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The calculation of subsidence points along the contour and in the center of the tank bottom is complicated in the case of
erosion on inhomogeneous, subsidence, damaged soils, mules, flooded and seismically dangerous areas. The article analyzes
the most dangerous geological phenomena, processes and complicated geotechnical conditions for the territory of Ukraine.
The method of an artificial base arrangement with improved properties due to vertical reinforcement by soil cement elements
is considered. Techno-economic comparison of the proposed variant with the usual pile variant of foundations (subsidence
soils, estimated seismic intensity of 9 points) has been carried out. Probabilistic analysis of the artificial base has been carried
out and the corellation between the probability of its failure from the percentage of reinforcement has been determined.

Keywords: complex geotechnical conditions, seismic and dynamic effects, seismic resistance, oil storage tank, artificial
base, soil-cement elements, probabilistic design, stressed-deformed state, finite elements method, random variables

IIpono3uuii 11010 BAOCKOHAJIEHHS HOPM NPOEKTYBAaHHSA pe3epByapiB
BePTUKAJIbHUX HMJIIHAPUYHHX CTAJEeBHX A HAaQTH i HAPTONPOAYKTIB

Onnmenxo B.0.!, 3ouenxo M.JL%, Bunnnkos F0.J1.**, Xapuenko M.O.*, Jlapuesa LL.°

1.2.3.4.5 TTonraBchKuil HAiOHATBHMIT TeXHIYHMH yHIBepcuTeT iMeni FOpis Konmparioka
*Anpeca Ui TACTYBaHHS: vynnykov(@, ukr.net

Busnaueno, mo mpoekTyBaHHS pe3epByapiB BepTukaidbHUX cTaneBux (PBC) mns HadTH i HadTompoaykTiB Ha TepuTOpil
Vxpainn pernmamentyerscst JICTY b B.2.6-183:2011, sikuii 3a cBoeto cyrrio 3aminus BBH B.2.2-58.2-94. 3’acoBano, mo neit
HOPMATHBHUH JOKYMEHT Jla€ 3arajibHi peKOMEHalil 1010 BUOOPY KOHCTPYKTUBHHX DilllCHb, HABAHTAXCHb 1 BIUIUBIB IIpU
NPOEKTYBaHHI pe3epByapiB pi3HOro 00’€My, ajie He BPaxOBYE IOCITHEHHS CydacHHX JOCIIPKCHb PO3PaxyHKY HAIpyKEeHO-
nedopmosanoro crany (HIIC) cucremu «ocHOBa — pyHIAMEHTH — pe3epByap» y CKIaAHUX IHKEHEPHO-T€OJIOTIYHIX YMOBaX,
0COOJIMBO TIPU AMHAMIYHHX i CEHCMIYHMX BIUIMBAX, @ TAKOX HPH BJIAIITYBaHHI IITYYHUX OCHOB. BU3HAuUEHO, 110 TOJIOBHOIO
crierikoio [UX PO3PaxyHKIB € TOH (akT, 110 P NPOSKTYBaHHI pe3epByapiB OJMH i3 OCHOBHHUX (haKTOPIB — Lie MPaBHIbHE
BU3HAUYCHHS NepeMilleHb (0CiIaHb) TOYOK MO KOHTYpY Ta IO LEHTPY WOro AHMINA; TaKHil PO3PaXyHOK YCKIAIHIOEThCS MPU
3BEJICHHI pe3epByapiB Ha HEOJHOPIIHUX, MPOCANOYHHX, 3aTOPYOBAHNX, HACUIIHUX | HAMUBHHX IPYHTaX, MyJax, MiATOIJIe-
HUX Ta ceiicMiuHO HeOe3neuHHx TepuTopisx. IIpoanHanizoBaHo HaHOLIBII XapakTepHi U TepuTOpii YKpaiHn HeGe3medHi
TEeOJIOTIYHI SBHINA 1 IPOLECH Ta CKJIaIHI iIHKEHEPHO-T€0JIOTIYHI YMOBH. PO3IIIsIHYTO METOMUKY BIAIITYBAaHHS IITYYHOI OCHO-
BH 3 TIOJIIILIEHUMH BIACTHBOCTSMH 32 PaXyHOK BEPTHKAJIBHOTO apMyBaHHS IPYHTOLIEMEHTHUMH €IEMEHTaMH 3a Oypo3Mmillly-
BaJIbHOIO TEXHOJIOTi€0. [IpoBeIeHO TeXHIKO-eKOHOMIYHE MOPIBHIHHS 3alpPOIIOHOBAHOIO BapiaHTa 3i 3BUYAlHUM MalbOBUM
BapiaHToM (yHAZaMEHTIB rpy OyIiBHUITBI pe3epByapy Ha MPOCAJAOYHUX IPYHTAX i IPU PO3PAXyHKOBIH ceCMiUHIN iHTEHCH-
BHOCTI B 9 6auiB. 3HauHy yBary IpHIiieHo HMOBIpHICHOMY aHaji3y IITY4HOT OCHOBH i BU3HAYEHO B3a€MO3B’ 30K iIMOBIpHO-
CTi BiZIMOBH BiJ] IPOLICHTAa apMyBaHHS IPYHTOBOI OCHOBH.

KurouoBi cioBa: ckiajiHi iH)KEHEPHO-TEOJIOTIUHI YMOBH, CEHCMiuHI Ta JUHAMIYHI BIUIMBH, CEWCMOCTIHKICTh, HaTOBHI
pe3epByap, IITY4YHa OCHOBA, IPYHTOLEMEHTHI €JIEMEHTH, IMOBIpHICHHH pO3paxyHOK, HampyxeHo-aehopMOBaHHIl CTaH,
METOJ] CKIHUEHHHUX €JIEMEHTIB, BUIIAAKOB] BETUYMHU
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Introduction. Steel tanks of wvarious capacities
intended for collection and storage of oil are important
elements in the technological process of its extraction,
preparation and transportation. In addition, they are
used for pre-dehydrating oil on production field or as
buffer tanks in oil trunk transport, or at petrol stations
for collecting, storing and distributing various
petroleum products.

Reservoirs often are built in territories with complex
geotechnical conditions [1]: 1)soils with special
properties (subsidence and peat (water-saturated),
mule, bulk and alluvial massifs, soils which, under
certain conditions, their volume increase, etc.); 2) the
possibility of dangerous geological (gravitational)
processes development (karst, landslides, erosion,
suphosion, abrasive processes, etc.), as well as of non-
uniform deformations of soil foundations during water
saturation, mining operations, etc. Distribution of the
main dangerous engineering geological and geological
factors and processes that complicate tanks for oil and
petroleum products construction and operation, on the
territory of Ukraine is shown in Fig. 1 — 5 (according
to the State Service of Geology and Subsoil of
Ukraine and according to seismological studies [2, 3]).

The accidents with tanks for oil and petroleum
products are followed by the outflow of huge masses
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of liquid that leads to catastrophic consequences and
pollution, large-scale fires, violation of normal modes
of operation the objects of transportation and storage
of oil and oil products, and to significant
environmental pollution and serious economic
consequences also.

The main causes of accidents can be [4]: a) defects
of welded joints; b) distortion of the shell shape
because of its installation low quality or poor-quality
of the foundation; c) the effect of low ambient air
temperature; d) vibrational effects of pumps when
pumping liquid; e) non-uniform subsidence of the
base; f) local subsidence of the base; g) erosion of the
base layer with a liquid in the case of bottom
corrosion damage; h) emergency (including seismic)
effects.

The degree of object damage during the earthquake
depends not only on the level of seismic influences,
but also on the quality of seismic design and
construction. According to recent seismological
studies [3], it has been established that in the territory
of Ukraine, including its platform part, there is a
danger of local and strong earthquakes with

magnitude greater than 5 (more than 6 points on the
MSK-64 scale). It creates an additional risk of existing
and new oil tanks exploitation.

Figure 1 — Distribution of landslides within the administrative regions of Ukraine
(according to the State Service of Geology and Subsoil of Ukraine, http://www.geo.gov.ua)
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Figure 2 — Distribution of flooding within the administrative regions of Ukraine
(according to the State Service of Geology and Subsoil of Ukraine, http://www.geo.gov.ua)
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Figure 3 — Distributionof karsting rocks and of karsting within the administrative regions of Ukraine
(according to the State Service of Geology and Subsoil of Ukraine, http://www.geo.gov.ua)

36ipHuK HayKoBHX Tpats. Cepist: ['anmy3eBe MammHoOy1yBaHHs, OyaiBHunTBo. — 2 (51)' 2018.




| ie
] TS b
Tk

Figure 4 — Distribution of loess soils within the administrative regions of Ukraine
(according to the State Service of Geology and Subsoil of Ukraine, http://www.geo.gov.ua)

Figure 5 — Map of GSZ-2004-B general seismic zoning on the territory of Ukraine
(according to the data of SBC V.1.1-12: 2014) for high-risk facilities
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In addition, modern technological requirements for
tank battery lead to increase in the volumes of the
TVS (tank vertical steel). At the same time, the
pressure from the TVS, that is transmitted to the soil
base, also significantly increases compared to the
accumulated experience of these structures operation.
Therefore, the cost of modern TVS construction in
complicated engineering and geological conditions is
increasing significantly.

It should be noted that according to [5] oil and oil
product tanks are classified as high-risk objects (CC3
class of consequences). It, in turn, requires extremely
high attention when designing and constructing these
objects especially in difficult conditions. This
situation requires development of qualitatively new
geotechnical technologies that minimize the risks and
ensure the safe operation of modern TVs, especially in
difficult geotechnical conditions. Therefore, the
improvement of design standards and the development
of reliable methodologies for analysing such objects is
definitely an urgent task.

Analysis of recent sources of research and
publications. The studies of stress-strain state (SSS)
of TVS are considered in papers [6], peculiarities
of work under non-uniform deformations of founda-
tions — [4], with seismic influences — [7]. In all these
works, SSS of tanks is considered separately from the
bases and foundations.

In papers [8 — 14] the results of changes investigations
in the properties of soils during their soil-cement
reinforcement, incl. dynamic. It should be noted that
laboratory and field studies of deformation characteristics
of soils, obtained mainly by specialists from Japan and
the USA, determined that in conditions of significant
seismic loading deformation characteristics of the soil
become non-linear. Analysis of world and national
experience in using different methods to reduce the
dynamic and vibrational effects on weak, water-
saturated, structurally unstable soils showed that the most
effective means for their artificial transformation is
cementation with the help of jet grouting or boring and
mixing technologies [11 — 18]. Their main feature is that
they enable to strengthenpractically the entire range of
soils from gravel deposits to fine clays, mules, turfs. In
this case, the destruction and simultaneous mixing of the
soil with cement mortar in the mode of «mix-in-place»
(mixing in place). Between the solid particles there are
strong bonds due to binders, which greatly increase the
strength of the soil and reduce its compressibility.

The effect of stabilization (strentghening, reinfor-
cement) of the bases is that in a certain volume of weak
soil a part of it is replaced by a rigid material — a soil
cement, with a relatively large deformation module
(E = 70 — 200 MPa). Natural soil, sandwiched between
the created vertical soil-cement elements (SCE), also in-
creases its mechanical parameters due to the impossibility
of lateral protrusion.

Identification of general problem parts unsolved
before. Today, the accumulated experience of operat-
ing the TVS in complex engineering-geological condi-

tions on artificial grounds is still insufficient, espe-
cially when attak of such a dangerous geological phe-
nomena as an earthquake. Therefore, the purpose of the
work is to analyze the geotechnical decisions of the con-
struction of the TVS on subsidence and weak soils in
seismic areas, to develop an effective form of artificial
earthquake-resistant foundations and to develop a
method for its analysing, to estimate the probability of
tank failure on artificial bases, to implement the devel-
opment of design standards TVS.

Basic material and results. As a rule, tank subsi-
dence occurs evenly, however, in difficult geotechni-
cal conditions, the possibility of meeting design speci-
fications during their operation due to non-uniform
deformations of the foundation base is complicated.

Almost immediately after the hydraulic tests there is
an non-uniform subsidence between the central part
and the wall of the TVS due to different specific pres-
sure on the soil of the wall weight and hydrostatic
load. Pressure under the wall varies within 0.9 — 1.5
MPa, and under the central part of the bottom no more
than 0.16 — 0.2 MPa. From the practice of the tank ex-
ploitation, there are cases when the difference of sub-
sidence between the central and peripheral parts of the
bottom reaches 0.6 — 0.8 m.

As it is known, non-uniform subsidence on the bot-
tom area and on its perimeter cause additional defor-
mations in the structural elements of the TVS, espe-
cially in the lower junction of the wall and the edges,
and the additional stresses associated with them.
The combination of operational stresses with addi-
tional from non-uniform subsidence can lead to the
damage in the junction area or rupture of the bottom
panel. Also, with a significant deformations of the cy-
lindrical shell, possible damage in the junction of the
stationary roof, wall and support ring, pontoon dis-
function .

One of the effective methods of subsidence leveling in
terms of the bottom area and its perimeter is the construc-
tion of an artificial base with interchangeable deformation
characteristics. For the construction of this base is pro-
posed a vertical reinforcement of soil-cement elements.
The modulus of deformation of the created artificial base
is considered weighted. Its value can be controlled by
changing the distance between SCE.

Depending on the loads and engineering-geological
conditions, determine the required number and length
(up to 40 m) of SCE. A grid of SCE can be made with
different steps without any interference or with their
«intersection». Such an approach provides normative
subsidence and trouble-free operation of the TVS in
the most complicated engineering and geological con-
ditions.

Another unresolved problem of normative docu-
ments is the earthquake resistance of TVSs, taking
into account the improved soil properties.

For a better understanding of the problem of reduc-
ing seismic hazards, lets consider the main aspects of
the theory of the seismic waves propagation in soil
fields and seismic geotechnics. The transfer of wave
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energy from point to point occurs due to the elastic
properties of the medium, therefore the stress wave is
elastic. In the process of propagation of the wave, a
part of its energy is lost, which leads to a decrease in
the intensity of the dynamic load with a distance from
its source and is called attenuation. The causes of the
attenuation are different and are associated mainly
with nonideal elasticity, discreteness and heterogene-
ity of any soils structure as a medium of propagation
of elastic waves. By means of different mechanisms of
energy loss, the following types of attenuation are dis-
tinguished: 1) the difference is caused by the decrease
of the specific energy per unit of the wave area front
in connection with its increase as the distance from the
source; 2) dispersion in various heterogeneous media,
which leads to a decrease in the energy of the wave in
a particular direction; the dispersion of waves on any
obstacle depends on its shape and size, as well as on
the density and compressibility of the obstacles sub-
stance; 3) the absorption is due to the energy con-
sumption of plastic and nonlinear-elastic deformation.
Consequently, the presence of various obstacles and
weak inhomogeneous soils in the path of a seismic
wave leads to reflection and absorption of its energy
that reduces seismic intensity.

The task of vibration analysis of the system «base —
foundations — construction» is complicated by poorly
predicted effects of resonant strengthening of seismic
vibrations by loose near-surface soils: depending on
the type and thickness of vibration layers of some
frequency intervals can be selectively amplified, while
others are almost completely absorbed. This
phenomenon is due to the violation of the natural
vibrations of the stratum near the free surface in the
waves of this type. That is, the upper layers of the soil
change the parameters of seismic waves, coming from
the depths, and, thus, can change (both increase and
decrease) the intensity of seismic vibrations depending
on their dynamic properties. The level of ground water
(water saturation) can produce an effect on seismic
intensity in the case when water changes the physical
and mechanical properties of soils, which should
manifest itself in changing their elastic properties, in
particular the velocity of transverse waves. Therefore,
in order to design earthquake-resistant building is
required not only information about the strength and
location of possible earthquakes, but reliable data on
forced vibrations of structures on certain soil
substrates. To do this, certain characteristics of the
soil, such as its dynamic compression and shear
modulus, the damping factor, are determined,
including the forecast of changes in soils properties
during the operation of the structure, and depending
on them, one of the possible models of basement soil
behavior is taken for the analysis. One of the most
important dynamic properties of soils is their seismic
stiffness Vp (where V — the velocity of transverse
waves propagation, p — soil density). At the same time,
the higre V¢p of the soil active layer is, the smaller the
amplitude of its vibrations is.

In terms of dynamics, the thickness of the active
layer is determined by the frequency characteristics ra-
tio of the soil layer and the structure. At the same
time, the most unfavorable in seismic terms is the
case — the intersection of the frequency characteristics
bandwidth of soil mass with its structure own
oscillation frequencies. Thickness H of the soils that
significantly effect the vibrations of earthquakes, is
determined by the ratio H=V,/4f (where V; — the ave-
rage velocity of transverse waves in the soil layer;
f — the value of the bandwidths intersection low
frequency part of the soil layer frequency
characteristics and the structure internal vibrations). If
the frequency parameters of the soil layer and the
internal vibrations of the structure do not overlap,
there is a weak link between these processes. During
seismic vibrations seismic waves occur. Longitudinal
waves lead to compression and stretching of soil
particles, while transverse waves cause tilt or lateral
displacement. At a lateral displacement there is a
danger of cohesive strength violation between
particles of soil. Therefore, there is an additional
problem — the ability of soils to change their
mechanical properties when passing elastic waves
through them. The essence of the effect lies in the fact
that the soils consist of small and the smallest
particles, in intervals (pores), between which there is
water and gases. All resistance of such soil to external
loading is carried out by means of a huge number of
contacts between these particles, many of which are
very weak. When the elastic wave passes, vibrations
of soil particles with different velocities are excited,
and the part of the contacts is broken. In addition,
when a wave moves from a more dense to a loose soil
layer and a substantial (twice or larger) increase in the
amplitude of the vibration, adhesion failure becomes
real. As a result, the strength of the soil significantly
(sometimes several times) decreases. At the same time
the soil becomes «liquidy», this phenomenon is called
«liquefaction» of the soil (it is in a state of suspended
water). Water thus seeks to squeeze out, but this
process requires some time, since it is limited to the
permeability of the soil.

The most important task in analysing the vibrations of
the system «base — foundation — structure» in all forms is
the forecast of its resonance frequencies and peak
displacement amplitudes, which are considered as the
limiting (most unfavorable) conditions of the work of the
structure. The fact is that in the spectrum of the seismic
wave there are vibrations with frequencies close to the
natural frequency of a number of structures
(characteristic periods from 0.2 to 2 s). In the case of
resonance, the stresses on the contact of the foundation
with the soil sharply increase, as well as in the
construction of the structure and the probability of
destruction of this system increases.

The influence of the soil base on seismic fluctua-
tions of the structure has a number of aspects:
1) through it the seismic effect on the structure is
transferred (the structure, due to its massiveness and
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rigidity, has a reverse effect on the movement of
the soil); 2) the base has its own mass and rigidity,
which reduces the frequency of natural vibrations of
the dynamic system «structure-base» (with increasing
mass and stiffness of the soil the amplitude decreases
and the frequency of vibration of the base increases);
3) during an earthquake, seismic waves are reflected
from the foundation and dissipated in the basis.

The last two factors influence the size of the dy-
namic response of the structure, and therefore the
seismic inertial loads that have an effect on on the
structure.

The design of cylindrical TVS is a vertical, thin-
walled cylinder, which is limited with the bottom and
the roof. At the bottom of the reservoir lying on the
base, there are relatively small stresses under pressure
of the load from the liquid contained in it. In this case,
the thickness of the bottom is 4 ... 12 mm and is
mainly due to the conditions of the technology of as-
sembly and welding works and corrosion resistance of
the metal.

During the design of tanks in seismic areas with in-
tensity higher than 6 points it is necessary to consider
the additional requirements: 1) use of tanks with lower
height; 2) in tanks with a floating roof or a pontoon
to apply locks of soft type; 3) in case of usage the
tanks with a stationary roof it is necessary to carry out
calculation of the maximum height of filling of the
tank with liquid to avoid hydrodynamic blow in a roof
the wave arising in the tank from a horizontal push; 4)
special devices (compensators) should be provided in
the pipiline entry units with shut-off valves that ensure
the strength and reliability of the mentioned unit.

The presence of liquid in the tank leads to a change in
its own vibrations and forms of construction, the addi-
tional hydrodynamic pressure on the walls and bottom of
the reservoir. In this case, for the thin-walled reservoirs,
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the hydrodynamic calculation is basic, since the mass of
the liquid is much larger than the mass of the tank itself.
The calculation determines the level of stresses in a tank
wall and evaluates a surface wave height that arises dur-
ing vibrations (to avoid spill from the tank and impact on
the roof). For tanks with a floating roof or a pontoon one
should consider horizontal inertial forces from a floating
roof or a pontoon. That is, it is necessary to calculate
various hydrostatic systems that simulate the tank for
seismic influences, which are given by accelerograms.
In general, reservoirs are expected to withstand the
rollover and shifts from wind loads, non-uniform de-
formations of the foundations or seismic influences.
At the next stage, the main and auxiliary structures of
the tank are calculated. Tanks foundation is calculated
for two groups of limit states: 1) ultimate limit state —
on the bearing capacity for check of stability of tanks
on overturning; 2) serviceability limit state — on de-
formations (absolute vertical settlements of the center
and a contour circle of the foundation, differential set-
tlements of ground taking into account local moisten-
ing of collapsible thickness, tilt).

In earthquakes conditions there is an addition to ex-
ternal vibrations — component of the seismic load from
vertical soil vibrations, occurs further loads of the
product on the wall and bottom of the tank (Fig. 6) —
namely: 1) hydrostatic loads and loads of overpres-
sure; 2) impulsive (inertial) component of hydrody-
namic pressure; 3) convection (kinematic) component
of hydrodynamic. The impulsive component of pres-
sure arises from a part of the product moving in an
earthquake together with a tank wall. Liquid sloshing
in a tank create convective pressure and leads to
emergence of waves on a product surface. Vertical vi-
brations of a tank base also induce additional load of
its wall.
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Figure 6 — The scheme of liquid sloshing in a cylindrical tank
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Tank seismic resistance is considered to be provided
if: a) the tank does not overturn during an earthquake
(overturning criterion is the limit state at which on the
external radius of the lifted part of the bottom a full
plastic hinge appears); b) stability of the lower belt of
a wall at action of longitudinal and cross loading is
provided; c¢) durability condition for all bearing
elements of the tank is provided. There are several
concepts for reducing the seismic hazard by arranging
pile foundations or improving the properties of soil
bases by reinforcing them with vertical SCEs.

Concept number 1. Limitation of damage from
liguefaction «limiting soil seismic shock absorbery
(Fig. 7) is a seismic and extrusion technology to
mitigate shocks during shocks during earthquakes,
which includes a solid soil mass from the whole soil-
cement wall. Such a structure can effectively limit the
deposition and lateral displacement of the soil, as well
as the displacement of structures.

Restrain displacement of
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areund qround
0l Tank
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Figure 7 — Concept Ne 1 — Damage limitation from liquefaction «limiting soil seismic shock absorber»

Concept numberNe 2. The method of limiting the
lateral displacement of the soil due to its SCE
reinforcement. Lateral displacement of the soils
caused by their liquefaction during the earthquake and
the horizontal displacement and subsidence of the
tanks are reduced due to the SCE reinforcement of the
ground in chessboard method from the existing
containment bund, which protects the tanks with oil
and petroleum products. Such technology further
prevents the leakage of contaminated liquid from
damaged pipelines.

Concept number Ne 3. Method of solid soil-cement
lining. Soil liquefaction during an earthquake is
limited by the use of a «limiting soil seismic shock
absorbery, resulting in the soil being in a closed solid
cement wall. The leakage of contaminated liquid due
to the displacement of the tank or damage to the
pipeline is prevented by reducing both the values of
foundations base subsidence of, and its unevenness.

Concept Ne 4. Method of SCE enclosing. The
sedimentation and loss of stability of the oil-protective
soil dam caused by earthquakes, as well as the leakage of
contaminated liquid outside the dam, may be limited or
prevented by the arrangement of the soil cement wall
along the contour of the dam.

In addition, the soil liquefaction during an earthquake is
limited by the use of a «limiting soil seismic shock
absorber», through which the soil turns out to be a closed

solid soil cement wall. This can prevent leakage of
contaminated liquid due to displacement of the tank or
damage to the pipeline.

Concept number 5. Method of continuous artificial
soil cement base (Fig. 8). Reducing the influence of
dynamic load on the aboveground part of the structure
during the earthquakes due to the increase of elastic
deformation parameters of the base.

Reducing the effect of the dynamic load on the
aboveground part of the structure during the
earthquakes can be achieved by reducing the
acceleration and the vibration amplitude of the base of
its foundations. One of the ways to reduce seismic
intensity is to increase seismic impedance Vp of the
active layer of soil by increasing the velocity of
propagation of seismic waves in it. Such an effect can
be achieved by increasing the elastic deformation
characteristics of the base, using the boring and mixing
technology [11, 15].

With this approach it is possible to increase the
modulus of elasticity of the base to 500 — 2000 MPa,
the rate of propagation of waves up to 600 -—
1000 m/s at constant density.

Improvement of the damping characteristics of an
artificial base occurs due to the presence of a gravel or
sand pillow, as well as due to the presence of friction
and adhesion of sandwitched soil on the surface of the
SCE contacts. Therefore, the vertical components of
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the seismic impulse (vertically directed tremors) the
pillow damps and only in a weakened form, transfers
to the base slab. In the zone of artificial base, vertical
SEEs partially absorb and dissipate the energy of a
seismic wave (dissipation) in a manner similar to a
pile foundation. The elimination of thixotropic
properties and properties of soil liquefaction occurs
due to local cementation within the SCEs and the
increase in the resistance of the soil shift between
these elements. It also increases the resistance of the
filtration consolidation of the weak base due to its
reinforcement. The main idea of the authors is the
development of a universal artificial base, which will
provide regulatory and technological requirements for
both the static conditions of TVS exploitation on
subsidence and weak soils, as well as in the case of
seismic influences of varying intensity. As an exam-
ple, geotechnical solutions for the oil tank are given
TVSI-20000 of oil pumping station «Avgustivka»
(Avgustivka village, Biliaivka district, Odessa region).

Technological parameters of TVS-20000 presented
in the Tab. 1.
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Geometric parameters TVS-20000:

1) nominal volume 20000 m”;

2) geometric volume 20956 m’;

3) height of the wall 17.926 m;

4) inner diameter 39.9 m;

5) area of the product mirror 1250.4 m’.

The diameter of the base slab is approximately
40.5 m. Pressure under the bottom of the base slab at
hydro testing is 168.14 kPa, at operation — 180.86 kPa.
The uniformly distributed load along the contour of
the foundation during testing is 31.65 kN/r.m., at
operation — 40.33 kN/r.m., at wind loads — 6 kN/r.m.,
at seismic influences — +353,73/-268.67 kN/r.m.
The magnitude of the equilibrium of horizontal seis-
mic forces transferred from the construction of the
tank to the base slab was 65.500 kN.

The weak soil of the base in the case of earthquake
action can go into a liquid state (to obtain a thixotropic
properties), to obtain an additional compacting, result-
ing in excessive deformations of the tank. The com-
plexity of the second site is characterized by the pres-
ence of a subsidence thickness of more than 5 m.
The estimated seismic intensity of the plot is 9 points.

L]
S eeoaas
ann Py hgn nnn--.¢
L h 0O S DD
PEGO ﬁﬁnnunﬁﬁ ﬁnﬁﬁtnl Wod s

Dﬂﬂﬂ'ﬂ oo asooosooo
e G e B B Bt 0 8D
AL L L L LT :nvvvvvqovwvvdv
L L OO 1
L L L L L L L L L LY
BAOGREEAAEA OSSO ONARE SRt EREONaaERE
<7 amrenneaadsannnnamajmasmnnaassnonnn
SOll anunnﬂ:oﬁoﬁaﬁﬁcoabhtfacocoaahnnanas oda
mEasEmnEmAmssAEEERNAAAEAEAEEEEEEsEoRRe s
SODOOOCCOTRCOOddO oD DD ﬂﬂﬂO:\D:\}ﬂﬂﬂﬂDOODDﬂﬁﬁ
....................................
P T R B uuucoa:vnnnuuw:nvvvv
el - 0o e el e e -
pbrnqqaaqrvvvuuqqabb GNEESfERARORAsEEDaRd
L O e LT e
e
Fpoooaga
oooDadCoS
Hard B
ogacooDOnogaFeeOOgn

soil

U]
Jua
LA
153
L-5-1-}
E

3
oa

&a

o

O

i
Paea
oa
oa
ima
ina
o ad
o
153
ﬂ'ﬂ 2a
HE
asda
i3
ina
A

-
Gk
=
ina
H
ana
H
=

Figure 8 — Dynamically stable

soil cement base:

a — section of dynamically stable
soil cement base;

b — plan of the reinforced base;

¢ — spatial view of the structure on a
reinforced base;

1 — sand or gravel-pebble pillow;

2 — vertical soil cement elements;

3 — natural soil, sandwitched between
vertical soil cement elements;

4 — foundation slab;

5 — aboveground structure
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Table 1 — Technological parameters of oil storage tank TVSI-20000

Parameters Value
Product density (oil), t/m’ 0.89
Expected level of product filling, m 16.2
Water level at hydrotest, m 16.75
Internal overpressure missing
Standard internal vacuum missing
Operation rate (cycles per year), min/max 20/100
Characteristic value of snow load, kg/m” 102
Characteristic value of wind load, kg/m’ 51
Seismic intensity, points 8
The temperature of the coldest days with the use factor of 0,98, °C - 24
Maximum temperature of oil storage, °C +25
Design service life, years 40
Design wave altitude of oil at seismic loadings, m 0.32
The size of an allowance for corrosion for sheets of a wall, mm 0
Minimum marking of surface edge in regard to the surface of the crust, mm +0.5

At these conditions, several geotechnical decisions
were considered:

1) cutting of the soil weak and subsidence mass with
reinforced concrete piles in the section 350x350 mm
for their resistance to strong soils, as well as the
elimination of the sedimentary properties of the soil of
the inter-piles space by deep compaction (intallation
of soil piles in diameter of 300 mm), errection of the
foundation wall of 0.7 m thick over the piles, a swing
joint of piles with a slab;

2) the same as in the first variant, but on top of the
piles is assumed that the gravel pillow is arranged in
order to damper the fluctuations of the reservoir and
avoid the transfer of horizontal loads to the piles;

3) arrangement of the artificial foundation by
reinforcing the weak and subsidence soil with vertical
SCE with a diameter of 500 ... 650 mm, then the same
as in the second variant.

The perception of horizontal seismic loading due to
the work of piles on the soil is provided only with a
significant amount (~ 1000 pcs.), Which is economi-
cally inexpedient, since the vertical load on the piles
will not be more than 35% of the permissible.
Therefore, this option was not further compared.

The variant with vertical SCE was much cheaper
and could be realized over a shorter period of
time.The length, the diameter and the step of SCEs
were determined by the iterative method. The main
criterion for calculating was the providing of less than
the critical values of center subsidence and the
extreme calculation points of the base slab, the tank
tilt, as well as the load bearing capacity of the
underlying seismic influences. As a result of
calculations it was established that the optimal
diameter of SCE is 500 mm, step — 1,0 m (2d).

Table 2 shows comparison of two variants of the
foundations.

From the Table 2 is evident that variant with the use
of the artificial base, by reinforcing the weak and
subsidence soil with vertical SCEs for one of the
TVS-20000, an economic effect of more than 2.7 mil-
lion hryvnas was achieved and allows to shorten the
construction period to 38 days.

The authors also performed the probabilistic
calculation of the system «artificial base — foundations
— tank». Distribution and statistical parameters of the
RV (random value) of the TVS foundation slab tilt are
shown in Fig. 9 (the value of the tilt is multiplied by
10%). With subsequent loading of the tankss, the
absolute subsidence of the base increases and is
clearly fading. At the same time, the probability of
failure on the criterion of subsidence does not exceed
0.001, and according to the criterion of the tilt — 0.07.

On the basis of statistical data simulation of the
reinforced base subsidence and foundation slab tilt, the
probability of construction failure and faultless
operation according to the criteria of absolute settling
(Fig. 10) and the tilt is determined, depending on
the percentage of SCR weak base reinforcement.
By simulation, it was found that the probability of
failure on the criterion of a tiltl depending on the
percentage of reinforcement (15 ... 25%) of SCE weak
base ranged from 0.03 to 0.05.

The probability of failure of the construction
according to the criterion of the maximum allowable
foundation slab weight is less than 0.01. Based on the
results of simulation for the reliability level p = 0.9,
the minimum required percentage of reinforcement of
the base is selected VSCE (i = 19%). This task has
shown that with the help of a probabilistic approach,
the necessary percentage of weak base reinforcement is
substantiated to ensure the failure-free operation of the
structure during its exploitation.
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Table 2 — Techno-economic comparison of foundations TVS-20000

No Name and scheme of the foundation variant Perfqrmance Cost of wgrk
time and materials
1 2 3 4
1 Cutting of the subsidence thicket of the soil by reinforced concrete | 1. Reinforced precast-concrete

piles and their reliance on strong soils, elimination of the collapsing

properties of the soil of the inter-tidal space by deep seals
(the arrangement of ground piles)
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piles of length 11 m and of section
350x350 mm — 374 piles.

Without deliv-
ery —2 079 000
UAH.

Work —

1 247 400
UAH.

32 calendar day

2. Ground piles of diameter
300 mm and of length 5 m —
917 piles.

45 calendar day | 450 000 UAH

3. Macadam pillow H = 1100 mm.

11 calendar day | 176 000 UAH

4. In-situ concrete slab.

11 calendar day | 3 200 000
UAH
Total — Total cost —

128 calendar day| 7 152 400 UAH
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1 2

3

4

Arrangement of the artificial bases by reinforcing the collapsing soil
with soil-cement elements

1. Soil-cement elements of diame-
ter 650 mm and of length 5.5 m —

616 piles.

40 calendar day

1124 230 UAH

2. Macadam pillow H = 600 mm.

10 calendar day

96 000 UAH

3. In-situ concrete

slab.

40 calendar day | 3 200 000 UAH
Slab Total — Total cost —
f_.— MFoundation mat 90 calendar day | 4 420 230 UAH
o™ oneg
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Economic effect 38 calendar day | 2 732170 UAH
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Figure 9 — Distribution of tilt RV of tank foundation
slab on the results of the simulation of the MCE
(the value of the tilt is multiplied by 10™)
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Figure 10 — The probability of failure and failure-
free operation of the structure on the criterion of
absolute settling, depending on the percentage of the

base reinforcement
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As a result, it is possible to draw the following con-
clusions:

1. Normative documents for the design of TVS
should be supplemented with modern methods of the
system «base — foundations — tank» analysis, tech-
nologies for vertical reinforcement of soils with spe-
cific properties, etc.

2. With consistent calculation of the soil base,
foundations and tank, it is possible to consider
more accurately the SDS of the entire system.
The probability of design failure according to the
criterion of the tilt and absolute deformation is
satisfied with the percentage of reinforcement in the
range of 15 ... 20 %.

3. In the arrangement of artificial foundation, the
method of SCE vertical reinforcement is the ability to
regulate the deformability of the base and in
accordance with the alignment of subsidence of the
central part of the bottom and points along the contour
of the tilt in accordance with actual stresses and
engineering-geological properties.

4. The variant of the foundation slab on an artificial
soil cement base, which transforms the weak and
subsidence thickness into a composite material, is
carth-resistant, worth less than a pile and is more
technologically efficient. All the technological and
regulatory requirements for the exploitation of tanks
are met.

5. Due to the reinforcement of a part of the weak and
subsidence base soil mass, the amplitude of the
vibrations of the reservoir decreases, the nature of the
acceleration of the soil changes, and the values of soil
acceleration in the pit bottom level drop. This result is
ensured by increase in the velocity of seismic waves
spread in an artificial soil cement base, as well as by
increasing  the  strength and  deformability
characteristics.

6. At seismic influences with intensity of 9 points
the maximum horizontal displacement of the tank
top didn't exceed 6 mm, a bottom — 10 mm.
The difference of bottom concerning top displacement
is 16 mm that less than 20 mm. The tank does not
overturn; shear strength of foundation relatively of
crushed-stone pillow is achieved.
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Work piles - columns with soil under constant influence
of vertical and cyclically approximated horizontal loads
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The article describes an experimental study aimed at identifying common patterns of joint work of piles - columns with soil
with vertical and cyclically applied horizontal loads. The study examines the deformation processes occurring in the soil.
At any pressure value, soil deformations can be divided into two groups, which are restored (elastic) and residual.
When the pressure is less than the structural strength, elastic deformations appear. With a pressure of greater structural
strength, elastic and residual deformations appear. Elastic deformations appear throughout the depth, residual deformations
develop in the depth of the deformation zone, where the stress exceeds the structural strength of the soil. After removing the
load, the elastic deformation disappears, and the residual remains. The lower limit of the residual strain zone is at a depth,
where the stresses from the load transmitted by the column of piles below its base are balanced by the structural strength of
the soil.

Keywords: geological structure of the site, pile - columns, experimental study

CuinbHa po6oTa naJi-KoJ0HH 3 IPYHTOM OCHOBH
NPH il BEPTHKAJBHOIO i HUKJIIYHO NPUKJIAJIEHOT0
TOPU30HTAJIBHOI0 HABAHTAKEHD

Bapuykosa T.M.'*

" Ozechka fepkaBHa akajeMis GyJiBHHITBA Ta apXiTEKTypH
* Anpeca JUis JIUCTYBaHHS: tanabapchycova@gmail.com

OnucaHo eKCIepUMEHTANIbHI JOCTIIKSHHS, CIPSIMOBaHI Ha BUSBIICHHS 3arallbHUX 3aKOHOMIPHOCTEH CHiNbHOT poOOTH mati-
KOJIOHH 3 IPYHTOM OCHOBH IPH IOCTIiI{HO IiI04OMY BEpTHKIFHOMY 1 IIMKJIIYHO IPHKIAIEHOMY TOPHU30HTAILHOMY HaBaHTa-
JKEHHSAX. Y CTAHOBJICHO, IO NPH 3Ha4YeHHI TUCKY AedopMamnii IpyHTy MOXYTb OyTH pO3JiIeHI Ha IBI TPYIH: Ti, IO BiTHOB-
JIOIOThCs (TIPYXKHI), i 3anuikoBi. JloBeaeHo, 0 NpH HaNpy3i, MEHIIIH HiX CTPYKTypHA MIIHICTh, BUHUKAIOTh IPYXKHI Je-
(opmaii, mpu GIIBLIIN — B OCHOBAaX CHOCTEPIraloThCs ABa BUAX AedopMalii — NpyxHi B Mexax yciel TIMOUHN 30HU 1 3aiH-
IIKOBi, II0 PO3BUBAIOTHCS B MeXax INTHOMHU 30HH Aedopmallii, Ae Hampyra MepeBUIIye CTPYKTYPHY MILHICTh IPYHTY.
3a3HayeHo, [0 Iicis 3HATTSA HABaHTAKEHHS NOPYXHI Aedopmalii 3HHKAIOTh, a 3aAMHMIIKOBI  3aJIHIIAIOTHCS.
HmxHs Mexa 30HH 3TMIIKOBHUX Ae(opMaliii 3HaX0JUThCs Ha IIMOMHI, 1€ HANPYTH Bil HABAHTAXKESHHS, SIKE MEPENaeThCs Ha-
JICI0-KOJIOHOIO HIDKYE i1 MiIOLIBH, BPIBHOBAXYIOTHCS CTPYKTYPHOIO MilHicTIO IpyHTY. [IpyxHi nedopmarii HapocTaroTh 1o
rOHHI 3a JTiHIHAM 3aKOHOM, IIPYU 3aJMIIKOBHX Ae(hOpMamisx 3aJISKHICTh MK JedopMarlisiMi 1 Harpy>KeHHSIMHU Oyze Hei-
HilfHOI0. Bu3HaueHO MOBHE OCiaHHS 1 3QJIMIIKOBY CKJIAZOBY Je(opMalrlil, BEMUUHH SKUX 31 30UIBIICHHSIM TOPH30HTAIBLHOTO
HaBAaHTA)XEHHS 3pOCTAIOTh. Y CTAHOBJIEHO, IO BEJIMYMHAM IIPY>KHOI CKJIAJOBOI OCiaHHS, TOPH30HTAJIBHUX MEPEMIIEHb JI0-
PIBHIOIOTP PI3HUII MiX BEIMYMHAMH MOBHOI Ta 3aJMIIKOBOI CKIANOBUX AcdopMarii. BussieHo, mo mig Ji€ro TOpU30HTATb-
HOTO HaBaHTAXKEHHS NaJIs-KOJIOHA [TOBEPTA€THCSA B TOYLI HYJIbOBUX IEPEMIIIeHb — Y Pe3yJbTaTi IPYHTH Hepesl HaBaHTaxe-
HOIO 'PAHHIO KOJIOHHW YILIIJIbHIOIOTHCS, HACIKOM YIIIIbHEHHs € MepeMillleHHs mayi: ii MOBOPOT y piBHI JEHHOT HOBEpPXHi B
Oik Aii cui1, a MiJOIIBH — y 3BOPOTHOMY HAIPSIMKY.

