +I"27’3 . (4)

With the increasing number of sites and nodes in the structure S with a single cycle
C/ud=C/" its connectivity probability expression changes. For the first summand, the

coefficient value increases in magnitude per unit, its value being equal to the number of sites
smaller by one: (p — ). The first summand is the product of the coefficient and the reliability
values of all sites:

~(p-U[Tn-

The number of succeeding additive components is increasing by one, too. The total
number of these components is — p, i.e. it is equal to the number of sites. Each summand is the
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product of the reliability values 7; i.e. it equals to the number of sites, but for the one having
the relevant number in ascending order:

p
r Hrk

20—
J#I rk

Table 1 presents graphical models of structures with one cycle C”with a number of

sites p < 6 and the respective reliability expressions. The general equation for the reliability of
redundant structures, having a single cycle S < C/, i=1 with p sites is written:

Hrk 5)
R;{plﬂjr+z

jil

where 7; —is reliability of the i-site.

With the increasing complexity of the structure, the study performed using this
approach is getting quite cumbersome. So, let us apply systematization and structuring of the
research.

Let's start with the simplest redundant structure, the structure consisting of the 2 sites,
connecting two nodes (Fig. 1). The total of possible unique operating conditions of the
redundant structure consisting of 2 sites will be three. Analytically this is expressed as:

R=-r-n+n+r,. (6)

Let us assume the concordance that the likely failures of sites are marked with counting
numbers in a series of natural numbers. This will help determine patterns of constructing a
compound network structure. Then the structure connectivity probability equation is the
product of all sites’ reliability multiplied by the sum of one and the ratio of unreliable to
reliable sites:

2
R=M(1+) e) (7)
i=1
1-r 2 .
where ei:—’,M:Hr,. i=12..n
7 -
ry I
ra I’2

Figure 1 — Operating conditions of the 2-sites redundant structure:
a — all sites are operating; b — failure of site 2; ¢ — failure of site 1

Figure 2 — Operating condition of the elementary structure without failures of sites
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Figure 3 — Operating conditions of the elementary structure when one of the sites fails

Some results of the consistent input of sites into the single-ring structure and defining
their connectivity probability expressions are presented in Table 1.

Table 1 — Connectivity probability of single-ring structures comprising 2-5 sites
and nodes S — C?, i=1, p<6

Numerical Graphic symbol of a . o )
character structure Connectivity probability expression
m=2 2
I =
=2 R=M(1+ ZI: e)
n=1 =
ra
m=3 I 3
p=3 R=M(1+Zel-)
h i=1I
I3
m=4 L2 <
- R=M(I+ ¢e.)
p=4 Z; :
r rs =
Iy
p
m=5 2 ra 5
=5
P r R=M(1+>¢,)
Ia i=1
I's

Thus, reliability of the structure S” = C!, v=1 equals:

R=MF,, (8)

P )4 :
where M =31, i=12..p, F,=1+> ¢, ¢=—7",
i=1 i=1 i

r; — reliability value of the i-site of the structure S.

Property 1. When entering i-site 7; and the top into structure S with a single cycle v = 1,
-

l

as a part of the second summand of the equation (8), there appears the value e, =
V.

1

of this site, which is the ratio of its values of unreliability and reliability. Accordingly, with
removal of i-site the value e; disappears from the expression (8).
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Let us raise the complexity of structure S and, maintaining the structural reserve,
let us enter the second cycle into the structure. The reliability equation for the three parallel
sites r;, 1y, r31S:

3
R =1-T]1-r) )
i=1
or, having performed the transformation,
/\//(1+es+26(1+e5)+26 Zej (10)
=l =3

Let us enter one site and one top into one of the cycles. Accordingly, we’ll obtain a
change in the connectivity probability of the structure, which is expressed in Table 2

r
r3
r r r
o“'"f.'zl."t, “'""."0, "'"F.."t I
’ EEEEEEEEEE M SGRLELLELE
.....ll-“’ ..'l. l-“’ .....ll“"
r3 r3 r3

Figure 4 — Seven operatmg condltlons of the redundant structure consisting of 3 sites

Analytically, the connectivity probability of the structure equals:

R=R-ry iy =1l =Rl =1y I+ 1 41, (1)
or:
3
3 3 Hrj 3 (12)
R=TTr-3 e 3
i=1 = k=1
1 3
Assuming that variable 7, = , M= Hrl,, i=1,2,3, after transformations, we’ll

1+e,
obtain the equations included into Table 2

Table 2 — Connectivity probability for double-ring structures
with three sites S* — C!, v=2, p<4

No Network structure Connectivity probability formula
r
2
1 @ M(1+65+Ze(0+%)+2626j
] =l  i=2
r3
L,
2 M[l-i—q—i—Ze(l—i—eJ—i—ZeZej
n r i=l  i=2
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Property 2. At entering another cycle with A-sites into the single-cycle structure, the
structural connectivity is formed, which is described by the additive component:

—eh+Ze(1+eh)+Z Ze .

=l i=j+1

In the connectivity probability equation:
p

R=M(1+) e +Fc), (13)
i=1

1-r 2 - ..
where ¢, =——, M = Hrl. , i=1,2,..,p, ri—reliability values of i-site of structure

-

S, j — is the number of sites in the first cycle C;.

With the increasing number of sites in the cycles the additive component of the
connectivity probability equation varies. The connectivity probability of structures with two
cycles and the number of sites from five to seven are presented in Table 3.

Table 3 — Connectivity probability of structures with two cycles

and the number of sites from five to seven S* — Cé, v=_2, p<6

Networks structure Connectivity probability formula
I
Z:;l r g r /\4(1-1—65-1-26(]-‘1-65)-1—2626)
=l =3
Iy
r Iy
m=>3 nl rl /rs l+e, +Ze (I+eﬁ)+Ze Ze
p:6 =l =
I3
I Iy
Z:g r rr|rs R= (1+e7+26(1+e7)+z Ze)j
r3 f'6 i=1 i=4

Thus, reliability of the structure S¥ C, ! , V=2 equals:

—eh+Ze(1+eh)+z Ze

i=1 i=j+1

(14)
R= M(l-i—e +Ze(1+e )+Ze Ze )j

i=1 i=j+1

1-7
where e. = L, M=]||r, i=1 ,
= H w2

r; — reliability values of i-site of structure S”,
p —is the number of sites in the structure,
J — is the number of sites in the first cycle C/,

v — is the number of cycles,
[ — is the number of sites in the i-cycle.
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Conclusions. The equation for the exact value of the connectivity probability of
structures with varying reliability of elements, having two cycles and a random number of
sites in the cycles, is obtained.

A compact form to record reliability equations is obtained, their structure being
convenient for computer simulation.

The structure of the suggested dependences permits obtaining new expressions of
connectivity probability for structures, transformed by removing or adding new sites. This
approach helps apply them in the computer modeling of connectivity probability of network
structures in various fields of engineering.
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MOISTURE EFFECTS ON THE BUILDINGS
ENCLOSING STRUCTURES

Analysis of the most common damages due to moisture effects on brick, reinforced-
concrete and wooden buildings enclosing structures has been carried out. Causes of their
occurrence and prevention ways have been analyzed. The most dangerous moisture types
such as constructional, soil, atmospheric, operational, hygroscopic and condensed have been
outlined. Measures to ensure protection against water-saturation of building elements such as
eaves size, walls waterproofing, available airways, protective painting, hydrophobic
impregnation, sufficient ventilation, heating, water supply systems and draining timely
repairs have been recommended.

Key words: damage, moisture effects, brick, reinforced-concrete, wooden buildings
enclosing structures
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Ilonmascovkuii HayionanbHuti mexHivnuil yHigepcumem imeni FOpiss Konopamioxa

BIIJINB BOJIOT'H HA OI'OPO’KYBAJIbHI
KOHCTPYKIII BY IIBEJIb

Buxonano ananiz Haubinbl nowuUpeHux NnouwKoOMdCeHb 6i0 6NIUBY BONO2U YESTAHUX,
3ani300eMOHHUX 1 0epes sIHUX 020PO00NCYBANbHUX KOHCMPYKYI 0y0digenb, NPOAHANI308aHO
NPUYUHU iX BUHUKHEHHS ma WiAxXu 3anodieanns. Buodineno naiibinvw Hebesneyni eniusu 6io
maxkux 6udie eonocu, AK 0y0iGeNbHA, IPYHMOBA, aAMMOCPEpPHA, eKCNyamayina,
eiepockoniuna, KoHOencam. Pexomenoosano 0na 3abe3neyenHs He3AMOKAHHA eleMeHmi
Oyoigenb 0ocmamui po3mMipu KAPHUZHUX 36UCI8, HASABHICMb 2I0poi3onsayii cmin, npooyxis,
3axucroeo ¢hapbysanns, 2iopogodoHoco npocouyeanHs, 0OCMAmMHbOI 6eHMUNAYIL, ONANIEHHS,
CBOE€UACHUX PEMOHMIB CUCTEM 8000NOCMAYANHS A 80008i08€0EHH .

Knrouoei cnosa: nowkoodicenus, 6nIU8 60102U, Ye2lsaHl, 3a1i300emonHi, Oepes saHi
020p00ACYBAILHI KOHCMPYKYIT 0Y0iseb.
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Introduction. Buildings enclosing structures moisture conditions is connected with
their thermal behavior [5, 6] and should be complied with requirements [1]. Therefore, it is
necessary to pay sufficient attention to buildings enclosing structures protection from
hydration with construction (basic), soil, and atmosphere, operational, hygroscopic and
condensed moisture. Constructional materials moisture has a negative impact on hygiene and
operational performance of buildings enclosing structures, and results in premature failure of
constructions under the temperature effects influence [2].

Recent studies and publications analysis. Moisture effects on roofing system
enclosing structures at heat insulation, repair and reconstruction of flat roof are outlined in [3,
4]. Moisture effects on enclosing structures of foam mortar [7] structural ceramics [8] facade
systems with external plaster layer [9] and ventilated interlayers [10] have been researched.
The issues of buildings enclosing structures protection from moisture effects, frost destruction
were researched by various specialists, such as [11, 12]. Due to thermal modernization of
existing housing facilities, the need to assess buildings enclosing structures technical
condition has appeared; the damage from moisture effects to brick, reinforced-concrete and
wooden buildings enclosing structures has been systematized.

Purpose of the paper is to review the most common damages of moisture effects on
building brick, reinforced-concrete and wooden buildings enclosing structures as well as to
analyze causes of their occurrence and their prevention ways.