Kuio4oBi cjioBa: reosioriuyta 6y11013a MaﬁﬂaH‘{PIKa, ajig-KOJIOHA, EKCIICPUMEHTAJIbHE IIOCIIiZ[)KeHHSI
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Introduction. The determination of deformations oc-
curring in soils is of great importance for the practice of
designing foundations, since deformations of founda-
tions are the factors that characterize the durability of
structures.

Under the influence of loads in the soil mass, stresses
arise and, as a result, their deformation develops in
soils. The formation of tension in the soil column does
not occur instantaneously under load influence, but can
develop for a rather long time. There are three phases of
soil stress state [1]:

Phase 1 — the phase of compaction, damped deforma-
tions, when the deformation speed tends to zero.

Phase 2 — phase shifts, the strain speed acquires a con-
stant value, some local shifts occur at the edges of the
foundation; soil carrying capacity is not exhausted yet.

Phase 3 — the bulging phase is a sharp increase in pre-
cipitation with a slight increase in load magnitude, as
well as soil swelling to the sides and upwards.

O.N. Tsytovich considered in his works not three
phases of the stressed state of soils arising under the
basement foundations with a constant increase of load
on the ground, but two: the phase of compaction and lo-
cal shifts and the phase of development of significant
shifts [2].

In the article the deformations that develop in the soil
under the pile-column bottom, corresponding to the
stress state arising in the first phase, the compaction
phase are reseatched.

The analysis of recent research and publications.
A great contribution to the study of the soils deforma-
tion processes arising in the foundations have
been made the works of the following scientists:
Tugayenko Y.F., Marchenko M.V., Tkalicha A.P.,
Mosicheva LI. [3, 4, 5]. In the work Tugayenko Y.F. [3]
summarizes the studies results of increase in deforma-
tion at the base of piles, foundations and pile founda-
tions. The studies results on the formation of a compac-
tion zone during pile driving and the development of a
deformation zone due to external loads are presented.
According to the test results, the value of the piles set-
tlement, its elastic and residual components were re-
corded, the facts of changes in the deformations in depth
were presented, and their quantitative assessment was
given.

The emphasizing of previously unsolved parts of
the general problem to which the article is dedicated.
In the above presented works, the deformation of soils
arising under the action of vertical force is considered.
In this article, the deformations that develop during the
testing of the pile-soil system under the joint action of
vertical and cyclically applied horizontal loads are stud-
ied.

The formulation of the problem. The purpose of the
work is to identify the general patterns of joint work of
the pile - columns with the foundation soil. The task of
the study is to conduct a full-scale test of a pile-column
with a foundation soil under the action of loads.

The main material and results. A short-pile column
was tested on one of the construction sites. The structure
of the site is characterized by the following engineering-
geological elements: layer 1. Bulk grounds, represented
by brown and dark brown loams with rubble, construc-
tion and household debris, with a capacity of 0.1 m;
layer 2. Loams are dark brown, macroporous, with a ca-
pacity of 3.8 m (E = 18/7 MPa; p = 1.69 g/em’;
pa=1.43 g/em’; w = 0.18; @ = 23%; s = 10 kPa); layer 3.
Yellowish-brown, loess-like, macroporous loam, 4.0 m
thick (E = 29 MPa; p = 2.03 g/em’; pg = 1.68 g/enr’;
w=0.21; ¢ = 26" ; ¢ = 15 kPa). During the exploration
ground waters were found at a depth of -6.3 m.

The geometric parameters of the tested pile: cross sec-
tion 0.3+0.3 m, length — 5 m, depth of immersion in the
ground — 3 m. The experimental pile is made with
broadening. Broadening is an increase in the cross sec-
tion of the underground part of the pile in the level
of the surface. The cross-section of broadening is
1.0:0.8 m.

The installation method — a pile-column is driven into
the ground with the help of a pile driver S-878 A based
on the tractor T-100 MBGP, hammer C-330.

The test was carried out in full size under the action of
vertical force and horizontal loads (Fig. 1), in the labo-
ratory such studies were carried out using an elastomer
[6].

The vertical load was created by placing the calibrated
load on a special platform, which is mounted on a pile-
column. Loading was carried out uniformly, one step at
full size.

After stabilization of the precipitation from the verti-
cal force, horizontal loads, which were created by a
winch, attached to the anchor pile column, were applied.
Horizontal loads were applied in steps, each step of the
load was maintained until the horizontal displacements
stabilized, after which full unloading was performed,
then the next step of horizontal force was applied.
The load in each cycle consisted of the sum of the
previous and next steps, except for the first and
second steps in which the horizontal forces are equal to
Q=17kN.

For the conditional amount of stabilization in the
study, it was assumed: increment speed: precipitation
from a load of not more than 0.1 mm per day, horizontal
displacements of 0.1 mm in the last two hours.

Horizontal forces were measured with a dynamometer
with a scale division of 7.5 kg.

Measurements of the sediment from the loads were
made using a depth gauge with a precision of 0.1 mm.
The pile draft was determined by measuring the distance
from the edges of a double-solo reference beam rigidly
connected with the pile and supporting rods.
The support rods were stained with concrete in the well
to a depth of 1.0 m outside the zone of influence of the
load on the base soil. The pile settlement was deter-
mined as the average of two measurements.
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Figure 1 — The diagram of load application and installation of magnetic grades

Horizontal movements at the level of the day surface
and along the height of the superfundum part were re-
corded using slider defibomers.

The horizontal displacements of the underground
part of the pile were measured by the displacements of
the tubes by the depth gauge from the reference sys-
tem located in the pit, located at a distance of 2.0 m
from the loaded face of the pile. Tubes were laid from
a shurfa with a vertical step 240 ... 640 mm measure-
ment accuracy of 0.1 mm.

The movement of the soil in front of the loaded face
of the pile was measured by magnetic marks and a
special device. Stamps were mounted in horizontal
wells drilled from the hole in two rows: along the axis

of the column with a vertical step of 240 ... 640 mm,
to a depth of 2 m, horizontally 180 ... 280 mm and
along the axis at a distance of 290 mm from the center
columns. The movements of marks were recorded by
the device with a reference accuracy of up to 0.01 mm
relative to the reference system installed in the pit.

The results of the study. According to the experi-
ment, a graph of precipitation versus permanent verti-
cal and cyclically applied horizontal loads (Fig. 2),
characterizing the dynamics of precipitation increase
over time, was built. The graph shows the process of
precipitation stabilization, from each stage of the hori-
zontal load in the process of experience and after its
completion.
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Figure 2 — The graph dependence of pile-column precipitation on the loads in time
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If in the process of loading the soil, when some val-
ues are reached, unloading is performed, then it can be
noted that, at any pressure value, the unloading does
not cause a complete recovery of the soil deformation
(Fig. 2). Consequently, at any pressure value, the de-
formations of the soil can be divided into two groups -
regenerative (elastic) and residual.

At stress, less structural strength, elastic deforma-
tions occur, with greater, two types of deformation are
observed in the bases - elastic within the entire depth
of the zone and residual, developing within the depth
of the deformation zone, where the stress exceeds the
structural strength of the soil. After the removal of the
load, the elastic deformations disappear, and the resid-
ual ones remain. The lower boundary of residual de-
formations zone is located at a depth, where the
stresses from the load transmitted by the pile-column
below its base are balanced by structural strength.

Elastic deformations are a consequence of the mu-
tual repulsion forces between the atoms of the soil
crystal lattice during their mechanical «approach»; the
manifestation of the elastic properties of gases and
liquids in the pores; the emergence of forces, «wedg-
ing» pressure in the soil [7, 8].

The residual deformations are the result of soil plas-
tic properties manifestation, namely: the destruction of
individual structural bonds during deformation; the
displacement of particles (crystals, grains, debris,
etc.); the squeezing of water and gases from the pores;
the gradual accumulation of microdefects in the soil
structure, which cannot be restored themselves [7, 8].

Elastic deformations increase in depth, according to
a linear law, that is, the equations and dependences of
the theory of elasticity can be used to determine stress,
based on a linear relationship between stresses and
strains, with residual strains, the relationship between

strains and stresses will be non-linear. Residual de-
formations determine the irreversible processes occur-
ring in the foundations of the foundations.

As a result of the study, the total sediment and the
residual component of deformation were determined,
the magnitudes of which increase with increasing
horizontal load. With an increase in the horizontal
force by 1.6 times, with a constant vertical load, the
residual strain is 4 times greater at Q = 28 kN than at
Q=17 kN (Fig. 2).

Under the action of a horizontal load, the pile rotates
at the point of zero-left displacements. As a result, the
soil in front of the column loaded face is compacted,
the result of compaction is the movement of the pile,
its rotation at the level of the day surface towards the
action of forces, and the soles in the opposite direc-
tion.

The rotation reduces the contact area of pile side sur-
face with the ground, reducing the amount of pile re-
sistance on the side surface. The reduction of friction
forces causes an additional pile draft which value in-
creases with increasing horizontal forces.

Figure 3 shows a graph of the horizontal displace-
ment of a pile-column from the loads in time.
The graph shows the process of horizontal displace-
ments stabilization, from each stage of the horizontal
load in the process of experience.

The magnitude of precipitation elastic component,
the horizontal displacements is equal to the difference
between the values of the deformation total and resid-
ual components.

Under the action of loads Q = 45 kN; M = 90 kN m;
the elastic component is equal to 27% of the total pre-
cipitation and 29% of soil total horizontal displace-
ment.
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Figure 3 — The graph dependence of pile-column horizontal movements
on the load in time
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After removing of the horizontal load with a con-
stantly acting vertical force, in the soil there is a de-
crease in deformation (precipitation and horizontal
movement) by the amount of the elastic component of
the deformation.

According to the results of the study, it was found
that when a horizontal load is applied to the pile - col-
umn of the second stage, soil is hardened at a load of
Q =17 kN; M = 34 kN m the elastic component is
equal to 58% of the total precipitation and 59% of the
total value of horizontal displacements. Under the ac-
tion of a repetitive force, the magnitude of which does
not exceed its initial value, the residual deformations
occur in the soil less than their initial value. The prim-
ers in this loading cycle are in a hardened state [9, 10].
The strengthening of repetitive loads leads to an in-
crease in the resistance of the soil to external loads
and refers to measures that improve its properties.

Conclusions:

1. The studies have shown under the loads action
Q =45 kN; M = 90 kN m; the elastic component is
equal to 27% of the total precipitation and 29% of soil
total horizontal displacement.

2. By means the tests it was fixed that zone lower
boundary of residual deformations is located at a
depth, where the stresses from the load transmitted by
the foundation, below its sole, are balanced by its
structural strength.

3. It has been established by the tests that, under the
action of a horizontal load, the pile is rotated at the
point of zero displacements. As a result, the soil in
front of the loaded face of the column is compacted;
the result of compaction is the pile movement, its rota-
tion at the level of the day surface towards the action
of forces, and the soles in the opposite direction.
The rotation of a pile-column reduces the contact area
of pile side surface with the ground. The reduced fric-
tion forces cause an additional pile draft.

4. The studies have revealed that after the removing
of horizontal load under the action of a constant verti-
cal force, there is adecrease in precipitation and hori-
zontal movement by the amount of deformation elastic
component.

5. By means of the tests it has been established that
when applying repetitive loads to previously com-
pacted soil, it is strengthened, i.e., soil resistance to
external forces increases, which refers to measures
improving its properties.

References

1. Gersevanov, N.M. & Polin, D. (1958). Theoretical foun-
dations of soil mechanics and their practical application.
Moscow: Stroyizdat.

2. Tsytovich, N.A. (1965). Questions of the theory and
practice of construction on weak clay soils. Proceedings of
the All-Union Conference on Construction on Weak, Water-
Saturated Soils. Tallinn, 5-17.

3. Tugayenko, Y.F. (2008). Soil deformation processes in
foundations, piles and pile foundations. monograph. Odesa:
Astroprint.

4. Tugayenko, Y., Marchenko, M., Tkalich, A. & Mosi-
cheva, I. (2015). Peculiarities of the soil deformation proc-
ess at the bases of experimental settlement plates. Technical
Jjournal Scientific professional journal of University North,
9(1), 40-46.

5. Tugaenko, Y., Tkalich, A., Marchenko, M. & Logi-
nova, L. (2015). Differential metod of estimation of soil re-
sistance characteristic according to the pile test. Scientific
professional journal of University North, 9(2), 180-185.

6. Safaqah, O. & Riemer, M. (2007). The Elastomer Gage
for Local Strain Measurement in Monotonic and Cyclic Soil
Testing. Geotechnical Testing Journal, 30(2), 164-172.
doi:10.1520/GTJ100124.

7. Terzaghi, K. & Peck, R. (1958). Soil Mechanics in En-
gineering Practice. Moscow: Gostransizdat.

8. Geurze, E.C.W.A. (1964). Rheological and Soil Me-
chanics. IUTAM Simposium Grenoble-1964. Berlin:
Springer-Verlag, 256-270.

9. Tjong-kie, T. (1957). Three-dimensional theory of con-
solidation and clay layers. Scientia sinica, 5(1), 203-215.

10. Tjong-kie T. (1966) Determination of the Rheological
Parameters and the Hardening Coefficients of Clays.
Rhéologie et Mécanique des Sols. International Union of
Theoretical and Applied Mechanics. Retrieved from
https:/link.springer.com

36ipHuK HayKoBHX Tpats. Cepist: ['anmy3eBe MammHoOy1yBaHHs, OyaiBHunTBo. — 2 (51)' 2018. 23




30ipuuk HaykoBuX npanb. Cepis: ['any3eBe MamImHoOy1yBaHHs1, Oy IiBHUIITBO
Academic journal. Series: Industrial Machine Building, Civil Engineering

http://journals.pntu.edu.ua/znp
https://doi.org/10.26906/znp.2018.51.1285

UDC 699.82

Experience of geosentetic materials
use in drainage system device

Dmytriiev Dmytro'*, Vasylchuk Serhiy’, Yaremchuk Mariya®, Petrovanchuk Yulia*

! State Enterprise «State Research Institute of Building Constructions» https://orcid.org/0000-0001-7307-2150
% Group of companies PSM, Ukraine https://orcid.org/0000-0003-1973-8390
3 Group of companies PSM, Ukraine https:/orcid.org/0000-0003-1665-5506
* Group of companies PSM, Ukraine https://orcid.org/0000-0001-9285-4553
*Corresponding author: dmitrievgts7 1 @gmail.com

At present, objects of responsibility (consequences) construction various classes, including SS-3 occurs in areas with possible
manifestations of dangerous engineering-geological processes. One of such processes types is flooding. Based on the world
experience, the main possibilities of using geosynthetic materials in various fields of construction are considered. Require-
ments for such materials and the conditions for their use are set out in European norms. An analysis of the program that is
used to calculate drainage systems to meet force requirements in Ukraine is performed. These materials have good prospects
for building in Ukraine with appropriate justification, considering the normative documents in force in our country.

Keywords: drainage, filtration, geotextile, filtration coefficient, Darcy law
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Bimomo, 10 Ha CHOTOAHINIHIN JIeHb OYAIBHUITBO 00’ €KTIB PI3HUX KJIACIB BiINOBIIATBHOCTI (HACHIAKIB), y ToMy yucni CC-3,
BiZIOYBAa€ThCsl Ha TEPUTOPISIX, HA SKUX MOXJIMBI MPOSBU HEOE3NMEUHHMX iHKEHEPHO-TEOJIOTIUHUX MPOIECiB. 3a3HaueHo, L0
OJHUM i3 BHIB TaKUX MpOLECIB € miaromieHHs. [Ipy 3BeneHHI HOBUX 00’€KTIB Ha TaKMX IUISIHKaX HEOOXiIHO BUKOHYBATH
CIIeLiabHI 3aX0/I LI0/I0 3aXMCTY 3ariMOICHUX YacTHH OyAiBesb Ta CHOPY/ Bif [il IPYHTOBHX BOJ Ta 30€PEKEHHS 1CHYI0Y0-
rO TiAPOTeoNIOriyHOro pexuMy. [Ipu 1bOMY CITii BAKOHYBAaTH BUMOTH JiI0YMX B YKpaiHi HOPMaTHBHUX JOKYMEHTIB 100
IHKEHEPHOTO 3aXUCTy TEPUTOPid. I PYHTYIOUKCH HA CBITOBOMY [OCBIjli, PO3IIISIHYTO OCHOBHI MOKJIMBOCTI 3aCTOCYBAHHS I'€0-
CHHTETHYHUX MaTepiasiB y Pi3HUX raimy3sx OyIiBHUNTBA. Sk MpUKIIa[ HaBeIEHI CydacHi MaTepiand, sKi MOXKYTb 3aMiHUTH
TpaIHL{ilHI PILICHHS IPU POSKTYBaHHI IJIACTOBOTO APEHaXy. 3a3HAYCHO, 10 TCOCHHTETHYHI MaTepiaii BUKOPHCTOBYIOTh Y
CBITI OlNIbIe JBAaUATH POKIB NpH OyIIBHUNTBI IMBUIBHUX Ta IPOMHCIOBHX JOPIr, CHOPTHBHHUX MaiiJaHYMKIB, ITOJITOHIB
TBEpAMX MOOYTOBUX BIAXOXiB, MapkiB, TyHendiB. BUMOrM 10 Takux MaTepialiB i YMOBH X BHKOPHCTaHHsS BHKIAJCHO B
€Bporneiicbkix HopMax. HaBeaeHO XxapaKTepUCTUKH MaTepialiB Ta 1X CKJIAJOBUX YaCTHH, a TAKOXK YMOBH IX BUKOPHUCTAHHSI.
Po3risiHyTO mepeBary BHUKOPUCTAHHS CYYacHHX TEOCHHTETHYHHX MaTepialiB MOPIBHSAHO 3 TPaAULIHHUMH DILICHHIMH,
NOB’sSI3aHUMH 3 IpOoOJIeMaMH MiATOIUICHHS TepUTOPii, OyaiBenb i cropyd. BukoHaHO aHaii3 mporpamu, sika BUKOPHCTOBY-
€TBCS TSI PO3PAXyHKY NPCHAXKHHX CHUCTEM Ha BIIIMOBIIHICTH BUMOTaM, IO Hif0Th B YKpaiHi. [lokazaHo, 1o i mMarepiaim
MaloTh TapHY NEePCHEeKTUBY NpH OyMiBHULTBI B YKpaiHi IPH BiANOBITHOMY OOIPYHTYBaHHI 3 ypaxyBaHHAM MiIOUMX y HAIIii
KpaiHi HOpMAaTHBHHX JOKYMEHTIB.

Kumrouogi ciioBa: dinbrparis, reoTeKcTHIIb, KoedinieHT dinpTpanii, 3akon Japci
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Introduction. At present, objects of responsibility
(consequences) various classes construction, including
CC-3, takes place at the sites where dangerous engi-
neering and geological processes are possible. This is
predetermined by the fact that the sites, relatively sim-
ple in terms of engineering-geological and hydro-
geological conditions, have already been developed.
The phenomenon of flooding is one of the dangerous
geological processes types. This is due to the fact that
considerable areas of Ukraine are located in the zone
where the hydrogeological regime with high ground-
water levels has already been formed, or the flood has
an anthropogenic character associated with human ac-
tivity. These conditions require the implementation of
special measures that must protect the underground
parts of erected constructions from groundwater, as
well as compliance with the requirements of regula-
tory documents being in force in Ukraine required for
engineering protection of territories.

Analysis of the latest sources of research and
publications. Requirements for engineering protec-
tion of territories from flooding are set out in
DBN A.2.1-1-2008 [1], DBN B.1.1-24: 2009 [2],
DBN B.1.1-25-2009 [3]. However, the solutions pro-
posed in these standards for the protection of buildings
and constructions from flooding offer mainly tradi-
tional solutions, without consideration positive experi-
ence of using up-to-date materials, popular in the
world. Abroad, geosynthetic materials as drainage
have been widely used for more than twenty years.
The conditions for such materials use are set out in
European norms [4, 5, 6]. A large number of articles
published in foreign scientific publications and reports
made at international scientific conferences has been
devoted to the application of drainage made of geo-
synthetic materials [7, 8].

In our country, these materials are not widely spread
yet, although in the world practice, drainage systems
made of geosynthetic materials are widely used in the
performance of the following tasks:

— drainage of underground structures and parts of
buildings located below the ground (vertical and hori-
zontal);

— drainage of roads (including railway infrastructure);
— drainage of sports grounds;

— drainage of roofs and terraces;

— drainage of gardens and parks;

— drainage (gas) of landfills of solid household waste;
— waterproofing and drainage of tunnels.

Drainage systems made with the use of geosynthetic
materials can be used both for diverting of ground wa-
ter and for removing gases from landfills of solid
household waste.

The following objects can serve as the examples of
their use: the third tramway line in Nantes (France),
the National Library in Beirut (Lebanon), sports com-
plexes in Toulon (France), Quebec (Canada), con-
struction of a microdistrict in Ore (France), the South
Hospital in Marseille (France), the construction of
solid waste landfills in France.

The main geosynthetic material for drainage, con-
sidered in this work, is Draintube produced by the
company Afitex (France).

Distinguishing of previously unresolved parts of a
common problem. When designing horizontal drain-
age (bed and combined) in civil engineering, usually a
layer of crushed stone is used as a water-permeable
layer through which water is diverted outside the pro-
tected area. Typically, layer thickness of crushed stone
is at least 0.5 m when applying traditional solutions.
The volume of crushed stone used as drainage is de-
termined by the engineering-geological and hydro-
geological conditions, as well as the need to lower the
groundwater level to the required level. In such cases,
the amount of work associated with the excavation of
pit increases, the bottom of the excavation pit is addi-
tionally lowered, which may lead to complications of
its work, or the performance of additional measures
for the construction of water depression, the costs for
the transportation of the worked out soil, and the pur-
chase and delivery of crushed stone. The use of up-to-
date drainage materials such as Draintube enables to
minimize the volume of ground works, soil transporta-
tion (removal/delivery) and crushed stone, application
of special measures related to water depression.

Task specification. The main task is to show the
perspective of using up-to-date geosynthetic materials
in the construction of buildings and constructions un-
der flood conditions, as these materials allow solving
the problems of groundwater drainage from the con-
struction site and protecting the parts of buildings and
constructions that are below the ground from the
groundwater, as well as reducing the costs associated
with ground works and soil transportation in the exca-
vation of pits. The evaluation of the calculation
method applied in the world in the design of drainage,
as well as of the approaches to the solution of this
problem applied in Ukraine, were carried out.

The basic material and the results. In the late 90s
of the 20th century, a new type of flat drainage geo-
composite Draintube was developed. This material
consists of two components:

— two or three layers of non-woven geotextiles that act
as a back filter, that is, they allow the passage of water
through them, while preventing the entry of ground
particles from the base. At the same time, on the side
that is in contact with the structure, a waterproof layer
in the form of a membrane, which is a waterproofing,
can be made;

— built-in corrugated polypropylene perforated pipes,
located at regular intervals. The distance between the
pipes can vary from one pipe for every two meters of
width to four per meter. The number of pipes depends
on the operating conditions. Usually the following dis-
tances between them are acceptable: 0.25 m; 0.5 m,
1.0 m, 2.0 m. The following diameters of the pipes are
acceptable: 0.16 mm, 0.20 mm, 0.25 mm. Perforated
pipes in this material provide the basic function of
drainage to ensure the transit of groundwater beyond
the area under consideration. Figure 1 shows the gen-
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eral view of the Draintube material. Figure 2 shows
the main dimensions acceptable for drainage using the
Draintube material.

Drainage layer

Figure 1 — General view of the Draintube material

0,.25m 0,5mf1lmj2m P 16 mm
B 20 mm
P I3mm

]_/—'-‘-\__,_:-"

Figure 3 — An example of using
Alveodrain EV material

Figure 2 — Main dimensions acceptable
for Draintube material

Depending on the task set, similar materials may be
used, but considering the conditions where they are to
be used. For example, if it is necessary to perform ver-
tical drainage, the Alveodrain EV material can be
used, which example is shown in Fig. 3. For this type
of drainage, a special material made of thermoformed
geotextile is used, through which water filters to the
base of the vertical element and then enters to the
polypropylene pipe, through which it is further
drained outside the site.

To drain water out of drainage, the drainage pipes
are connected to an interceptor through which water is
drained outside the site. To connect the drainage pipes
to the collector, a special connection (coupling) called
Quick Connect is used, which enables to perform this
work within a very short time. Figure 4 shows the
Quick connect system for connecting drain mini-pipes
to a collector.

Figure 5 shows examples of using up-to-date geo- Figure 4 — Quick connect system connecting drain
synthetic drainage materials at various sites. mini-pipes to a collector
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Figure 5 — Examples of using drainages made of geosynthetic materials

Compared with the traditional methods used in con-
struction, the use of geosynthetic materials has several
advantages. The main advantage is volume decrease
of crushed stone and sand use as filtering materials.
Depending on the conditions of drainages made of
geosynthetic materials application, the economy of
crushed stone reaches 60...70%, and under certain
conditions it can reach 100%. At the same time, the pit
depth is reduced (due to the reduction in the volume of
used crushed stone), transportation cost of the worked-
out soil and the delivery of crushed stone are reduced.
In addition, the scope of works related to the construc-
tion of water depression is reduced. In certain cases, it
is possible to use material where the sodium bentonite

Me DRAINTURE FTP

FECECE e P o
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is used as the top layer (on contact with the construc-
tion), in such case this material can also serve as
drainage and waterproofing.

On Figure 6 the options for using traditional solu-
tions and drainage made of geosynthetic materials are
compared.

To substantiate the possibility of using up-to-date
geosynthetic materials as drainage and determine its
parameters in the world, a number of specially devel-
oped software packages are used. One of such pack-
ages is the Lymphea software package, used by the
company Afitex (France).

Figure 6 — Comparison of the traditional drainage design and drainage made of geosynthetic materials

The Lymphea software package is designed for per-
forming hydraulic calculations to determine the pa-
rameters of drainage systems made of geosynthetic
materials (geocomposites). This program is used in
France. This complex is joint development of the
Laboratory product of Regional Roads and Bridges
from Nancy (France) and research laboratory in the
field of geology and soils mechanics from Grenoble
(France).

The software complex for solving the problems of
determining the parameters of a drainage system made
of geosynthetic materials is based on the application
of the main law of filtration — Darcy’s law.

The main parameters that are considered in this
software package are the following:
— filtration coefficient of the drainage layer, taking
into account the loads acting on it;
— length of drainage (dimensions);
— drainage slope;
— type of flow (complete flooding or pipe operation of
partial cross section).

In the model that is formed for the calculation, the
following prerequisites are used:
— the filtration flow is assumed constant (uniform),
flowing from one side;
— two flow directions are taken: into the drain mat and
into the mini-pipes.
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The following parameters are considered in the calcu-
lation:

— pressure loss when water enters filter from the geo-
textile is acceptable;

— pressure loss when passing through the filter (geo-
textile) is acceptable;

— pressure loss when water enters the mini-pipe is ac-
ceptable;

— pressure loss when water flows through mini-pipes
is acceptable.

During the calculation the pressure loss when pass-
ing from the ground to the filter is not considered.
The drainage layer is water-saturated.

The specific consumption is assumed to be equal to

q=v1~elzkgf-i,

where g is the specific consumption, m*/sec;

v is the velocity of flow entering the drainage mat,
m/sec;

kgris the geotextile filtration coefficient, m/sec;

i is the pressure gradient.

According to laboratory studies, which are consis-
tent with the theory of filtration, pressure loss after
water entering the mini-pipes is reduced. It is assumed
that the mini-pipes are oriented in the direction of the
pressure drop.

According to the results of laboratory studies, the
expenditure that a mini-pipe can be calculated accord-
ing to the formula
O0=q,-i=a-i""
where g is specific discharges of mini-pipes;

i is hydraulic gradient;
o, n are the values obtained experimentally.

Figure 7 shows the calculation scheme for determin-
ing the characteristics of hydraulic drainage made of
Draintube material.

YT TR TSRS ST PR RYTIP
W

Figure 7 — Calculation scheme for drainage made of Draintube material

The maximum pressure in the drainage for the case
when the mini-pipes work with the full cross-section
is calculated according to the formulas:

hmax = hgeotextile + Ahentransofn— P + Ahm— P>

VB> 2WB
max=2k—+C(VB) +2 2L"“(

geitextile

For drainage, when the mini-pipes are operated with
a partial section, the maximum pressure is calculated
according to a formula

2

b
Nipax = % +C(VB)”,

geitextile

where Ageoexsite 15 the loss of pressure;

Rhentransofin-p 18 the loss of pressure at the inlet to the
mini-pipe;

Ah,,., is the loss of pressure on the length of mini-
pipes;

V is the velocity of flow in the ground base;

B is half distance between the mini-pipes;

kgeorensite 1 filtration coefficient of drainage layer (geo-
textile);

¢, b, a, n are the values obtained experimentally.

)"Jrl +Lsing .

For the case in which the mini-pipes are partially
cross-sectional, the loss of pressure throughout their
length is not considered.

Based on these equations, it is possible to determine
the pressure in mini-pipes or the maximum drainage
length. The solution of the equations is performed by
selection, while different diameters of the pipes and
the distances between them are taken into account in
the calculations.

Figure 8 shows the results of comparing the experi-
mental data obtained and the results of modelling (cal-
culations). As a result of the comparison, we can con-
clude that the results of the calculations do not differ
significantly from the experimental data. Figure 9
shows an example of visualization of calculation re-
sults.

The basis of the Lymphea software package contains
the main provisions of the filtration theory, which are
based on the Darcy’s law (the filtration law).

The theory of filtration studies the laws of motion of
fluid, gas, or mixtures of these. The theory of filtration
provides an opportunity to develop methods of filtra-
tion calculations of various kinds of structures during
their design, construction and operation.
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In the field of design, filtration calculations play an
extremely important role, when solving issues related
to flooding and filtration, it is possible to determine
the structure and dimensions of constructions, as well

300

as the construction of drains and various activities re-
lated to the protection of underground structures from
flooding.
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Figure 8 — Results of comparison of experimental data and modelling results
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Figure 9 — Example of visualization of calculation results

The theory of filtration, which has wide practical
application, has emerged relatively recently. The ac-
tive development of the theory of filtration began in
the second half of the twentieth century. The basis for
the scientific development of filtration issues was the
law of resistance in the fluid filtration.

In 1852-1855, the French engineer A. Darcy, having
conducted a research on the study of filtration in
sandy soils, established a linear relationship between
the velocity of water filtration and the loss of pressure,
which is called the law of filtration or the Darcy’s law.

According to the Darcy law, the pressure loss during
filtration depends linearly on the filtration velocity.
The presence of such a connection, as well as the de-
velopment of hydraulics and hydromechanics, enables
in the second half of the nineteenth century to develop
theoretical dependency that can be used in filtration
calculations.

The first theoretical studies of filtration, based on the
linear law of filtration, were begun by J. Dupuis.
However, the foundations of the filtration general the-
ory were laid only in 1889 by M.E. Zhukovsky.
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He derived differential equations of filtration.
M.E. Zhukovsky introduced the concept of resistance
force in filtration. In 1922, the theory of filtration was
given a new boost owing to the work of M.M. Pav-
lovsky.

Further, the scientists of the world considerably ex-
panded the theory of filtration in all directions and
brought it to the level necessary for the design of
modern constructions and their elements.

Conclusions. As a result of the approaches analysis
used to determine the parameters of drainage made of
modem geosynthetic materials (Draintube) manufac-
tured by Afitex (France) in the Lymphea software
package, it can be concluded that the theory of filtra-
tion applied throughout the world, including in
Ukraine, are used in it. This software package enables
to evaluate correctly the parameters of drainage, made
of up-to-date materials, and to perform their design.
The use of such drainage has become quite wide-
spread throughout the world. There is a positive ex-
perience in their designing, construction and operation
under different engineering and geological conditions
on different continents. The requirements for such ma-
terials and the conditions for their application are de-
scribed in the European norms.

These materials have good perspective of applica-
tion in Ukraine with the appropriate justifying calcula-
tions, considering the normative documents in force in
our country.
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Based on the previously described mathematical model implemented in software complex PLASTICA, nonlinear calculation
of one anchor sheet pile wall together with surrounding soil medium has been performed. To assess the results reliability with
experimental data tests Lazebnik G.E., calculations in PLAXIS 2D and classic Coulomb method are compared. The basis of a
mathematical model incorporated the theory of plastic flow with hardening, which is based on the principle of maximum
Mises. In general, it can be assumed that the calculations results in the software package PLASTICA using the proposed
nonlinear models showed satisfactory agreement as compared with the experimental data
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IlopiBHSIHHA pe3yJIbTATiB PO3PaXyHKY Mo/eJieil THY4YKOI 0AHOAHKEPHOL
NiANipHOI CIOPY/IH 3 eKCIIePUMEHTAJbHUMH JAHUMH

I'punmne A.B.'*, Cunimsens 0.0.

' Ozechkuit HalioHANbHBIH MOPCHKHIT yHIBEpCHTET
? BynisenbHa pipma «Apramexcy, M. Ozeca
*Anpeca [uist muctyBaHHs: al 7grin(@gmail.com

Ha miacTaBi MareMaTHIHOI MOJEII, sika peaiizoBana B nporpamMHomy komiuiekci PLASTICA, BukoHaHO HemiHiHUI po3pa-
XYHOK IIITyHTOBOI OZJHOAHKEPHOI CTIHKH CITIJIBHO 3 OTOYYIOUHM i1 I'PyHTOBHM cepefoBHIeM. J[isl OIiHIOBaHHS JOCTOBIPHOC-
Ti OTPUMaHMX PE3yJbTATIB X IMOPIBHAHO 3 JAaHUMHU eKCIEpHMEHTAIbHUX BUIpoOyBanb I'.€. JlazeOHuKa, po3paxyHKaMu B
PLAXIS 2D ra 3 kmacnaanM MetooM Kynona. B ocHOBYy MatemMaTHIHOT MO 3aKIaJeHO TEOPilo MIACTUYHOT Tedil 31 3Mi-
IHEHHSM, fKa 0a3yeThCs Ha MPUHINII MakcuMyMy Miseca, 1o 103BOJIsIE BpaxyBaTH IPOLEC CKIIAJHOTO HABAaHTAXKCHHS 1 pe-
aJIbHI BIIACTUBOCTI MaTepiaiB KOHCTPYKLII Ta IpyHTiB. BumpoOyBaHHs 3/ilCHEHO B TabOpaTOpHOMY JIOTKY. SIK 3aCHIIKy BH-
KOPUCTAaHO PIYKOBHH KBapIOBUH MiCOK. THCK IPYHTY Ha ILUITyHTOBY MiAIIPHY CTIHKY BCTAHOBJICHO 33 JOTNIOMOTIOI0 NATYHKIB
JUIsl BAMIPIOBAHHS MaJMX TUCKiB. [IJsl BU3HAUCHHS 3rHHAILHUX MOMEHTIB 3aCTOCOBaHO iHIUKATOpU Aedopmarii i TeH30pe-
3MCTOPH, BCTAHOBJICHI HA LINMyHTHHI-BUMIPHUKY. 3a pe3yJbTaTaMyd MOPIBHSIHHS BiI3HAYCHO, IO HAWOLIBLII BiIXUJICHHS B
eMIopax MacUBHOTO THCKY MK eKCIiepHMeHTaabHUMH 1 po3paxynkoBuMi B PLASTICA nanuMu crioctepiratoThesi B HIXKHIM
YaCTHHI CTIHKH, IpUOIN3HO B 1Ba pa3u. [lomiOHa pi3HUNS B emMopax aKTUBHOTO THUCKY B 0oOJIacTi KpIIUICHHS aHKepa CKiaja
20%, B emopax MoMeHTIB — 23,5% B cepenniif yactuHi cTiHKU. [lokazaHo, MO pe3yNbTaTd PO3paxyHKy B MPOTPaAMHOMY
komruiekci PLAXIS Buifnumi nemo 3aBUIOICHUMH TTOPIBHSHO 3 €KCICPHMEHTANBHUMH JaHUMHU. J[OBeIeHO, M0 HAHOLTbII
BIZIMIHHOCTI CIIOCTEpIraroThCs NPH MOPIBHSAHHI 3 pe3yIbTaTaMi, OTPUMAHAMH 3a KJIACHYHOIO Teopiero Kymona, ocobiamBo B
eMIopi MaCMBHOTO THUCKY IICKY Ha CTiHY. Y IIJIOMY, MOXKHA BBa)KaTH, 110 PE3YJIbTATH PO3PAXYHKY B IPOrPAMHOMY KOMILIEKCI
PLASTICA 3 BUKOpPUCTAHHSM IIPOIIOHOBAHOT HEJIIHIHHOT MO/IeNIi MOKa3ay 3aJ0BUIbHMI 30ir MOPIBHIHO 3 KCIEPUMEHTANb-
HUMH JaHuMu. Lle 103BosHI0 3poOUTH BUCHOBOK PO MOXKITHBICTh BUKOPUCTAHHS 3alPOMIOHOBAHOT MOJENI B MPAKTHILI MPO-
eKTyBaHHS PO3IIITHYTUX CIOPY/.

Konio4oBi c10Ba: MaTeMaTHdHe MOAEIIOBAHHS, IiIIipHA CTiHKA, TEOPIs INIACTHYHO] Tedii, eKCIIepUMEHT, TUCK IPYHTY, JaT-
YHUKH, HIUKATOPpH IeopMalliil, TEeH30pE3UCTOPH, €MIopa 3STHHATBHUX MOMEHTIB
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Introduction. Currently, there are a large number
and variety of soil environment models, which contin-
ues to grow. Is is due to a variety of soil types and
their work characteristics in a variety of conditions.
Thus, any model describing phenomena characteristic
subgrades should [1]: 1) to provide the laws and prin-
ciples of solid mechanics deformable body; 2) reflect
soil type characteristics, manifested by its behavior in
various conditions; 3) determine the relationship
among stress and strain.

For the design it is very important from the variety
of existing models to make the most suiltable correct
choice. It is known that the best proof of this selection
correctness is to compare in each case the calculation
results with natural or experimental data. This article
is dedicated to this problem solution.

Analysis of recent research and publications of
sources. Laboratory and field tests of retaining struc-
tures were made, for example, in [2 — 8]. The book [9]
provides a detailed analysis and classification of the
soil existing models, as well as references to work
where they are described in detail. At [10] is described
a mathematical model, which is embedded in the
software complex PLASTICA used here, however in
this work material exposure is lowered.

Isolation of previously unsolved aspects of the
problem. In the article [11] a comparison calculation
of the joint rigid retaining wall and its surrounding
soil mass at software package PLASTICA have been
already performed with experimental data obtained
Z.V. Tsagareli by testing its towing model. In this pa-
per, this comparison results example reliability for
flexible oneanchor study wall is continued.

Purpose of the work. The aim of this study is to
estimate the reliability of implemented in the software
package PLASTICA mathematical modeling results of
flexible retaining structures oneanchor by comparison
with experimental data obtained by G.E. Lazebnik
[5, 6] and a software package PLAXIS 2D and classic
Coulomb method.

Main material and results. The basis of the
mathematical model incorporated the theory of plastic
flow with hardening, which is based on the principle
of maximum Mises. It enables to consider the
complex process of loading and the soils and
construction materials real properties such as
elasticity, plasticity and viscosity.

The algorithm incorporated in the software package
PLASTICA uses numerical methods, which imple-
ment two problems: 1) sampling the area occupied by
the model and the original equation; 2) the construc-
tion of an iterative process to determine the desired
functions characterizing the stress-strain state model
with preassigned accuracy.

The solution to the first problem enables to represent
the problem in algebraic form, i.e. move from an infi-

nite number of freedom model degrees to their finite
number. It can be implemented using various projec-
tion methods, for example method of weighted residu-
als. The solution to the second problem enables to
produce the original linearization of non-linear equa-
tions. In this case, the operation for adjusting their co-
efficients can be performed at each iteration solutions
(method variables elastic parameters, the method of
tangential inflexibility) or only on the first iteration or
through their predetermined amount (modification of
the method Newton -Kantarovich, which include, for
example, the method of elastic and making initial
stress method). Reviews of these methods, solutions
have been found in many studies, for example, [12].

For discretization equations and the body region the
finite element method (FEM) was used. Its advantages
and drawbacks are detailed, for example, in [13].
One major advantage of this method is that it enables
to use functions that approximate generalized solution,
with domain within each finite element and enables to
obtain the stiffness matrix symmetric and tape that
makes the method very efficient. It is not superior to
classical holds Bubnov-Galerkin and variational.
FEM enables relatively easy to approximate the
boundary conditions that cause serious difficulties in
the finite-difference and variational-difference meth-
ods. Other benefits of FEM include its simplicity, ver-
satility and clear physical interpretation.

The model of a flexible towing oneanchor retaining
wall has been considered. Experiments were carried
out on it in the tray size 5%2,5 m in plan and height
1,65 m using backfill river quartz sand of average par-
ticle size density p = 1,82 g/cm’, and the internal fric-
tion angle @ = 36,5°. Model sheet pile wall had a
height of 1,6 m. It consisted of 10 individual sheet pile
profiled section having a groove and a ridge.
The model is made from an aluminum alloy durable
D16 having a yield strength of 80 MPa and a moment
of wall inertia of 54 cm®. The tray was filled with sand
up to the top wall.

Fig. 1 shows the towing pattern sheet pile after pile
in subsoil and installs the anchor rods, a distribution of
the beam.

To measure soil pressure on retaining sheet pile wall
it was equipped with sensors for measuring low pres-
sures. Their diagrammatic diametric section is shown
in Fig. 2. Sensor at various stages of assembly is
shown in Fig. 3.

Fig. 4 are schematic longitudinal sections of sheet
piles models applied with established sensors.
Also shown are the installation location indicators and
strain gages on the sheet piling-meter bending mo-
ment. The mutual arrangement of piles models
with sensors in the walls of the model is shown in
Fig. 5.
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Figure 2 — A schematic diametrical sectional view
of the sensor for measuring small ground pressure:
1 and 2 — the outer and inner cups, respectively; 3 — a steel housing;
4 and 5 — strain gauges glued on the outer and inner cups; 6 — a tension screw;
7 — a steel lid that serves as a contact pad

Figure 3 — Sensors for measuring low pressures at various stages of assembly
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Figure 4 — Schematic longitudinal sections of sheet piles models with sensing devices
1 — strain indicators; 2 and 3 — active and passive sensors of pressure, respectively;
4 — strain gauges

Fig. 6, the solid line also shows the experimental
data. Under the designation P shows diagrams of ac-
tive and passive filling pressure on the wall and under
the designation M bending moment arising in the wall.
It can be seen that the greatest deflection in the Dia-
grams passive pressure between the experimental and
calculated data in PLASTICA observed in the bottom
wall and are 100% i.e. twice, and above — 9% (these
places are shown in the figure by crosses). Such a dif-

ference in the Diagrams active pressure in the anchor
mounting is 20%. At this moment diagram difference
0f 23,5% in the middle of the wall. Results of calcula-
tion in software PLAXIS complex turned somewhat
exaggerated in comparison with experimental data.
The greatest differences were observed when com-
pared with the results obtained by the classical theory
of Coulomb, especially in passive pressure sand dia-
gram on the wall.
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Figure 5 — The relative position of model piles, equipped with sensors
1 and 2 — respectively, are not equipped with sensors and equipped sheet piling;
3 — active pressure sensors; 4 — passive pressure sensors;
5 — distribution anchor beam; 6 — strain gauges
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Figure 6 — Normal pressure diagrams sand on a flexible vertical wall
and bending moment, resulting in the wall

36ipHuK HayKoBHX Tpats. Cepist: ['anmy3eBe MammHoOy1yBaHHs, OyaiBHunTBo. — 2 (51)' 2018.

35




Conclusions. According to the results of the com-
parison it can be noted that the calculations results in
the software package PLASTICA using the proposed
nonlinear models have shown satisfactory agreement
as compared with the experimental data. It suggests
the possibility of using this model in the practice of
engineering structures under consideration.
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The article deals with the issues of designing and operating marine pile supported wharf in the seismically hazard areas con-
sidering various superstructures and overload equipment influence. Analysis of hydraulic structures seismic resistance
erected in seismic regions of Ukraine shows that the actual seismic load on buildings significantly exceeds the estimated
loads that are determined by the normative documents before 2006. Design of hydraulic structures should be done consider-
ing berths of reloading complexes, with proper scientific support. Berth construction calculationsof the ship repair yard No. 2
of the «llichevsk Ship Repair Plan» are given.
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Po3risiHyTO UTaHHS MPOSKTYBaHHS i eKCIUTyaTanii MOPCHKHX TiAPOTEXHIYHHUX CIOPYJ 3 ypaXyBaHHSIM BIUIUBY Pi3HHX Ha-
OyzoB 1 IepeBaHTaXyBaJIbHOTO OOTaTHAHHS Y celicMiuHO HeOe3neunnx paifonax Ykpainu. CelicMidHI BIUTHBH MOXYTH 3ala-
BATHCS K JIIHIHHO-CHEKTPAJIbHUM METOJOM, TaK 1 NPSMHM JIMHAMIYHHM METOJIOM, 32 PO3PaXyHKOBUMH aKcelieporpaMaMu
3eMJIETPYCY, SIKi SABISIOTH COO0I0 TPUKOMIIOHEHTHY (YHKIIIO MPUCKOPEHHs KOoJIKMBaHb y daci. HeoOXiaHicTh 00iKy CHinbHOT
POOOTH KOMIUIEKCY «OCHOBA — CIIOpYIa», OOJIKY Pi3HMX HaBaHTaXEHb Ta BIUIMBIB MPU3BOJUTH O YCKJIAJHEHHS PO3PaxyH-
KOBOT'O OOIPYHTYBaHHS CIIOPYA. AHalli3 CeHCMOCTIMKOCTI TiAPOTEXHIYHUX CIOPY/I, 3BEACHHUX Y ceiicMiuHMX paiioHax YKpai-
HHU, TI0Ka3aB, IO (haKTHUIHI CEHCMIUHI HABAaHTA)XXCHHS Ha CIIOPYAU 3HAYHO NEPEBUINYIOTH PO3PaXyHKOBI HABAaHTAKCHHS, SIKi
Oy BU3HAYEHI HOPMAaTUBHUMHU JokyMmeHTamu 10 2006 poky. HaBeneHo aHaii3 MOXIMBUX BHIIB PyHHYBaHb NPUYANbEHUX
CIIOpPYZ €CTAaKaJHOTO THILY IIiJ] 9ac 3eMIIETPYCY, JUIS aHali3y BUKOPHUCTOBYBAIINCS BITYM3HSIHI Ta 1HO3EMHI JITEpaTypHi IKe-
pena. Ha ocHOBI aHaii3y BU3HA4€HO OCHOBHI BUIM PYIHYBaHb SIK OKPEMUX €JICMEHTIB, TaK 1 BCi€l KOHCTPYKIil, TOOYX0BaHO
OJI0K-CXeMy Ta MATPHULIO IJIs BU3HAYCHHsS WMOBIPHOCTI 0€3BiAMOBHOI pOOOTH KOHCTPYKLIi SIK AJIS HOPMAaTHBHUX 3HAYCHb
3a0e3MevYeHHsT HaJiHHOCTI OKPEMOro eJIeMeHTa 32 OKPEMUMH BHIaMU PyHHYBaHb, TaK i PO3paXyHKOBHX. 3’sCOBAHO, 1[0 IPO-
eKTyBaHHs TiZPOTEXHIYHUX CIIOPY] MOBHHHO 3/ifCHIOBATHCS 3 YpaxyBaHHSM IEPEBaHTAXYBaJIbHUX KOMIUIEKCIB 32 HAJIEK-
HOTO HAyKOBOTO CyNpoBoxy. HaBeJeHHO MOXJIMBI PO3PaXxyHKOBI CXEMHM NpPUYaiiB €CTAKaJIHOTO THUILy, a caMe: OAHOMAaCOBY
CHCTEMY, JBOBUMIPHI CHCTEMH Ta 3araJlbHUH BUIIa0K IPOCTOPOBOI CHCTEMHU.

Koro4oBi ci10Ba: TinpoTeXHIUHI CIIOPYAHN, CEHCMIKa, TH00BI Ta XBHIEOBI HABAaHTAXKCHHS
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Introduction. Ports development is one of the most
important components of state economy development.
In the era of globalization, the transformation of cargo
flows, changes in their structure, port development
planning issue, which implies port facilities balanced
development, namely: sea zone development, port
zone, and land zone, becomes especially important.
In connection with the change in the normative inten-
sity of seismic impact in DBN 1.1-12: 2014 in relation
to SNiP II-7-81, for 4 marine ports in Ukraine, now
the normative ball of the construction area is more by
one ball on the MSK-64 scale, and 7 of the 13 ports
are in areas with a glide above 7. It should also be
noted that the territories, where ports are located, are
characterized by complex engineering-geological con-
ditions with a wide spread of highly porous loam and
loamy sandy sediments related to the III-IV categories

£ U0m

of seismic properties. According to the requirements
of DBN B.1.1-12:2014 the calculated seismicity for
ground conditions of this type should increase by one
point relative to the normative one. Considering the
fact that seismic impact can lead to destruction of port
hydraulic structures that lead to disruption of port
functioning, seismic impact assessment along with
port upgrading is an important and urgent task.

Characteristic types of pile mooring structures de-
struction supported wharf with seismic actions Port of
San Fernando, Philippines. On July 16, 1990, the
Luzon earthquake in the Philippines with magnitude
of M = 7.8 damaged the wharf Ne 1 in the port of
San Fernando. Pier on reinforced concrete piles of a
square section is 200 m long and 19 m wide.
Vertical and inclined piles were used (Fig. 1).
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Figure 1 — Port of San Fernando, Philippines [10, 13]

The pier has received longitudinal displacements
towards the sea [13, 14] as a result of shifts and bear-
ing soil deformations. A lot of cracks arose in the lon-
gitudinal direction of the upper structure. The maxi-
mum opening of the cracks is 1.5 m. Also, cracks and
fractures of pile heads were observed .

Port of Eilat, Israel. Earthquake on November 22,
1995 in Israel, the size of M = 7.2. The port of Eilat
was at a distance of 100 km from the epicenter of this
earthquake. The main berth had a total height of 13 m
and a water depth of 10.5 m (Fig. 2). This open-type
berth consists of prefabricated slabs and grillage on
octagonal prestressed ferroconcrete piles with a di-
ameter of 46 cm. After the earthquake, the pile was
not damaged, but constant movements in the range of
5 to 15 mm led to jonts opening [5,10].

Port of Auckland, USA. The Loma Prieta earthquake
in 1989, with a magnitude of 6.9 in California, caused
serious damage to the terminal facilities in the port of
Auckland [10, 13], which was 90 km north of earth-
quake epicenter. Acceleration in the Port of Auckland
is 0,25 -0,3g.

The most serious damage was inflicted on the Ter-
minal in the vicinity of 7th Street (Fig. 3).
The rarefaction of the backfill resulted in subsidence,
coating lateral expansion and cracking over a large
area. The nature of the damage was related to the frac-
ture under tension as a result of embankment external
pressure, indicating that liquefaction and accompany-
ing transverse deformations were decisive factors.

Based on the analysis of trestle type moorage struc-
tures destruction during earthquakes, three main
causes of trestle type moorage structures destruction
during earthquakes can be identified [13]:

1. For berths built on strong ground it is the percep-
tion of inertia forces from the upper structure by piles
(Fig. 3, a)

2. The maximum bending moment occurs in the
headers of piles in the rear zone, since they have the
smallest free length. In the event of significant shifts
in the backfill, there may be movements of the upper
structure towards the sea, which in turn lead to de-
struction, as shown in Fig. 3, b;

3. For berths built on weak soils, the appearance of
piles movement towards the sea is characteristic, as
shown in Fig. 3, c.
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Figure 3 — Possible types of pile supported wharf during the earthquake destruction [13]:
a) deformation under the influence of inertia forces from the upper structure;
b) deformation in the event of significant shifts in the backfill;
¢) deformation in weak soils

Design diagrams of pile supported wharf. Dynamic
design schemes of pile supported wharf designed to
determine seismic loads should be presented (Fig. 4,
Fig. 5) [12, 16].

The most common and at the same time simple
model is a single mass system (Fig. 4).

In modern design, a two-dimensional model is
widely used to estimate the strength in the transverse
direction-a multi-span frame (with rigid jamming
and elastic springs modeling the base soil work
(Figs 5, a, 5, b)) [13].

Recently, software complexes for the spatial calcula-
tion of complex structures have been developed. Fig-
ure 6 shows the calculated schemes of the pier:

— depending on the presence of links between sec-
tions, either as a chain of sections (see Figure 6 a), or
as a separate section (see Fig. 6 b);

— depending on the presence of high-rise superstruc-
tures, or without add-ins (see Fig. 6a, b), or with su-
perstructures (see Fig. 6 ¢, d) [13];

— depending on section upper structure deformation
in the horizontal plane, or in the form of a hard disk
(see Fig. 6, a, b, ¢), or in the form of a deformable
structure (see Fig. 6, d), supported by elastic pile sup-
ports.
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a) rigid pinching; b) a system of elastic springs modeling the ground
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Figure 6 — Dynamic design schemes for pile supported wharf
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The results of pile whatf calculation. Verification
calculations were carried out for pier design of the
ship repair pier No.2 « Ilyichevsky shipyard», consid-
ering design solutions for the reconstruction of the hy-
drotechnical part of the pier No.2 of the ISRZ
for receiving Panamax type vessels for handling
grain cargo. The calculation was carried out using the
SCAD software, which implements the finite element
method.

Loads and actions taken to calculate structures cor-
respond to DBN B.1.2-2: 2006 «Loads and impacts»
and SNiP 2.06.04-82 «Loads and impacts on hydraulic
structures (wave, ice and ships).» [3]. Seismicity of
the area for the proposed hydroengineering facility of
responsibility class for the failure in operation of
CC2-2 - 7 (seven) points.

It is supposed to perform a partial reconstruction of
the berth, namely: to keep the depth on one side of the
pier while installing the dredging on the other side,
with the device of a subprime slope with a laying
close to 1: 4, with matting of the BONTEX type. The
settlement vessel of the type CH-50 (Panamax), the

ZE2E0

depth at the berth is 12.5 m from the «O» port.
For the perception of mooring forces with reinforced
concrete existing piles altered due to dredging, on
feast two sides, the pallet openings, which are mono-
lithic reinforced concrete superstructures, 1550 mm
thick, joining 4 newly arranged piles of steel
rolling profiles «Stainless Steel Pipes» along
GOST 10704-91, with a diameter of 1020 mm, with a
wall thickness of 14 mm. With the berth section stan-
dart length of 46.5 m, there are four slots for one sec-
tion (2 on each side symmetrically). The pallets are
joined in pairs by a monolithic reinforced concrete su-
perstructure due to the promontory of the existing su-
perstructure, including rubbing, 1550 mm thick.
In the middle part of the joining plate, a pair of in-
clined piles are arranged, symmetrical to the longitu-
dinal axis of the section, from pipes of the same di-
ameter, with a 3: 1 laying. The mark of the piles bot-
tom lowering corresponds to the roof of the
IGE «Sand clayey» (abs-30.5), which corresponds to
the length of the vertical element of 31.55 m and
33.26 m — the sloping one.
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Figure 7 — Cross section
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Figure 8 — three-dimensional design frame. General form

Re-profiling the berth for the processing of grain
cargo provides for the installation of a loading ma-
chine with a capacity of 1200 t/h of the type
«Neuero». The base is 10500 mm, the number of
rollers is -4 (5), the load on the skating rink is up
to 37 tons.

To absorb loads from the reloading machine, addi-
tional series of piles are arranged along the axis of
crane beams from the steel rolling profile «Pipes made
of straight steel» according to GOST 10704-91, with a
diameter of 530 mm, with a wall thickness of 12 mm.
The pile step corresponds to the 2.5 m moorage ac-
cepted for the original design.

The accepted cross-section of a monolithic rein-
forced concrete crane girder is 170x155 cm.

For cargo delivery to the reloading machine on the
quay, a conveyer gallery assembly is provided.
The gallery is made of metal structures. Supports pitch

is vertical, in the longitudinal direction — 6 m, in the
transverse direction - 5.7 m. The calculation scheme is
shown in Fig. 8.

Considering feasibility study nature, the following
loads and their combinations were used to assess
structure performance:

— Load from the own weight of the structural ele-
ments (L1);

— Load from the ship loader (L2..L6);

— Load from transport conveyor gallery (L7);

— Load from mooring tension (L8);

— Payload on the berth territory (L9);

— Seismic impact intensity of 7 (seven) balls in the
direction «perpendicular» to the longitudinal axis of
the pier.

The results of the calculation are presented in
Table 1.

Table 1 — Periods of oscillation

) Frequency .
Load Form Eigenvalues Periods (seconds)
1/sec Gz
10 1 0,308 3,252 0,518 1,931
10 2 0,221 4,517 0,719 1,39
10 3 0,205 4,881 0,777 1,287
10 4 0,068 14,78 2,354 0,425
10 5 0,066 15,229 2,425 0,412
10 6 0,055 18,15 2,89 0,346
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Proceeding from the experience of designing such
structures and in accordance with [9], the period
of port piers and pile embankments natural oscilla-
tions (including the inclined pile) is in the range
T =0.19 — 0.44. This leads to the need to take the co-
efficient of dynamism on the ground B = 2.5 that de-
termines the maximum horizontal seismic force on the
port overpass.

The period of pier natural oscillation in accordance
with the manual calculation is T = 0.4481 sec, and in
the three-dimensional model T = 1.931 sec, which
leads to an underestimation of seismic forces.

The calculations showed that the berth was designed
for loading from the windfall at a wind speed of
20 ms, a design vessel of the Panamamax type.

The horizontal force from the windmill is equivalent
to the seismic force at 7 balls.

Analysis of research results. The significant change
in the technical regulatory framework during the pe-
riod of Ukraine's existence as an independent state
led to the situation when most of the port
infrastructure facilities commissioned before 1991 and
currently operated nowadays do not meet the require-
ments of these standards. For example - with the im-
plementation of DBN B.1-1-12: 2006 and revision
B.1-1-12: 2014, formally, none of Odessa and
Ilyichevsk ports hydraulic structures, built before
2006, do not provide the required responsibility class,
since their calculation and design were carried out, in-
cluding without consideration possible seismic event
onset.

In the process of designing marine hydraulic struc-
tures, many natural factors should be considred in-
cluding hydrological, hydrographic, engineering-
geological, geomorphological, and meteorological
conditions of the construction area. Hydrological con-
ditions include: sea wind wave, ice regime, level fluc-
tuations, sea currents, tsunami waves. The hydro-
graphic conditions include water depth, seabed and
adjacent coastline topography. Of particular impor-
tance are the engineering-geological and geomor-
phological data on seabed structure, bottom soils
physical and mechanical properties, and sediments
migration. The main meteorological factor is the wind
regime (speed, direction and duration). Also, during
the design of offshore structures, seismic calculations
must be performed. In this case, it is necessary to con-
sider structure structural features and construction area
existing engineering and geological conditions [3, 4].

Calculations of hydraulic structures strength, land-
slide slopes stability, structures located on them and
bank protection structures in Odessa region should be
carried out considering seismic loads. These effects
can be specified either by linear-spectral method or by
direct dynamic method, according to the calculated
accelerograms of earthquake which represent oscilla-
tion acceleration three-component function in time.

The need to consider joint work of the «foundation-
construction» complex, taking into consideration the
various loads and impacts, leads to design basis for the

structures complication. Calculation of emergency
(seismic) impact using calculated accelerograms, con-
sidering nonlinear physical properties, considering
the stages of construction, complicating the task of
calculating and designing marine hydraulic structures
many times, and at the same time making it possible
to obtain rational solutions that provide specified op-
erational properties with regulated reliability and
safety parameters.

Conclusions. The issues of port hydraulic structures
calculations, design, maintenance, repair, inspection
and reconstruction have traditionally been regulated
by the departmental requirements (Ministry of the
Maritime Fleet) regulatory documents. There are no
updated versions of these documents that correlate
with state building regulatory documents.

Regardless of the current strategy for the port indus-
try development, a systemic state approach is required
to create modern technical regulatory framework and
effective methods for monitoring compliance, espe-
cially for strategic port infrastructure facilities.

When designing hydraulic structures, it is necessary
to considere a number of factors and requirements;
compliance with them ensures structure effective op-
eration, reliability and durability.

Based on the analysis of surveys results and existing
regulatory documents requirements, it is necessary to
designate the design parameters of natural, including
seismic, impacts on the designed structures, consider-
ing their service life.

Design of hydraulic structures should be carried out
considering transshipment complexes at the berth,
with proper scientific support.

The use of new constructive solutions requires ap-
propriate experimental studies, including in-situ and
laboratory conditions.

During project implementation, it is necessary to
comply with the regulatory documents requirements
that ensure construction and installation works proper
quality.

At present, it is necessary to improve the methods
for calculating the stress-strain state of the soil foun-
dation under hydraulic engineering structures, consid-
ering alternating effects.
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The article deals with marine hydraulic structures design and operation, considering the influence of various superstructures
and reloading equipment. The analysis of seismic resistance of the hydraulic structures erected in the seismic regions of
Ukraine has shown that the actual seismic loads on the structures significantly exceed the design loads being determined by
regulatory documents prior to 2006. In the era of globalization, transformation of cargo flows, changes in their structure, the
issue of ports planning development, implying port capacities balanced development, namely: sea zone port zone, and land
zone development, becomes particularly important. The design of hydrotechnical structures should be carried considering the
transshipment complexes at the quay with proper scientific support.

Keywords: hydrotechnical structures, reloading equipment, seismic, ice and wave loads

be3neka i po3BUTOK MOPCHKHX TPAHCHOPTHO-TEXHOJIOTIYHUX CHCTEM

€rynos K.B.", Pyxenko C.B.2, Hemuyk 0.0.}

" OnechKuil HALiOHATBHIIT MOPCHKHIT YHIBEPCHTET
% OpechKuil HALIOHATBHII MOPCHKHIT YHIBEPCHTET
3 OpechbKuil HALIOHANBHI MOPCHKHIl YHIBEpCHTET
*Anpeca Ui TUCTYBaHHS: yegupov.k@gmail.com

VY crarTi po3MISHYTI NUTaHHS NPOEKTYBAHHS 1 eKCILTyaTarlil MOPCHKUX TiIPOTEXHIYHUX CIIOPYJ 3 YpaxXyBaHHIM BIUIUBY pi3-
HHUX HaaOyI0B i epeBaHTaXyBaJIbHOTO 00IaAHAHH. AHAII3 CEHCMOCTIMKOCTI TiIPOTEXHIYHNX CIIOPYA 3BE/ICHUX B CeHCMi-
HHUX paiioHax YKpaiHH IMOKa3aB, 110 (GaKTHYHI cefiCMiuHI HABAaHTA)KCHHs HA CIOPYAM 3HAYHO MEPEBHUIIYIOTH PO3pPaxyHKOBI
HaBaHTaKCHHsI, sIKi Oynn BU3HA4YeHI HOpPMAaTHBHUMH aokymeHTamu 10 2006poky. IIpoekTyBaHHS TiIPOTEXHIYHHUX CIOPYI
HOBHMHHO 3/1ifICHIOBATHCS 3 ypaxyBaHHIM 3HAXOIATHCS Ha MPUYaNi NePEeBaHTaXKyBaJIbHUX KOMIUIEKCIB, IPH HAJIEKHOMY Hay-
KOBOMY cymnpoBoxi. CBITOBHII JOCBi TO3BOJISIE BU3HAYUTH PO3BUTOK IOPTIB SIK OJHY 3 HAHBAXUIUBIMINX CKJITOBHX PO3BUT-
Ky eKOHOMIKH JiepxkaBu. B emoxy rimo6anizanii, TpancdopMarii BaHTaKHUX HOTOKIB, 3MIiHH IX CTPYKTYPH OCOOJIHMBO BaXKIIH-
BHM CTa€ NMUTAHHS NP0 IUTAHYBAaHHS PO3BUTKY IOPTIB, IO IPHITYCKae 30aJaHCOBAHUN PO3BUTOK IOPTOBHUX IOTYXKHOCTEH, a
caMe: pO3BUTOK MOPCHKOI 30HH, IIOPTOBOI 30HH, CyXOITyTHOI 30HH. Tak, 3a CTAaTHCTUYHHMH JJaHWMH, 3arajbHa TEHICHI[iS
3pOCTaHHs MEPEBAIIKM BaHTaXKIB y BCix moprax YopHoMmopchkoro periony mo 2016 poky, mis moptiB Ykpaiau B 2016 pori
MoKa3aja pi3ke CKOPOUCHHs MEepeBaIKM TPAaH3UTHUX BaHTaxiB 3 Pocil i Binopyci - Hadtu i HadTonpoaykris, Byrius, pyn,
METaJIiB MPH HAPOLIYBaHHI EPEPOOKH IMIIOPTHO -eKCHOPTHHUX BaHTAXIB - KOHTEiHepiB i 3epHa. [HppacTpyKkTypa MOPCHKHX
HOPTIB SIBISIE COO0I0 CKIAAHUI cMMOi03 OyIHHKIB, Oy/IiBesb, CIIOPYA, MEXaHi3MiB, KOHCTPYKLIH, pO3TallIOBAHMX HA TEPHUTO-
pii i (abo) akBaToOpii MOPCHKOTO MOPTY i 3a0€3euyoTh pOOOTY TPAHCIIOPTHOI iHGPacTpyKTypH KpaiHu B nitomy. Cam 1o co-
01 MOpPCBHKHI NOPT 3aJICKHUH €JIeMEHT TPAaHCHOPTHOI iH(pacTpyKTypu. BUpimeHHS MUTaHHS CTPATETiYHOTO IUIAHYBaHHS
KOMIUTIEKCHOTO PO3BHTKY CKJIaIHOI iHQPACTPyKTypH MOXIIMBO TUIBKH Ha MiJCTaBl aHAJi3y Ta MPOTHO3Y JAOBFOCTPOKOBOTO
PO3BUTKY BaHTaXHOI 0a3u. B ykpaiHchkux moprax mpamtoe 6inpmie 500 mopTanbHUX KpaHiB, CepeIHil BiK SIKMX CTaHOBHTHh
noHay 37 pokiB, AesKi IMOPTATBHI KpaHU MpaIioioTh 1o 50 pokiB. 3a3HaueHMI! BiK IIEPEBHUIITy€ €BPOTEICHKI CTaHIAPTH IIPaK-
THYHO B 1Ba pa3d. BUpOOHUYI NOTY)XKHOCTI OPTIB NPEACTaBICHI B OCHOBHOMY NapKOM IIOPTAIbHUX KPaHiB iIMIIOPTOBAHMUX 32
nporpamoro Miamopdiior CPCP, GanancoBa BapTiCTh SIKHX uepe3 6araTokparHi iHIEKcalil 3HAYHO MEePEBUILYE PUHKOBY

Koro4oBi c10Ba: TiApoTeXHIUHI CHOPYAH, IEPEBAHTAXYBAIILHE YCTAaTKyBaHHS, CEHCMIUHI, JILOIOBI Ta XBHIILOBI HABAHTAKCHHS
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Introduction. World experience enables to define
ports development as one of the most important
constituents of governmental economic development.
In the era of globalization, transformation of cargo
flows, their structural changes, the issue of ports
development planning becomes especially important
that intends balanced development of port capacities,
namely marine zone, port area and ground zone
development. Thus, by static data, general growth
trend of goods transhipment in all the ports of Black
Sea region till 2016 year, showed drastic transhipment
reduction for Ukrainian ports in 2016 for goods from
Russia and Belarus, such as mineral oil and
petrochemicals, coal, metals, when increasing
processing of import-export cargo as in containers and
grain.

Materials and methods. For Ukrainian marine
industry, there are two mutually exclusive approaches
to issue solution about its future development.
The official position is ports privatization and
concession, which is apparently “an only possible way
of Ukrainian marine industry development”.
According to this position, marine industry reform is
one of current government activity priorities and
among first steps there is a formation of special
marine administration and administration reforming of
Ukrainian ports.

According to representatives of sea trading ports
enterprises, in case of privatization, private
investments would be used in building port facilities
which are currently involved by no more than 65%.
In this case, the port infrastructure owned by the
government would decline. It means that it is possible
to develop strategical infrastructure objects only by
the government sector income of the port industry
economy that generates up to 8§ billion UAH per year.
Although, the government should reject the
privatization and increase the share of capital
investments in the infrastructure of ports, which in
2015 amounted to no more than 5% of their income.

The maritime ports infrastructure represents a
complex symbiosis of buildings, structures, edifices,
mechanisms, constructions, located on the territory
and (or) the water area of the maritime port and
provides the work of the government transport
infrastructure system in general. The maritime port
itself is a depended element of the transport
infrastructure. The solution for the strategical planning
issue for complex development of a complicated
infrastructure is possible only if based on analysis and
forecast of long-term cargo base development.

Figure 1 — Combination of buildings, structures, edifices, mechanisms constructions located
on the territory of maritime port

In accordance with the law of «maritime ports of
Ukraine» from 17.05.2012, reloading equipment refers
to the objects of ports infrastructure. In order of
«The development strategy of maritime Ukrainian
ports until 2015» approved by the Ministers Cabinet
of Ukraine on July 16, 2008. Nel1051 (Expired after
signing the order of July 11, 2013 Ne548-p) the port
infrastructure was defined as a specialized property
complex, as well as storage facilities and grounds,
loading and unloading mechanisms and other

property. According to the strategy of 2008, the
attraction of investments in the development maritime
ports were planned through public-private partnership
(PPP). However, during the eight years work of
different ministries and administrations the procedure
for the PPP has remained at the same level. For the
specified period of time it was possible to modernize
the infrastructure of the main Ukrainian ports and
become competitive subjects of the international
transport system.
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After 2013-year reform assets of every seaport were
divided into two groups:

— Strategic objects (water area, docks, other
hydrotechnical constructions, communications) are
assigned to administration of sea ports (ASP) with
main office in Kiev and branches in every port;

— Nonstrategic objects (including storage areas and
other main facilities in the rear of the berths) are left
on balance of governmental stevedore companies
(GSC).

It should be noted that strategic objects are usually
objects that require “long” investments, payback
period of which is measured with decades.

Overload capacity of ports are usually attributed to
nonstrategic objects, i.e. subject to privatization.

Nowadays Ukraine has 13 seaports, excluding five
Crimean ports. According to state property fund,
infrastructure of ports is worn out on 70+80%, which
means that it is necessary to refresh or modernize
handling equipment of Ukrainian ports.

There are above 500 gantry cranes working in
Ukrainian ports, average age of which is above
37 years, some gantry cranes are working for 50 years.
Said age exceed European standards almost twice.
Ports production capacity are usually presented as
park of gantry cranes imported under the program of
the ministry of the navy of the USSR, book value of
which far exceeds market price due to multiple
indexing.

The institute Chernomor NII Project analysis of
berthing facility operating time showed that by now
the operating time of most berthing facilities is 30-40
years and it is getting close to standard or exceeds
standard. Based on the same source, the amount of
constructions, that are being exploited for 30 years
and more, is about 70%. [5].

These numbers testify that most of the handling
equipment and berthing of ports and former Ukrainian
shipyard do not meet the modern requirements.
Besides, as seen on practice, the technical exploitation
of the port hydrotechnical structures is often carried
out with significant deviation from regulatory require-
ments for different reasons. There are facts of reduced
security level of port hydrotechnical equipment
exploitation, among which there should be noted:

— Unsatisfactory work of tally services and department
of technical exploitation on compliance with modes of
berths cargo operation, including assessment of
overloads impact on structures technical state
Permissible loads on piers are almost not revised,

— Maintenance work and overhaul are held out of
time;

— Carrying out repair work not in full, often with an
involvement of organizations without any experience
of working with marine hydrotechnics;

— Untimely carriage of engineering inspection and a
hydrotechnical structures survey;

— Absence (or presence not in full) of technical
documentation;

— Design operation mode is being changed arbitrarily
on active docks (re-profiling, increase in design depths
and others);

— Projecting, survey, diagnosing, certification are
being carried out without reconciliation with the state
territorial organization that is responsible for direction
«sea transporty».

Cases of scientific and technical products output
(prospecting, projects, surveys with the assessment of
technical condition, certification and recommenda-
tions for change of exploitation mode) by different
unspecialized structures have become frequent, often
with the violation of current standards and legal
system of Ukraine at low technical and engineering
level, excluding the perspective of development of
enterprises.

Research results and analysis of them.
A significant change of technical normative base, for
the period of existence of Ukraine as an independent
country, led to a situation when the majority of port
infrastructure objects, that were commissioned in
times of former USSR and are exploited nowadays, do
not meet the requirements presented by these
standards. For example, with implementation of the
building code V.1-1-12:2006 and the reduction
V.1-1-12:2014 «Building in seismic districts of
Ukraine», formally none of the hydrotechnical
constructions of ports in Odessa and Illichevsk, built
until year 2006, does not provide the required class of
responsibility, since their calculation and designing
were conducted without inclusion of a possible
seismic event happening.

Wherein strategic objects of the port infrastructure,
specifically docks, protective and bank-reinforcing
structures, the water area, underwater channels that
provide port activity and so on, are less vulnerable,
from a strategic planning perspective, in long-term
planning for the macroeconomic risk factor connected
with a sudden change of the world market
conjuncture, structure of the freight traffic, decrease in
investment activity and others.

Figure 2 — Deformation of the berth due to
overloading
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In the process of marine hydrotechnical constructions
projecting, it is necessary to consider a lot of natural
factors. These include hydrological, hydrographic, engi-
neering geological, geomorphologic and meteorological
conditions of the building district. Hydrological
conditions include the sea wind, ice conditions, level
fluctuations, sea currents, tsunami waves. Hydrographic
conditions include the depth of water, the seabed and
adjoining coast topography. Engineering geological and
geomorphologic data about the seabed structure,
physical and mathematical properties of bottom soils
and sediment migration has a special significance.
The main meteorological factor is the wind regime
(speed, direction, duration). Also in the process of
marine constructions, it is necessary to perform seismic
calculations. Herewith constructive features of a
structure and existing engineering geological conditions
of the building area should be considered. [6].

The present technical condition of hydrotechnical
constructions that were built in soviet times, is
unsatisfactory and in some cases emergency for many
reasons.

First of all, the main ones are insufficient
considering of the factors above; violation of building
technology in hydraulic structures; using substandart
building materials and products.

Ukraine nowadays is one of the most dangerous
countries in the world in terms of man-made disasters.
It is extremely densely saturated with industrial infra-
structure of various purposes, in most of the cases
extremely worn out. For many years, any attention
was not paid to ensuring the safe operation of enter-
prises. It led to the fact that the number of potentially
dangerous objects reached several thousands and
continues to grow. And some of them, such as the
Odessa Port Plant, in case of seismic catastrophe, can
harm a millionaire city with its poisonous emissions.

Odessa is a part three most seismically dangerous
regions of Ukraine (Crimea — 6-9 points, Odessa —
6-9 points, Transcarpathian region — 6-8 points).

For many years, major repairs of structures were not
carried out, as a result of which the life of structural
strength is almost exhausted, which threatens to lose it
even with weak ecarthquakes. Vulnerability grows
every day. Currently, intensive development of
territories for the constructions is under way. Not only
of residential buildings, but also large, unique
structures, which destruction can lead to significant
economic and social losses from seismic influences
(Figure 3-5).

The development of the Black Sea shelf, creation of
environmentally hazardous industries - oil terminals
and oil pipelines, occurs because of seismicity
increasing on the coast. And today, with the scientific
substantiation of the strategy for port infrastructure
development, special attention should be paid to issues
of ensuring the reliability and safe operation of both
newly constructed and exploited and reconstructed
facilities.

Figure 3 — Significant deformations of the berth
territory from the earthquakes action

Figure 4 -- Tilting the crane due to the action
of seismic forces

Figure 5 — Deformations of the berthing
facility cordon line
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Earlier, before 2007, structures calculations and their
bases located on landslide slopes were made in
accordance with SNIP 2.01.07-85* «Loads and
impacts» and SNIP II-7-81* «Construction in seismic
regions», and in accordance with these SNIPS, the
seismic hazard in the south of Ukraine was equal to 6
points, so calculations for seismic impacts were not
required.