Main material and results. A special effect on buildings bricks enclosing structures
has ground, atmospheric, operational, hygroscopic and condensed moisture. Operational
moisture is available in premises with wet processes (showers, baths, car washes, etc.),
increased moisture level inside the premises leads to soaking of brickwork that increases its
thermal conductivity. Moisten brickwork has intense sorption processes of brickwork
moisture extension vertically and horizontally. Traditionally, such processes are clearly
visible on building face (see Fig. 1), they result in mortar ablation, active brickwork frost
destruction, the brickwork fragments fall, formation of buildings enclosing structures
brickwork local emergency sections.

Figure 1 — Mortar ablation, brickwork frost destruction,
the brickwork fragments fall, buildings enclosing structures brickwork local
emergency sections due to the operational moisture impact
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Significant atmospheric moisture effects on the brickwork of buildings enclosing
structures arises in case of eaves insufficient width, drainage absence, installment of
horizontal pipes underneath the drainage cunette (see Fig. 2, a). Lack of drainage and
incorrect installment of the blind area around the building leads to splashing of rain water that
leads to water-saturation of the brickwork of buildings enclosing structures basement part (see
Fig. 2, b). Brickwork of eaves and parapet, that are not installed or partially destroyed flashing
of parapet cover (see Fig. 3, a), buildings enclosing structures architectural elements without
water channel at drip nose or absence thereof (see Fig. 3, b) is subjected to substantial water-
saturation due to atmospheric moisture. Water-saturation of the buildings enclosing structures
brickwork due to atmospheric moisture leads to acceleration of sorption processes, bricks
frost destruction, mortar weathering. Excessive water-saturation of the brickwork leads to
formation of biological pollution (i.e. moss, grass, bushes, trees) on buildings enclosing
structures (see Fig. 3, c).

Soil moisture effects on the buildings enclosing structures brickwork as a result of
destruction or lack of horizontal waterproofing, in case of banked up building sidewalks level
above the level of horizontal waterproofing (see Fig. 4).

Figure 2 — Atmospheric moisture effects to brickwork of buildings enclosing structures:
a) mortar weathering, frost destruction of the brickwork;
b) water-saturation of the sole plate as a result of spraying water,
fall of the brickwork fragments
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Figure 3 — Atmospheric moisture effect on the buildings enclosing structures brickwork:
a) destruction of the parapet cover in the absence of flashing; b) architectural elements
destruction in the absence of drip nose; c¢) brickwork biological pollution

Figure 4. — Soil moisture effect as a result of destruction or lack
of horizontal waterproofing, in case of banked up building
sidewalks level above the horizontal waterproofing level

Construction moisture in the buildings enclosing structures brickwork leads to thermal
conductivity increase within first 2-3 years of operation, as well as it can lead to formation of
mold on construction surface, contractible non-uniform deformation of the building. In order
to reduce the influence of initial moisture effect on the buildings enclosing structures, it is
necessary to provide the building heating and ventilation system normal functioning.
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The main types of moisture effects on reinforced-concrete constructions are
atmospheric and operational moistures. Other types of moisture effects are less extended.
The nature of atmospheric and operational moisture effects on buildings reinforced-concrete
enclosing structures is identical. The danger is caused by defects arising during construction
as well as with poor performance of works. The main reason of reinforced-concrete
constructions defect is insufficient thickness of the concrete protective layer, porosity of the
reinforced-concrete element because of the large water-cement ratio, which leads to
reinforcement corrosion. At the time of inside reinforcement corrosion of reinforced-concrete
constructions with increase of corrosion products volume by 2-2,5 times. There is concrete
protective layer emission— formation of «blowings» — that leads to intense actions of capillary
moisture to concrete protective layer is been destroyed in due course time. Such damages are
typical for buildings reinforced-concrete enclosing structures that contact with atmospheric
and operational moisture, for example, bridges in brick walls (see Fig. 5, a), balcony plate
(see Fig. 5, b) external wall panel (see Fig. 5, c). For constructions made of lightweight
concrete any moisture effect is dangerous: because of increased porosity, the concrete rapidly
gets soaked, that leads to increase of thermal conductivity coefficient, which leads to
condensate formation and even more water saturation.

Ty S,

a) | - | C)

Figure 5 — Destruction of protective concrete layer
of reinforced-concrete lintel (a), balcony plate (b), wall panel (c)
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For buildings wooden enclosing structures, the most dangerous is the atmospheric
moisture effect. Thus, for loft wooden constructions, moisture effect arises due to defects in
roof (atmospheric moisture) as well as incorrect design of ventilation framing scheme
(condensed moisture) (see Fig. 6). In order to exclude atmospheric moisture effect, it is
necessary to repair the damaged roof timely, there shall be eaves gutter and pectinal airway
and roof windows designed on the loft in order to avoid formation of condensed moisture,
their area should be 1/300 — 1/500 of the loft space. Typical for wooden floor construction is
operational and condensed moisture effect. For normal operation of wooden floor
constructions, it is necessary to make airways under the floor that should be opened during the
spring, summer and autumn. It is also necessary to carry out fire retardant and antiseptic
treatment of wooden constructions

Figure 6 — Damage to wooden construction covering
due to atmospheric and condensed moisture effect

Conclusions

1. Atmospheric, operational and soil are the most dangerous types of moisture for
buildings enclosing structures.

2. Moisture effects on the buildings enclosing structures load-bearing capacity made of
wood, brick and reinforced-concrete the most.