WNW OF FERNDALE, CA (10.03.2014 5:18:00)

12,5 24,999 37,499 49,998 62,998 74,997 87,497 99,996 112,496 124,995
Time (s!

G)

Moment magnitude : 6,80 Epicentral distance :
Surface-wave magnitude : A

Local magnitude : NjA

Figure 6 — Calculated accelerogram

But since 2007 DBN B.1.1-12:2006 «Building in
seismic regions of Ukraine» has been put into
operation. According to the OCP-2004-A map, the
Odessa region is in the zone with a seismicity of 7 on
the EMSH-98 scale.

Strength calculations of hydraulic structures,
landslide slopes stability, structures located on them
and coast protection structures in the Odessa region
should be carried in accordance to seismic loads.
These effects can be specified either by the linear-
spectral method or by a direct dynamic method,
according to the calculated accelerograms of the
earthquake which represent a three-component
function of oscillations acceleration in time.

The necessity of calculation joint work of the
«foundation-construction» complex and various loads
and impacts, leads to the complication of the
structures basis design. Calculation of emergency
(seismic) impact using calculating accelerograms,
accounting nonlinear physical properties, accounting
construction  stages, complicates the task of
calculating and designing marine hydraulic structures,
at the same time makes possible to obtain rational
solutions that provide specified operational properties
with regulated reliability and safety parameters.

Conclusions. Calculating, design, technical opera-
tion, repair, inspection and reconstruction of port hy-
draulic structures issues have traditionally been regu-
lated by the requirements of departmental (former
Ministry of the Navy of the USSR) regulatory docu-
ments. There are no actualized versions of these
documents that correlate with state building regulatory
documents.

Regardless of port industry current strategy devel-
opment, a systemic state approach is required to create
a modern technical regulatory framework and effec-
tive methods for monitoring compliance, especially
for strategic port infrastructure facilities.

While designing hydraulic structures, it is necessary
to account several numbers of factors and require-
ments that would ensure an effective structures opera-
tion, reliability and durability.

According to the analysis basis of surveys and the
requirements existing regulatory documents results, it
is necessary to designate the design parameters of
natural and seismic impacts on the designed struc-
tures, considering their life service.

The hydraulic structures design should be carried out
considering the transshipment complexes at the wharf
with proper scientific support.

The usage of new constructive solutions requires ap-
propriate experimental studies, including in-situ and
laboratory conditions.

During the project implementation, it is necessary to
comply the requirements of regulatory documents that
ensure the proper quality of installation and building
works.

At the present, it is necessary to improve the calcu-
lating methods of the stress-strain state of the soil
foundation under hydraulic engineering structures,
considering alternating effects.
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One of the promising directions of modern alternative energy is anaerobic biotechnology for the production of biogas
(so-called sewage gas). The main problem of hampering widespread use is biogas plants high cost. A new design of an
anaerobic bioreactor for the production the biogas is proposed, where soil cement is used as a constructive material of
continuous and monolithic construction of the corps bottom and walls. A structural and logical scheme for designing a
bioreactor from soil cement for specific capacities of pig farms in geotechnical and climatic conditions has been developed
and presented. Also the technological features of object construction by drilling and mixing technology are presented.
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I'pyHTOLIEMEHT SIK KOHCTPYKTHBHHUI MaTepiaj Kopmycy
aHaepoOHOro 0iopeakTopa
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Ilogano HOBY, eHeproe(ekTHBHY i KOMIIAKTHY KOHCTPYKIiIO aHaepoOHOTro OiopeakTopa KacKaJHOTO THILY, IO IOEIHYE B
co0i eexTH: MaKCHMAJBHOI IUIONIi MOBEPXHI M BUXOMY Ta3y; 3a0e3NedeHHS YMOB Ui MEXaHIYHOTO HEepeMIlIyBaHHI
(pauionansHa Gopma kamep OpoIiHHS 6e3 MIyXHX KyTiB); MIHIMAJIBHAX €Hepro3arpar Ha Mifirpis (MiHIMaJbHa JOBXKHHA 30-
BHILIIHBOTO TIEPUMETPa); MOXKINBOCTI LIEHTPAIi30BaHOTO BUBEICHHS OCajy 3 YCix kamep Oponinusa. CXxapakTepu30BaHO B3ae-
MO3B’ 130K 3aKOHOMIPHOCTEH 100 MPUHHSATTS CIiBBIAHOIICHD AiaMeTpa i IIHOHHY 3aKIaJaHHs B IPYHT MaiiOyTHBOI criopy-
nu. 3’SCOBAHO, IO B3aEMO3B’ 130K MIXK [IMMH TapaMeTpaMi 0OyMOBIIOETBCS TEXHOJOTIYHUMH OCOOIUBOCTAMH BHXOIY 6io-
raszy, yMoBaMu Horo nepemilryBaHHs, KIIMaTHYHUMU IIapaMeTpaMu — IPOMEP3aHHs IPyHTY (MiHiMi3awLil BUTpAT HA MiATPU-
MaHHS HeO0OXITHOT TeMIIepaTypH Il aHaepOOHOTO MPOIIECy), TEXHOJIOTIYHUMH H €KOHOMIYHHMH ITapaMeTpaMH BIIAIITyBaH-
HS Kopmyca OiopeakTopa OypOBUM BEpCTaTOM, I'EOJIOTIYHUMH Ta TiPOTCONIOTIYHUMH IapaMeTpaMu OyAiBeILHOTO MaiiiaH-
ynKa i iH. Po3po6ieHo i mpeacTaBiIeHo CTPYKTYPHO-JIOTIYHy CXeMy MPOEKTYBaHHs 010peakTopa 3 IPYHTOLEMEHTY A KOHK-
PETHHX MOTY>KHOCTEH CBUHOKOMIUIEKCY, T€OTEXHIYHHUX Ta KJIIMATHYHAX YMOB. 3 METOIO MOJIMIICHHS TiApaTaniifHuX Ipore-
CiB, 3HW)KEHHS YCaJIKH IDYHTOLIEMEHTY, 3MEHIICHHS TPIIIMHOYTBOPEHHS Ta MiJBUILEHHS MOPO3OCTIHKOCTI 3alpOINOHOBAHO
MoanGiKyBaTH IPYHTOLIEMEHT (GpepMeHTHHUM mpenapatoM «Jlop3un». Takox HaBeICHO TEXHOJIOTIYHI OCOOIMBOCTI 3BEICHHS
00’€eKTa 32 OypO3MIilIyBaIbHOIO TEXHOJIOTIEIO.

KurodoBi c1oBa: rpyHTOLIEMEHT, GiopeakTop, Oypo3MilTyBaiabHa TEXHOJIOTIS, MOANGIKaTOp, KIIMAaTHIHI TapaMeTpH, Gep-
MEHTaTop
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Introduction. In the context of price constant in-
creases and ecological situation deterioration, more
and more attention is being paid to alternative sources
of energy supply. Modern alternative energy is repre-
sented by a wide spectrum of tools and sources.
Their analyze due to the climatic conditions of
Ukraine and Kyrovohrad region in particular is very
important; the greatest prospect of the biogas tech-
nologies and solar energy spread is obvious.

Available in each farm or farmstead, large volumes
of organic waste [1] are expedient to be utilized with
the maximum total effect of solving complex
problems: energy, ecological, farm supply with
fertilizers, groundwater contamination prevention etc.

Biological wastes of agricultural production, as a
rule, are exported outside the territory of farms and are
accumulated for the purpose of natural utilization
(degradation). Domestic waste (so-called solid
household waste SHW) is exported to landfill solid
waste. Both of these types of waste causes pollution,
oxidation of the soil, makes it unpropriate for use
without the use of high-value measures for the
rehabilitation. Fissile material products penetrate into
groundwater, lead to emissions of greenhouse gases
and many other negative consequences

In the case of household organic waste, the problem
of utilization is solved by sorting and subsequent
processing. The situation on the agro-industrial enter-
prises or farms is simpler: sorting is not necessary
there because the waste can immediately be recycled
by bioreactor.

Analysis of recent sources of research and publi-
cations. Biogas reactors in Ukraine have not become
widely distributed due to their considerable cost, the
capriciousness of methane fermentation technology,
and high energy consumption [1 — 4].The deviation of
3°C from the optimum for the process has already
slowed down the methanogenesis. Significant influ-
ence on the processes of biogas production has envi-
ronment mobility, stagnant zones absence, thermosta-
bilization. During the cold period, it is necessary to
minimize heat loss for substrate heating and equally
distribute heat throughout the reactor volume.
Practically there are no automation means of biogas
production process. But it shoul be remembered that
the reactor stop per hour can lead to energy problems
in the company, because the process of fermentation is
associated with the life of anaerobic bacteria and they
restart their activity only for a few days or weeks.
The process needs to be adapted to the conditions of
Ukraine and permanent automatic monitoring.
For Ukrainian conditions, cheap and reliable reactors
are needed that is equally effective both in warm and
cold seasons.

Anaerobic bioreactor for biogas and organic sub-
strate production is a a closed container, filled with
biological waste without air access at a predetermined
stable temperature (from +25 to +55°C). As a result of
methanogenesis, biogas and an ecologically safe or-
ganic substrate that fall out as solid precipitate, or-

ganic fertilizer can be used in agriculture as a material
for the body bioreactor traditionally used concrete,
metal, polymers.

Selection of previously unsettled parts of the gen-
eral problem. The disadvantages of known bioreac-
tors are their relatively high cost and lack of concrete
structure of a complex curvilinear form techniques in-
stalling that provide the best conditions for thermal in-
sulation, mixing, substrate surface crust destruction,
providing the maximum area for biogas output from
the substrate, periodic removal of solid precipitate,
and maintenance. Also, a significant disadvantage is
the insufficient durability of bioreactor body, due to
corrosion instability.

An option to solve the problem of reducing the bio-
reactor cost and at the same time to provide body
corrosion resistance, soil cement is used as a material
for both bottom and walls [5]. There are some
advantages for soil cement use in bioreactor body
[6-10]:

— positive experience of using soil cement as a mate-
rial for the construction of sludge cesspool for toxic
waste;

— high water resistance W12-14;

— low cost of manufacturing due to natural soil use
from the foundation pit;

— high compressive strength, 2 MPa;

— resistance to aggressive components (chemical
resistance);

— longevity, lifetime of more than 300 years;

— soil cement is environmentally safe;

— frost resistance within M25;

— the soil cement has ability to become more solid
with time.

Problem statement.

1.To propose a new, energy-saving and
technological considering ease of operation in
Ukraine, the anaerobic bioreactor has been constructed
using such constructive material as soil cement,
modified soil cement.

2.To develop the structural-logical scheme of de-
signing a bioreactor from soil cement for specific
household conditions, in particular, the pig complex
LLC «Liga» in the village Company of Kirovograd
region.

3. To develop the technological process of building a
body bioreactor from soil cement, using. drilling and
mixing technology.

Main material and results. The proposed construc-
tion of a bioreactor [5] relates to the technology of
biogas production by anaerobic decomposition of
various biological waste (livestock, poultry, plant
growing, food industry, solid household waste, sew-
age), and can be used in agriculture, food industry, ur-
ban solid landfills household waste, sewage treatment
plants, organic fertilizer manufacturing plants, such as
mulch, substrate.

The purpose of the bioreactor proposed design is to
improve the anaerobic bioreactor, ferment-gasholder
by installing a solid and monolithic body from the soil

36ipHuK HayKoBHX Tpats. Cepist: ['anmy3eBe MammHoOy1yBaHHs, OyaiBHunTBo. — 2 (51)' 2018. 51




cement, the reliability and durability of the bioreactor
work, its tightness increases. Moreover the cost reduc-
tion and the term of construction under the conditions
of natural resources rational use highlights obvious
benefits of proposed design.

Fig. 1 shows a top view of a bioreactor installation
consisting of loading and pumping unit and directly
the bioreactor itself. Where 1 — receiving capacity for
biological waste products, 2 — pump, 3 — capacitance -
dispenser. Capacities 1 and 3 are formed by walls and
bottom of soil cement.

An anaerobic bioreactor for the production of biogas
and organic substrate consists of a body 4 of a
cylindrical shaped (see fig. 1) with three internal
vertical partitions 5, which are arranged relative to one
another at an angle of 120 ° and form three cameras
for anaerobic fermentation, respectively 6, 7 and 8.
Outside of the bioreactor is a collector for mass that
brooded 9 formed by the walls and bottom of the soil
cement. The cylindrical body 4, the three internal
partitions 5 and the joint bottom 10 (fig. 2) are made
in a «monolithic» version - as a whole from the soil
cement. On the surface of the interior partitions 5, heat
exchangers 11 are provided with a polymer tube
connected to a heat pump (not shown in fig.). In the
fermentation chamber 6, by means of a traverse 12, a
biomass mixer is installed, including a hydromotor 13,
a reducer 14 with a vertically-mounted shaft, on the
bottom of which is a short-base single-shaft polishing
screw 15 fixed, and a trapezoid frame with grids 16
for the destruction of the surface crust is fixed in the
upper part. In partitions 5 there are openings for
overflow pipes 17. The scheme (scanning of
bioreactor chambers) of biomass circulation is shown
in fig. 3.

Gas accumulation and its initial temporary storage
takes place in the cavity of the gasholder 18 formed by
a gas cap 19, which is tightly and hermetically

installed in the grooves of the soil cement walls of the
body 4. In the upper part of the cap 19, which is made
of a dark color material for additional heating of the
bioreactor from the sun, a means of control and
automatic control 20, as well as an outlet gas pipe 21,
is installed.

In the lower part of the bioreactor there is provided a
reinforced concrete pipe 22 with installed in it, by
means of supporting bearings, long-base auger 23 for
the removal of a precipitate (substrate). Herewith, the
surface of the bottom 10 of the body 4 of the bioreac-
tor in the fermentation chambers 6, 7, 8 and the collec-
tor of the fused mass 9 has internal deviations to the
apertures with the hydraulic shutters 24 installed
therein, through which, periodically and in a definite
sequence, the precipitate (substrate) enters the inner
cavity tube 22 with screw 23.

The anaerobic bioreactor for the production of
biogas and organic substrate works in the following
way. By tape conveyor, tractor and loader, the raw
material of biological origin is fed into a tank 1, there
they add water and mix with a screw mixer to the
required consistency. Subsequently, the pump 2
supplies the biomass to the dosing tank 3 and controls
the required temperature of the mixture (within
+25...+55°C) and maintains the required biomass
level in the tank 3. Herewith, the excess biomass
(fig. 3) through pipeline 17 enters the lower part of the
bioreactor in a fermentation chamber 6 where it is
heated by a biomass heater 11 and mixed with a short-
base empty auger 15. The fermentation process
begins. The superficial crust of solid elements formed
on the surface of the biomass in the chamber 6 is
destroyed by trapezoidal grids 16, which allows gas
bubbles to enter the cavity 18 of the gas cap —
gasholder 19 without interference.

Figure 1 — Bioreactor installation (top view) [5]
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Figure 3 — Scheme (bioreactor chamber scanner) of biomass circulation [5]

Partially burnt out, the biomass that takes position in
the upper part of the fermentation chamber 6 enters
the transient pipe 17 into the lower part of the
intermediate fermentation chamber 7, stirring and
heating from the partition 5 with heaters 11. There is a
continuation of the fermentation of biomass in the
intermediate chamber of fermentation 7 and biogas
production, which freely flows into the cavity 18 of
the gas cap of the gasholder 19. As the chamber 7 is
filled, the biomass from the upper part enters through

the intermediate pipe 17 between the chamber 7 and
the chamber of final fermentation 8§ in its lower part,
mixing and heating from the partition 5 with the
heaters 11. There is a final fermentation of biomass in
the chamber 8 with emission of biogas into the cavity
18 of the gas cap — of the gasholder, 19 where the gas
is stored, it's kept for a certain period and, by means of
automatic devices 20, given up by pipe 21 to places of
longer storage, purification or direct use.
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From the chamber of final fermentation, biomass,
through the transfer tube 17, enters the collector of
mass that brooded 9, from which it is mechanically
removed by a clamshell, a noria, etc.

At the same time, the process of fermentation and
the location of biomass in chambers 6, 7, 8 and
collector of fermented mass 9 is accompanied by the
fall of a biomass precipitate (substrate). The sediment
accumulates at the bottom of 10 chambers 6, 7, 8, and
9, and due to internal deviations it gets more
concentrated in a joint with a concrete pipe 22
openings with hydro shutters 24 and is given by a
screw 23 to the place of collection, packaging.
The frequency, sequence, opening time of the
hydraulic shutters 24 and the activation of the screw
23 may occur, both manually and automatically, in
accordance with the bioreactor control program.

An anaerobic bioreactor for the production of biogas
and organic substrate is designed to work both
continuously and discretely at any time of the year.

Bioreactor designing. Depending on the initial con-
ditions, namely: the type and daily output of biologi-
cal waste, calculate the internal volume of the reactor.

Suppose the farm has 10 heads of cattle, 20 pigs and
35 chickens. In the course of the day, the excrement
will be: 55 kg from 1 cattle; 4,5 kg from 1 pig; 0,17 kg
from 1 chicken. The mass of daily waste is:

10x55+20x4,5+0,17x35=

=550 +90 + 5,95 = 645,95 kg.

The optimum moisture content of raw materials for
loading in a bioreactor is 85%.

Humidity of fresh excrement of pigs, cows is 86%,
and chickens excrement 75%. To bring the moisture
content of chickens excremant to 85%, add about 0,5
liters of water (about 0,5kg). Then the daily load of
the reactor will be 646 kg.

The daily loading of the reactor is allowed to be no
more than 10% of its full load.

Then the complete loading of the reactor:

10 x 646 kg = 6460 kg =~ 6,5 ton

For LLC «Liga» smt. Kompaniyivka Kirovograd
region the calculation is carried out for 5,3 thousand
heads (the industrial capacity of the enterprise is 6
thousand heads.) The reducing number of livestock
may be explained by the presence of piglets, seasonal
variations, etc.

Then the mass of daily waste will be:

m = 5300 x 4,5 =23850 kg.

Full load of the reactor:

m =10 x 23850 kg =238500 kg = 238,5 t.

According to [11], the bulk weight p of fresh pigs
excretes varies within p=1013...1400 kg/m’.

238500

Reactors volume: V = = 198,75M3

The result of the previous calculations is that reactor
must be with a useful volume of 200 m”.

The issues of the ratio of diameter and depth of lay-
ing to the ground of the future construction remains.
The interconnection between these parameters is
determined by the technological features of the biogas

output, the conditions of its mixing, the climatic
parameters - freezing of the soil (minimizing the cost
of maintaining the required temperature for anaerobic
process), technological and economic parameters
setting up of the bioreactor with a drilling machine,
geological and hydrogeological parameters of the
construction site and other. This is a complex
optimization task.

It should be noted that the diameter of the bottom of
the reactor is the greater part of the conditional
foundations of the future structure (fig. 4), and the
accepted value of the outer diameter of the container
must satisfy the condition P,, <R (the second group
of boundary states, the calculation is carried out
according to the classical methods). The adoption of
the minimum value of the outer diameter of the reactor
body is based on calculations for the designing of
foundations [12, 13] and depends on soil,
hydrogeological, climatic conditions and loads from
the structure and substance in it. An increase in the di-
ameter of the tank will positively affect the reduction
of the pressure under the P,, structure, the gas outlet
area and the liquid grad p pressure gradient, but will
increase the outer perimeter, which, in the presence of
overlying soils in the upper layers will cause «frost
heave». Minimal effects are the occurrence of
additional internal uneven tensions in the body of the
soil cement tank, which can lead to loss of integrity
and tightness. To solve this problem, it would be
advisable to create anti-friction collars at the depth of
the seasonal freezing, insulation of the upper
perimeter, the arrangement of drainage.

Placing the reactor vessel below the level of the
daily surface, using three radially installed through
120° internal partitions and filling the inner cavity by
the substrate can minimize the load on the walls and
bottom. In the working and long-term position, walls
and bottom of the reactor, passive pressures from the
substrate P, and the external natural soil of the
undisturbed structure of the P,, are perceived, which
can be assumed to be equal in the first approximation.
The thickness of the bottom and walls will be
determined by the value of: the filtration coefficient;
passive pressure on the wall in the sectors between the
partitions; technological possibilities of mixing
working equipment to provide a continuous and
homogeneous enclosure structure from soil cement.
A value that satisfies all conditions is accepted.

The main criterion for calculating the thickness of
the bottom and walls of the reactor vessel is the value
of the filtration of moisture from the substrate, which
is assumed to be zero. The well-known formula

. AH
A. Darcy may be adopted as a basis: O =k, WF ,

that, taking into account the coefficient of permeabil-

ity for different substances, k (P.G. Nutting)
k=d? Sl(m,e) will take the form: VZ&A_p and
e u Al

will represent the equation of L.S. Leibenzon:
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where d,4 — is the effective diameter of the particles
(the diameter of the particles of equivalent fictitious
soil, the hydraulic resistance of which is equal to the
hydraulic resistance of the real breed); Sl(m,¢) — is the
Slighters number (dimensionless), as a function of the
coefficient of porosity m and the structure of the po-
rous space ¢ (under the structure of the porous space
understand the shape and size of individual pores,
their quantitative ratio and compatibility); u - is the
dynamic coefficient of viscosity of the liquid.

The establishment of climatic parameters in the de-
sign of a future bioreactor can be carried out according
to the proposed method [14] for determining the cli-
matic loads at a given geographic point must be used
data of the local network of weather stations (fig. 5).

E

The area equation, which reflects changes in the
climatic factor Z in the vicinity of the design point,
can be written as:

Z=A4+BX+ (Y,
where X, Y — coordinates of the meteorological station
or the design point;

A, B, C — Parameters determined according to the net-
work of meteorological stations.

Parameters 4, B, C are determined by the least
squares method according to the data from all weather
stations by the point of the design point, which can be
implemented in any environment of any computing
complex, in particular, Microsoft Excel. The coordi-
nates of the meteorological stations and the design
point X, Y can be given in the form of rectangular co-
ordinates in kilometers relative to the conventionally
selected center, or the values of longitude and latitude
of the terrain in degrees published in meteorological
guides, determined from maps of Google Maps or
other cartographic systems.

@xternal o
<&aternal v /
/ \
T // internal partitions and vertical conponents \
o of weight loads are not shown \\ A
\
N —
N e
N - H/M P 7
~N -
a/M ~_ | _-

Figure 4 — The scheme of pressure transfer to the ground due
to the resistance of the soil on the side surfaces and under the bottom of the fermentor
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Figure 5 — Network of weather stations in the region [14]
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Geological parameters of the construction site.
Ideally, the soil for laying the bottom and walls of the
soil cement tank should have at least 25-30% of cohe-
sive colloidal particles (that should passing through a
sieve with a cell size of 0,07 mm) and contain a mini-
mum of large granular particles such as gravel.
That is, it should be clayey or dusty soil: clay, or
loam. Modification of soil cement by the introduction
of the enzyme preparation «Dorsin» [15] in the most
optimal amount (to 0,05%), improves hydration proc-
esses, significantly reduces shrinkage of soil cement,
reduces cracks formation, increases frost resistance.
A well-known positive experience with the use of en-
zyme modifier for clay soils Dorsin in road construc-
tion.

Qutgoing conditions:
- type of waste

- anmount in units of mass and volume

The enzyme preparation «Dorsin» is a composition
of substances that were mainly formed during the cul-
tivation of microorganisms (yeasts of the genus Sac-
charomyces) in a complex nutrient medium with some
additives. The basis of the nutrient medium is beet
molasses.

Developed, and in fig. 6, a structural-logical block
diagram of the design of a bioreactor from soil cement
is presented.

v

Galculation of the required useful
volume of bioreactor

y
o , » Soil condiitions of the site of
E;%’Zeer ng tgeoltqg/calltcondlt/ons Qirmatic conditions of the site for construction (type, humidty,
o edCM?”f r ”/C ’07 ‘?;76. construction (temperature regine, physical and mechanical properties,
gg%r; siv% r?eg ssevc%;rpogirtion rainfall, snow load, solar activity granulometric composition,
seasondl fluctuations of WéH - thermal load).. ;;Ito);g??g; and rheological
l |
m—— v
Q)l{e;tm? lzadj fr'om l;,heh Determination of calculated Adjustment of technical
tM)(elg t of the | ?ﬁ’g” of the resistance of the bearing possibilities of mixing and
S’L?lg;argg iﬁr;'t e layer of the soil excavating equipment

[

I

Justification of the dimensions of the bioreactor in plan

v

Substantiation of the depth of laying the sole
of the bottom of the bioreactor

I

Specification of the thickness of the bottom with the
aim of providing its strength and necessary stiffness

|

Development of the technology of installation of
a single monolithic and sealed soil- cement
construction of a bioreactor

!

Designing a device for a mixing, a gasholder, a collector of
fermented mass, a water seal, a device for transporting
a substrate, and the like

Figure 6 — Structural and logical block diagram of designing bioreactor from soil cement
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Execution of bore-mixing works can be carried out
by the drilling machine BM-811m on the basis of the
car URAL [16, 17]. Cylindrical construction is non-
technological in terms of convenience, accuracy of the
positioning bore-mixing body and the displacement of
the drilling machine. One solution, adopt a linear
scheme of the reciprocating motion of the drilling ma-
chine, shown in fig. 7. In this case, it is necessary to
arrange 682 wells with a depth of 4,0 m, a diameter of
0,5 m with a distance between adjacent wells 0,4 m.
The main lines show the wells where the injection of
cement occurs throughout the depth of the well, auxil-
iary - thickness of the bottom of the reactor - 0,9 m.
Works on soil reinforcement are performed in three

chink chink2 chink3 chink1

T 2
ORI

changes within 10 days. The average length of instal-
lation of one borehole is about 25 minutes. As a nor-
mative source, a document of the RF (Code of the
rules of joint venture CP 291.1325800.2017 Structures
of cement reinforced, designing rules was used. [18].
Cement outgoings ranges from 500 to 700 kg/m’ and
depends on the type and granulometric composition of
the soil. The set of strength of the soil cement acord-
ing to the project lasts for 28 days, after which by the
excavator with the equipment «reverse shovel»
or «grab» holdings perform excavation of soil from
three chambers and then perform a manual cleaning.
The total duration of works is 40 days.

Diagram of movement of
the mixing installation
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Figure 7 — Technological sequence of drilling and mixing works
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Conclusions:

1. Expediency of soil cement use for the arrange-
ment of ferment anaerobic bioreactor that produce
biogas and organic substrate is proposed and deter-
mined.

2. A new, energy-efficient and compact anaerobic
bioreactor design is introduced, which combines such
effects as maximum surface area for gas outlet; provi-
sion of conditions for mechanical mixing (fermenta-
tion chambers rational form without deafening an-
gles); minimum energy consumption for heating
(minimum length of the outer perimeter), the possibil-
ity of sediment centralized outflow from all fermenta-
tion chambers.

3. Bioreactor design proposed design application en-
ables to solve a number of significant problems: the
rational use of natural, including renewable energy
sources; ecological utilization of wastes; rational use
of natural resources for construction; obtaining envi-
ronmentally friendly fertilizers for agrocomplex.

4. The structural-logical block diagram of bioreactor
designing from soil cement has been developed.
The starting data are the type of biological waste and
the daily amount of waste in units of mass and
volume.

5. It was designed and given the recommendations
for the bioreactor location for a particular company in
the data engineering geological and climatic condi-
tions.

6. Recommendations on the technological sequence
of fermentor placement from soil cement cylindrical
elements by the bore-mixing technology have been
developed.

7. Perspective is to establish the appropriateness of
soil cement use for constructing the bottom of artifi-
cial reservoirs and as separate foundations for solar
cells.
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The high-rise building foundation with developed stylobate
part design features using piles tests data
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The paper presents two structural solutions for the high-rise building pile foundation where stylobate and high-altitude parts
are not separated by a contraction joint studying results. The main difference between these structural solutions is in the use
of piles of different lengths: in the first version all piles have the same length (implemented in practice) and the second ver-
sion (perspective) is use of different lengths of piles and their support various engineering-geological elements (EGE): the
longer piles support by stronger EGE under the altitude part and the shorter piles support by weaker EGE under the stylobate
part. In calculations of the adopted versions piles tests results and geodetic observations have been considered for the used
calculation methods verification.

Keywords: bored pile, «base — foundation — above-foundation building part» system calculation, static jacking load test, sty-
lobate

Oco01MBOCTI NPOEKTYBaHHA (PYHIAMEHTIB BUCOTHOI OyAiBJIi
3 PO3BHHEHOIO CTHJI00ATHO YaCTHHOI0 3 BUKOPMCTAHHAM
AAHHUX BUIIPOOYBaHb NAJIb

KoBaabcbkuii P.K. '*

" JIIT «/TepskaBHuit HayKOBO-AOCIIIHMIT IHCTHTYT Gy AiBENbHUX KOHCTPYKIi», M. Kuis
* Anpeca Ui TUCTyBaHHS: 77 7krk@gmail.com

Ioxgano pe3ymbraTn JOCIHIUKEHHS IBOX KOHCTPYKTHBHHUX pIllIeHb HMaJTbOBOTO (YHIAMEHTY JUISI BUCOTHOI OyAiBii, B SIKOT
cTmio0aT Ta BUCOTHA YacTHHA HE PO3MiieH] AedopManiiiHuM mBOM. 3’SCOBaHO, IO OCHOBHA BiAMIHHICTH KOHCTPYKTUBHHX
pillieHb MoJIArae y BUKOPUCTAHHI Pi3HUX JOBXKHH Majb: MEPLIMH BapiaHT — YCi majii oJHAaKoOBOI TOBXHHHM (peanizoBaHuil y
HaTypi); APYTuil BapiaHT (EPCIIEKTUBHUII) — BUKOPUCTAHHS Pi3HOI JOBXHMHH Maib i 1X OOMHMpaHHS Ha Pi3HI iHKEHEPHO-
TCOJIOTIYHI eIEMEHTH: i/l BUCOTHY YaCTHHY — JOBLII maji 3 oonupanusam Ha Mindimmit ITE, crunobaTHa yacTiHA — KOPOTII
naii 3 obnupanuam Ha cnabumuii ITE. IIpu po3paxyHKy NpUHHATHX BapiaHTIB ypaXxOBaHO Pe3yJabTaTH BUIPOOYBAHHS Majb Ta
JlaHI Te0Ie3NYHNX CIIOCTEPEXEHb JUIsl BepHQiKkanii BHKOPUCTAHUX PO3PaxXyHKOBHX METOMIB. Pe3ynbpratu po3paxyHKy IOKa-
3a)H, Mo OLTBII eKOHOMIYHHUM Ta PAlliOHAIBHAM 3 TOUKH 30pY POOOTH KOHCTPYKIil BUSBUBCS JPYrHi BapiaHT. Y CepemaHbo-
My MaTepiaJloEMKICTh (YHIaMEHTIB Ta TEXHOJIOTIYHHMX TIIpoleciB 3MmeHmmacs Ha 10%, a BenwmumHa ocafok 1 ix
HEepIBHOMIpPHICTB y 2,5 pa3a IOpIiBHSIHO 3 IEpIINM BapiaHTOM ¢yHIaMeHTiB. KpiMm Toro, miaATBepHKeHO MOXKIMBICTS BUKOPH-
CTaHHs pO3pO0JICHOT METOIUKH 3 BU3HAYEHHS OCaJOK Oy[iBii 3 BUKOPUCTAHHSM IaHUX BUIPOOYBaHb Manb. Po3XomKeHHS
BUMIPSIHUX 0caJoK OyaiBIIi Ta HPOrHO3HUX PO3PaXyHKOBHX y CEpeHbOMY cKiazaio He Oinbie 10%, 1m0 € iIKOM MpUHHAT-
HMM JUIs IPOTHO3YBaHHS 0Ca0K OyaiBelb Ha CTa/il IPOSKTYBaHH.

Koio4oBi c1oBa: OypoHaOHMBHA Iaist, pO3paxyHOK CHCTEMH «OCHOBA — QYHIAMEHT — HaA(QyHJaMCHTHA YacTHHA OyIiBIIi»,
BUNPOOYBaHHS CTAaTHYHHUM BJaBIIOBAILHUM HaBaHTA)KEHHSIM, CTHIIO0AT.
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Introduction. The high-rise buildings construction
requires the stylobate part ensuring the comfortable
stay of people and meeting their needs developed. As
a rule, parking lots, engineering, social facilities and
amenities etc. are arranged in stylobates. The situation
is rather common when the architectural requirements
to the internal space organization in the building sty-
lobate and high-altitude parts cause the organizing
impossibility a complete contraction joint for separat-
ing building altitudinal and stylobate parts. It is be-
cause the contraction joint arrangement requires
paired columns installing, which leads building inter-
nal space deviation from the original version envis-
aged by an architect.

Therefore, a complicated task of the pile foundation
designing for two building spaces high-altitude part
including (with significant loads on the columns) and
low-rise stylobate part (with light loads on the col-
umns) arises before the designer. For this reason, to
avoid significant internal forces due to nonuniform de-
formations in building structures occurrence it is nec-
essary to construct a foundation where deformations
non-uniformity between the stylobate and high-
altitude parts do not limit value exceed.

Thus, high-rise buildings with a developed stylobate
part foundations various structural solutions studying
is relevant with regard to obtain the optimal economic
and structural design.

Review of the latest research sources and publica-
tions. Different lengths piles using supported by vari-
ous engineering-geological elements, that is, under the
altitude part the longer piles supported by harder EGE
are arranged and under the stylobate part the shorter
piles supported by weaker EGE are arranged.

Such approaches implementation to the foundations
design proved to be effective.

For example, in time of the underground parking ar-
ranging under the Goethe Square in Frankfurt/Main,
piles of different lengths were used for the central col-
umn and the columns along the perimeter. The piles
lengths under the central part were larger in twice as
under the peripheral part and deformations non-
uniformity was within the permissible limits [1].

Moreover, the same approach was used in tall build-
ings construction in Berlin, e.g. SONY-CENTER and
Treptowers [2].

The authors justifying calculations carried out of
such foundations considering computer modeling and
design parameters monitoring during the construction
process.

Definition of unsolved aspects of the problem.
However, the settlements and their irregularities were
forecasted without consideration the «load — settle-
ment» dependence of the pile deformation during its
testing by a static jacking load that enabled to ap-
proximate maximally the settlements value theoretical
calculations to the received ones at the construction
site.

The main difference between the static jacking loads
tests carried out in Ukraine [3] and foreign countries
[4 — 5] is in compliance with Ukrainian regulatory
documents; according to them each load increment is
held to the chosen level of settlements stabilization
depending on the soil type at the base. Thus, the set-
tlements values prognosis with action of one pile on
another one considering (cluster effect) is more accu-
rate when the test data carried out by the procedure
used in Ukraine applying.

Problem statement. The versions of the building
pile foundations structural solutions should be consid-
ered for not to exceed the recommended limit value of
deformations non-uniformity in the building stylobate
and high-altitude parts in order to avoid the occur-
rence of significant internal forces in their structural
elements that enables to make economic decisions for
the building structures.

Basic material and results. To solve the tasks set
forth in the paper, by way of illustration, it is reason-
able to take a multistory building (26 floors) with a
stylobate part (4 floors) where the high-altitude and
stylobate parts are not separated by a contraction joint.
The building computer model is presented on Fig. 1.

As the building foundation, a pile foundation is con-
sidered. The bored piles were of an 820-mm diameter.
Two types of pile foundation were adopted: 1) in the
first type of a foundation the lengths of piles were the
same (22.0 m) for the high-altitude and stylobate parts
with their resting on the same engineering-geological
element (EGE) (this type of foundations was imple-
mented at the construction site); 2) in the second type
the lengths of the piles were different (22.0 m and
34.50 m) and the shorter piles were arranged under the
stylobate part and longer ones — under the multistory
part. The piles were supported by the different EGEs.
Such piles lengths were chosen by the EGEs with dif-
ferent deformation characteristics presence. At the
same time these piles were tested. The «load — settle-
ment» dependence for two piles is shown on Fig. 2.
The experimental piles seating on the engineering-
geological section is presented on Fig. 3.

Fig. 3 approves that Kiev Marl EGE-6 (which has
general deformation module E=50 MPa) forms the
base for the 22.0-m long piles, and the fine sand EGE-
7 (E=69 MPa) is the base for piles of 34.5 m length.

The pile field plan (the first type) with the same
piles lengths is shown at Fig. 4. The pile field consists
of 449 piles and the piles concrete volume is 5235 m’.

The pile field plan (the second type) with different
lengths of piles is shown in Fig. 5. The pile field con-
sists of 177 piles by 34.50 m length with the piles
concrete volume 3236 m® and of 155 piles of 22.0 m
length with the piles concrete volume 1807 m’.
Total piles concrete amount is 5043 m’.
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Figure 1 — Considered building computer model (piles are not shown)
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Figure 4 — Plan of the pile field with equal pile lengths — Type 1
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Figure 6 — Measured and calculated building settlement
for foundation of type 1 implemented at the construction site
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The pile foundations with piles of different lengths
calculation using the methods presented in the regula-
tory document [6] is complicated by the fact that the
«load — settlement» diagrams for the different lengths
piles differ significantly (Fig. 2), and when presenting
the surveys results of the total deformation modules
values, as a rule, can be substantially underestimated.
Therefore, for the calculation of the "base — founda-
tion — above-foundation building part" system, the
modified calculation procedure presented in works [7
and 8] is used. The calculation procedure details can
be found in paper [6]. The procedure summary is as
follows:

1) the carrying out of the «base — pile foundation —
above-foundation building part» system first calcula-
tion (according to requirements [5]) considering the
conditional foundation dimensions for each pile,
which, according to the test data, are determined by
the static jacking loading. The first calculation is per-
formed with the same significant value of stiffness at
the pile base where the extra forces from nonuniform
deformations do not occur in the above-foundation
structures. This calculation gives the loads on the piles
Ny, and their settlements s;;, with piles actions on each
other being considered, which results in the bedding
value C./ for each pile, where index «x» means that
the pile settlements are obtained with an allowance for
the cluster effect. In addition, the result of the calcula-
tion is the correlation between the bedding values of
each pile and other ones;

2) the building piles settlements determination
without considering loads mutual influence received
in the previous paragraph. As a result of this calcula-
tion, the bedding value C,; is obtained for each pile;

3) the determination of the cluster effect value as the
ratio K=C.;"/C,; for each foundation pile. In this case,
for the deformations non-uniformity assessment it is
possible to determine each pile settlement value by
means of multiplying the settlement value received by
the pile during load tests in accordance with paragraph
1 by the individual pile cluster effect value not con-
sidering the building stiffness (figures 7 and 8);

4) the cluster effect average value determination for
all piles
Km :z:‘l:lKi (1)

where n is a number of piles, pieces;

5) the determination is based on the experimental
pile "load - settlement" curve, the experimental pile
settlement s, . due to the loads received in accordance
with para. 1 of this procedure;

6) the determination of the piles settlements average
value s,,. obtained in accordance with para. 5 of the

procedure,
7) the determination of the «base — pile foundation
average value iteratively recalculated above-

foundation building part» system settlement by means
of the individual pile settlement average value s, ,
multiplication according to para. 6 by the cluster effect
value K,, obtained according to para. 4, that is
Smk:szKm (2)

8) the iterative recalculation of the bedding values
for the "base — pile foundation — above-foundation
building part" system considering the average settle-
ment value obtained according to para. 7 and the bed-
ding values ratio obtained according to para. 1. As a
result, the non-uniform settlements of the «base — pile
foundation — above-foundation building part» system
are obtained considering the stiffness of the above-
foundation building part and the piles test with a static
jacking load results.