3. Measures to ensure protection against water-saturation of building elements are
constructive (eaves size, walls waterproofing, available airways), technological (protective
painting, hydrophobic impregnation, compliance with regulatory requirements for walls
thermal resistance) and operational (sufficient ventilation, heating, timely repairs of water
supply systems and draining) nature.
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COMPREHENSIVE STUDY OF ATMOSPHERIC
POLLUTION IN CITIES

Assessment of air pollution level of Poltava is performed by using statistical data of
enterprises inventory, stationary sites and results of calculations by program EOL-2000.
Assessment and correlation the results by new researches (bioindication, air pollution
indexes) according to the standards of Ukraine and the world ones are performed. The
possibility of performance the further project for an impact of technology-related air
pollution on the environment and human health is proved. Implementation of GIS for
monitoring the air pollution of Poltava is proposed. This system can be used as a model of
such GIS for other similar cities. The process of occurrence of the heat-island affect over
cities and its influence on the atmospheric component is described. The importance and
efficiency of the comprehensive study of atmospheric air pollution in cities are proved.

Keywords: atmosphere, methods of analysis, EOL 2000, pollution index, GIS
technology, heat-island effect.

Maxkcroma H.C., acnipanm
TI'onik 1O.C., x.m.u., npogecop
Ilonmascovkuii HayionanbHuti mexHivnuil yHieepcumem imeni FOpiss Konopamioxa

KOMINVIEKCHE JOCJII/KEHHA 3ABPY/JHEHHSA
ATMOC®EPHU B MICTAX

Buxonano oyintosanus pisnsa 3a0pyonenns ammocgeprozo nosimpsa micma I[lonmasu 3a
00NOMO2010 CMAMUCIMUYHUX OAHUX [H8eHMApU3ayill NiONPUEMCME, CMAYIOHAPHUX NOCMIB
cnocmepedicenns ma pesyiomamie pospaxynkie npoepamu EOJI-2000. 30iticneno oyintosanHs
U KOpeuayilo OmpuMaHux pe3yibmamie Hoeumu memooamu (OioinOuxayis, iHOeKcu
3a6pyoHenHss ammocghepu) 32i0H0 30 cmanOapmamu Ykpainu ma ceimy. Josedeno
MOJACIUBICMb BUKOHAHHSA NOOAILUIOZO NPOSHO3VB8AHHS GNIUEY MEXHO2EHHO020 3a0pyOHEeHHS
ammocghepu Ha HABKOTUWIHE cepedosuuye Ui 300p08 s todell. 3anponoHo8aHo 8NPOBAONCEHHS
eeoepaghiunoi  ingpopmayitinoi  cucmemu  cnocmepedicenns (I'IC)  3a  3a0pyoHenHsam
ammocgepnoco nosimpsa micma Ilonmasu, mooensb sKOi Modce Oymu BUKOPUCNAHA O
mooentosants nodionux I'IC i ona inwux micm. Onucano npoyec BUHUKHEHHSA OCIMPO8a menid
HA0 Micmamu ma U020 6NIU8 HA ammoc@epHy ckiadosy. [losedeHo eadxciugicms ma
eheKmusHicmob KOMNIEKCHO20 OOCNIONCEHH CMAHY 3A0pPYOHEHHS amMOC@hepHo20 NoGimps
micm.

Knrowuosi cnosa: ammocgepa, memoou ananizy, EOJI-2000, inoexcu 3a6pyonenns, I'IC-
MexHo102ii, ocmpie menia.
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Introduction. The topic of the atmospheric air quality of always remains relevant since
the environment general condition and, most importantly, the health of the inhabitants
depends on the city air state. Its importance is determined in the national policy of Ukraine
and enshrined in the Law of Ukraine «On the main principles (strategy) of the state
environmental policy of Ukraine for the period up to 2020» [1].

Review of the latest research sources and publications. For the formation of the
atmospheric air pollution state integrated assessment theory reliability were studied and used
as own scientific worked [2, 3], and the works of other scientists. Specifically, publications
[4] and [5] it is the application of GIS technology in research environment and atmosphere in
particular. Resource [6] and [7] provide information on bioindicating the environment state.
In source [8] air quality indexes for many pollutants have been established. One of such
methods combination goal in a comprehensive assessment is verifying the compliance of the
obtained results to primarily acts and directives on air quality of the city, the main of which
can be found in the source [9].

Definition of unsolved aspects of the problem. Despite a sufficient number of
methods for studying the environment there are some unresolved issues. One of them is
choosing the number of research methods that can be used to give a full picture of the air state
while ensuring financial, resource and time efficiency.

Problem statement. The aim of the project is the research of air pollution level in the
cities with a population of about 250 — 350 thousand people by using complex assessment and
with the possibility of further forecasting of the technology-related air pollution influence on
environment and human health.

Main goals are: 1) analysis of atmospheric pollution from stationary and mobile
sources; 2) experimental research by bioindication methods; 3) calculation of atmospheric
pollution indices; 4) development of GIS for analysis of previous data and further forecasting;
5) improving the city ventilation and the urban heat-island effect.