An advantage of discussed procedure is that the
cluster effect load and coefficient are known for each
foundation pile, thus, it is possible to get the each pile
settlement value that it receives without consideration
the above-foundation structures stiffness, using the
"load — settlement" dependence for the experimental
pile. It enables to assess the deformations non-
uniformity value.

The verification of the proposed procedure is per-
formed on the first type foundation by comparing the
measured and design settlements. At Fig. 6 the settle-
ments values measured at the construction site (obser-
vation lasts over 10 years) and settlements design val-
ues calculated for two cases (the first case refers to the
period of construction completion and the operation
initial stage, the second case includes the operation pe-
riod) are shown. The data are given for the section 1-1
(Fig. 4). Fig. 6 shows that on the average, the relative
difference between measured and designed settlements
values does not exceed 10% that indicates acceptable
accuracy with regard to the prognosis of the settlement
value using the proposed method. It should be noted
that the better fit of the design settlement values was
found in the calculations for the construction period
and the operation initial period, rather than for the op-
eration period. It is caused by the fact that the load be-
tween the piles of the stylobate and high-altitude parts
was redistributed due to the cracks formation in the
slab ground beam, but not because of the overloaded
periphery piles settlement, provided that the ground
beam operated without cracks.

Now the calculation results of two foundations types
should be considered in more detail. At Fig. 7 the
cluster effect values distributions in section 1-1
(figures 4 and 5) for foundations both types are
shown. Fig. 7 shows that within the stylobate parts of
two foundations types the cluster effect values differ
not substantially and vary from 1.3 up to 8 with
increase from the periphery to the center, which is
quite logically explained by the piles interaction with
decrease in the distances between them. At the same
time, there is a difference in the building high-altitude
part for two foundation types: the cluster effect is
10 ... 11.3 (mean value is 10.7) for the foundation of
type 1 and 8 ... 9.9 (8.9) for the foundation of type 2.
It also corresponds to the process physics, since the
cluster effect decreases with the distance increase
between piles.
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However, the data presented in Fig. 8 are more in-
teresting. It is evident from Fig. 8 that the first type of
foundation (all piles are the same) features the founda-
tions significant irregularity between the stylobate and
the high-altitude parts. Thus, according to the diagram
without consideration the building stiffness, the stylo-
bate part settlement varies within the range of 1.5 ...
100 mm, while the central part settlements are in the
range of 140 ... 245 mm. This irregularity is caused by
the fact that the loads on the central part piles were on
average 3450 kN, but according to the test diagram
(Fig. 2), in this range the pile works in a zone of
nonlinear deformations. At the same time, within the
stylobate part, where the pile works in the condition-
ally linear dependence of "load — settlement", the av-
erage load on the  piles is 2500 kN
(Fig. 2). With such a significant non-uniformity the
significant force occur in the building part above the
foundation. These forces redistribution can be carried
out in two ways as follows:

1) if the building part reinforcement above the foun-
dation is chosen considering the internal forces due to
nonuniform deformations, the building redistributes
the loads between piles without the cracks occurrence,
which ensures its further normal operation.
At the same time, more loaded piles are unloaded, but
less loaded ones get more loading;

2) if the building part reinforcement above the foun-
dation is selected without consideration the internal
forces due to nonuniform deformations, then the
building redistributes the loads between the piles with
the cracks appearance (in fact, building is divided into
separate blocks), and its further normal operation does
not be ensured within the period of operation pre-
scribed by the standards. The most dangerous in that
case is that if the load on the piles (usually within the
stair-lift block) exceeds pile based on the soil basis
properties bearing capacity, then an emergency situa-
tion arises as the building subjects to the deformations
of significant values.

A completely different picture is observed for the
second foundations type (Fig. 8). Since the pile works
in a conditionally linear phase throughout the entire
load range (Fig. 3), the building does not undergo sig-
nificant nonuniform deformations (Fig. 8), even con-
sidering the difference between the cluster effects in
the stylobate and high-altitude parts (Fig. 7). So, it can
be stated that the second type of foundations is more
rational with regard to the structures above the foun-
dation work and is more economical foundation.
The comparison of two foundations types is presented
in Table 1.

Table 1 — Comparison of two foundations types under the building
with high-altitude and stylobate parts without a contraction joint

Foundation of Foundation of
Parameter Note
type 1 type 2
Average settlement of
the high-altitude part, mm 1500 70,0
Average settlement of
the stylobate part, mm 110,0 50,0
Maximum non- For the second type of a foundation
uniformity of deforma- 0,006 0,002 the nonuniformity does not exceed the
tions recommended value of 0.002
Values of bending mo- The reduced range of force variation.
ments in slab ground -4530...16600 For the second type of a foundation the
-2760...11000 N .
beam, kN x m 0 enforcement necessity is 1.5 times less
than for the first type of a foundation
Quantity of piles with a
length of 22.0 m, pieces
witha length of 34.5m, | +* 153
pieces 177
Piles concrete volume 5235 5043 For' the second type; of.a founda3t10n
the pile concrete saving is 192 m
. For the second type of a foundation
Total length of a pile 9878 9516 the pile saving of a pile borehole drill-
borehole, r.m. L
ing is 362 r.m.

66 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 2 (51)’ 2018.




Conclusions

The results of executed research enable to make the
following conclusions:

1) the piles testing results use by the static jacking
loading in accordance with the proposed procedure for
the pile foundation settlements determination have
showed a high convergence of the measured
settlements values with the design ones. On average,
the design settlements exceeded the measured ones by
10%, which proves a sufficient accuracy of
calculations;

2) for high-rise buildings with a developed stylobate
part, when the absence of a contraction joint between
the stylobate and high-altitude parts is necessary, the
use of foundation where under the high-altitude part
the longer piles resting on the harder EGE and under
the stylobate part the shorter piles being supported by
the weaker EGE are arranged, is more rational with
regard to the design and the structures performance.
On average, there was the material consumption
decrease for foundations and technological processes
by 10%, and settlements values and their irregularity
by 2.5 times compared with the first version of the
foundations.
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[TpuBeEeHO aHAIII3 TEXHOJIOTIH BUTOTOBJIEHHS IPYHTOLIEMEHTHHX EIEMEHTIB 33 CTPYMHMHHOIO, CTPYMHHO-3MILIlyBaJIbHOIO Ta
3MillyBaJIbHOIO TEXHOJIOTISIMU 3 BUTPATOIO Pi3HOT KIJIBKICTI LIEMEHTY Ha iX BUTOTOBIEHHS, BU3HAYCHO iX MOXKJIMBOCT] BUKO-
pucTaHHA. BcTaHOBIIEHO, 10 MPOSKTYBaHHSA OCHOB 1 ()YHIaMEHTIB MiJICHIICHUX IPYHTOLIEMEHTHUMH €J1€MEHTaMH Ha CITa0KUX
U TPOCaJOYHHX IPYHTaX MHOTpeOdye HayKoBOro miaxoay. OCHOBHOIO BiIMiHHICTIO BiIOMHX TE€XHOJOTiH BUTOTOBJICHHS IPYH-
TOLIEMEHTY € CIIOCiO 3MINIyBaHHS IPYHTY 3 3aKpPIILIIOE€ PO3YMHOM i THCK moxadi pozunHy. Criocié cTpymMeHeBoi IieMeHTarlil
TPYHTIB, III0 3aCHOBAHHUH HA 3/[aTHOCTI BUCOKOHAIIIPHOTO CTPYMEHIO PYHHYBATH 3aKpiILIIOBAIEHIM PO3YMHOM IPYHTH JJOCHTh
BEJIMKHH MIITHOCTI, yTBOPIOIOUH IIPU [bOMY ITyJbITY, IO CKJIAMAETHCSA 3 IPYHTY I'EOJIOTIYHOTO PO3pi3y 1 3aKpilLTIOBAaIEHOTO
pO34MHY, KU IOA€THCS 3 COILIA MaJIoTo AiaMeTpy mij TuckoM 45-60 MIla. PoGoTy 3 pyliHyBaHHS IpYHTY i foro mepeMi-
IIyBaHHS BUKOHYE BUCOKOHAIIPHUIA CTpyMiHb. J[yke 6JI1u3bKi 32 CHOCOOOM BHUTOTOBIICHHS IPYHTOLEMEHTY OYpO3MIlllyBaib-
Ha i CTpyMeHeBa-3MilllyBalbHa TEXHOJOTi. Bypo3MilryBansHa TeXHOJOTIs nepeadadae pyiHyBaHHS IPYHTY Oypo3MmilryBa-
JBHUM J0JIOTOM 1 3MilllyBaHHS 3pYHHOBAHOTO IPYHTY 3 3aKPiIUIIOBAIBHUM PO3YNHOM MEXaHIYHHM CIIOCOOOM, SKHH € B'SI3KMM
KOMIO3UTOM. [IpH cTpyMeHEeBO-3MilllyBalIbHIH TEXHOJIOTIT JOJATKOBO 10 MEXaHIYHOrO IepeMilllyBaHHS, BUKOHYEThCSA Tiapa-
BIIYHE IEPEeMIlIyBaHHS BXKE 3PYHHOBAHOTO MEXaHIYHO IPYHTY CTPYMEHEM 3aKpilUIIOBANBFHOTO PO3YUHY IIiJ] THCKOM B
0,2-0,4 MITa. 3mimryBasbHa i CTPYMHHO -3MilIyBalbHa TEXHOJIOTI] OLIBII €eKOHOMIYHI 3a BUTPATOIO MaTepianiB i He BUMara-
IOTh yTHIII3aWii MyJIbIH; OTPiOHI JOCIIHKEHHS MaTepiany (IPYHTOLEMEHTY), OJep>KyBaHOTO IPH CTPYMEHEBOMY 3aKpiILICH-
Hi IPYHTIB IUIs1 BU3HAYEHHS 3MiHU HOTO XapaKTepPHUCTHUK B Yaci i IpH BIUIMBI Pi3HUX (aKTOPiB

KirouoBi ciioBa: rpyHTOLIEMEHT, IPYHTOLIEMEHTHI €IeMEHTH, IEMEHTAllisl, 3aKPIILTI0I0Yi pO3YNHH, QYHIAMEHTH, TEXHOJIOTII.
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Introduction. The regulatory document «Change 2
to DBN B.2.1-10-2009 (base and building bases)»
gives design wider opportunities, using efficient, reli-
able and economical technologies for foundations ar-
rangement. Soil cement is increasingly used as the
building basis and in some cases as a base, which
gives significant economic effect to construction, and
buildings long-term exploitation when at their con-
struction soil cement was used, confirms this technol-
ogy reliability. The analysis of recent research and
publications, containing the solution of this problem is
given in a number of works. The technology of soil
cement manufacture for different technologies and its
use are described in the works [2 — 6].

The main difference between the known technolo-
gies of soil cement manufacturing is the method of
mixing the soil with fixing solution and the pressure
of solution injection The method of soils ink cementa-
tion is based on the ability of high-pressure jet to de-
stroy the soil fixing solution of quite high strength,
while forming a pulp consists of geological section
soil and fixing solution, which is injected from a small
diameter nozzle under pressure of 45-60 MPa.

The work on the soil destruction and its mixing is
performed with a high-pressure jet. Blasting and jet
mixing technology are very similar to the method of
soil cement manufacturing. Mixing technology in-
volves soil destruction with a mixing bit and the mix-
ing of damaged soil with a fixing solution by a me-
chanical method, which is a viscous composite.
Under jet mixing technology, in addition to mechani-
cal stirring, the hydraulic mixing of the mechanically
ground with a jet of fixing solution under pressure at
0.2-0.4 MPa is carried out.

Actual scientific researches and issues analysis.
Numerous studies of conducting the work on the soil
cement manufacturing by various technologies and in
various engineering-geological conditions enable
determining their capabilities and explicabilities.
The main parameters of construction work performing
are the speed of their execution, quality, safety, reli-
ability and cost. At the same time, the change in char-
acteristics of soil cement strength, manufactured by
different technologies, is studied insignificantly.
In general these works are performed at Poltava Tech-
nical Yuri Kondratyuk University, under the supervi-
sion of ScD, Professor N.L. Zotsenko [7]. It is noted
there, that soil cement, manufactured by mixing tech-
nology has a strength which increases with time.
Information on the the material obtained during soil
fixation flow is scarce.

Setting objectives. to analyze possibilities of ground
cement elements manufacturing technology by differ-
ent means are analysed, soil cement changes with time
are evaluated, their applicability is determined.

The main material and results. It is important for a
designer to determine possibility of applying a certain
technology to prepare basis of a specific section at a
particular engineering geological structure. It is known
that under complicated engineering and geological
conditions, the value of the buildings foundations may
amount to 25% or more of all construction.

The given article is not aimed at analyzing of what is
better — the piles, which will cut the weak part of the
base, or reinforcing this part of the base with a ground
cement; we suggest leaving it for further objective re-
search, and in turn we will perform a comparison of
technologies for soil cement production. Thus, accord-
ing to the reports and publications, we will analyze
consumption of cement as the main component of fix-
ing solution.

It is noted in [3] that consumption of cement is equal
to the amount from 200 to 270 kg per 1 m® of soil ce-
ment while manufacturing soil cement by jet mixing
technology. In such a case, the excess of soil cement
pulp is from 0.1% to 0.5%, depending on the length of
the cement element and the geological structure.

Under mixing technology [7] cement consumption is
from 170 to 200 kg per 1 m® of soil cement, with an
excess of pulp from 0.1% to 0.5%. As can be seen,
these technologies are very close to materials cost.
The consumption of cement under the jet technology
is equal to the amount [8] from 800 to 1000 kg per 1
m’ of soil cement. The excess of technological slurry
is from 30 to 70%.

While performing works on soil cement elements
manufacturing in sections made of subsidence soils,
and especially in the built-up areas, it is necessary to
exclude the possibility of such soils soaking. Soaking
of these soils will have a negative impact on the adja-
cent building, and in some cases, catastrophic effects.

A series of experiments [3] was carried out to de-

termine the influence distance of the cement element
manufacturing by jet-mixing technology on adjacent
soils, the purpose of which included determining the
radius of forest soils humidification while manufactur-
ing soil cement elements by the given technology.
To perform this, the pit was carried out, the walls of
which were secured by the jet mixing technology, and
soil samples were taken from the walls to determine
the change in the soil humidity for laboratory studies.
It is known that forest soil, due to its structure, is bet-
ter for pure water filtering, and impurities that are
there in aqueous solution are delayed. In this case, it
can be said that the distribution of water occurs at a
greater distance than the solution. According to these
data, it is established that increasing in humidity of
cement element adjacent to the soil at a distance of
10 cm is nowhere in evidence.
Carrying out that and other field number and labora-
tory studies enable to arrange disconnecting screens
from ground-cement elements in various engineering-
geological conditions Fig. 1.
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Figure 1 — Protective screen from ground cement elements

Such screens are used to exclude the influence of the
building base in the newly erected building on the
nearby shallow laying building bases in existing build-
ings.

Very close data are also obtained in the manufacture
of soil cement elements by mixing technology. It indi-
cates soil cement elements safe placement possibility
on the above-mentioned technologies in forest soils.

In the paper [4] it is noted that when arranging the
cement constructions in their manufacture by the jet
technology in conditions of heterogeneous layering
weak water-saturated dust-clay soils, strength soil ce-
ment strength value on compression practically does
not depend on the type of soil, since most of the soil is
placed on the surface in the composition of the pulp;
the aggregates of the soil lower layer, when exiting the
surface, together with the pulp, are mixed with the
working balls set up above, and thus the body of the
pile turns out to be practically homogeneous in com-
position of the height of the palm), which at one time
was marked by A.G. Malinin [6]. In fact, the strength
of the soil cement turns out to be approximately equal
to the strength of the cement stone for a given water-
cement ratio.

In addition, the results determining the change in the
specific resistance to immersion of the cone probe at
different distances from the manufactured cement-
based element are given here. The criterion for assess-
ing the changes in soil properties was ground soils
static sounding results, performed before the work
start on the fence installation and building base exca-
vation pit.

According the paper, the resistance of the cone im-
mersion varies greatly, and at the distance of 2.5D
from the edge of the soil cement element strength ad-
joining soil increases by an average of 20-30%, which
is a sign of the penetration solution at a considerable
distance. In general, the diameter of the cement-based
elements, which are made by the jet technology, is
about 1000 mm. If the strength of the adjoining soils

increases at a distance of 2500 mm, then the soaking
occurs at a much greater distance. In forest soils, soak-
ing up entails sedimentation. It must necessarily be
taken into account when designing grouting base.
Avoid it, due to manufacturing technology peculiari-
ties of ground cement elements by the jet technology,
it is impossible.

In addition, as noted above, there is a significant re-
moval of the pulp, consisting of soil and cement mor-
tar, and requires utilization. The amount of pulp, de-
pending on the type of soil, is from 30 to 70% cement
element amount.

As for all fixing solutions preparation using cement,
it is necessary to understand the basic processes occur-
ring in solutions preparation and solidification proc-
esses.

In the research course, which determined the optimal
composition of the cement amount in the soil cement,
samples were made, where the cement was 90-95%.
The samples were exposed to weather conditions.
When viewed, they were once again discovered that
their destruction was occurring, as can be seen in
Fig. 2, 3.

Consider the processes that occur when preparing a
cement solution.

After adding to the water cement, a solution is
formed which is supersaturated with respect to cal-
cium hydroxide and contains ions:

Ca2 +, SO42-, OH-, Na +, K + (1)

From the solution, hydrosulfate acuminate and cal-
cium hydroxide are precipitated as primary tumors.
At this stage, the system is not strengthened; the hy-
dration of minerals is like a hidden nature.
The second period of hydration (tussing) begins in
about an hour with the formation of initially very thin
crystals of calcium hydro silicates.
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Figure 3 — Material bundle under weather conditions influence

Hydro silicates and calcium hydrosulfate aluminates
grow in long fibers form that penetrates the liquid
phase in the form of bridges that fill the pores.
A porous matrix is formed, which is gradually
strengthened and filled with products of hydration.
As a result, the mobility of solid particles is reduced
and the cement paste is gripped. It is the first high-
porosity low-strength structure that determines the
tensile strength, consisting mainly of products inter-
acting with water and gypsum. During the third period
(hardening) pores are gradually filled with clinker
minerals hydration products, there is a consolidation
and strengthening of cement stone structure, as cal-
cium hydro silicates increasing quantity formation re-
sult.

In the final form, the cement stone is an inhomoge-
neous system a complex conglomerate of crystalline
and colloidal hydrates of formations, not activated

residues of cement grains, finely divided water and
air. It is sometimes called micro concrete.

The structural and mechanical properties of the ce-
ment dough increase as hydration of cement.
For example, the maximum stress of the shift of the
cement dough, according to E.E. Segalov. Measured
after its manufacture, amounted to 0.01 MPa; before
the beginning of the seizure, it increased to 0.15 MPa
(i.e., 15 times), and by the end of the decade it reached
0.5 MPa (increased 50 times). Consequently, the ce-
ment paste differs with the ability to change quickly
the rheological properties within 1 - 2 hours.

Portland cement hardening process is very compli-
cated and is not yet fully understood at the same time.
There are two main hypotheses that explain the transi-
tion of liquid cement mortar into a solid state.
The crystallization hypothesis, initiated by Le Chatel-
ier, explains the ability of the liquid cement mortar to
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solidify and solidify by the fact that Portland cement
clinker source minerals have significantly higher solu-
bility than their connection with water.

In the final form, the cement stone represents an in-
homogeneous system - a complex conglomerate of
crystalline and colloidal hydrates of formations, ce-
ment grains non-activated residues, finely divided wa-
ter and air. It is sometimes called micro concrete.

As can be seen from the samples, their cracking oc-
curs due to the presence of non-activated cement
grains, which, after the end of the solidification time,
are reacting and the stresses that arise at the same
time, lead to the bundle of the material.

From all of the above, the following conclusions are
drawn:

— The design of building base and building base with
soil cement elements on weak and subsidence soils re-
quires a scientific approach;

— Strengthening of weak and subsidence soils by
ground-cement elements by mixing and jet mixing
technologies can be used to create bases for slab and
separately located building base;

— Mixing and jet mixing technologies are applicable
for strengthening the existing base and buildings base
and eliminating dissolution occurrence;

— Mixing and jet mixing technologies are more cost-
effective materials and do not require pulp use;

— Material (ground cement) study obtained during
the jet grouting to determine the change in its charac-
teristics in time and under the influence of various fac-
tors should be conducted.
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The analytical solutions for the determination of vertical displacements at any point of single-layer and multilayer soil
compositions under filtration water flow influence, saline solutions presence and filtration considering soil changing filtration
and deformation characteristics have been obtained. The mathematical models of soil filtration and the stress-deformed state
from water-saturated ground massifs and bases deformations forecast under internal volumetric forces influence
(hydrodynamic forces of the filtration flow, changes in the soils own weight) have been developed and substantiated.
Numerical solutions of the corresponding boundary filtration problems and SDS of soil in regions with time-varying
curvilinear boundary have been obtained for these mathematical models. They have enabled to perform water-saturated soils
and bases deformations forecast under the change of hydrogeological conditions and man-made factors effect.

Keywords: pressure, displacement, conformal mapping, hydrodynamic net

MaTtemMaTH4YHe MOJEJIOBAHHS HANIPYKEeHO-A1¢(POPMOBAHOIO CTAHY
IPYHTOBHUX MACHBIB IIPU 3HUKEHHI PiBHSA I'PYHTOBHX BOJ
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JlocTipkeHO BIUTUB 3MiHH TiIPOTEOJIOTIYHAX YMOB Ta Aii TEXHOTCHHHUX (hakTopiB Ha medopManii BOJOHACHIEHHX IPYHTOBHX
MacuBiB i 0CHOB. HaBeeHO pe3ysbTaTH eKCIEePUMEHTAIbHUX JOCIIPKCHb BIUIMBY KOHIIGHTpALil COJBOBHX PO3YMHIB Ha
¢inpTpauiitai Ta gedopmaniitai BractuBocTi IpyHTY. OTpUMaHO eMIIpUYHI 3aJISKHOCTI Y BHIVLIAI TOJIIHOMIB KoedilieHTa
¢inprpanii, moxyns aebopmanii i koediuientiB Jlame Bix KOHIEHTpALiT COIBOBHX PO3YHHIB, SIKi JO3BOJMIN BIOCKOHAIHTH
MaTeMaTH4Hi Mojesi GinpTpalii Ta HanpyKeHo-Ae(OPMOBAHOTO CTaHy IPYHTY 3 ypaxyBaHHIM HETiHIHHUX QinbTpariiHux i
nedopmariiHUX OpoLeciB, IO BiAOYBAalOThCS y IPYHTOBHX MacHBaxX 3a HAsSBHOCTI Ta (inbTpalii CONBOBHX PO3YMHIB.
OTpHUMaHO aHATITHYHI PO3B’S3KU 3 BU3HAYECHHS BEPTUKATGHUX 3MIMIEHb y Oymb-sKii TOUMi OAHO-1 OaraTonrapoBHX IPYHTO-
BHX MacHBIB IIpH Aii GiIbTpamifHOT0 HOTOKY BOJIH, HAsSBHOCTI Ta (inbTpamii COIbOBHX PO3UMHIB 3 ypaxyBaHHIM 3MIHHHUX
¢urpTpaniitHux i nehopMamiiHUX XapaKTEepUCTHK IPYHTY. Po3pobieHo H ynoCKOHaIeHO MaTeMaTH4HI Mojemi (imbrparii
Ta HanpyKXeHo-IehOPMOBAHOTO CTaHy IPYHTY 3 HPOTHO3yBaHHS nedopMarliii BOJOHACHYCHHMX TPYHTOBHX MAcHBIiB i
OCHOB MpH Aii BHYTPIMIHIX 00’€MHUX CHI (TiApOIMHAMIYHUX CHJ (QiNBTPALiifHOTO MOTOKY, 3MIHM BJIAaCHOI Bark IPYHTY).
OTpHUMaHO YHCeNnbHI PO3B’I3KH BiAMOBIIHUX KpaHoBHX 3a1au (inpTpauii Ta HAMpyXeHO-Ae(hOPMOBAHOTO CTaHYy IPYHTY IS
IUIOCKUX 00JIacTel 31 3MIHHOIO B 4aci KpUBOJIIHIHHOIO Mexero. HaBeJjeHO pe3ynbTaTu YMCIOBOTO MOJICIIOBAHHS BEPTHKAIb-
HMX 3MillleHb IPYHTOBHUX BOJOHACHYEHHX MACHBIB i OCHOB y HPOIIEC iX OCYIIEHHS, HassBHOCTI BOJI03a0ipHUX CBEPVIOBHH Ta
BOJIOHAIIIPHHX CIIOPYI.

KonrouoBi cioBa: Hamip, nepeMimeHHs, KOHQOPMHE BioOpaXkeHHs, T'iIpoJuHaMIYHa CiTKa
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Introduction. The change in the hydrogeological
conditions on Earth is taking place more and more
rapidly. The reason for such changes is the
development of the last thousand years and the
excessive increase in the beginning of the millennium
of a new, previously unknown geological agent.
This new geological agent is human activity and
E.M. Sergeyev [1] considers this to be driving
geological force, which not only changes earth
surface, but also makes significant changes in the
upper part of earth crust, which for scales and
consequences coincide with geological processes.

Hydro geological conditions change in soils and
presence of man-made factors lead to the formation of
hydrodynamic forces of the filtration flow, changes in
the soil own gravity, etc.

These factors growth magnitude and intensity can be
significantly changed, which leads to earth surface
subsidence occurrence. These deformations compli-
cate normal operation, and in some cases lead to
accidents in buildings and structures and can bring
significant economic damage.

An analysis of the latest sources of research
publications. In the paper [2] the frequent earth
surface surveying of was performed for the direct
study of vertical relief displacements. These studies
require a lot of time and considerable material costs.
An alternative to this may be the mathematical
modeling of soil surface vertical displacement in its
drain process [3 — 5].

Existing methods for soil massifs deformations and
bases working assessing in the conditions of varying
groundwater levels and man-made factors effects have
been developed for the case of stabilized groundwater
level still do not fully reflect their state [6 — 10].

So, the study of this problem is relevant.

The problem solution is greatly simplified with the
development of mathematical methods for water-
saturated granular massifs stress-strained state
modeling.

Setting objectives. The problem of lowering the
groundwater level in the soil mass as a result of water
pumping from horizontal drains should is considered

(Fig. 1).

z S/ /S S S S S S S S S
- TRemsference of soil surface =
Drain 1 H(x, f_) ________ Q, Drain2
Kt “ H(x,t+Mdpressive curve S~ .
- - o F —
— Waterproof bases —
/S /7 /7 7 7 7S S S S S x

Figure 1 — Scheme of soil massif during its drainage

Due to the drainage of soil upper part and intensive
filtration forces, the stress-deformed state of the soil
massif changes and it leads to soil surface
transference.

In order to find the transference of the soil surface,
the pressure at all points of the soil massif at each time
moment should be known.

For head determination in the changeable area
Q, ={(x,z,0) | x€(0,]),z € (0,h(x,0)),t >0} solution of
differentiated equation should be found:

2 2
OH _ khey) 612{+612L1 0
ot H o\ ox 0z
under such boundary conditions:
H(X,Z,O) :HI(X,Z), (2)

H(0,z,1) = Hy(0) - Vyt,

3)

H(l,z,t)=Hy(l)-Vyt, 4)
H(0.0) _

oz ' (5)

H(x,h(x,1),t) = h(x,1), (6)

where H (x, z, t) — water head at the time moment ¢ in
the point (x, z) of soil massif; k& —filtration coefficient;
h.,; — capacity of filtration flow; x —water drainage co-
efficient; H;(x, z) — division of water heads at the
time moment; Hy(x) — the height of soil water impend-
ing at the primary time moment (known function);
h (x, t) — the height of soil water placement at the time
moment 7.
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Symbols are introduced:

a2 _ khcol . (7)
i
Then the equation (1) will look in the following
way:
OH [ o*H  o*H
=z - I 8
ot a[6x2+6zzj ®

For the solution of this problem it is necessary to
find 4 (x, t) ta H(x, z). That is why let’s consider two
additional problems.

Problem 1. In the area Q= {(x,t) |xe(0,0),t> 0} to find
the solution of differential equation

Oh _ kheot 0%

ot u ox? ®
under such boundary conditions:
h(x,0) = Hy(x), (10)
h(0,£) = Hy(0) -V, (11)
h(l, )= Hy(l) -Vt (12)
2
TR S
M= 3] Ae ! +—<V0—V;<—1)”>[—j I-e
o m ma
+Hy(0)— Ve + @)~ Vit = (HyO) ~Vyf) x,

/

where

1
4, =2 [Ho() sin(ﬂ xjdx 2 (CHy (0) + Ho(I)(=1)").
[ 0 [ m

Let’s (13)—(17) fulfill the numerical conformal refle-
ction of the area Q ={(x,z)|x < (0,/),z(0,H,(x))} on

Problem 2. In the area Q = {(x,z) | x € (0,),z € (0, Hy(x))}
to find the solution of differential equation

2 2

LS (13)
Ox 0z

under such boundary conditions:

OHy(x,0) _ 0. (14)

0z

Hl(O’Z) :HO(O)s (15)

Hy(l,2)=Hy(0), (16)

Hy(x,H(x)) = Hy(x). (17)

The solution of problem (9) — (12) is the following.

ma

)i mx

sin— +
l

]Zt

(18)

(19)

For the solution of problems (1) — (8) it is transfered
to variables &,  [11], under this

the parametric rectangle for the solution of the prob-  &=£(x,z), 7=7(x,2). (20)
lem. The built net of conformal reflection is the hy- Under the conditions of Koshi-Riman it is:
drodynamic net, that is the solution of problem. of& on o&  og 21
The meanings of heads on the lines of equal heads are 5, ~ 5;° 5z ox 1)
equal with the meanings in the upper points of these
lines, which in their turn, are equal to the vertical co-
ordinate of soil water surface.
Substituting (20) in (8), we have:
2 2 2 2 2 2 2 2 2 2 2 2
oS (Ge) e P on ) o Py (O8] O Do)t |
ot os2 \ox & ax?  op? \ox on axr o2 \oz) 98 a2 ap?loz on oz?
Taking into consideration, that &(x,z) and 7(x,z) —
harmonic functions, we have:
2 2 2 2 2 2
aiIQZ oH (%J +(EJ +6_H [6_’7] +(a_’7j (23)
ot o [ Lox 0z on® \\Lox 0z
. Taking consideration (21), (23) will be in the follow- o of(o¢ 2 5 £ 22y om
ing way b v H= ==+ 24)
t Ox 0z o0& on
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In this case, a grid constructed with a numerical
conformally represented net will be a hydrodynamic
grid, that is, the solution of the problem (1) — (8).
The solution is the same as solving the problem (13) —
(17). The obtained exact formulae are used for (A(x, ?)
(for calculating the replacement of a series sum by a
finite sum, the integration with a parabola method is
used. The advantage of this approach is that pressure
and movement at any given time can be found without
finding them at previous moments of time (only at the
initial moment of time).

For finding transferences in the areas below soil wa-
ter level Q; and above Q,, we have the system of dif-
ferential equations:

2
ky du L=y +}’W[%+1j xe(0.), (25)
d2
k=2 =y, .xe(.) (26)
dz
u (0) =0, (27)
duy (1)
—===0, 28
- (28)
uy(h) =uy(ly), (29
du () duy (l)
k =k , 30
s s (30)

where %y, %, % — specific soil weigh, that is located in
weighted state, water and soil, which is in natural state
relatively;

h(z) — head (x,, z) at the time moment #;;

7sbl1 7w

)= )= —"——
u () =uy(ly) 2%, kl

2
[fh(é)dé+—}+cl

7. vbl 1
2%k,

2
kl[ ,[ () - 37w11 J’sbzll +7n(112_lll)J+
1

C4 =

ky

So far as we take into consideration all risk factors
on soil, transference is located relatively some primary
level. This starting point, which we mark [, is neces-
sary to be found, using known at the primary moment
of meaning /.

uz(l):lo—l,
wl? _nl®

uy(H) =
2k2 k2
Substituting u,(/) =

€2))
12

+C4: +C4
2ky

— [, found meaning ¢, it is got:

2
7sbll
2

/ yal®

Iy =1- M H(EME - Wl

+ —

Substituting known values in the obtained formula at
the primary time moment, we will find /.

For finding / at any time moment from (32) we will
get quadratic equation:

2
77111

7w {J. (f)dé:'l' J llc_l(yn(ll _Z)_zywll _}/shll)_
1

7nll

+7, (112 —111) +

ki = A1t 24, ky = A+ 211 — elastic steels;

u(z), us(z) — transference of point, which is in the

moment #; located in the point (x;, z);

[, — soil water level, and / — determined vertical coor-

dinate of the upper point of soil’s massif in the point x

= x, at the time moment = ¢,;

indexes 1, 2 near k, A, 4, u mean the location of points

(x,, z) below or above soil water level relatively.
Integrating equations, it is got:

d
an _ YspZ +y—W(h(z) + z)+cl,
dz kl kl
2 z 2
VsbZ Vw z
==—+=|h +— |+cz+cy,
w Tk {g (6)s ZJ 12+ 6
d
iy _1nF
dz kz
2
uz:y,,z +c3z+ ¢y,

2
M1(0)=03C2 =0,

L1 N LY S e 71
dZ k2 k2
duy () dus(ly)
by = =y =2 oy 4y (R + 1)+ ek =
dz dz
:771]1_7}'11'

Considering A(l,) =, it is got:

1
9] :k_(}/"(ll —1)—27’wll _?’sbll)s
1

iU

Cqy =
ky

2
}/nll
2k,

-

LU
k2

2
771[1
2%,

7/}1[1[ _

- (32)
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2
In 2 771]1 }/nll }/nll 3}/Wll Y
LA A - | ] + h +
(Zkz] ( ky ke ] [O 2ky kl }/WJ. (s 2

Having solved the equation (33), we will find the
coordinate of the soil upper boundary for arbitrary x
and #:

7317112 (33)

_771[12JJ =0.

2
11 1 AR M 7le12 2
1+y”ll(k2 _klj [1-4— "ll[kz _klj} —[ b Ilo-&- % kl[ w_[h@dé +— ) ] D 2

(34)

Tn

It has been chosen the sign «+» before square root
taking into consideration, that /> 0
For finding integral from the function of head

h
[ s
0

built hydrodynamic net is used. Geometric algorithm
of integral finding in the point x = x; at time moment
t = t;: on the hydrodynamic net for time next. It is de-
termine the straight x =x;. Atpoints of this line
intersection with lines of hydrodynamic grid currents,
head meaning is found with the help of linear
interpolation between adjacent nodes. Integral is found
using the formulae of the central rectangles for
unevenly located nodes. This algorithm is simply
implemented in the programming language using
analytical geometry.

In accordance with described algorithm, numerical
experiments have been carried out with the determina-
tion of vertical displacements under next output data:

x=100m;

Ho(2)|,_, =35m;

H, (z)lt:t[ =23m;

Ay =18493kPa ;
A, =18000kPa ;

7 = 10kN /m® ;

Vsp = 9,63kN /m® ;

Given net step = 3m.

Here A, u; — Lame coefficients for soil in water
saturated state coefficients, but A,, p, — for drained
soil.

Numerical modeling is performed under partial
drainage of the soil massif. The results of the vertical
displacements at given points of the soil massif for the
case during drainage process studies are partly
presented in table 1.

1y =15748kPa ;
11> =18000kPa ;

7, = 16,48kN | m;
Yar = 16,48 kN /m? .

Table 1 — Meanings of soil massif vertical displacements

z, m X, m 12,5 35 53,5 66,0 81,5 935 100,0
39,9 -58,56 -58,66 -58,67 -58,64 -58,62 -58,63 -58,74
29,925 -55,53 -55,60 -55,59 -55,57 -55,54 -55,54 -55,61
19,95 -41,44 -41,44 -41,41 -41,36 -41,31 -41,28 -41,28
9,975 -26,28 -26,25 -26,21 -26,17 -26,13 -26,09 -26,06

Numerical meanings of displacements in given
nodes, which are presented in the given tables, are
measured in millimeters.

For visualization, the results of research in graphic
form are presented (fig. 2). The upper part of the
figure shows soil surface at the initial and at the final
moment of time, in the lower part — a hydrodynamic
net.
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Figure 2 — Graphic representation of research results

Conclusions. In scientific articles only one of the
many engineering problems in predicting the subsi-
dence of the earth surface during the groundwater
level lowering by pumping water from horizontal
drains has been considered. One-dimensional mathe-
matical model has been studied, which may only
correspond to some practical problems. The simple
solution obtained in this paper has the advantage of its
speed and the possibility of finding the soil massif
state at any given time, without finding at previous
time moments.

The obtained mathematical solutions enables to
fulfill the forecast of water-saturated ground masses
subsidence during their drainage. Further areas of
researches can be mathematical solutions obtaining of
the set tasks for a two-dimensional case.
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The characteristic properties of limestone-shell used as the base of foundation are described. Using the example of multi-
storey residential building design, comprehensive solution has been proposed for plugging workings in an array of limestone-
shell for the subsequent construction of slab-pile foundation, which includes engineering and geological surveys, geotechni-
cal design, the choice of mortars and their compositions, as well as continuous monitoring plugging conditions.
It is stated that two types of cement-sand mortar are used for plugging workings: the first is with the addition of superplasti-
cizers, which provide high solution mobility, low water loss and non-shrinkage after hardening; the second is without adding
superplasticizers with fluidity high degree. The results of laboratory studies to select the composition of soil-cement are
given.

Keywords: limestone-shell, underground working (catacomb), plugging, injection, soil-cement, bearing capacity
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OmnncaHo XapaKTepHi BIACTHBOCTI BalHIKY-4epEHallHUKY, SIKHH BHKOPHCTOBYIOTH SIK OCHOBY (yHnameHTiB. Ha mpuxiani
MIPOEKTYBaHHs 0araToIOBEPXOBOTO JKUTJIOBOTO OyauHKY B M. Ojeci 3alpOIIOHOBAHO KOMIDIEKCHE PO3B’SI3aHHS 3a/1adi TaM-
MOHYBaHHS BHPOOOK (KaTakoM0) y MacHBi BaITHAKY-UepEHalIHUKY VIS MOJANIBIIOTO BIAIITYBAHHS IIMTHO-TAIbOBOTO (yH-
JTAMEHTY; BOHO BKJIIOYA€ B ceOe MPOBEAEHHs PoOIT 3 1HKEHEPHO-TEOJIOTTYHIX BUIIYKYBaHb, T€OTEXHIYHOTO MPOCKTYBAaHHS,
BUOOPY PO34YMHIB 1 IX CKJIaJiB, a TAKOX BUKOHAHHS POOIT 3 MOCTIHHMM MOHITOPHHIOM YMOB TaMIIOHYyBaHHS. BupoOku pos-
TamoBaHO Ha TiMOMHI Omm3bko 30 M Bif AEHHOI NMOBEPXHI, BOHH CKIAalOTh MOHa® 26% mmomii 3a0ynoBu OyIWHKY.
Buknazeno, mo aus HaAilfHOTO TaMIIOHYBaHHS BHUPOOOK Ha INEpIIOMY €Talll BHUKOPHCTOBYBAJIMCS IBAa THIIM IIEMEHTHO-
MIIAHUX PO3YMHIB: PNl — 3 JOAaBaHHIM CYyIepIUIacTU(IKaTOPiB, M0 3a0e31eUyI0Th BUCOKY PYXJIUBICTh PO3UHHY, HU3b-
Ky #oro BomoBignauy Ta 0e3ycalo4yHICTh MICJIsl TBEPIIHHS; APYTUH — 3 BUCOKUM CTyIeHeM po3TikanHs. Ha nmepmomy erami
PO3YMH IT0/JaBaBCsl Y CBEPAJIOBHUHY SIK HAJTMBOM, TaK i HACOCOM, II[0 J03BOJISIB CTBOpIOBAaTH THCK 10 2 MIla; Ha npyromy erari
BUKOHYBAJIOCS 1H €KTYBaHHS PO3YHMHY B 30HY BUPOOOK 3 BUKOPHCTaHHAM MAaH)XETHHUX KOJIOH. [lyisl iH’€KIil BUKOPHCTOBYBAB-
csl IEMEHTHUH pO3uMH 3 no0aBKaMHU-TIacTU(IKATOpaMH, a Ha OKPEMHX AISTHKAaX — IPyHTOLeMeHT. HaBeneHo pesymbratu
71a00paTOPHUX JOCIIKEHb JUIs BUOOPY CKJIaxy IpyHTOIEMEHTY. IIpi oMy BCTaHOBIIEHO, IO PAI[iOHATBEHO MPUHMATH BH-
TpaTy CYIIMHKY SK BiZX0Ay BHPOGHHITBA i HAllIENMIEBIIOro MaTepiady B KinmbKocTi 1 M’ 3a HACHIHOIO TYCTHHOIO Ha 1 M’
IPYHTOLEMEHTY. BUTpaTH LeMeHTy npu3HaueHo y mianasoni 100 — 200 kr/M® po3unHy 3 ypaxyBaHHSAM HEOOXiTHOCTI OTpH-
MaHHS MapoK po3uuHy M25.

Karouosi ciioBa: BalHsSK-4epeNallHyK, I1iJ3eMHa BUpoOKa (KkaTakoM0a), TAMIIOHYBaHHS, iH’ €KTYBaHHS, IPYHTO-
LIEMEHT, HeCy4a 31aTHICTh
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Introduction. Increase in the pace of construction
and reduction in the number of construction sites with
a relatively simple geological structure makes geo-
technical engineers to develop areas with complex
geological conditions, including those complicated by
the presence of underground workings (the so-called
«catacombsy).

Therefore, in the design and construction of high-
rise buildings in terms of a dense urban development
in the area of underground workings, the issue of ac-
cumulation and analysis of experience in building ef-
fective and reliable bases and foundations, as well as
geotechnical monitoring of the construction of such
objects, is relevant [1, 2].

Analysis of resent research and publications.
The experience of foundations in the area of under-
ground workings is given in [1 — 6].

From the analysis of these studies aimed at solving
the problem of bored piles installation in areas of un-
derground workings, the most popular is the technol-
ogy of rib control by plugging the cavity with its sub-
sequent piles construction [5, 6].

Identification of general problem parts unsolved
before. The problem of rocks stratum possible forcing
by the weight of a building, and methods for solving
these problems, in particular the use of plugging
workings in an array of limestone-shell for the subse-
quent construction of multi-storey buildings on slab-
pile foundations, has not been adequately investigated
in geotechnical design practice.

The aim of the work is to develop an effective
complex of works on overall stabilization of under-
ground workings in an array of limestone-shell for the
subsequent construction of multi-storey buildings on
slab-pile foundations.

Basic material and results. At the construction site
of a 24-storey residential building in Odessa, Gagarin
Avenue, 19, workings are located at a depth of about
30 m from the surface and account for more than 26%
of the built-up area of the building (Fig. 1, a).

At the site in question, the workings were previously
tamped with sand filling by injecting water-sand pulp.
The search work performed in the process of
engineering-geological prospecting enabled clarifying
the planned-altitudinal position of the workings and
the quality of the plugging performed.

As a result, it was defined that the workings are not
filled with sand to the full height and measures for
their additional stabilization are required. The com-
plexity of the plugging is that, due to insignificant
height of the identified voids (0.4 ... 0.8 m), access to
them through the wvertical holes that have to be
arranged beforehand, is difficult to implement, and the
mine survey of workings has not been performed.

The project, considering geotechnical conditions
complexity, provides for a plate-pile foundation of
prismatic piles with a section of 35x35 cm, length
14.0 m, with their bottoms stop in the Strata-8 — light
red-brown clay. The grating is designed as a solid
monolithic slab, 1.8 m thick. Below the sole of the

clay layer there limestone-shell array lies, in the sawn
difference of which the underground workings are
revealed (Fig. 1, b). Thus, to ensure the base operation
reliability, it was necessary to fill all the voids in
terms of the lack of their exact location and the quality
of the filling that was previously performed

Work reliable tamping was provided by the gradual
injection of mortars into the zone of their distribution.
At the first stage, cavities connected both with each
other and with previously drilled exploration wells
were filled, which is shown in Fig. 1

To solve the problems, two types of cement-sand
mortars were used, namely: the first type with the
addition of superplasticizers, which provide high
solution mobility, low water loss and non-shrinkage
after hardening; the second one is without adding
superplasticizers with a high degree of fluidity.

Depending on the voids height in each well and the
identified production slopes in the interval between
the wells, a sequence of filling them with a solution,
alternation and injection volume of each type of
mortars were developed. The mortar was fed both in
bulk into the well, and with a pump that enabled to
create pressure up to 2.0 MPa. The control of the
cavities filling degree with the mortar was carried out
with the help of a flap, which was lowered both into
the filled and control wells.

At the second stage, the solution was injected into
the area of workings using cuff columns (Fig. 2).
In the plan the cuff columns were arranged in the
interval between the wells for the injection of cement-
sand mortar (first stage), the height of production in
80 cm starting from its bottom. The injection was
carried out as follows: a cuff column of pipes with a
diameter of 86 mm was installed into a pre-drilled
injection well with a diameter of 168 mm, and the gap
between the cuff tube and well walls was filled with
casing mortar to prevent the injection mortar from
escaping to the surface.

After the casing mortar developing its strength from
1 to 2 MPa (one day), cementation began. The packer
was sequentially installed over each cuff and cement
mortar penetrated the soil under pressure, breaking the
created casing.

Injection was performed using a double packer,
which ensured mortal penetration into the soil
exclusively at a given site. For the injection, cement
mortar with plasticizing additives was used, and in
some areas it was soil-cement. The injection of the
mortal through the cuff was made sequentially from
the bottom to the top within the height of the working.

Laboratory studies were performed to select the soil-
cement mix. Content of loam, as a waste of production
and the cheapest material, was taken in the amount of
1 m’ in bulk density per 1 m’ of soil-cement.

The intergranular pores in the loam are filled with
mixing water and grains of Portland cement.
Cement content was allocated in the range of
100..200 kg/m®’ of the mortar according to the
reference sources recommendations [7, 8] and taking
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into account the need in obtaining M25 grades of
mortar.

The mixtures were put into 4x4x16 cm forms, after
3 days the formwork was removed and stored in baths
with water until the required age. The day before the
strength test, the samples were removed from the bath

a)

e B

ol

and stored in air-dry conditions. The age of the
samples was 7, 14 and 28 days. Some part of the
samples was left to study the durability for a longer
period of hardening. Samples were weighed to
determine the average density after molding and
before each strength test.
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Figure 1 — The location of the underground workings in the plan (a) and on the combined section (b)
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Figure 2 — The cuff column bottom

Compressive strength was determined on a PG-10
press. The value of strength was taken as the average
result for the three sample beams. Sample marking
was performed in series, nine sample beams in each
series. The effect of cement content on the strength of
soil-cement at the age of 28 days is presented in
Fig. 3.

The effect of cement content on strength is

cement content leads to increase in mortar strength.
Therefore, on the curves (Fig. 3), by means of
interpolation, economically profitable cement content
for each grade of soil-cement have been found.
The results of the experiments enabled to find a
relation between soil-cement grade (M) and cement
content:

Soil-cement grade 5 10 15 20 25 35

considered at its age of 28 days. The intermediate 7  Cement (C), kg/m’ 50 85 115 150 165 200
and 14 days have the same regularity and are lower
than the grade strength by 50 and 30%. Increased
a)

FR, kg/cm® IR, kg/cm®

40 40

35 } 3 3 5

30 2 a0

25 o 25

20 2 &

| |

15 / b0 15

10 12 | 10 13| |l

5 ] C, kg/m’ | 1, (C> kg/m’

50 150 250 50 150 250

Figure 3 — The effect of cement content on the strength of soil-cement
from mushy consistency (a) and low-slump (b) mixtures

The ratio between cement and loam, that is
C/C:Loam/C=1:X (Fig. 4), is an important
characteristic. It shows the uniformity and homogeneity
of the distribution of cement grains in the intergranular
space of loam and in the volume of its filling,
determines the strength of soil-cement, its depending on
the strength of the actual clay grains.

The curve nature at the age of 28 days indicates
two general patterns in changing soil-cement strength
from the C: Loam taken. There is slow influence of C:

Loam in early terms — up to 14 days and accelerated —
in the range of 14-28 days. The greater the ratio
between cement and loam, the higher the soil-cement
strength in the range of content C = 100 — 200 kg/m’.
This curve enables to choose the necessary ratio C:
Loam for the range of soil-cement obtained grades by
us using the example of M25 (there are dotted lines in
the figures. Each soil-cement grade meets the only C
ratio: Loam = 1:X: M10—1:10; M20—1:7; M25—1:6;
M35—1:5.
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The average density of soil-cement (Fig. 5) at the
age of 28 days varies between 1560 — 1820 kg/m’.
The difference is 260 kg/m’, which is 17%. Increase in
the density of soil-cement by 1% leads to increase in its
strength by 19%. This means that density is primary and
strength is secondary.

Than density is higher, than cement content (not even
water) is higher, since during samples testing
(destruction) at the age of 28 days, it is noticed

a)
R, kg/cmzr

40
35 36

30 T—m25
25 N

20 20
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NN 12

10

5

0 Loam:C
4 6 8 10 12

increasing amount of non-evaporated water to the
sample center. And only a layer of 2 -4 mm from the
surface of the samples is dried. The inner zone of the
samples is still wet and as they dry and hydrate, their
strength should increase.

The strength of soil-cement over time (Fig. 5, b)
increases with increasing cement content (Table 1).
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Figure 4 — The effect of soil and cement ratio on the strength
of soil-cement from mushy consistency (a) and low-slump (b) mixtures
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Figure S — The strength variation of soil-cement depending
on its average density (a) and age (b)

Table 1 — Soil-cement mix for grades 10 — 35 from mushy consistency mixtures

) Content of components for soil-cement, kg/m’
Grade of soil-cement

Portland cement M400 Water W/C Loam
M10 85 460 54 1000
M15 110 470 43 1000
M20 150 495 3,3 1000
M25 165 495 3,0 1000
M35 200 500 2,5 1000
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Conclusion. Thus, using the example of a 24-storey
residential building design, comprehensive solution
has been suggested for plugging workings (cata-
combs) in an array of limestone-shell rock for the sub-
sequent construction of high-rise buildings on slab-
pile foundations, which includes engineering and geo-
logical surveys, geotechnical design, selection of soil-
cement grouts and their compositions, as well as
works implementation with the constant monitoring of
plugging conditions.
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The characteristic properties of limestone-shell rock used as foundation base, including shear resistance transformation into
friction resistance, are described. The main provisions of the method for determining piles bearing capacity using limestone
mechanical characteristics dependence on the tensile strength under uniaxial compression in Odessa region. The results of
limestone-shell rock full-scale tests by bored piles are presented. Experimental values of piles bearing capacity are compared
with the values obtained by calculation using different methods.
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VYcraHoBieHo, Mo Hpyu OyIiBHUITBI BUCOTHUX OyaiBesns B Ojeci 4acTo BUKOPHUCTOBYIOTH ()yHIAMEHTH 3 OypOHaOMBHHX
HaJb, sIKi 3aHYPIOIOTh y BAITHAK-YCPEMALIHUK Ta HE MPOPi3aroTh yciel oro ToBmi. 3arau0IeHHs Majdb Y MEHII MillHI MEOTH-
YHi TIMHHU HE JOLIIBHO, OCKUIBKY HaBaHTa)KEHHS Bi OyIiBii MayisMH IepeaaeThCcs HAa BEChb MacHB BalHAKY. BuszHaueHo, mo
IpU PO3PAXyHKY TaKUX (pyHIAMEHTIB BUHUKAIOTh TPYAHOIL, OCKIIBKY BamHSAK-4epenamHiuK OJecbKOTo periony He € CKellb-
HOIO MIOPOZOI0, a B HOPMAaTHBHUX JOKYMEHTAaX BIJCYTHI AaHi AJs BU3HAYECHHS HECY4ol 34aTHOCTI OypoHaOMBHUX Hallb Y Ball-
HSKY SIK TTanb TepTs. Exc**nepuMeHTanbsHO H0BEAEHO, IO 3a pe3yabTaTaMH CTaTHYHUX BHIPOOYBaHb OypOHAOWBHHX Hallb Y
BaITHAKY-YepeNanlHuKy iX Hecyda 3JaTHICTh 3HAYHO BHIIE 3HAUCHb aHATITUYHHX PO3PAaXyHKIB 3a iCHYIOUMMH HOPMATHBHH-
MH JJOKyMEHTaMH Y BUTJISLI AJIb-CTIHOK, OCKUIBKH CepeJHE 3HAYEHHSI MEXi MIIIHOCTI IIPU OJHOBICHOMY CTUCHEHHI BAITHAKY
MaJioi MIiITHOCTI 3a3BHYail cranoBuTh R, = 0,5... 1,0 MIla. BusiBneHo, mo 3aBIaHHsIMHU WX JOCTIPKCHb € BU3HAYCHHS HECY4O01
30aTHOCTI OYpOHAOMBHYX HaJb Yy BalTHAKY-4epeHallHuKy IULTXOM IIPOBEICHHS CTaTHYHUX BHIIPOOYBaHb HAaTYpHHX 3pasKiB, a
TaKOXX MOPIBHAHHA OTPUMAHUX PE3yJbTaTiB 3 aHATITUYHUMH PIlIEHHAMH Pi3HUMH CIIOCO0aMH JUIl OOTPYHTYBaHHS MPOESKTHUX
pimens. st po3B’A3aHHS MOCTABJICHNX 3aBJIaHb 3aCTOCOBAHO €KCIEPUMEHTAIBHI Ta PO3PaXyHKOBI METOIH, SIK CTAHAAPTHI, TaK
po3po0IIeHi 3a y4acTio aBTOpiB. 3’SCOBAHO, 110 KOMIUIEKCHI JOCHIIKEHHS JO3BOIMIN BU3HAYUTH HECydy 3/1aTHICTH 1 HOIyC-
TUME HaBaHTAXXCHHS Ha OypOHAOMBHI Haji IUITXOM IPOBEICHHS CTATUYHUX BHIIPOOYBaHb Ta aHATITUYHOTO PO3PaxXyHKY 3a
HOPMATHBHUMH JOKYMEHTaMH W 3aIPONOHOBAHOI0 METOIMKOIO. Y CTAaHOBIICHO, IO PE3YJIbTaTH PO3PaxyHKY 3alpOIOHOBA-
HUM METOJIOM JIAI0Th XOPOLIY 301KHICTh 3 pe3y/IbTaTaMU CTaTHYHUX BUIPOOYBAHb.

KnrouoBi cioBa: BanHsK-depenamuyk, HeCcy4a 34aTHICTh, OypoHaOMBHA HaIs
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Introduction. While constructing high-rise build-
ings in Odessa, foundations from bored piles are often
used, which are dipped in limestone-shell or cut it and
deepen piles ends into the meiotic clay. Difficulties
occur while calculating such foundations as far as
limestone-shell rock is nor hard rock in Odessa region,
and according to the indices of its physical and me-
chanical properties, cannot refer to rock or semi-rock,
and consequently piles stopped in it cannot be re-
garded as bearers. Normative documents lack the data
for determining lime stones resistance occurring under
considering bored piles work as hanging Dpiles.
Peculiarities of these rocks are noted by other authors
as well [1, 5, 7]. According to results of bored piles
static testing in limestone-shell rock, their bearing ca-
pacity is considerably higher than those of analytical
calculations under their work condition as bearing pile,
since average value of strength limit under low
strength limestone single-walled compressions usually
equal to R, =0,5... 1,0 MPa.

Aim and objective. The main tasks of the present
studies are to determine limestone-shell rock resis-

tance on lateral surface and under bored piles heel ac-
cording to the results of data obtained from static test-
ing of models and full-scale samples; comparison of
the results obtained with analytical solutions, and de-
velopment of recommendations for their correction.

Study object and methods. The object of research
is limestone-shell rock of Odessa region. To solve the
tasks set for determining bearing capacity of bored
piles in limestone-shell rock, experimental and calcu-
lating methods were used, including both standard
ones and those developed by the authors.

Study results. Geological structure of the Black Sea
plateau earth cover is represented by sediments of
Quaternary and Tertiary age. Under the complex loess
rocks with 6 to 23 m thickness there is red-brown clay
underlain by Pontian limestone of Neogene.

Figure 1 shows the columns of the engineering-
geological structure of some sites within Odessa city,
where studies of pile foundations partially or com-
pletely buried in limestone-shell rock were carried out.
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Figure 1 — Experimental sites engineering-geological columns:
1 — Lastochkina street (Odessa National Theater of Opera and Ballet);
2 — Primorsky Boulevard (section of the retaining wall); 3 — Zhukovsky street, 18 (regional archive);
4 — Pushkinskaya street, 9 (Odessa Museum of Western and Oriental Art);
5 — 15 Bolshoi Fountain station (cottage town); 6 — Genuezskaia street, 1 (group of high-rise buildings);
7 — Polskaia street, 10 (multi-storey office building)
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The limestone layer of Pontic Stage has a rather
complex and volatile structure, both in vertical and
horizontal directions. The thickness of Pontic lime-
stone can be divided into four layers. The first — the
lowest layer (EGE-11) — is represented by slab lime-
stone with 0.2 ... 1.0 m thickness. The second layer
(EGE-10) is represented by a uniformly cemented
limestone-shell rock ("sawn" limestone) with
4.5 ... 7.9 m thickness. Within this layer there are
workings, so-called "catacombs". The third layer
(EGE-9) is made up of strongly recrystallized lime-
stone-shell rock. The fourth — the uppermost — layer
(EGE-8) is predominantly represented by plate-clastic
limestone. The total thickness of the third and fourth
layers is equal to 5.0 ... 5.6 m. Placed above, there are
loess and loess-like loams of different consistency,
which are underlain by red-brown clay. Their thick-
ness reaches 12 ... 16 m. Quaternary aquifer is wide-
spread in loess rocks. It was formed mainly due to
leaks from water-bearing communications.

Physical and mechanical properties of Pontic lime-
stone depend upon many factors, including their frac-
turing. Limestone resistance to uniaxial compression
varies widely. Characteristic feature is increase in
their strength in the direction of watersheds and reduc-
tion in strength near large erosion cuts. In some parts
of Odessa territory, strength of limestone in dry condi-
tion varies from 0.5 to 2.0 MPa. In condition of water
saturation, limestone strength is reduced to
1.5-2 times.

Soil layering analysis and experience of using piles
in Odessa region show that the most effective founda-
tions while using limestone shells are drill piles,
which do not completely cut its thickness. Sloping all
the limestone thickness with piles and dipping them

into less durable meiotic clay is not feasible, since
load from the building is transferred over to the whole
massif of limestone. Limestone layers availability as a
cemented hard layer in the deformable zone of the
base determines formation of a complex stressed state
in it, in particular, concentration of tangential stresses.
The problems occur due to possible pushing the thick-
ness of limestone along the surface, forming a prism
over the pile outer contour of slab-pile foundation [6].
Due to the limestone existence in the weakened zones,
the inhomogenuity of its properties, the presence of
natural cracks, pushing on one side of the foundation
may take place, which lead to occurrence of an exces-
sive roll and significantly impede the further building
operation.

Experimental studies have established that when
immersing drill piles in limestone-shell, along the lat-
eral surface of the trunk, two types of resistance arise:
resistance to structural bonds destruction, which trans-
forms into frictional resistance after the «breakdowny.
Fracture resistance occurs under stresses exceeding
structural strength of f;, shear, which is the ultimate
shear strength. Friction resistance f occurs on the sur-
face formed after the «breakdowny». This phenomenon
should be considered when determining drilling piles
bearing capacity.

According to laboratory studies conducted earlier

[3, 4], «breakdown» occurs when the barrel of the
pile is moved to in average of 0.3 mm.

The average weighted value of shear resistance re-
duction coefficient along the trunk according to results
of the studies conducted is 0.69, with the placement of
piles across the layer.

Table 1 — Results of limestone-shell research by models of piles, located across the layers

Resistance on the side surface Pile side surface resis-
Se]:\ﬁal nErenSlft)ser before the breakdown f., after the breakdown tance d(e:icerrel?se }coefﬁ—
MPa /. MPa Vef
1 8 0.67 0.36 0.54
2 8 0.45 0.36 0.80
3 8 0.38 0.23 0.61
4 8 0.42 0.26 0.62
5 8 0.44 0.37 0.83
6 8 0.52 0.41 0.74
Average 48 0.48 0.33 0.69

At one of the objects in Odessa, limestone testing
was carried out with six drill piles.

Pile basis is made of dark yellow, recrystallized,
«plated», fractured with clay filler from very low to
low strength limestone-shell (Fig. 2).

According to hydrogeology, the territory is character-
ized by lack of Quaternary and Pontic aquifers.
The results of limestone testing with drilling @600
mm piles at construction site of the 1st stage are
shown in Fig. 3, and the second line in Fig. 4.
The exterior of the test installation is shown in Fig. 5.
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Figure 2 — Binding of piles to engineering-geological section:
a — 1st stage of construction (C-1, C-2 and C-3); b — 2nd stage of construction (P-4, P-5 and P-6)
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Figure 3 — Graphs of C-1, C-2 and C-3 piles moving from vertical load
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Figure 4 — Graphs of C-4, C-5 and C-6 piles moving from vertical load
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Figure 5 — Fragment of soils testing with bored piles

The recommendations for calculation of bored piles
partially or completely buried in a layer of limestone-
shell rock are given. The H.3.1 formula [2] is used as
a basis for calculation based on the vertical indenta-
tion load. This formula included coefficients and char-
acteristics that determine bored piles work features in
limestone-shell.

Fd:yc (chRA +uzycff;lhy’ (1)

where y, is pile work conditions coefficient; in case of
piles being supported by dusty clay soils with mois-
ture content S, <0.9 and on loess soils y, = 0.8, in other
cases y. = 1.0;

vz — s0ils work conditions coefficient under pile bot-
tom; yer = 1;

R — calculated soil resistance under pile lower end,
supported on limestone-shell rock, equal to its struc-
tural strength pg, and taken according to the graph in
Fig. 6, in other case — according to Tab. H.2.1 [2],
kPa;

A — pile support area, m’;

u — perimeter of pile shaft cross section shaft, m;
7 — coefficient of soil working conditions along pile
lateral surface within limestone-shell rock, taken as
7= 0.65, in other cases — according to Tab. H.3.1 [2];
f.; —ultimate resistance to i-th soil layer shift along pile
within limestone-shell rock lateral surface, f.; = f;, is
taken from the graph of Fig. 6, in other cases f.; = f; ac-
cording to design resistance of the i-th layer of soil on
the pile lateral surface, kPa, taken from Tab. H.2.2 [2].
Figure 6 shows correlation of limestone-shell rock
strength parameters from the ultimate strength to uni-
axial compression in the air-dry and water-saturated
state, which were used while determining piles bear-
ing capacity according to the proposed procedure.
Table 2 represents the results of tested piles bearing
capacity determining as a result of full-scale tests, and
also according to the current normative document [2]
as pile-pillars and by the method proposed by the arti-
cle authors and described in detail in [3].
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Figure 6 — Correlation dependencies of sawn limestone-shell rock limit values
resistance parameters from the ultimate strength to uniaxial compression
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Table 2 — The results of bored piles bearing capacity determining with different methods

Piling depth Bearing/calculated bearing, kN, defined according to:
Pile number ?600 mm DBN V.2.1-10-2009 | Methodology sug- Testing results
in limestone, m gested
C-1,C-2,C-3 5.50 1050/750 4030/2880 3000/2500
C-4,C-5, C-6 7.15 1340/947 5570/3980 3000/2500

Conclusion. The completed complex studies enable
to establish bearing capacity and permissible load on
the bored pile in limestone-shell rock by carrying
out static tests and analytical calculations of the nor-
mative documents and the proposed methodology.
The calculation results by the method suggested are
convergence with static tests results. Convergence in-
creases with the approach of displacements during
testing to limit values.
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Instrumental inspections and studies experience and results of nine-storeyed residential buildings block-sections actual
strained-deformed state under the conditions of their collision in territories of 25 to 35 m thick collapsible soils in
Zaporizhzhia city and the subsidence value of 100 cm and more are summarized. It is shown that depending on the process of
uneven settlement in the time value of deviation vectors is stabilized over time along with the stabilization of subsidence and
deformation of block-section structures on the collision area. It has been established that uneven settlement growth processes
stabilization, block-sections deviation from vertical and collision forces is achieved at equilibrium between subsidence
values, collision forces of block-sections and resistance of wall sections.

Keywords: collapsible soils, block-sections collision, structures damage, protection, restoration

Oco0amBocTi 1epopMyBaHHS )KUTJIOBUX OYAUHKIB MPHU 3iTKHEHHI 30J10K0-
BaHMX 0JIOK-CeKUiil Bil HEPIBHOMIPpHHUX OCiJaHb
HA MPOCAIOYHUX I'PYHTAX

Mockaiina I.M.l*, JlameHko IO.M.Z, Kinmenko A.O. , MockaJjina B.L*

"234 3anopisske Bigminenns JII1 «JlepikaBHuil HAYKOBO-IOC/iAHMI iHCTUTYT Gy/IiBeILHIX KOHCTPYKIIii»
*Anpeca Ui TACTYBaHHS: zvndibk@ukr.net

3’sicoBaHO, IO JOCBiJ eKCIUTyaTamii >KUTIOBHX OyIMHKIB Ha Je(OpPMOBAaHMX OCHOBAaX CBIIYUTH NP0 aKTYaJbHICTh TaKUX
pe3ynbTaTiB I8 X ypaxyBaHHS IIPH €KCIUTyaTamii >KUTIOBHX OYIMHKIB y CKIQIHUX IH)KCHEPHO-TEOJIOTIYHHX YMOBAX.
HaBezneHo pe3ynbTaTH iHCTpYMEHTAIBHUX 00CTEXEHb (PaKTHYHOTO HANPYKEHO-Ie(hOPMOBAHOTO CTaHY KOHCTPYKIill OJIOK-
CEeKIill KUTIOBHX OyIWHKIB 3a yMOB iX 3iTKHCHHS Ha IPOCINAIOUUX IPyHTaX 31 3HAYHUMHU BeJIMYMHAMHU HPOCIIaHB.
IIpu npoMy BiA3HAYEHO, IO HA CTAHIAX PO3POOJICHHS THIOBHX cepili OyAMHKIB 1 MPOCKTYBaHHSA KOHKPETHUX OYIMHKIB HE
BPAaxOBYBAJOCS MOJMJIUBE 3ITKHEHHS OJIOK-CEKIiH. 3p03yMisio, IO 3yCHIUIS 31TKHEHHS OJIOK-CEeKLild € HeBPAaXOBAaHUM BILIH-
BOM Ha KOHCTPYKILil OyIMHKY Ma€ psig 0COOIMBOCTEl poOOTH KOHCTPYKIIH OyAMHKY B 30HI 3ITKHEHHS, OJJHA 3 IKUX — HAaBaH-
Ta)XEHHS AUITHOK CTiH 3YCWULIMM 3iTKHEHHS 13 IUIOLIMHU CTiHH. Y3arajJbHEHO IOCBi eKCIUTyaTalii Ta pe3yiIbTaTH iHCTpPY-
MEHTAJIFHIX OOCTEXEHb 1 TOCHIKEHb (PaKTHYHOTO HAIPYXEHO-Ie()OPMOBAHOTO CTaHy OJIOK-CEKILiH 1eB’ITUIOBEPXOBHX
JKUTJIOBUX OYJMHKIB 38 YMOB iX 3iTKHEHHSI Ha TEPUTOPIAX 3 IPOCAJOYHIMH IPYHTAMH TOBIIUHOKO 25 — 35 M y M. 3amopixoKs
W BenmuMHAMU ocimaHb i npocimans 100 cm Ta Ginbore. [TokasaHo, M0 3aeXkKHO BiJ HPOLECY PO3BUTKY HEPIBHOMIPHUX OCi-
JJaHb Yy Yaci BEJIMYMHH BEKTOPIB BIIXWICHHS cTabLIi3yl0ThCs Y Yaci mapajeinbHo 3i crabinizaliero ocigans i qeopMyBaHHIM
KOHCTPYKIIIH OJI0K-ceKnii Ha JMUITHI IX 3iTKHEHHs. Y CTaHOBJIEHO, 10 cTabinizalis MpoleciB 3pocTaHHs HEPIBHOMIPHUX OCi-
JIaHb BiIXWJICHHS OJIOK-CEKIiH BiJl BEPTHKAJi i 3yCHIIb 3iTKHEHHS JOCSITAETHCS MPH PiBHOBA31 MK BEJIMYMHAMH OCiJIaHb, 3Yy-
CHJUIIMH 31TKHEHHS OJIOK-CEKILiH Ta OITOPOM IUISHOK CTiH.

KurouoBi ciioBa: npocaouHuid IPYHT, 3iTKHEHHS OJOK-CEKIIiH, MONIKOPKEHHSI KOHCTPYKIIiH, 3aXHUCT, BiTHOBJICHHS.
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Introduction. More than 80% of Ukraine territory is
occupied by complex geotechnical conditions,
including collapsing soils, undermined areas, karst
phenomena, weak soils, etc.

A characteristic feature of these conditions is that
during building and structure useful life they can get
deformation of surface base and ground, negatively
affect building operation [1].

Recent sources of research and publications
analysis. In order to ensure the development of such
territories, leading research and design institutions of
Ukraine [5-9, 11] and abroad [10], integrated
experimental research and design of various buildings
and structures have been performed. Considerable
volume is occupied by houses of various constructive
decisions, which are used for mass development of the

Study of connected block-sections under the
conditions of uneven settlement and block-sections
collision in the last 20-30 years were not conducted.
The results of instrumental observations of block-
sections collision processes and deformations
development in wall and ceiling structures are also not
available. Experience in the operation of resitential
houses on deformed bases indicates the relevance of
such results for their consideration in residential
buildings operation in complex engineering and
geological conditions.

Selection of previously unsettled parts of the gen-
eral problem.. When designing residential houses, the
principles of block-sections blocking are often used.
Figure 1 shows the schemes of blocking connected
block-sections of residential buildings of mass

territory with such conditions. development.
a)
deformation
seam
an
L, L
b)
]
section of the [_
collision
L

L

Figure 1 — Blocking circuit in terms of residential buildings block-sections:
a — without displacement in transverse direction;
b — with mutual displacement in transverse direction

From Figure 1 it can be seen that variants provide
blocking of block-sections  without mutual
displacement in the transverse direction of block-
sections and so displacements. Buildings operation
experience shows that when uneven subsiding and tilt-
ing in block-sections collisions of the upper parts are
formed. An important factor is the block section colli-
sion area magnitude. Figure 1 shows the blocking
options for block-sections that are used on mass
building of Ukrainian cities. The practice of designing
residential buildings shows that the areas of block-

sections collision vary from 100% of block-section
width (B) to 30% of the width. It is obvious that at ar-
eas of block-section collision 50 — 30% of the block
section width with deformation and damage of block-
sections structures in the zone of their collisions is
more intensive than when collision of block-sections
is across the width.

It should be noted that at the stages of buildings
typical series and specific houses designing
development, the possible collision of block-sections
has not been considered. The collision force of block-
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sections is not considered by the influence on the
building design, it has a number of building
construction features in the collision zone, one of
which is the loading of wall sections by collision
forces from wall plane.

Setting objectives. The article summarizes the
experience of exploitation and the results of
instrumental sinspection and studies of actual strained-
deformed state of block-sections of nine-story
residential houses in the conditions of their collision in
areas with collapsible soils of Zaporizhzhia with a
depth of 25 — 35 meters and the values of
sedimentation and sinking of 100 cm and more [2].

The main material and the results. Figures 2, 3
give a general view of a residential building and
block-sections collision zone in a deformation joint
with a 30% area of collision from the width of block
section.

At the same time, the gap between the block-
sections along the top of a deformation joint on this
house was 250 mm under the project.

Figure 4 shows the indicative vectors of block-
sections deviation from the vertical at the level of their
top when they collide.

O
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Figure 3 — The areas of house block-sections collision in a deformation joint

36ipHuK HayKoBHX Tpats. Cepist: ['anmy3eBe MammHoOy1yBaHHs, OyaiBHunTBo. — 2 (51)' 2018. 93




144 | I 180 _
4 1 =
2ra 185
- i
ae
1= 1'5\3
313
156 T
! 15
| 1 _J'.‘ﬁ?
o -
e = 102
v ]
267

Figure 4 — Indicative vectors of deviation from vertical at the level
of block-sections top when they collide

The unevenness of settlement on each block-section
at the moment of measuring the block-sections
deviation values was 225 — 250 mm. Depending on
the values of uneven settlement and their distribution,
in terms of each block-section, block-sections devia-
tion magnitude is different. Depending on uneven
settlement process course increasing in time, the
values of the deviations vector stabilize in time in
parallel with deposition stabilization and block-
sections structures deformation in the area of their
collision. Processes stabilization of block-sections
deviation uneven settlement increasing from the
vertical and the collision forces is achieved with the
equilibrium between the values of uneven settlement,
the efforts of block-sections collision and walls
resistance. The values of structural elements
deformation and damage are conditioned by the
magnitude of block-sections collision force. With the
values of block-sections deviations vectors (tilt)
shown in Figure 4, deformations and damage of the
panels and their joints in the area of block-sections
collision are recorded. Along a deformation joint,
complete «closure» of the gap between block-sections
outer walls planes at the level of the ninth and eighth
floors is formed. Panels joints opening is up to 6 mm.
The cracking in the wall panels reaches 6 — 8 mm.
The zones of panels damage by grid of cracks are also
fixed with the fragmentation of panel concrete by the
efforts of plane pressure with the areas up to 1 — 3 m?.
Slabs of the overlap formracks with opening up to
0,3-0,5 mm. According to the criteria [2], structures
technical state in the zone of block-sections collision
in general has reached the «3» category — unsuitable
for normal exploitation. According to the criteria [2],
structures technical state in block-sections collision
zone in general has reached the «3d» category -
unsuitable for normal exploitation.

The study of a residential building connected block-
sections with three block-sections structures
deformations with values of the collision areas on the
deformation joint of 70% of the block-sections width
has been carried out.

Maximum uneven settlement for each block-section
ranged from 294 —350 mm to 488 — 507 mm. In this
case, the maximum vectors of the top block-sections
deviation from the vertical were 330-350 mm.
It has been established that in zones with block-
sections collision of panels deformation and floor
slabs, their joints are more intense on the upper floors
(the ninth and the eighth). The joints in the panels
reached 1.5 — 2.5 mm. In separate panels, cracks
opening was up to 4 mm. Cracks detection in the
panels was 0.4 — 1.5 mm. In overlappings slabs, the
main crack opening did not exceed 0.3 — 0.5 mm.

In staircase cover, slab joints opening reaches
3-4 mm with areas of damage to the joints and zones
of long soaking by atmospheric precipitation.

The values of deformation at the level of the ninth
floor overlay were:

—joints of sites with wall panels, elevator shaft
opening - mainly up to 1 mm;

—joints disclosure of intermediate platforms,
staircase marches in refinement knots — up to I mm.

At the levels of the eighth, seventh floors, the
values of similar deformations are 1 — 3 mm. At the
levels of the sixth, fifth floors they are in the range of
0.5 — 1 mm. From the fourth to the first floor, the
opening of slabs, stairs and marches joints does not
generally exceed 0.5 mm. All structures and joints of
deformation magnitude exceeded the limit, regulated
by normative documents, have the «3» category of
technical condition, and require the performance of
repair and restoration work.
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The received values of block-sections structures
deformations comparison shows that with the
magnitude of the collision area up to 70 — 100%
increase in the unevenness of settlement and deviation
from the vertical almost twice - structures deformation
of block-sections in the collision zones have smaller
values than with the magnitude of the collision zone
30%

It should be noted that the given results are obtained
with the size of the deformation joint on the project
between block-sections of 250 mm.

It is important that the inhabitants of apartments
located in the zones of block-sections collision in the
process of forming collision and development of
deformations and damage in the collision zone
repeatedly performed «decorative» repairs of damage
parts, but with further uneven settlement of block-
section — areas of deformation and damage appeared
and increased.

According to the requirements [2], in the technical
condition of structures «3» and «4» category, it is
necessary to restore, reinforce or replace damaged
structures in order to ensure inhabitants safety in
premises with such structures.

In such situations, the necessary step is to repair
block-sections using the alignment technologies and
bringing block-sections with a till to avertical position.

At State Research Institute of Building Construc-
tions the technologies of leveling houses have been
designed the most:

—method of using the hydraulic jacks system;

—method of exterminating the soil under block-
sections foundations.

Each method has its own peculiarities and conditions
of rational use. After eliminating the tills, repair and
renovation works on deformed and damaged house
structures are carried out.

Considering the possibility of block-sections
collisions repeated formation on subsurface soils with
significant amounts of settlement, the most radical
approach is, after blocks removing from block-section
(alignment), to fix foundation base to eliminate the
possible formation of uneven settlement in future
according to the State Standard-NSC.1.1-44: 2016 [3].

Conclusions. Deformation and damage of residen-
tial buildings under the conditions of block-sections
collision are specific influences on the design of build-
ing block section upper part. Such influences have
been not considered at the stage of block-section
designs and residential buildings design under specific
building conditions development. On territories
formed by collapsible soils with a thickness of
20-30 m and the values of subsidence and shrinkage
of 100 cm or more when block-sections collision is
formed in deformated and damaged structure technical
condition category«3» and «4», which excludes the
normal further operation of such block-sections and
significantly increases operating costs. The number of
block-sections multiple collisions where tilts were
previously eliminated, increases in time. Necessary

measures are speedy repair and restoration work with
the main stages: block-sections tilts (leveling)
elimination; repair and restoration works performance.