Basic material and results. In modern conditions, systematic monitoring of air
pollution level in Poltava is carried out 24 hours a day at 4 stationary posts of surveillance
«POST-2A». Sampling for contamination with harmful impurities is carried out four times a
day with 10 ingredients, except for dust, soluble sulfates, and carbon monoxide.
Characteristics of atmospheric air pollution in the city according to stationary posts of
surveillance are given in Table 1. Some indexes of atmosphere pollution by individual
contaminants in the areas of Poltava were calculated basing on the data of statistical reporting
2-TP Air and materials of inventory sources of pollutant emissions [2].

Table 1 — Characteristics of air pollution in Poltava (mg/m3)

. Average concentration Maximum concentration
Impurities MAC

2015 2016 2015 2016
Dust 0,15 0,2 1,3 0,9 1,8
Sulfur dioxide 0,05 0,004 0,08 0,019 0,05
Carbon dioxide 3,0 2 0,7 9 1,8
Nitrogen dioxide 0,04 0,035 0,98 0,19 1,25
Nitrogen oxide 0,06 0,025 0,46 0,11 0,3
Hydrofluoric acid 0,005 0,002 0,3 0,017 0,6
Hydrochloric acid 0,2 0,02 0,09 0,11 0,45
Hydrogen nitride 0,4 0,01 0,3 0,08 0,35
Formaldehyde 0,003 0,003 1,14 0,068 1,5
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According to preliminary calculations of the atmospheric air pollution index by the
individual pollutants for the Poltava arias, it can be proved that the atmospheric air of each
district and the city as a whole is conditionally clean. Since the integrated air pollution index
set by calculation is ranged from 1.3 to 2.61, which is much less than the norm, that is 5.
In this case, the class of the ecological state of the atmosphere is defined as normal, this is a
low level of pollution, which affects at the overall level of city air pollution not much and, as
a result, does not significantly affect at the inhabitant health and their working capacity.

Within the framework of the topic, the analysis of the pollution level is carried out on
the basis of pollutants dispersion calculations in the atmosphere surface layer under the
program EOL-2000 [h] for 195 enterprises of the city, which represents
3,686 emission sources. The total number of identified pollutants is 196 [3]. On the basis of
the calculation obtained results, the program EOL-2000 [h] compiled maps of pollutants
dispersion in the surface layer of the atmosphere separately for administrative areas of the city

(Fig. 1).
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Figure 1 — Dispersion map of nitrogen oxide (IV) in Poltava

Another method of the comprehensive assessment of Poltava air state in the future is
bioindication use. Environmental factors affect certain plant species very strictly [10]. Thus,
there can be used the inverse pattern and considered the impact of the physical environment
on plants. For example, lichenindication (determination by lichen), briodinduction (using
moss) and mycoindication (using fungi) can be used to determine air pollution level.

The city sustainable development ecological dimension indexwhich is based on three
categories: «Ecological systems and natural resources», «Anthropogenic pressure on the
environmenty», «Municipal ecological management», is an important indicator of such
comprehensive assessment of the city air environment. [11]. It contains 28 indicators of city
sustainable development and 89 indexes.

306iparK HaykoBuX mpaib. Cepis: ['amyzeBe MammHOOyTyBaHH, OyaiBHHITBO. — 1 (50)' 2018. 287




For this research, it is planned to use two indicators: «air quality», which consists of
seven parameters (quantitative indexes of characteristic pollutants), and «emissions to
atmospheric air», which contains two parameters (emissions of pollutants into the
atmospheric air per 1 km” and per person).

The protection of the atmosphere cannot be successful if it applies only measures
directed against certain pollution sources. The best results can only be obtained through
objective approach to determining the causes of air pollution, the contribution of individual
enterprises, sources and determining the real possibilities of limiting these emissions.
Therefore, the final stage of the conducted assessment is the creation of geo-information
technology for the atmosphere protection. Its task is interwoven with the government
information and analytical system of Ukraine emergency situations, developed by the order of
the Ministry for Emergencies in Ukraine by specialists and scientists of the Distributed
Information and Analytical Center of INTEK-Ukraine, the Institute of Cybernetics of the
National Academy of Sciences of Ukraine, the Institute of Geochemistry of the National
Academy of Sciences and the Ministry of Emergencies of Ukraine, NDC technologies of
sustainable development of the Taurian National Vernadskuy University and CJSC
«ECOMM Co.», which aims are to provide interagency information interaction and analytical
support for decision-making on the basis of modern spatial analysis methods, simulation of
emergency situations development and forecasting their consequences [12].

Thus, using the GIS toolkit, a program package (an example of their use is shown
in Figure 2) allows calculating and visualizing the results of modeling the pollutants emission
into the atmosphere, considering all inventory data of enterprises, with the possibility of their
correction and forecasting under changing different indicators.

] Y G i " | b

Figure 2 — Modeling results visualization of the pollutants emission in the
atmosphere using the GIS toolkit
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The air temperature is most strongly influenced by the territory urbanization and is one
of the most measurable meteorological parameters. The temperature differs between the
urbanized area and the surrounding undeveloped or poorly developed landscapes depending
on a number of factors. Among them there are the city size, its territory construction density
and the synoptic conditions, the weather conditions at a given time.