On soils with significant values of subsidence it is
rational, after removing the blocks of the block-
section (alignment), to fix foundation base to
eliminate the possible formation of uneven settlement
in time. Necessary factor is technologies practical
implementation and development for restoring bearing
capacity, bearing structural elements with significant
damage strength in the areas of block-sections
collision under the conditions of access from internal
premises. The obtained results enable to carry out
built-up areas analyzes of cities with connected
sections of residential buildings and to develop the
necessary preventive measures for collisions reduction
or their complete exclusion. Biased analysis of built-
up areas in Ukrainian cities with the identification of
potentially dangerous block-sections in the conditions
of block-sections collisions and tilts manifestation is
important and expedient. Such biased analyzes and
measures provide minimization of risks and
consequences for residential buildings operation, as
well as significant reduction in operating costs.
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The results of the executed economic comparison of foil-cement piles reinforcement use by vibroreinforced - vibroreinforced
soil-cement piles are presented. The comparison is based on the results of piles bearing capacity by field tests.
Considering the results of field tests two variants of piles foundation have been designed for residential building.
Economical comparison is made for implementation effectiveness of reinforced and non-reinforced soil-cement piles at the
piles calculated bearing capacity on the soil that is greater than the calculated bearing capacity by the material. .Economical
comparison is made for implementation effectiveness of vibrated vibroreinforced soil-cement piles and bored piles at their
calculated bearing capacity by the material at times greater than that on the soil. The obtained results and the determined eco-
nomic effect are analyzed. The results of comparison are used for design and implemented in construction.

Keywords: the vibroreinforced soil-cement piles, economic efficiency, economic efficiency, deep soil mixing method, the
bored piles.

ExonomiuHa eeKTHBHICTH YIPOBaIKeHHsI BiOpOapMOBaHMX
I'PYHTOLIEMEHTHHX NaJIb

Houubkuii O.I1."*, Hectepenko T.M.?

! I HpAT «CYMBY [I», M. Cymu
* [MonTaBchKuii HAL[OHATBHII TeXHiuHMiT yHiBepcuTeT imMeni FOpis KonapaTioka
*Anpeca [uist muctyBaHHs: Novitskiy.a.p@gmail.com

JloBeneHo, Mo MiIBUIIEHHST HECY4oi 3aTHOCTI IPYHTOLIEMEHTHUX Iajlb 3aBJSKH 301IBIIEHHIO MIITHOCTI MaTepiayly maib Ta
MACHICHHIO 1X apMaTypHUMHU KapKacaMH J03BOJISIE 3HAYHO 30LIBIINTH HECydy 3JaTHICTh IPYHTOLEMEHTHHX Iajb Ta 3MEH-
IIMTH IX KUIBKICTB, IO TaKOXX IO3UTHUBHO BIUIMBA€ HAa 3MEHIICHHS PECYPCOMICTKOCTI 3BeJCHHS (hyHIaMEHTIB Oy/iBesb.
BuknazseHo pe3ynbTaTH HIpOBEIEHOTO €KOHOMIYHOTO MOPiBHSIHHS BUKOPHUCTAHHS IiJICHJICHHS IPYHTOLIEMEHTHHX ITaJlb BiOpPO-
apMyBaHHSIM — BIOpOapMOBaHHMX I'PYHTOLIEMEHTHHX Hallb. B OCHOBY MOpIBHSAHHSA NMPUIHATO JaHI Pe3yJIbTaTiB HATYPHUX BH-
npoOyBaHb HECYYO1 34aTHOCTI MaJIb, 10 OyJIM MPOBEIeH] HA OyIiBeIbHIX MaiilaHYnKaX. BUKOHAaHO eKOHOMIYHE MTOPiBHAHHSA
e(eKTHBHOCTI BIPOBA/KCHHS HETIACUICHUX Ta BIOpOAPMOBAHUX I'PYHTOLIEMEHTHHX TaJb [IPU PO3PAXyHKOBIH HeCydii 31aT-
HOCTI Iajib MO IPYHTY OiNbIIN, HIX PO3paxyHKOBa Hecyda 3aTHICTh MO MaTepialy Maji, a TAK0X €KOHOMIYHE MOPiBHIHHSA
e()eKTHBHOCTI BIIPOBAIKEHHS BiOPOAPMOBAaHHUX I'PYHTOIIEMEHTHHUX Ialb Ta OypoHAaOMBHUX Haib. [Ipy bOMy po3paxyHKOBa
Hecyd4a 3[JaTHOCTI 110 MaTepiay AJs BiopoapMOBaHUX IPYHTOIIEMEHTHHX Hajb OyJla He3HAYHO OiNbIa, HiX 0 IPYHTY, a JUIL
OypoHaOHMBHUX IaJb PO3paXyHKOBA HeCyda 3JIaTHICTh 10 MaTepialy B pa3u Oiiblia, Hix 1o IpyHTY. [IpoaHanizoBaHO OTpH-
MaHI pe3yIbTaTH Ta BU3HAUYCHO EKOHOMIUHHMH e)eKT BUKOPHCTAaHHS BiOpoapMOBaHHUX I'PYHTOLIEMEHTHUX Nanb. Buminena om-
TUMaJbHa cepa 3acTOCYBaHHA, B AKill IPYHTOLIEMEHTHI Najli € e(EeKTUBHUM Ta €KOHOMIYHO BUTIAHIIIMM BHUAOM HajJbOBOTO
¢ynnamenty. Pe3ynpraTu HOpiBHAHHS BIPOBA/KEHI B OyIiBHUITBO.

KorodoBi c1oBa: BiOpoapMoBaHi IpyHTOLIEMEHTHI ITajli, eKOHOMIYHA e()eKTUBHICTH, OypO3MillyBaIbHHN METOJI, OypOoHAOHB-
HI nai
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Introduction. Increasing the bearing capacity of
soil-cement piles by increasing the piles material
strength and reinforcing them with frames enables to
increase the bearing capacity of the soil-cement piles
and reduce their number significantly that also posi-
tively affects the resource volume reduction of the
foundation and building or structure underground part.
[1-6,9-14]

Review of the latest research sources and publica-
tions. Works of domestic and foreign researchers are
devoted to the study of soil-cement foundations:
V. Askalanov, V. Bezruk, I. Boyko, Yu. Vynnykov,
M. Zotsenko, V. Chrisan, I. Lartseva, V. Marchenko,
T. Nesterenko, R. Petrash, O. Petrash, P. Rebinder,
A. Tokin, V. Shapoval, N.Denies, A.Le Kouby,
S. Lambert, F. Rocher-Lacoste, Osamu Taki, R. Bell,
and others.

The conducted studies [1, 6, 7] have proved the eco-
nomic efficiency of using the soil-cement foundations
as an improvement ground. In particular, it is neces-
sary to highlight a perspective using area of one of the
soil-cement foundations types, namely, soil-cement
piles as an alternative to reinforced concrete piles with
a lower resource volume for the foundation.

Definition of unsolved aspects of the problem.
The performed increase of piles bearing capacity on
the material enables to expand the scope of vibrorein-
forced soil-cement piles using. [1 — 4, 11 — 14]
Most of the pile foundations on the territory of
Ukraine are made with friction piles that lean on the
sandy soils on the heel, so the bearing capacity of the
reinforced concrete piles on the material far exceeds
the bearing capacity of the soil. To reduce the cost of
foundation building rationally use piles bearing capac-
ity on the material should in a small degree exceed the
bearing capacity on the ground, which reduces the re-
source volume of the foundation.

Problem statement. The developed vibroreinforced
soil-cement piles [8] need to compare their implemen-
tation with already known types of piles and a suffi-
ciently widespread method of reinforcing the base
with soil-cement elements, which uses similar drilling
equipment.

Basic material and results. For the more effective
use of soil-cement piles, the author solves the problem
of low bearing capacity on the material of piles trunk.
Experimental way has determined the basic physical
and mechanical properties of soil-cement that affect its
strength, methods of increasing piles bearing capacity
and testing their effectiveness in laboratory and field
conditions.

The conducted studies enable to distinguish a new
type of improved soil-cement foundations - vibrorein-
forced soil-cement piles (VRSCP). [11]

Comparison of pile foundation variants and determi-
nation of efficiency and resource volume of methods
application for increasing the bearing capacity of soil-
cement piles was carried out at the design and con-
struction of a 10-storey residential building bulk 8 in
the Esplanada district of Sumy.

By comparison, two variants of soil-cement piles
foundations were adopted: soil-cement piles without
reinforcement (non reinforced) and soil-cement piles
with reinforcement and vibration sealing of the mate-
rial (reinforced) — vibroreinforced soil-cement piles.
The piles can be arranged using a single set of equip-
ment, and an additional deep-hole, pin-shaped vibrator
is used for reinforcement.

The presence of sand inhomogeneous emulsions en-
ables to construct the bored piles without fixing the
walls of the well. The hammering of concrete piles
was not used due to the close location of existing
buildings.

For both variants of soil-cement piles the following
is typical: length 9 m diameter 750 mm (area of the
section 0,44 m?), the bottom end of the piles based on
firm middle sand.

The results of the variants comparison for founda-
tions are shown in Table 1.

Table 1 — Comparison variants of soil-cement piles

foundations
Variants
Index of so'll-cement PIICS
non rein- vibro-
forced reinforced
Bearing capacity, 65 105
tons
Design load on pile,
KN 510 824
Piles number 256 166
an ull volume, 1013,76 | 65736
Cement cost,
UAH 387070 250 990
Armature cost,
UAH 0 124 080
Production cost,
UAH 1317 888 920 304
The economic effect
of piles, UAH 410784
Grillage construction,
UAH 717 000 591 000
The overall economic
effect, UAH 336 784

Before the start of construction, static tests of pilot
piles with and without reinforcement were performed.
As a result, the bearing capacity of non-reinforced
piles amounted to 65 tons, reinforced, in turn,
105 tons. These data were used to design two variants
for pile foundations and grillage.

The analysis of the performed calculation shows that
due to the increase of the bearing capacity of the soil-
cement piles, their total quantity decreased, and hence
the volume of resources for them. Reducing the piles
number also enables to reduce the grillage width.
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The overall economic effect is 536 784 UAH, which
is 26,4%.

Vibroreinforced soil-cement piles were also intro-
duced at the design of pile foundations for the Student
Cultural Center for 500 places at Sumy National
Agrarian University.

For the construction two variants of pile foundations
were designed: from bored piles and vibroreinforced
soil-cement piles (VRSCP). The two variants as a re-
sult of the calculation were designed with a depth of
6.5 m and a diameter of 500 mm, while the bearing
capacity of the piles in the soil is the same.

Calculated bearing capacity of bored piles on a ma-
terial from concrete C8/10 considering reinforcement,
was 1470 kN. The lack of groundwater and soil types
allow drilling wells for drill piles without forcing
walls of the well.

The estimated bearing capacity of the soil-cement
piles without reinforcement was 196.0 kN, which is
less than the permissible estimated ground load, there-
fore it was decided to design vibroreinforced piles.
The estimated bearing capacity for the material of the
vibroreinforced soil-cement pile was 294.0 kN.

The results of options comparison for foundations
are shown in Table 2.

The analysis of the performed calculation shows that
in the case of soil conditions where the bearing capac-
ity on the soil is low, there is a problem of material for
piles made of concrete bearing capacity underutiliza-
tion. At the same time, at the expense of the same
work volumes, vibroreinforced soil-cement piles have
a lower resource volume and production costs.

The introduction of vibroreinforced soil-cement
piles was carried out in the construction of residential
buildings in Sumy with the participation of the organi-
zation PrJSC «Sumbud».

The comparison of variants of pile foundations has
shown the efficiency and resource intensiveness of
application of methods of increasing the bearing ca-
pacity of soil-cement piles, reducing the resource vol-
ume of using reinforced soil-cement piles.
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Table 2 — Comparison variants of piles foundations

Variants
Index of pile foundation

BP VRSCP
Design bearing capacity
bearing on soil, kN 334,0 334,0
Design bearing capacity
bearing on material, kN 1470,0 294,0
Design load on pile, 23857 23857
kN ’ ’
Piles number 145 145
El‘é“ volume, 178,36 178,36
Material cost,
UAH 227 442 156 859
Production cost,
UAH 259 844 249 704
The overall economic
effect, UAH 80724
Design bearing capacity
bearing on soil, kN 334,0 334,0
Design bearing capacity
bearing on material, kN 1470,0 294,0

The overall economic effect 80 724 UAH, what is
16,57 %.

Reducing resource volume has a positive effect on
reducing the construction estimated cost, so it is a
cost-effective solution.

Construction of a 10-storey 110 apartment residen-
tial building 8 in the district of Esplanade, in Sumy,
finished in the 1st quarter of 2016. The building is
built on 166 vibroreinforced soil-cement piles with a
diameter of 750 mm, 9 m length, 6 m depth rein-
forced. The plan of the pile field is shown in Fig. 1.
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Figure 1 — Plan of the soil-cement piles field on construction
of a 10-storey 110 apartment residential building 8 in the district of Esplanade, in Sumy
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Figure 2 — Vibrireinforsing of soil-cement pile

The soils on the site are divided into 17 engineering
geological elements (EGE), an array of nonuniform
fine sand to a depth of 4.6 m; clay soils to a depth of
4.6 to 6.8 m; fine sands 6,8 — 11,0 m and from a depth
of 11 m — medium sand.

After the economic comparison of different types
of foundations, a pile foundation was designed.
The analysis of soils showed the possibility of using
the mixing technology for the placement of soil-
cement piles. The detailed calculation of the depend-
ence of the bearing capacity of the pile from the depth
indicated the need for immersion of piles in the EGE
VIII medium sands, with the calculated bearing capac-
ity on the soil was 1491 kN.

It was decided to carry out the construction of vi-
broreinforced soil-cement piles with a depression in
the bearing layer of soil not less than 1 m.

The VRSCP arrangement is carried out using a set of
equipment which includes:

— drilling rig on the basis of RDC-250 with attach-
ments. The working body for the soil destruction has
openings for distributing the cement slurry throughout
the well section;

— mortar mixer for making a cement slurry;

— mortar pump for injection of a slurry to a well;

— deep vibrator.

Composition of water-cement suspension — «cement
+ water». For 1 running meter of vibroreinforced soil-
cement pile with a diameter of 750 mm (volume
0.44 m’) is spent:

— cement M500 — 133 kg, 300 kg / m’,

that is 1200 kg for 9.0 m SCP 3.96 m’

(assumed by the project);

or

— cement M400 — 150 kg, 340 kg / m’,

that is 1350 kg for 9.0 m SCP 3.96 m3
(assumed by the project);

— water — 60% of the weight of cement.

Water-cement ratio of the suspension W/ C = 0,6.

Vibroreinforced soil-cement piles were arranged
with a deep soil mixing technology without the re-
moval of soil. The essence of the applied technology
is that during the well drilling, the natural soil is loos-
ened without taking it out of the well. In the well bore
the solution pump a water-cement suspension, which
is carefully mixed with the loose soil by the working
organ. Loosening the soil, supplying the cement mor-
tar and mixing it with the soil is carried out throughout
the length of the soil-cement pile. In the newly made
soil-cement piles, a metal frame is pressed, in the
middle of which a high-frequency vibrator is placed,
which simplifies the deepening of the frame.
Constructive material is subjected to high-frequency
deep vibrating when removing the vibrator up.
After the mixture has dried, a solid soil-cement pile,
which does not soak in the aqueous medium, is
formed. Using the deep soil mixing technology with-
out removing soil enables to made soil-cement piles
below ground water level.

Conclusions The experience of introducing vibrore-
inforced soil-cement piles shows their use possibility
in difficult engineering and geological conditions.
The performed economic comparisons of work and
materials cost indicate that vibroreinforced soil-
cement piles are more economical and less resource
volume variant of foundations compared to non-
reinforced cement piles; if the load bearing capacity
on the soil is greater than the bearing capacity of the
material as well as in comparison with bored piles if
bearing capacity of the soil is much smaller than the
bearing capacity of piles material.

The vibroreinforced soil-cement piles have been
used in the construction and design of residential and
public buildings as a more economical version of pile
foundations.
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New designs of bored piles with a tapered shaft shape are proposed. To confirm reduction or absence of the potential impact
of additional load (negative) friction forces effectiveness on piles lateral surfaces in structurally unstable soils (fill-up
grounds etc.) due to a change in the edge slope angle, laboratory experimental research on models of tapered piles have been
conducted; the confirming results have been provided and described in detail in the laboratory experimental research. The
impact of the changed slope angle of the edge on the effect of additional load friction forces on the lateral surfaces of experi-
mental piles was demonstrated; the correlation between the change in taper of piles and the decrease in their surface area has
been proven.
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ByniBHHLTBO B CTPYKTYpPHO-HECTIMKMX (HACHIHUX 1 T.II.) IPYHTaX 3 MOTYXKHOIO IPOCIAAI0Y0I0 TOBIICI0 B YMOBaX Cy4acHOTO
CBITY CTa€ Jefaii akTyaJbHUM, TOMY B OUIBIIOCTI BUNAJKIB HaHOIIbII €KOHOMIYHO €()eKTHBHUM Ta MPOEKTHO OOIPYHTOBA-
HHUM pillleHHAM € OYyZiBHUITBO Ha NanboBUX (pyHmameHnTax. CydacHe OyAiBHHITBO 3 AESIKHX YaciB yce yacTilie Mpu BUPOO-
naib. Sk BioMo, NIpH BU3HA4YECHHI HECYd4oi 34aTHOCTI OypOBHX Halb Y CTPYKTYPHO-HECTIHKMX (HACHIIHHX 1 T.IL) IpYHTax y
BUIIA/IKaX, KOJIHN yMOBHa JedopMallist IPYHTY HAaBKOJIONIAIILOBOTO MAaCHBY MOJE IIEPEBHIYBATH IIBUAKICTH OCIJaHHS NAIIbO-
BOTO (D)YHIAMEHTY, CJiJ] ypaXOBYBaTH JOBAHTa)XXyBalbHI (HETaTHBHI) CHJIM TEPTS. Y CTAHOBIICHO, 110 3MiHa KyTa HAaXWIy Ipa-
Hi cToBOYypa maini (koHyconoioHa Gopma cToBOypa) 103BOII€ 3a0€3MEUNTH 3HIDKEHHS a00 BiJCYTHICTh MOJKIIMBOTO BIUIUBY
JIOBaHTAXXYBAJIBHUX (HETATUBHHUX) CHJI TePTS N0 Oi4HIN MOBEpXi Majb y CTPYKTYPHO-HECTIHKMX (HACHUIHHUX 1 T.I.) IPYHTax,
110, SIK HACJIIOK, MiJBHUIY€E HECYyUYy 3JaTHICTh MaJIb Ha BJIABIIOI0YI HABAHTA)XXEHHs. 3apONOHOBAHO HOBI BapiaHTH KOHCTPY-
KUiii OypoBHX Maib 3 KOHYCONMoaiOHOI0 (opMoio cToBOypa. [y miaTBep KeHHS e(eKTUBHOCTI 3HIKEHHS a00 BiICYTHOCTI
MOXIJIUBOTO BIUIMBY JOBaHTAKYBaJbHUX (HETAaTUBHMX) CHJI T€PTS MO O1YHIN MOBEPXHI MaJli B CTPYKTYPHO-HECTIHKUX (HACHII-
HUX 1 T.L) IpYHTaX 3a paxXyHOK 3MIiHM KyTa HaXWiy I'paHi OyJIo MpoBeAeHO JabopaTOpHi eKCHePUMEHTAIbHI JOCIIKCHHS
Ha MOJIe/ISIX KOHYCONOAIOHUX MNallb, HABEJEHO MiATBEP/PKYI0Ui Pe3yJIbTaTH Ta JETAIBHUI OIHC JTa00paTOPHUX EKCIIePHUMEH-
TaJIbHUX JOCHIKEHb. 3’5COBAHO 3aJIEXKHICTh 3MIHH KOHYCONOIOHOCTI Ianb i 3MEHIIEHHs IUIOMI IX ITOBEPXOHb, ITOKAa3aHO
BIUTMB 3MIiHHU KyTa HaXWITy TPpaHi Ha Ail0 JOBAaHTaKyBAJILHUX CUJI TEPTS 10 OIYHUI ITOBEPXHi eKCIEPUMEHTAIBHHUX Majlb.

Knrouosi cioBa: koHyconoiOHa nass, npociaHHs IPYHTY, O19HA TOBEPXHS, JOBAHTAXKYBAJIbHI CHIIU TEPTS
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Introduction. Collapsible soils cover more than
35% of the territory of Ukraine. By little humidity,
collapsible loess soils in their natural state have rather
good physical and mechanical properties for construc-
tion, but in the presence of moisture, their structural
stability decreases, and vertical deformations may oc-
cur. Uneven deformation is especially dangerous as it
can result in partial or full loss of stability and opera-
tional capacity of buildings. It should also be noted
that, in the early study phases, only loess soils were
deemed collapsible, but the construction practice of
recent decades has shown that many non-loess loam
soils, fill-up grounds, and loose dusty sands appear to
be collapsible soils when in contact with moisture.

Construction in the conditions of structurally unsta-
ble soils with thick subsiding mass has become possi-
ble primarily due to properly designed foundations,
most of which are pile foundations.

When designing buildings and structures on pile
foundations in the conditions of structurally unstable
soils, additional load (negative) friction forces should
be taken into consideration. These emerge if the
nominal rate of soil deformation in the near-pile mass
exceeds the settlement rate of the pile foundation,
which can also occur:

— in the presence of structurally unstable soils in the
foundation,;

— when constructing pile foundations on very thick
mounds by natural consolidation of the soil mass;

— when using pile and raft foundations or applying
significant loads to the surface near a pile foundation,
which occur due to buildings being constructed nearby
on shallow foundations, by land planning when plac-
ing fills, when storing materials, installing equipment
etc.;

— by soil compaction due to dynamic impacts and
increased effective stress by lowering of groundwater
level,

— by thawing of frozen soils.

Additional load (negative) friction forces of the soil
caused primarily either by additional loading of the
surface or due to the presence of soils with specific
properties in the foundation have a significant impact
on design solutions with regard to pile foundations.

Therefore, it is necessary to conduct complex ex-
perimental and theoretical research aimed at determin-
ing methods of reduction of additional load friction
forces acting on the lateral surfaces of piles in struc-
turally unstable soils, thus facilitating an increase in
the bearing capacity of bored piles.

The issues of the development of negative friction
forces in pile foundations have been addressed in
works of national and foreign researchers:
Dalmatov B.I., Lapshin F.K., Rossikhin Yu.V.,
Grigorian A.A., Zaretskii Yu.K., Morozov V.N.,
Broma Beng B., Fellenius B.H., Crawford C.B.,
Endo M., Bjerrum L., Johannessen 1.J., Kerisel J.,
Lee C.J., Bolton M.D. [14, 15] et al.

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 fric-
tion 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 lat-
eral surface of the pile is assumed.

Review of the latest research sources and publica-
tions. In rough engineering and geological conditions,
especially in case of multi-storey and high-rise struc-
tures, reinforced concrete auger cast or injection piles
(bored piles) [1] are used, including pedestal ones.
These piles are installed directly into the soil, which
envisages forming a pile shaft by drilling a hole with
the target depth using an auger with the required di-
ameter and applying the rotary drilling principle de-
pending on used equipment [2].

There are well-known methods for installing auger
cast piles in structurally unstable soils using steel,
polyethylene, and other casings, which ensure reduc-
tion of additional load friction forces due to lower
values of friction against soil in case of the casing ma-
terial compared to those of a concrete pile surface [2],
but such methods are characterized by higher costs
and lower antifriction properties [3]. Other known
methods applying a so-called «antifriction jacket» [4]
make the process of installing bored piles very com-
plicated.

It is known that reinforced concrete driven piles are
used that possess a pyramid, trapezoidal, or tapered
shaft shape [1, 2, 5], which is also used as a mold for
special rammers when installing concrete or rein-
forced concrete cast-in-place piles (foundations) in a
stamped out bed (pit) [1, 4, 6, 7]. Also, for driven piles
with constant cross-section, antifriction coating is
used along the length of the lateral surface [1].
However, such driven and cast-in-place piles have a
limited length (up to =10 m) and application field,
and the effect of reduction of additional load forces
along the lateral surface of these piles due to addi-
tional squeezing of the soil mass around the piles dur-
ing their installation is doubtful.

In his thesis [8], Vertynskii O.S. has proposed a de-
sign solution of a tapered cast-in-place pile for struc-
turally unstable soils. This pile represents a structure
consisting of a metal pipe and outer tapered casing.
The structure is intended to be submerged into a hole
until the final position is achieved, then concrete is
pumped under pressure into the space between the
metal pipe and the casing. During this procedure, the
casing thrust occurs, and a tapered pile emerges.
A drawback of this method is high labor intensity of
works aimed at achieving the desired effect.

The research conducted by scientists O. Yeshchenko
and D. Cherniavskyi [9, 10] should be mentioned who
address issues of the bearing capacity of tapered injec-
tion piles in various types of soils; however, the au-
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thors do not consider the impact of additional load
friction forces on the lateral surface of piles.

Definition of unsolved aspects of the problem.
At present, no rational and reliable method for install-
ing tapered bored piles in structurally unstable soils
has been proposed, which would reduce the impact of
additional load friction forces of soil on their lateral
surfaces; research in this direction doesn’t exist either.

Research objective. This article offers designs of
bored piles created using the patented method [13] in
order to ensure reduction or absence of the impact of
additional load friction forces of soil on the lateral sur-
face of bored piles in structurally unstable soils (fill-
up grounds etc.).
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Main material and results. Fig. 1 shows fundamen-
tal designs of bored piles installed using the proposed
method; the tapered shape of the shaft of the pile / is
shown, which is created by drilling out a hole using a
tapered auger with required geometric parameters
(d, and d,) and depth H and broadening 2 at the end of
the pile shaft /.

The laboratory experiments were based on the
method for determining specifically maximum addi-
tional load friction forces of soil on models of
piles, which was proposed and implemented by
Prof. Samorodov O.V. and Naydenova V.E. and pub-
lished in works [11, 12], (Fig. 3).
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Figure 1 — Fundamental designs of bored piles installed using the proposed method
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Figure 2 — Installation diagram during the experiment to determine additional load friction forces of soil
P, on the lateral surface of the pile by different angles of slope of the shaft surfaces a:
a) standard cylindrical pile; b) proposed tapered pile;
1 — wooden pile model; 2 — tray; 3 — sand (fine, dry, homogenous y ~ 15 kN/m’, ¢ = 30");
4 — dynamometer; 5 — rubber air «cushion»; 6 — partition (particle board)
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Figure 3 — Laboratory equipment

A specially equipped tray in the form of a metal bar-
rel was used in the capacity of experimental unit
(Fig. 3). Its dimensions were as follows: H = 900 mm,
@ = 560 mm. In the lower part of the tray, a
double bottom was made with a space between
(H; = 100 mm), which was filled with a rubber air
«cushiony.

The laboratory experiment for testing the new pile
designs was conducted in a similar manner.

Two models of wooden piles were used, which were
wrapped up in sandpaper for better adhesion with
sand. One pile had a cylindrical shape, was 1,000 mm
in length and 60 mm in diameter; the other had a ta-
pered shape, was 1,000 mm in length and 60 to 30 mm
in diameter. The correlation between the numeric val-
ues of model piles, such as their length and diameter,
was similar to the correlation for actual piles.

Fine, dry, homogenous sand was used as a fill
(y=15 KN/m’, ¢ = 30°). An average dimension of a
sand grain was 0.20 mm to 0.25 mm. After the filling
up was completed, prior to the start of the first series
of experiments, the unit was maintained in the design
position for at least 30 minutes. The distance between
the pile and the tray walls equaled approximately
250 mm.

Preparation and implementation of the experiment
included several stages (see Fig. 2):

— the model pile was installed in the final vertical po-
sition by free suspension whereby the lower end of the
pile was passed through the entire tray construction
through special holes in bottoms, with the pile resting
on a dynamometer;

— the tray was filled to the entire height with sandy
soil in a «raining» manner;

— settlement of the entire soil mass by the value of
s¢=100 mm was imitated by letting the air out of the
rubber chamber («cushiony);

— additional weight of the pile due to additional load
friction forces of soil P, on the lateral surface of the
pile was registered using a dynamometer.

Table 1 shows the results of laboratory experimental
research aimed at determining the maximum addi-
tional load friction force of loose soil P, on the lateral
surface of the pile due to a slope of the shaft surfaces.

Table 1 — Results of laboratory research

No. H, H,, H,, D, d, a, S (h=0.85 m), P,

m m m m m degrees m’ (107 kN)
a) 1.0 - - 0.06 0.06 0 0.16 18.3
b) 1.0 0.85 0.15 0.06 0.03 1.011 0.12 7.5
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Figure 4 — Comparison of the decrease in values of the surface area of piles (S)
and the maximum loading force (Pn) in percentage terms
(pile No. 1 — cylindrical, pile No. 2 — tapered)

Conclusions:

The rational and reliable method for installing ta-
pered bored piles in structurally unstable soils has
been proposed.

The results of intermediate laboratory research indi-
cate significant reduction of additional load friction
forces of soil on tapered piles compared to the cylin-
drical shape of their lateral surface, which allows in-
creasing the bearing capacity of piles by pressing
loads when designing pile foundations in order to en-
sure a certain economic effect.
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The paper reviews the existing designs of nominally strip (continuous) foundations that are offered in foundation engineer-
ing, that due to their shape (configuration) of contact with the base enable more rationally to design foundations for continu-
ous structures of buildings and facilities. The advantages and disadvantages of continuous foundations different types are
shown, and some calculation methods and methodologies when calculating these foundations in interaction with soil bases
are given.)

Keywords: soil base, foundation, conditionally banded, shape of bottom, longitudinal cutout, efficiency

AHaJIi3 KOHCTPYKTUBHHUX pPillIeHb
YMOBHO CTPIYKOBHX (MMPOTSKHUX) (PyHTAMEHTIB

Camopoaos O.B."'*, Xpanarosa L.B.%, Kporos O.B.?, Ta6aunikos C.B.*

! XapkiBcbKuil HALLIOHABHII YHIBEpCUTET OYIiBHHIITBA Ta apXiTeKTypH
% XapKiBChKHil HAI[IOHATBHMAI YHIBEPCHTET OYIiBHHULTBA Ta APXITEKTYPH
3 XapKiBChKHil HALIOHATBHIIT yHIBEPCHTET OY/IiBHUITBA TA aPXITEKTYPH
* XapkiBchKHil HALIOHATBHMIT YHIBEpPCHTET MichKoro rocronapcrea iMeni O.M. Bekerosa
* Anpeca i TUCTYBaHHS: osamorodov@ukr.net

IIpoananizoBaHO iCHYIOUi KOHCTPYKIIi YMOBHO CTPIUKOBUX (IIPOTSKHUX) (QyHIAMEHTIB, Ki 32 paXyHOK CBO€T (opMH (KOH-
¢irypariii) KOHTaKTy 3 OCHOBOIO JJO3BOJISIOTH OLIBII palioOHaJbHO NPOEKTYBATH (QyHAAMEHTH NPOTSHKHUX KOHCTPYKIIH Oymi-
Besib 1 criopya. [lokasaHo mepeBaru Ta HEJOMIKM Pi3HUX THIIB MPOTSDKHUX (DYHAAMEHTIB, a TAKOXK HABEICHI JAesSKi METOAU U
METOUKH PO3PAaxXyHKy TakuX (YHAAMEHTIB IPH B3a€MOJii 3 TPYHTOBHMH OCHOBaMH. BcTaHOBIIEHO, IO PO3pOOKa HOBHUX
KOHCTPYKTHBHHUX DIIlICHb YMOBHO CTPiYKOBUX (DYHIAMEHTIB Ta yJOCKOHAJICHHS METOIHUK iX pO3paxyHKY BPaxoOBY€ TUIBKU
BEpTUKAIbHI HABaHTAXXEHHS Ha QyHramMeHTH. OJHaK, iCHY€ KiIac CHOPY., THIIA MAaCHBHUX MiAMIPHUX CTiH, IO CIIPUHMAIOTH
3HAYHI MOMEHTHI HaBaHTaXXEHHI I10 ITiIONIBI, IKi HOTPEOYIOTh pO3pOOKH e()eKTUBHOI KOHCTPYKILIT pyHAaMEHTHOI YaCTHHU 13
3a0e3MeYeHHsIM PO3PaXyHKOBOTO OIIOPY TPYHTY OCHOBH. 3aIIpONOHOBAHO 3alaTeHTOBaHY KOMOIHOBaHY KOHCTPYKIIIO CTpid-
KOBOTO (pyHIAMEHT 3 IO3JI0BXKHIM BUPI30M IO IiJJOIIBI, IO CKJIAaJaeThesl 3 (yHJaMEHTHOI YaCTHHU MIMPHHOIO (2b+a) Ta BH-
pi3y NIMPUHOIO a 1 BUCOTOIO A, IO 3aMOBHIOETHCS HU3bKOMOIYJIBHUM MaTepialoM, HalpHKIIa[, MHOIUIACTOM. 3 OJJHOTO 00-
Ky, Taka KOHCTPYKILis pyHIaMeHTY e()eKTHBHO CIIpUiiMae eKCIEHTPUYHI HaBaHTA)KCHHS Yy MOPIBHSAHHI 3 CYIUIBHOIO pOpMOIO
MiJJOIIBOIO 3 IOTPUMAHHAM HOPMAaTHBHHUX BUMOT 3a KpaHOBMMH THCKaMHU Ha OCHOBY. 3 ApYroro 00Ky, KOHCTDPYKIIis IO3BOJISIE
30UTBIINTH PO3PAaXyHKOBHH OMIp TPYHTY OCHOBH (YHAAMEHTY 3 BUPi30M 32 paXyHOK 3allOBHCHHS OPOXHUHH BHPi3y HU3b-
KOMOJAYJIBHAM MaTepiaioM, 3a paXyHOK 9OTO BiIOYBAa€ThCS «CHPUATIUBHIAY» MEPEPO3NOIiT HAPYKEHb B OCHOBI (yHIaMEHTY
3 BUPI30M y MOPIBHAHHI 13 CYUIBHUM (YHIAMEHTOM NPH NPUHHATTI OyAb-IKOTO KPUTEPil0 PO3BUTKY 30H IPaHUYHOI PiBHO-
Bary mix ¢pynnamMentoM. ToMy, po3paxyHKOBHH OMIp TPYHTY 3alIPONIOHOBAHOTO CTPIYKOBOTO (hyHIaMEHTY MOXe OyTH 10 2-X
pasiB OiiblIe y MOPIBHSIHHI 13 CYIUTBHUM (YHIaMEHTOM IIHPHUHOIO 2b.

Knrouosi cioBa: rpyHTOBa OCHOBA, PYHIAMEHT, YMOBHO CTPiYKOBHH, (hopMa MiTOMIBY, O3I0BXKHIN BUPi3, €EeKTUBHICTH
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Introduction. Increasing the economic efficiency of
foundation construction, which cost can in some cases
amount to 40% of buildings construction total cost, is
currently a priority area. Cast in-situ and precast strip
foundations for walls are the most common type of
shallow foundations, which is used in residential con-
struction, although types of nominally strip (continu-
ous) foundations with various shapes of bottoms in
contact with the base have been provided recently. Us-
ing other shapes of continuous foundations bottoms
alters favourably the stress-strain state of the soil base,
that is, from the plane to the space (“plane-space™)
state; hence, they are more rational than strip founda-
tion classical shape.

Review of recent research and publications.
A number of researchers such as V. Alekseev,
L. Anshin, D. Arkhipov, B. Barykin, V. Ermashov,
M. Fidarov, R. Furunzhiev, E. Livshits, F. Lyalin,
E. Sorochan, P.Poyta, R.Mangushev, A. Pilyagin,
E. Neiburg, A. Razoryonov, V. Solomin, V. Tarshish,
E. Vinokurov, G. Skibin, S.Yevtushenko, V. Pankov,
T. Krakhmalny, Yu. Tugayenko, N. Kiselev and many
others have devoted their work to developing methods
of calculation and designing non-conventional con-
tinuous foundations (discontinuous strip foundations,
adjacent foundations, etc.), and optimizing foundation
designs on the whole. Designs of nominally strip (con-
tinuous) foundations have been intensively improved
and investigated up to the present time, as evidenced
by recent theses defended abroad [1, 2, 26-30].
Currently, using discontinuous strip foundations en-
ables, under otherwise equal conditions, to increase
the allowable pressure on the soil base up to 1.3 times
due to the change of the stress-strain state from the
plane to the space state, which was introduced back in
SNiP 2.02.01-83* «Buildings and structures» founda-
tion has been implented in force according to date in
the national standards DBN [3].

Uninvestigated parts of general matters defining.
Development of new design solutions for nominally
strip foundations, experimental and theoretical re-
search of their combined behaviour with soil bases,
and improvement of their calculation and designing
methods are an area of current interest in soil mechan-
ics and foundation engineering.

Research objective is to analize nominally strip
(continuous) foundations design solutions .

Main content and findings. In the Research
Institute of Bases and Underground Structures named
after N.M. Gersevanov, the first attempt has been
made to change the traditional way of transferring
load in a way that substantially improves the service
behaviour of the foundation and the base itself. It has
been experimentally confirmed that the ultimate load
on base soils increases 1.5 times. Therefore, it is
possible to transfer more load on a discontinuous
foundation, under otherwise equal conditions, or,
using the principle of calculation from the second
limit state, reduce the area of the foundation bottom
and hence its materials intensity. This principle

was implemented in 1954 under the guidance of
E. Sorochan [4] when developing precast disconti-
nuous strip foundations (Fig. 1) which were first used
in Moscow.

Experimentally, the behaviour of discontinuous strip
foundations started to be studied for the first time by
E. Sorochan [4], however, studies dealt with the linear
phase of base behaviour . The limit stress state of dis-
continuous strip foundations base soil was particularly
covered by studies of M. Fidarov [5]. The proposed
theory of discontinuous foundations and bases com-
bined behaviour studied by M. Fidarov is based on the
solutions to soil limit stress-strain state and soils pres-
sure over the roofs of underground mining have been
studied by M. Protodiakonov. This theory considers
the emergence of an arching effect in the soil between
the pad blocks, due to them foundation bottom can be
considered as continuous. In his doctoral thesis,
P.Poyta [6] provides considerable theoretical and ex-
perimental studies on the combined behaviour of base
soils and discontinuous foundations, involving the
theory of arching effect occurrence, thus, the simple
formula can be derived to determine the space be-
tween the slabs in a discontinuous foundation
(see Fig. 1):

a = b sing. (D

Pad block

Figure 1 — Precast discontinuous foundation

To date, the current DBN [3] standardize the use of
structures of discontinuous strip foundations, includ-
ing those with angular cut-outs, which enables, under
otherwise equal conditions, to increase the allowable
pressure (design resistance R) on the soil base up to
1.3 times, which was already introduced in the Soviet
regulatory documents.

The design solution close to discontinuous founda-
tions in terms of the behaviour peculiarities with the
base is sleeper foundations (Fig. 2), which were con-
sidered in depth in the works by Yu. Tugayenko and
S. Kushchak [7], P. Poyta [6] and V. Pankov [§].