One of the most significant features of the urban climate is the appearance in the city of
the so-called «heat-island effect», which is characterized by higher air temperatures than in
the countryside (Fig. 3). This phenomenon is the result of several reasons.
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Figure 3 — How the «heat-island effect» occurs

First, in cities, the albedo of the underlying surface is reduced due to the appearance of
its buildings, structures, artificial coverings. Reduction of the albedo as a result of the territory
development leads to more intensive absorption of solar radiation in comparison with
unoccupied areas, the accumulation of the heat absorbed by the day in the construction of
buildings and structures, and its release into the atmosphere in the evening and night hours. In
addition, in urbanized areas, the heat consumption for evaporation is sharply reduced by
reducing areas with open soil cover and occupied by green plantations, and the rapid removal
of atmospheric precipitation by rainwater systems does not allow the creation of moisture
reserve in soils and surface water bodies. Urban development also leads to the formation of
air stagnation zones, at low wind speeds, prevents turbulent mixing of the atmosphere surface
layer and hears transfer to its overlying layers. Consequently, the building heat transfers due
to the conditions deterioration of turbulent mixing in the surface layer decrease in comparison
with the undeveloped territories and the heat builds up inside the building causing it to
overheat.

Secondly, the formation of the «heat-island effect» in the city territory is facilitated by
change in the atmosphere transparency. Various impurities from enterprises and transport
coming into the atmosphere lead to a significant decrease in the total solar radiation. But, even
more, they reduce the counter infrared radiation from the earth surface, which in combination
with the heat transfer of buildings and industrial facilities leads to the appearance of a local
greenhouse effect and the development of temperature anomalies in the city.
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Most strikingly, the contrast of the city-suburbs temperature appears when it is clear and
not windy and disappears when it is windy and cloudy. In the evening and at the first hours
after sunset, due to the peculiarities of the heat-island effect formation, the temperature
contrast is sharper than at noon, and in summer it appears better than in winter with similar
synoptic situations.

The average air temperature in the big city is usually above the temperature of
the surrounding areas at 1 — 2°C; however at night, with a slight wind, the temperature
difference can reach 6 — 8°C. Over the centers of large cities, the «heat-island effect» rises to
100 — 150 m, and in cities of smaller sizes — 30 — 40 m (Fig. 4).
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Figure 4 — Section of the «heat-island effect» over the city

The formation of a «heat-island effect» in built-up areas has a number of direct or
indirect environmental and bioclimatic effects, which can have both positive and negative
character.

Ecological consequences of the «heat-island effect:

— «displacement of the city» by its climatic characteristics in the southern direction: the
frost-free and snowless periods in the city territory increase, the earlier onset of the growing
season;

— increase in the number of days with thaws. In the cold half-year, the transition of air
temperature through 0 °© C creates problems not only for economic and road maintenance
services of the city but also for the state of its natural environment components, primarily
green vegetation [13].

Therefore, it is very important for the comprehensive assessment of atmospheric air to
consider these factors.

Conclusions. The performed analysis and assessment the atmosphere state allow for
objective forecasting, planning and further development of the atmospheric air protection
program in Poltava as part of the regional target program of environmental protection, rational
use of natural resources and ensuring environmental safety considering the regional priorities
of Poltava region for 2017 — 2021 years. The methodology of such an integrated approach to
the assessment of atmospheric air pollution with the confirmatory results of its relevance and
perspective can be used by other cities not only in Ukraine but also in the practice of foreign
settlements. It is especially right choice for cities with a population of about 250 — 350
thousand people.

Therefore, the choice of the most effective comprehensive analysis for the research of
the atmospheric air pollution state in Poltava is relevant and promising in view of improving
the emissions control level from stationary and, in the long term, pollution mobile sources
and, as a result, city air quality improving.
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THE EXPERIENCE OF CIVIL ENGINEERING
SPECIALISTS WITH HIGH QUALIFICATION
AT BIALYSTOK UNIVERSITY OF TECHNOLOGY

This article shows the learning process of students-engineers in Poland, disciplines
which were learning and the projects which were submitted. It also describes what the
elements university consists of — library, main departments: architectural, civil and
environmental engineering, electrical engineering, computer science, mechanical
engineering, management, forestry, amount of students and teachers. The article marks
studying process features and courses and subjects content. The main principles of teaching
were set out. They were provided with using of the shown information variety methods.
Comparison of education processes in Ukraine and in Poland is highlighted in the article.
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Ilonmascovkuti HayionanvHuti mexHivHui yHigepcumem im. FOpis Konopamioxa

AOCBIA IIAIOTOBKH ®AXIBIIB BY IIBHALITBA
BUIIOI KBAJI®IKAII B BLIOCTOLBKIA MOJITEXHIIII

Buknaoeno éioomocmi npo npoyec nasuanns cmyoenmis-6yoisenvrukis y Ilonvwyi: axi
QUCYUNTIIHU BUBYANUCS MaA SKI npoekmu Oyau suxounaui. Onucano cmpykmypui niopo30inu
VHigepcumemy — OiOniomexa ma ¢paxyniomemu: apximexmypuuil, 0yOi6HUYMEa ma OXOPOHU
HABKOMUWHB020 Cepedosulyd, eneKmpudHull, iHgopmamuky, Mexauiku (MexampoHiKu),
MeHeOIHCMEeHmY, NICHUYUL, KiTbKicmb cmyoenmis | euxiaoauie. Biosnaueno ocobiusocmi
HABYANbHO20 Npoyecy Ul CKIA0 HABUANbHUX Oucyuniin. Haeeoeno ocHo6Hi npunyunu
BUKIIAOAHHS, DI3HOMAHIMHI Memoou 6ioobpaxcenus iHgopmayii. 3azHaueno pesyromamu
nopieHANHHA 0Cc8IMHIX npoyecis 8 Ykpainu ma [lonvwyi.

Knrwuoei cnoea: binocmoyvka nonimexixa, y32004CeHHs HABYATLHUX OUCYUNTIH,
cmane3anizo0emonti  KOHCMpYKYii, OemoHu CcneyiaibHo20 NPUSHAYEHHS, 3a1i300eMOHHI
KOHCMPYKYIi, 3HeceHHs 0YOUHKY, KOHCMPYKYIi 31 cmaini, 0yodieenvHa Mexauika, oepee siHi ma
Kam 'siHi KOHCMPYKYii, 0CHO8U | (DyHOAMeHmU, 6CIYNHULL ICRUM.
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Introduction. Education methods studying in different parts of the world and bringing
global experiences to train future engineers in Ukraine is important. Poland is one of the most
developed European countries, with high education and science level. Education of civil
engineers there has a leading role. Poland attracts modern technologies with active resources
use, which are provided by the European Union.

The purpose of this article is to demonstrate the learning process of civil engineers in
Poland, to show the specific examples based on the studied subjects, to learn teaching
methods in Polish universities and the education system overall. Twelve students from the
Building Department of Poltava National Technical Yuri Kondratyuk University had the
opportunity to study for one term in Poland, in Bialystok University of Technology. They also
explored the educational process.

Main content and results. Bialystok Polytechnic has 65-years history; it has about 12
thousand students and employees, and more than 600 teachers. University has 7 faculties:
architectural, civil and environmental engineering, electrical engineering, computer science,
mechanical engineering, management, forestry.

To combine the educational programs between the two universities «Learning
Agreement» was signed where the objects studied in Poltava National Technical Yuri
Kondratyuk University, were agreed with the following courses:

— Composite structures;

— Concrete for special applications;

— Concrete structures;

— Demolition;

— Steel structures;

— Structural mechanics;

— Timber and masonry structures;

— Foundations.

As it was shown by Poltava students, education in Poland is conducted at high level.
Bialystok University of Technology has modern laboratories, a large number of qualified
teachers, and easy access to academic resources.

During the time of the studies in Poland, Poltava students had the opportunity
to see the University library (Fig. 1), built and funded by the European Union. It is one of the
best libraries in Poland, allowing students full access to information from various sources.
There, students are granted tranquil atmosphere to concentrate while doing essays and to relax
in a special room.

Figure 1 — Modern library located on the area of University
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The course «Concrete for special applications» consisted of two parts — theoretical and
practical. The theoretical part was concluded by passing an exam. The practical part had a
project called «Demolition of the house» which will be described later on.

In this course laboratory work was conducted, where were tested various types of
admixtures and concretes (Fig. 2).

Figure 2 — Labarotory works from subject «Concrete for special application»

The next studied subject was concrete structures. It consisted of two parts — theory and
practice. The theoretical part consisted of passing the exam at the end of the course.
The practical part, on other hand, had a project, which included the calculation of
reinforcements numbers for the slab and beam (Fig. 3). [1]

The lectures at the course were given by the member of the European Committee for
standardization, Professor Victor Tur (Belarus, Brest).
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Figure 3 — Lectures and chemes for the project conducted
in the course «Concrete structures»

At the course «Foundations» students designed the structures use of regulatory
document - Eurocode 7. The course had only practical part which consisted of two projects —
calculation of foundation based directly on the ground and calculation of the retaining wall

(Fig. 4). [2]
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During the Timber and Masonry course lectures were delivered. At the end of lectures
students passed the exam, and project which consisted of two parts — the calculation of
timber truss and brick walls, that perceived the load from the truss and roofing. The
calculation required the use of the normative documents — Eurocode 5 and Eurocode 6 (Fig.
5).[3;4; 5; 6]
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Figure 5 — Timber truss in the project «Timber and masonry structures»

At the Steel structures course students were asked to submit calculated project, which
consisted of three parts — steel beam calculation, steel column calculation and calculation of
connection between beam and column. The calculations were provided according to
Eurocode 3 (Fig. 6,7) [7].
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Figure 6 — Cross-section of the building in the project of «Steel structures»
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The discipline «Structural mechanics» in Bialystok University

of technology was aimed

to familiarize students with calculation of systems by force method. This method was
presented during the lectures. Lectures were conducted by two teachers using a variety of

methods to display the information (Fig. 8).
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Figure 8 — Fragment of a lecture at the subject «Structural mechanics»

The subject of «Composite structures» consisted of theoretical and practical parts.
For the practical part a project was submitted, which consisted of the composite slab
calculation. Design consisted of slab loadings calculations and displacements. It was

provided according to Eurocode 3 and Eurocode 4 (Fig. 9) [7; 8] .
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As it was noted previously, the course of «Concrete for special applications» had a
practical part, where the projects on the topic «Demolition of building»were issued.
The main idea of it was to select an appropriate method of building demolition — mechanical
or explosive. It was necessary to enforce safety precautions when performing the work.
After that it was also necessary to make the classification and to calculate the amount of
materials remaining after the demolition. In the case of the houses made of concrete it was
neccesary to ensure the selection of appropriate technology for the separation of aggregate
from the «cement paste». Then, after the separation, to enforce using of the wastes again in
the manufacture of concrete. During the design it was appropriate to make use of Internet
sources and Polish waste catalogue.

It is advisable to specify particular aspects of education in Poland and to compare them
with Ukrainian ones. In reference to educational process in general, before studying at the
University each student is required to pass Polish national entrance examination called
«matura». This exam is held every year in May. This includes: a mandatory test of Polish
language, mathematics and one foreign language and specialized subjects required for the
admission (for example, in civil engineering — physics or chemistry). The second step is
selection: each student who passed the «matura», needs to visit the website of University and
sign up. Then the admission makes a ranking of students according to their scores.
The third and the last step after the studentss list announcement is the filling of all documents.
Student enrollment is conducted in three waves.

Analyzing the above, it can be concluded that the process of admission to Polish
university is similar to the process in Ukraine. [9]

Throughout the term Polish full-time students must write two colloquims, or to carry
out projects, and report in laboratory works. The projects of Polish students have more
theoretical content, they, unlike the Ukrainian, contain a small amount of drawing material
and designing directly in the classroom.

During the term each Polish student must score 30 points, this number is the same
for all disciplines. To take the exam on a particular subject, a student must score at least
20 points. In the case, if the number of points is less, then, at least one subject must be
recurred the entire academic year after paying to the University the appropriate amount of
money.

In first year of studying Polish civil engineering students have similar to Ukrainian
students disciplines such as higher mathematics, physics, chemistry, engineering, geodesy,
informatics, and descriptive geometry.

Holidays in Polish Universities usually start after final exams in July, sometimes at the
end of June (depends on schedule). The new academic year in Poland, unlike in Ukraine,
starts in late September. If a Polish student has not passed the exams during the summer
session, he/she has another chance during the first days of September. If the examination has
been successfully passed, he/she keeps their scolarship if they had one. Also Polish students
have a few days off during New year and Easter (Orthodox and Catholic holidays), on the eve
of holidays classes are usually shortened do.

Part-time students in Polish University have almost the same education process as full-
time students. There are only two differences. Students must pay for the education, the
amount depends on the speciality (technical speciality usually cost more than humanitarian).
Part-time students have classes only at the weekend.

In the end it is appropriate to say that learning processes in Poland and in Ukraine are
similar, as they include 30 credits but differ in the way of course project implementation.
In Ukraine there are 2-3 dimensional projects from the major disciplines and in Poland there
are dimensional projects for each subject, which are carried out directly in the classroom.
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Conclusions.

1. Studying in the Bialystok University of Technology showed what the European
educational process, design standards, and implementation of projects and experiments are
like.

2. Projects in Polish Universities have a significant amount of calculations and a smaller
amount of drawing material.

3. Acquired knowledge in the insight and application of standards of the Eurocode in
the future can be used for new projects designing and master's degree diploma in Poltava
National Technical Yuri Kondratyuk University.
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ANNIVERSARY CELEBRANT
OLEKSANDR SEMKO

60 years ago, on May 15, 1958, Olexandr Semko
was born in Kharkov. Doctor of Technical Sciences (DSc)
on specialty 05.23.01 «Building structures, buildings
and constructions»; Professor of metal, wood and plastic
structures department, senior researcher; the head of
architecture and urban construction department in
Poltava National Technical Yuri Kondratyuk University since
2007; member of Construction Academy of Ukraine.
He was awarded the State Prize of Ukraine in Science
and Technology. Hero of an anniversary participated in the
development of curriculum for architects and builders,
module creation in the fields of energy saving, thermo
modernization, building physics, building structures, including
the method of transition to calculation and design by Eurocodes.
Over 30 years of production, scientific and educational activities, he has been involved in
solving a number of scientific and practical problems of probabilistic design of existent and
projectable building structures.

Oleksandr Semko is a graduate of the Poltava Engineering and Construction Institute
Faculty of Industrial and Civil Construction (the former name of PoltNTU) in 1980.
The head of the Oleksandr’s diploma work was Professor Sergii Pichugin (a young assistant
professor in those years). Thanks to his training Oleksandr Semko received the necessary
experience and knowledge in solving both scientific and practical problems. After completing
his military service Oleksandr Semko returns to his native university where, under the
supervision of Professor Andriy Pavlikov, successfully defends his PhD thesis and
for three years he works in a laboratory of building constructions survey.
Professor Leonid Storozhenko notices a proficient young scientist and invites Oleksandr to
teach at the metal, wood and plastic structures department. Since this time O. Semko has
begun to study steel-reinforced concrete structures under the supervision of professor
Storozhenko. Many scientific and practical developments are the result of this cooperation; it
allows obtaining a doctoral degree in technical sciences in 2006.

Professor Semko has significant experience in the field of construction and a wide range
of interests. Under his leadership, 15 PhD and 1 doctoral degree thesis were prepared and
successfully defended.

But it is not possible to work effectively without interesting and meaningful rest.
Professor Semko can be called a bibliophile and it is hard to imagine him without books.
As Oleksandr Semko grew up in Kremenchuk on the banks of the Dnipro River, another
hobby is fishing. He catches fish whenever it is possible: during conferences — in the Polesye
lakes or the Black Sea, during the holidays — in the waters of the Red, the Mediterranean Sea
or the Adriatic Sea, during the weekend — in the reservoirs of his native Poltava region.

Oleksandr Semko is a successor of the designing, installation and inspecting buildings
and structures dynasty for over 70 years. The Editorial Board of the Journal wishes
anniversary celebrant good Cossack health, new scientific achievements and goodness and
harmony in the family.
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