Later on, strip foundations structures improvement
was aimed at developing pad blocks with rectangular
cut-outs in the corners, thus, pad blocks area is 12%
smaller than typical blocks area (see Fig. 3).
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Figure 3 — Foundation pad block
with angular cut-outs

The work of V. Ermashov [9] is devoted to studying
foundation slabs with angular cut-outs shape influence
ontheir bases stress-strain state. The research was ex-
perimental in a sand tray measuring 6.0 by 5.0 m in
size with a height of 5.5 m. The variables included
foundation stiffness, contact surface relative size, and
reinforcement percentage. Consequently, it was found
that the arrangement of angular cut-outs in slabs re-
sults in the formation of limit state local zones in the
soil through concentrating the contact stresses in the
central part of foundation bottom. It enables to reduce
the bending moment in slab critical section and foun-
dation materials intensity. Based on the conducted re-
search, reinforced concrete slabs for strip foundations
with a rational contour of the contact surface were de-
veloped, which use reduces the concrete consumption
to 18 to 20% and steel consumption to 15 to 18%
compared with solid slabs.

A number of researchers from South Russian State
Technical University (Novocherkassk Polytechnic
Institute) (Novocherkassk  Polytechnic  Institute)
including G. Skibin, S.Yevtushenko, D. Arkhipov,
T. Krakhmalny [1, 10-13] and others are deeply in-
volved in developing continuous foundations for walls
and retaining structures with various options of mov-
ing apart and turning pad blocks, and the broken con-
tour of the base slab boundary zone (see Fig. 4).

b)

Figure 4 — Layouts of continuous foundations:
a) with blocks moved apart in the transverse direction;
b) with blocks turned at the angle o;
c¢) with the broken contour of the boundary zone.

The work of T.A. Krakhmalny [1], based on numer-
ous laboratory experimental studies, provides founda-
tions various layouts comparative analysis (Fig. 4) and
dependence evaluation of base bearing capacity on
bottom shape change. It is furthermore concluded that
with increase of foundation model perimeter ratio to
its area (&), the critical load 4P to the base and its
bearing capacity increase. Figure 5 shows the graph of
change in model bearing capacity (4P) against foun-
dation perimeter ratio to its area (&).

aP

aP |{

et =

Figure 5 — The graph of change in bearing
capacity of the model against foundation perime-
ter ratio to its contact area
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According to the graph, change in the perimeter at &
< 5 results in a greater increase in the bearing capacity
AP, than the increase in the perimeter at 5 < & < 10,
which gives an increase in the bearing capacity by the
value 4P, .

Other conclusions of the authors have been consid-
ered, related to calculation methods peculiarities for
bases of such foundations (see Fig. 4):

- performed calculations show the possibility of de-
termining the design resistance of strip foundations
base with the rotation of square and rectangular sup-
porting blocks and base slabs broken contour accord-
ing to SNiP (DBN) [3; 14];

- the design resistance of sandy soil R is 4.0 to
5.0 times lower than the actual range of the linear de-
pendence of the foundation settlement on the load.
Hence, the regulations [3, 14] greatly reduce the al-
lowable load. To determine foundation size on a sandy
base it is more appropriate to perform calculation from
the first limit state using base ultimate resistance N,
which more closely corresponds to the limit of sand
base linear deformability than the value R does.
The same conclusion was made in the works by
V.A. Ilichev , A.B. Fadeev, and V.A. Lukin [15, 16],
where calculation methods resilts are compared with
Eurocode 7 [17].

Concepts for adjustable distribution of reaction pres-
sure were developed in the works by E.A. Sorochan
[18, 19], who suggested accumulating the contact
stresses under the centre of strip foundations by ar-
ranging nonuniform stiffness in the centre by means of
concrete, and along the perimeter by means of sand.
Thus, foundation behaviour relative to base changes
considerably: on the one hand, the bending moments
in the overhanging lengths of slab decrease, on the
other hand, the bearing capacity of base soil increases
due to “closure” of plastic shear zones under the cen-
tre. It is possible to adjust the distribution of contact
stresses in other ways: by laying plastic foam inserts
under strip foundation edge or by producing precast
blocks with concrete protrusions under centre
and unsupported console overhangs (Fig. 6, a).
Such approaches to adjusting reaction pressure under
the foundations are intensively developed by
Ya.O. Pronozin and N.Yu. Kiselev [2] when develop-
ing and studying the behaviour of slab foundations
with a compensatory layer.

M.S. Gritsuk [20] has theoretically and experi-
mentally proved the efficiency of strip foundations
from precast slabs with convex curvilinear or trape-
zium-shaped bottoms (Fig. 6, b), which provides para-
bolic distribution of reaction pressures with zero val-
ues near the edges. V.F. Bai and A.N. Kraev [21] have
investigated strip foundations of compressed curvilin-
ear sand masses reinforced along the contour (Fig. 6,

c).
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Figure 6 — The influence of the shape of a founda-
tion on reaction pressures and settlements:
a) aoundation with an intermediate bed;
b) aoundation with a convex bottom;
¢) aoundation with a curvilinear sand bed

A new development in the field of foundation
engineering is new designs of strip foundations with
longitudinal cut-outs on the bottom, which are high-
lighted in the works by I.Ya. Luchkovsky and
0.V. Samorodov [22 — 24], where the authors offer
the optimum shapes of eccentrically loaded strip foun-
dations with a longitudinal cut-out bottoms, which can
also be used for massive retaining walls (Fig. 7).
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Figure 7 -- Eccentrically loaded strip foundations of fétaining walls
with asymmetrical cut-outs on the bottom

Foundations with longitudinal asymmetrical or
symmetrical cut-outs on the bottom enable to make
full use of soil base strength properties, while observ-
ing the regulatory edge constraints (Fig. 7), and the
optimum geometric parameters of foundation bottom
at given efforts N and M = Ne, and at base soil design
resistance R are equal to:

- for the design with limiting edge pressures on the
base p,;x<I.2R and p,,;,>0 (Fig. 7, a):

2
b=(e+0495m) 1+ LA R I RO
5\e+0,495m
where
a= 0,804[41 +1355(3-N)- 1} ;
m=N/R;
N=5N/bR,
and for the case of a centrally located cut-out at c=d:
2
b=(e+0,833m) 1+ j-A{L666m _J| s
3e+0,833m
where
5 = g =] _ﬁ ;
b 3

- for the design with limiting the edge pressures on the
base p<I.2R and p,;/Pna=>0.25 (Fig. 7, b):

e+ 133m++(e+1.33mY - 2m?
b= , (4)
1,54

where

a=4178-045N -0,29,

and for the case of a centrally located cut-out at c=d:

_et04mylet0,4mf —0.213m°

However, preliminary calculations show that in the
case of an empty space inside cut-out cavity a soil
design resistance decreases sharply compared to the
continuous bottom; therefore, there is provided a pat-
ented design of strip foundation with longitudinal cut-
out (Fig. 8) [22] that consists of foundation part / of
(2b + a) in width and cut-out of a in width and 4 in
height, filled with low-modulus material 2 such as
foamed plastic. Furthermore, it is possible to signifi-
cantly simplify the technology of such foundations ar-
rangement due to “low-modulus insert” location in the
concrete bed 3 with thickness 4 under the foundation
(see Fig. 8).

= " th
A, --|.-|.,,"I T | R | 1 3
F;
- i -~ ; - o -
i o

Figure 8 — Mass retaining wall with a longitudinal
centrally located cut-out on the bottom

In this case, in order to determine soil design resis-
tance R, it is suggested considering the calculation
model of interaction between the foundation and the

b 06 ’ (5)  soil base, which is given in Fig. 9, where pressure
where equal to natural pressure y d; outside foundation is
-4 N transferred within the width of cut-out @ when loading
a=—=]-—— ion.

b 375 the foundation
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Figure 9 — Calculation model of interaction between foundation and soil base

The pressure inside the longitudinal cut-out of 4 in
height is transferred by filling the cavity with a low-
modulus material, such as foamed plastic, with a
modulus of elasticity £, which is equal to

Ezéy d,, 6)

where s is forecasted settlement of foundation, m;
A is the height of the cut-out, m;

y is soil specific gravity above foundation bottom,
kN/m’® ;

d; is foundation laying debth, m,

or, alternatively, by performing a cut-out of @ in width
and 4 in height, which is equal to

g=-t 5. )
Yy d;

In this case, foundation soil design resistance with
the cut-out Ry, of (2b+a) in width is equal to:
Ropsa =Ry kg (®)
where R, is foundation base soil design resistance of b
in width to be determined according to the standard
formula E.1 [3], subject to taking any criterion for
boundary equilibrium zones development under the
foundation;
k4 is the coefficient to be determined according to the
graphs in Fig. 10 and obtained based on our analytical
studies in the work [25].

kq
24
2,35
23
2,25
22 p=a5"
2,15
2,1
2,05
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Figure 10 — Graphs of the coefficient kd against the relative width of the cut-out a/b

Conclusions. The analysis has been performed of
the existing non-conventional nominally strip founda-
tions such as discontinuous foundations, adjacent
foundations, foundations with pad blocks turned at an
angle, foundations with cut-outs, foundations with
moving apart on the bottom and others that are more
rational than the classical shape of a strip foundation,
which enables to designefficient foundations for con-
tinuous structures of buildings and facilities.
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The article presents the design features of a residential complex located in the Barbyus street in Kyiv. The main city sewer
and water supply is the basis of the residential designed complex. It is necessary to consider the possible impact of new resi-
dential complex construction on the sewer and water supply. To assess this effect, the stress-strain state in the soil around the
collector and water supply system has been analyzed. Conclusions are drawn concerning the technical condition of the sewer
and water supply system after residential complex construction and its further operation.
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BruiuB OyIiBHUITBA )KUTJI0BOr0 KOMILJIEKCY 10 BYyJ. A. bap0ioca
B KueBi Ha cTaH kaHAII3aliHHOT0 KOJIEKTOPA TA MiI3¢MHOI0 BOJAOTOHY

Ilymincekuii B.JI."*, Crenanuyk C.B., TomGposcnkuii SII°, Kocrenbka C.M., Kocrouka €.I'.}
12345 1M1 «/lepskaBHUI HAYKOBO-IOCIIAHHIT IHCTHTYT GYiBEIbHAX KOHCTPYKIiii», M. KuiB
*Anpeca Juist TUCTYBaHHS: shumikvd@gmail.com

HagezneHo 0cOGIMBOCTI IPOEKTYBAaHHS JKUTIIOBOTO KOMIUIEKCY, pO3TalloBaHoro 1o Byi. A. Bap6ioca B M. Kuesi. 3a3HaueHo, 1o
0COOHBICTIO POEKTYBAHHS KUTIOBOTO KOMIUIEKCY € T€, 1[0 B IPYHTOBi OCHOBI KOMIUIEKCY, KOTPHH NMPOEKTYETHCS, Ha TIH-
ouni 39,0...42,0 M (Bix MOBEPXHi 3eMJIi) MPOXOIUTH TOJOBHUN MICBKHH KaHaTI3aliifHUI KOJeKTop, a Ha raubuHi 55,5 M —
HamipHUH BOJOTiH J{eCHAHCHKOTO BojomnpoBoay. [Ipy mpoekTyBaHHI KHUTIOBOrO KOMIUIEKCY Oyio mependadueHo KOHCTPYKTH-
BHI 3aX0/IM y BHUIJIAL BIICIYHUX CTIHOK 31 3MEHIIEHHS BIUIMBY HOBOTO OyIiBHMITBA HA KaHAJTI3AIIMHUI KOJIEKTOp Ta HAMIp-
Huit BojoriH. HeoOXizHO 0yJ10 BpaxoBYBaTH MOMIIMBHIA BIUTMB HOBOTO OY/IiBHHUIITBA )KUTJIOBOTO KOMIUICKCY Ha KaHATi3aIliii-
HUH KOJICKTOP 1 BOJOTIH 3 ypaxyBaHHSIM Y>KUTHUX KOHCTPYKTHBHHX 3aXOJiB Ta 3a HEOOXIZHOCTI HalaTH PEKOMEHJAIIT 010
3MEHIIEHHs] HEraTHBHOTO BILTUBY. /IS OIHIOBAHHS IIOTO BILIMBY OYJIO pO3pO0JIEHO PO3PaXyHKOBY MOJENb CHCTEMH «Oymi-
BIA — ()YyHIAMEHT — IPYHTOBA OCHOBAY, B sIKii OIiHIOBaJIacsl 3MiHa HaNpykeHo-xepopmoBanoro crany ( gami — HAC) y rpyH-
Ti HaBKOJIO KOJIEKTOPa 1 BOJIOTOHY, @ TAKOXK Yy HECYYHX KOHCTPYKIISIX KOJEKTOpa i BOJOTOHY, Ta BiANOBiAHI Aedopmaii i
3ycuiuist, mo cTBopiofoTh H/IC 1 BUHHKAIOTh y KOHCTPYKTHBHUX €JIEMEHTaX KOJEKTOpa, BOJOTOHY Ta B IPYHTI. 3p00JIeHO BH-
CHOBKH IIIOJI0 3MiHM TEXHIYHOTO CTaHY KaHaTi3alilfHOTO KOJEKTOpa Ta BOJOTOHY I OyAiBHUITBA )KUTIOBOTO KOMIUICKCY
Ta HOT0 MOAANIBIIO] eKCIUTyaTallii 1 HaBeIeHO PEeKOMEH/AIII] 00 BUKIIOYCHHS MOXKJIMBOTO BUHUKHEHHS aBapiifHOi cuTyamii
Ha KOJIEKTOpi Ta/ab0 BOMOrOHI i HEOOXITHOCTI OIIHIOBaHHS BIUIMBY OYIIBHHIITBA XHTJIOBOTO KOMIUIEKCY Ha ICHYIOUY OTO-
4yro4y 3a0yI0BY.

KnrouoBi cioBa: konekTop, BOJIOTiH, HAIPYKEHO-Ae(GOPMOBaHUIA CTaH, OyIiBIIs, IPOCKTYBAHHS, OYAIBHUIITBO
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Introduction. Residential complex which is being
designed is located in the Barbyus st. in Pecherskyi
District of Kyiv and its size is 138x108 m. For the
moment the most of the city territories with flat relief,
convenient geotechnical conditions, and absence of
geohazards and other unfavorable conditions are built
up. Therefore, the engineering-geological risk of de-
veloping such territories increases as well as the risk
of emergencies. It caused a decreasing in free areas
with favorable conditions for construction in Kyiv and
necessitated new construction objects designing and
building in the areas with complex geotechnical con-
ditions, the landslide and landslide-hazard areas, zones
affected by geohazards and other hazardous engineer-
ing risks.

Beneath the construction site of a residential com-
plex, which is built, at 98.1 m level (at depths of 39 ...
42 m) the main city sewer collector is located along
with the pressure water pipe (at depths of 55.5 m) that
belongs to Desnianskyi water supply system.

Analysis of recent sources and publications.
The issue of buildings and structures construction in
the convenient and complex geotechnical conditions
as well as in the zones of geohazards influence, the
bases reinforcement methods, structural solutions of
protective structures, and other hazardous engineering
risks are addressed by a set of regulations and stan-
dards, that is: DBN V.2.1-10 and its Amendments Ne 1
and Ne 2, DBN V.1.1-45, DSTU-N B V.1.1-39,
DSTU-N B V.1.1-40, DSTU-N B V.1.1-44 [1-7].

Identification of unsolved issues in the problem
under consideration. The existing set of standards
and regulations on designing in convenient and com-
plex geotechnical conditions, as well as in the zones of
geohazards influence, and other hazardous engineer-
ing risks does not completely provide the opportunity
of buildings and structures design at the modern level.

Introduction of new DBN V.2.1-10:201X «Bases
and foundations of buildings and structures. Basic
provisions» and standards in its development enable to
update the set of regulations on buildings and struc-
tures design on landslide and landslide hazardous ar-
eas, territories with convenient and complex geotech-
nical conditions, in zones of geohazards influence in-
cluding seismic impacts.

Problem statement. Improvement of existing state
construction codes [1 — 3] in the field of buildings and
structures bases and foundations design, considering
the modern principles of their design through devel-
opment of DBN V.2.1-10:201X enables to takethe
reasonable decisions on calculations and to justify
technical decisions on areas with dangerous engineer-
ing risks. These norms are an integral part of a set of
standards and regulations that establish mandatory re-
quirements for buildings and structures design on dif-
ferent constructions sites with different geotechnical
conditions and that are intended for use at all stages of
the life cycle of construction objects.

Main material and results. In the draft of DBN
V.2.1-10:201X the basic provisions are shown as well

as requirements for all types of buildings and struc-
tures bases and foundations design, construction and
reconstruction and classes of consequences (responsi-
bilities), the basic requirements for bases engineering
treatment design are contained as well as the composi-
tion of engineering surveys, environmental require-
ments for the buildings and structures bases and foun-
dations design. The article presents the use of the
standards and regulations set when designing a spe-
cific construction object, complicated by hazardous
engineering risks, connected with the location of an
underground sewer collector in the development spot
(at depths of 39...42 from the surface) and pressure
water pipe (at depth of 55 m from the surface).

The sewer collector is located under the buildings
A and B, and the water pipe runs directly under the
building A (Figure 1).

D=3600 Cormgated surface of
D=3100 the collector
- _T:_\'_'x -
[ WY
I| : I ||! |
N, 5001500 A
i !
N %N
ST N Shield D=3.6 m

Fubbing with ironing
| Reinforeed concrete "shirt” - 140 mm
| Protective laver (cement wopping) - 20 mm
Coating of reinforced conerete blocks - 160 mm
| External cement mixture pumping

Figure 1 — Cross section along the sewer collector

The designed residential complex includes a stylo-
bate part and three high-rise buildings [8] (Fig.1):

1) building «A» —99,05 m tall, has 22 residential
floors, 2 technical and 3 underground floors;

2) building «B» —123,65 m tall, with 29 residential
floors, 2 technical and 3 underground floors;

3) Building «C» —123,65 m tall, has 29 residential
floors, 2 technical and 3 underground floors.

All the buildings belong to the structures of signifi-
cant consequences CC3.

The foundations of buildings are plate-grid piles.
The piles diameter is @ 820 mm, the length is 25,0 m
(the bottom level is 103,35 m), carrying capacity —
303,5 t, the thickness of a plate grid is 1500 mm. In
the zone of the sewer collector location, the thickness
of the plate grid is 2000 mm. The grid is supported by
piles with the length of 35,0 m (the bottom level is
92,85 m) and carrying capacity of 450 t. Piles are lo-
cated from both sides of the collector at a distance of 5
m. There are no piles directly above the collector [1].
In the stylobate part of the project, there are three un-
derground floors which height is 3,15...4,20 m.
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The design provides for constructive measures to re-
duce the negative impact of the residential complex
construction on a collector, that is, the installation of a
collector sheeting from the drilled piles with the
length of 30,0 m and diameter of @ 820 mm at the dis-
tance of 5 m from each side of the collector and the
limitation of the piles length of building foundation
(Fig. 1).

The sewer collector with the diameter of 3,6 m is
built by shield tunneling method. The main bearing
constructive elements of the collector are tubes
with the width of 1.0 m and diameter of 3,6 m.

The collector slope is i = 0,0005. The collector con-
sists of 7 tubes and an internal monolithic reinforced
concrete «shirty with a thickness of 140 mm.
Concrete is pumped between tubes and the shield tun-
neling through the openings in the tubing. Cross sec-
tion of the collector is shown in Figure 2. The class of
the collector concrete is C25 / 30. The tubing is rein-
forced by 5 steel rods with the diameter of @ 12 mm
The reinforcement is of the periodic profile.
The cross-section along the collector is shown in

Fig. 2.
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Figure 2 — Plot of the collector, the water supply, and the calculated cross sections 1-1...4-4
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The technical condition of the collector on the site is
unknown since its visual inspection was not carried
out, therefore the possible degree structural elements
wear is taken by analogy with the collector section
which was surveyed in 1999. In this case, the follow-
ing damages have been recorded:

1) a reinforced concrete «shirt» of the main city col-
lector, in the upper part corroded to tubing, lost its
bearing capacity and purpose;

2) large strata of the «shirt» had separated from
tubes and deposited in the collector tray;

3) the groundwater infiltration in the collector was
recorded.

According to the conclusion of the Standing Com-
mittee on Technological and Environmental Safety
and Emergencies executive body of the Kyiv City
Council on the collector inspection, it is in an emer-
gency state (minutes Ne 56 of 10/06/2009).

Pressure water pipe, which passes through the area
of the designed residential complex, belongs to the
Desnianskyi water supply system in Kyiv. The water
supply system with a diameter of 3.56 m was
constructed by a shield tunneling method. The design
of the water supply system is shown in Fig. 3.

Rey

Shoterete over the mesh

Tunnel axis

block “35H)"

Figure 3 — The structure of underground water pipe

The main structural elements of the water supply are
a metal pipe with a diameter of 1.32 m and reinforced
concrete tubes with a diameter of 3.56 m. The collec-
tor ring consists of 7 tubes that serve as a reinforced
lining with the thickness of 160 mm, and an internal
monolithic reinforced concrete «shirty. The concrete is
poured through the openings in the tubing in the space
between the tubes and the shield tunneling. There is
no data on the damage to the structures of the water
supply, so it is impossible to judge the categories of
the structures technical condition.

Concrete was injected into the space between the
tubing and tunneling in the soil, the tubing concrete
class is C25 / 30. The tubing reinforcement is made by
5 rods with the diameter of 12 mm, the reinforcement
is done with periodic profile.

In geomorphologic terms, the site is located on the
left slope of the river Lybid valley. The relief of the
site has a slight slope in the southwest direction. Ab-
solute marks on the Earth surface vary from 133.90 to
140.20 m.

The geological structure of the site to the explored
depth of 50.0 m is composed of diluvia and glacial
deposits complex, which is presented by sand, sandy
loam, and loam, which are covered over by a fill-up
soil. Under the diluvial deposits, there are sands of
Kharkiv stage and the marl clay and loam of Kyiv
stage. The geological structure of the construction site

is composed of sand, sandy loam, loam, and clay cov-
ered over by a fill-up soil [9].

Hydrogeological conditions of the construction site
are characterized by the presence of an aquifer, timed
to diluvia sand, sandy loam [3]. The underground
flow was registered by geotechnical surveys at abso-
lute marks of 125.70 ... 128.90 m. The complexity
category of geotechnical conditions, according to
DBN A.2.1-1:2008 «Engineering surveys for con-
structiony, is the third (complex) [9]. Underground
waters are registered at a depth of 6.90 ... 11.80 m, at
the absolute marks of 125.70 ... 128.90 m and con-
fined to diluvia sand and sandy loam.

Estimation of the SSS alteration of city sewer col-
lector and underground water supply pipe soil base is
carried out using finite element method. The calcula-
tions were carried out for the building A, which is lo-
cated above the collector and the water supply pipe,
and for the building, which is located above the city
collector (Fig. 1).

Deformation module of the marl clay (EGE-10)
according to the results of geotechnical surveys is
E ;=30 MPa, and according to the results of presiomet-
ric surveys is E,=50 MPa, so calculations for assess-
ing the change in the SSS of soils within the collector
and the water supply pipe were performed for these
two values of the deformation module. These calcula-
tions were carried out in iterative manner using the
Mohr-Coulomb model, which was used for the first
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approximation to soil existing state. The model in-
cludes five parameters: Young modulus (£), Poisson
ratio (V ), cohesion (c), the friction angle (¢ ) and the

dilatation angle (i ). The program also considers soil

volumetric weight in dry (¥,...) and water-saturated
(7:a:) state, and also the coefficients of filtration &,
and ky.

The soil massif is modeled by 15 nodal elements,
where the soil with different physical and mechanical
characteristics is distinguished by the 2™ group of
limit states. Boundary conditions in the lower part of

the model presented in the form of a continuous fixed
support, and vertical walls presented by roller sup-
ports.

Calculations on the assessment of the SSS alteration
for the soil in collector and water supply system base
are made considering and without consideration addi-
tional loads from the designed buildings foundations
A and B and for calculation sections 1-1 ... 4-4.

The calculation scheme for section 1-1 is shown in
Fig. 4.

1

vl v Ll |

Figure 4 — The calculation scheme for section 1-1

Isolines of normal stresses g, Along section 1-1 for
phase 6 (considering residential complex weight when
E; =30 MPa) are shown in figure 5, and sewer collec-
tor and water supply pipe structures deformation
scheme — in figure 6, isolines of vertical displace-
ments — in figure 7.

The calculation was performed considering the
sequence of complex construction for such phases:

1) soil massif at the excavation bottom level —
128,15 m;

2) installation of the collector and water supply pipe;

3) the installation of piles for the sewer collector
sheeting;

4) installation of piles for the foundation of the de-
signed complex;

5) installation of plate foundation for the designed
complex;

6) erection of a residential complex with a load of
700 kN/L.m.

Maximum settling of the collector and the water
supply pipe, considering residential complex weight
for the sections 1-1, 2-2, 3-3, 4-4 (figure 1, when E;
=30 MPa and E, =50 MPa) are shown in table 1.

Normal stress distribution o, along the perimeter of
the collector when E;=30 MPa and E,=50 MPa for
sections 1-1, 4-4, 3-3 are shown in table 2.

For the determination of the tension occurring in the
constructive elements of the collector and the water
supply pipe, calculation was performed using «LIRA»
software, whereas as the external loads, there were

applied the stresses obtained from calculation of the
SSS alteration for the soil around the collector and the
water supply pipe. The simulation was performed us-
ing the «mounting» system. The modeling was carried
out by three stages:

1) the natural state of the soil: enables to estimate
the stresses in the soil from its own weight;

2) installation of the collector: enables to evaluate
the stress arising in the designed elements of the col-
lector and the water supply pipe;

3) installation of the pipe: enables to estimate the
forces that arise in the structural elements of the col-
lector and the water supply pipe from the additional
load.

Assessment of the collector and water supply pipe
structural elements technical state alteration was per-
formed by increasing the main compressive and ten-
sile stresses in the structural elements of the collector
and the water supply pipe. In the calculations for esti-
mating the alteration in the bearing structures SSS, the
design concrete class of C25 / 30 was adopted.

Figures 8 and 9 respectively show the diagrams of
the main tensile and compressive stresses in the col-
lector (considering residential complex weight).

The main tensile stresses in the tubings’ concrete of
the collector during the erection of the structures’
complex are 86 t/m’ (fig. 8), which does not exceed
the calculated resistance to tension of 105 t/m? (for the
concrete class of C25/30).
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Table 1 — Maximum settling of the collector and water supply system,
taking into account the weight of the residential complex

The underground
structure’s name

The maximum settling of the collector and water supply pipe taking into account the
weight of the residential, mm

Deformation module £; = 30 MPa

Deformation module £, = 50 MPa

Cross-sections (figure 1)

Cross-sections (figure 1)

1-1 2-2 4-4 3-3 1-1 2-2 4-4 3-3
Collector 32,8 - 10,0 12,0/10,0f 18,3 - 6,0 6,0/5,0
Water supply pipe 39,2 34,8 - - 23,6 21,7 - -

Note. Denominator shows the settling, calculated for spatial case area shown in fig. 1

Table 2 — Normal stress distribution o, along the perimeter of the collector

Stress, kPa when the deformation module is £,=30 MPa
Nods Without accounting for the weight of the residen{ Taking into account the weight of the residential
number tial complex complex (700 kN/L.m.)
Cross-sections (figure 1) Cross-sections (figure 1)

1-1 4-4 3-3 1-1 4-4 3-3

1 467 466 466 487 505 519

2 465 456 456 451 491 491

3 608 603 603 680 667 685

4 466 457 457 457 491 491
Stress, kPa when the deformation module is £,=50 MPa

1 410 461 462 462 491 508

2 383 475 462 468 504 543

3 584 602 598 661 655 679

4 380 477 463 474 503 536
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Figure 8 — The diagram of the main tensile stress in the collector
(taking into account the weight of the residential complex)

Figure 9 — The diagram of the main compressive stress in the collector
(taking into account the weight of the residential complex)

The main compressive stress in the tubing concrete
of the water supply pipe during the erection of the
structures’ complex is 1100 t/m”, which does not ex-
ceed the calculated resistance of the concrete to the
tension of 1450 t/m> (for the concrete class of
C25/30).

Scientific and technical support should be carried
out for complex construction or reconstruction ob-
jects, special geotechnical, hydro-geological, engi-
neering-ecological conditions and complex relief;
structures in the zone of influence (risk) of new con-
struction (reconstruction) or areas where dangerous
geological processes are possible [10].

Monitoring is carried out at the stages of designing
and construction, as well as reconstruction and preser-
vation operations for significant consequences of
CC3 — in all cases, CC2 — in complex geotechnical
conditions, in areas of a dense housing, in the new
construction or reconstruction influence zone [11].
Monitoring at the construction and operation stage for
a functional purpose should include visual-instru-
mental physical observations and survey (including
geodetic control) of structures, bases, territories, hy-
drogeological and ecological observing system, and
results analysis.
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Conclusions.

1. The technical decision on reducing the load on the
collector (the absence of piles directly over the collec-
tor, the use of shut-off pile rows for the collector
sheeting has significantly reduced the impact of the
residential complex on the collector.

2. The stresses in the bearing elements of the collec-
tor tubing and the water supply system, considering
residential complex loads, do not exceed the designed
values of concrete resistanc(class of concrete C25 /
30).

3. The loading from the projected residential build-
ing during the construction and operation period does
not lead to deterioration of the existing technical con-
dition of the collector and water supply structures pro-
vided that the actual physical properties of the collec-
tor and water supply tubing materials to the design
value are matched.

Recommendations.

1. In order to exclude the possible emergency situa-
tion at the collector and / or water supply, inspection
and assessment of the collector and water supply
structures technical condition should be undertaken as
well as their physical deterioration and the effect of
collector and water supply structures subsequent op-
eration on the designed residential building in terms of
its reliable and safe exploitation conditions.

2. Evaluate the impact of building the residential
complex on the existing surrounding housing.
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The main document of the regulatory framework for the design of buildings and structures on landslide and landslide-prone
areas is DBN.1.1-46:2017 «Engineering protection of territories, buildings and structures from landslides and landslides.
The main provisions» and the state standard DSTU-N B V.1.1-37:2016, «Manual on engineering protection of territories,
buildings and structures from landslides and landslips». In development of the provisions of this set of regulatory framework,
a number of regulations and standards have been developed to ensure the construction of buildings and structures on land-
slide and landslide-prone areas, considering the complex geological and hydro geological conditions of the construction site.
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IIpoexTyBaHHs OyAiBeJIb i CIOPYA HA 3CYBHUX
Ta 3CyBOHeOe3MeYHHUX JiJIAHKAX CXHITIB
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* ITonraBchkuil HanioHanpHIIT TexHiYHMIT yHiBepcuTeT imeri FOpis Korgpatioka
*Anpeca s muctyBanHs: 0679199507 @ukr.net

OCHOBHHMH JJOKyMEHTaMH KOMIUIEKCY HOPMaTHBHOT 6a3u CTOCOBHO IPOEKTYBaHHs Oy/AiBelb Ta CHOPY. Ha 3CYBHHUX 1 3CYBO-
HeOe3neunnx ainsHkax € JIBH B.1.1-46:2017 «lHXeHepHUH 3aXUCT TepUTOpil, OyaiBens 1 criopya Bix 3CyBiB Ta 0OBaiiB.
OcuogHi nonoxerHs» Ta JJICTY-H b B.1.1-37:2016 «HactaHoBa 11010 iH)KEHEPHOTO 3aXUCTy TEPUTOPiH, OyaiBeIsb 1 ciopyn
BiJl 3CyBiB Ta 00BaJIiB». J{J1s1 pO3BUTKY MOJ0KEHB HOTO KOMILIEKCY HOPMAaTUBHOI 0a3u po3po0IeHo HU3KY HOPMATHBHUX aK-
TiB 1 CTaHAAPTIB, AKi A03BOJIIOTH 3a0€3MEUNTH MPOCKTYBaHHS OyIiBeNb i CIOpYA Ha 3CYBHUX Ta 3CYBOHEOE3NCUHHUX IiNISH-
KaxX 3 ypaxyBaHHSM CKJIQJHHUX IHXCHEPHO-T'€OJOTIYHUX I IiIPOreoJoTiYHUX yMOB JIUITHKM OYAiBHHITBA. Y KOMILIEKCI HOP-
MaTHBHOI 0a3M HaBEICHO OCHOBHI NMPUHIMIIM T4 BHMOTH IOJO NMPOCKTYBaHHS, OYIIBHUITBA il PEKOHCTPYKIii OyaiBenb i
CIIOPYZl Ha 3CYBHHX Ta 3CYBOHEOE3MCYHUX NUISHKAX YCiX BUJIB 1 KJIACiB HACIIMKIB (BiIMOBIIaIbHOCTI), €KOJOTiYHI BUMOTH
IIpY 1X MPOEKTYBaHHI i OL[IHIOBAaHHS iICHYIOUMX 1H)KEHEPHO-CKOJIOTIYHUX YMOB Ta IPOTHO3Y iX MOXKJIMBOI 3MiHH Ha TePUTOPIl
(minsgHUi OyxmiBHMNTBA). Lleit koMIIeKC HOPMATUBHUX JOKYMEHTIB CIIiJl 3aCTOCOBYBATH NP MPOEKTYBaHHI OyIiBeIb Ta CIIO-
PYA Ha 3CYBHHX 1 3cyBOHeOe3neuHHX IinsgHkax. Bubip tuny ¢pyHnamenTiB OyaiBess Ta ciopyn i 3axX0/iB 3aKpilUICHHS CXUIIIB
MOBHHEH 0a3yBaTUCS HA TEXHIKO-€KOHOMIYHOMY IOPiBHSIHHI BapiaHTiB, HAa IHKCHEPHUX PO3PAXYHKAX, & TAKOK BUMOTH L1070
OXOPOHH HaBKOJHIIHHOTO IPUPOJHOTO CepeIOBHUINa, 3a0e3neuyBaTH CTIHKICTh TepUTOPil, HafdiiHe it Oe3nepebiiine GyHKmi-
OHYBaHHS BIIPOJIOBX PO3PaXyHKOBOTO TEPMIHY CIIyOH 00’€KTiB, SIKi MPOEKTYIOTECS. IIpH momanbIIoMy BIOCKOHAJICHHI
MIPOEKTYBaHHs OyAiBeNIb Ta CHOPYJ 3a KOMIUIEKCOM HOPMAaTUBHUX JOKYMEHTIB Ta CTaHJApTiB MOXJIMBE 1X PO3MIMPEHHS i3
3aydeHHsM icHytounx Ta HoBux JIBH i JICTYV.

Kunrouosi cioBa: 3cyB, OyaiBis, copyna, Kjac HacHiAKiB (BiANOBIAaIbHOCTI), HPOCKTYBaHH, OyIiBHUIITBO
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Introduction. Constant growth of territories with
dangerous geological processes happens in Ukraine.
The number of landslides increases and previously
stable slopes transit to the category of dangerous land-
slides. As a result, engineering and geological risk of
territories development and the occurrence of emer-
gency situations are increasing. The territories major-
ity with smooth-moving relief with ordinary engineer-
ing and geological conditions and the dangerous geo-
logical processes absence are built up currently in
Ukraine. It causes decreasing of free territories for
construction with favorable conditions and the neces-
sity of designing and erecting new construction pro-
jects in areas with complex engineering and geological
conditions, in a landslide and landslide hazardous ar-
eas and in zones of dangerous geological processes.

Such areas are characterized by significant marks
variations of the earth surface, the possibility of land-
slide processes activation, high levels of groundwater
standing, complex engineering and geological condi-
tions, the presence of lands with special properties,
etc.

The National regulatory framework of Ukraine for
the design of buildings and structures in a landslide
and landslide hazardous areas includes a set of norma-
tive documents and standards for their design in the
usual and complex engineering and geological condi-
tions and in zones of dangerous geological processes.

The Ministry of Regional Development of Ukraine
has instructed the DP NDIBK to develop new con-
struction norms in the specified direction, which
should measure up the modern requirements for the
construction norms and the development level of the
scientific and technical base of the construction indus-
try. DP NDIBK has developed DBN V.1.1-46:2017
and DSTU-N B.1.1-37:2016 that are the main part of
the normative documents and standards’ set of
Ukraine regarding the design of buildings and struc-
tures in a landslide and landslide hazardous areas in
various engineering and geological conditions.

Analysis of recent sources and publications.
The issues of buildings and structures erection in a
landslide and landslide hazardous areas in conven-
tional and complicated engineering and geological
conditions, as well as in zones of dangerous geologi-
cal processes, methods of bases strengthening, con-
structive solutions of counter landslide and retaining
structures are set out in a number of normative docu-
ments and standards. There are DBN V.2.1-10 and
Changes Nel and Ne2, DBN V.1.1-45, DBN V.1.1-46,
DSTU-N B V.1.1-37, DSTU-N B V.1.1-39,
DSTU-N B V.1.1-40, DSTU-N B V.1.1-44[3-9].

Identification of unsolved issues in the considered
problem. The existing set of normative documents
and standards for the design of buildings and struc-
tures in a landslide and landslide hazardous areas does
not fully ensure the possibility of their design at the
modern level.

DBN V.2.1-10-2009 and Changes Nel and Ne2 relate
to designing the foundations of buildings and struc-
tures in convenient engineering and geological condi-
tions. These documents were adopted a long time ago,
and, therefore, a number of their conditions are out of
date, does not measure up modern requirements and it
is needed to be modified. The introduction of new
DBN V.2.1-10:201X «Bases and foundations of build-
ings and structures. Basic provisions» and standards in
their development enables to update the set of norma-
tive documents on the design of buildings and struc-
tures in a landslide and landslide hazardous areas,
which are projected in the territories in convenient and
complex engineering and geological conditions and in
zones of dangerous geological processes, including
seismic influences.

The purpose of development of the DBN V.2.1-
10:201X is to improve the existing state building
codes [3 — 5] in the field of buildings and structures
design foundations, considering modern principles of
its design. These norms are an integral part of norma-
tive documents and standards set that establish manda-
tory requirements for the buildings and structures de-
sign in a landslide and dangerous landslide areas and
are intended for use at all stages of construction ob-
jects life cycle.

The main material and results. In the draft of
DBN V.2.1-10:201X general conditions and require-
ments for the design, construction and reconstruction
of buildings and structures foundations of all types
and classes of consequences (responsibilities) are
given, basic requirements for design of engineering
preparation of bases, engineering design content, envi-
ronmental requirements for buildings and structures
foundations design are contained.

The choice of buildings and structures foundations
type and measures for fixing the slopes should be
based on technical and economic comparison of op-
tions, on engineering calculations, considering urban
planning requirements, as well as requirements for en-
vironmental protection, ensuring the stability of the
territories, reliable and uninterrupted functioning dur-
ing the estimated objects life cycle that are projected.

The contexture of normative documents set and
standards for buildings and structures design on the
landslide and landslide hazardous areas in convenient
and complex engineering and geological conditions in
zones of dangerous geological processes is presented
in Fig. 1.

For buildings and structures (construction object)
design on landslide and landslide hazardous areas, a
set of basic normative documents and standards
(Figure 1) and comprehensive approach to the assess-
ment of construction projects should be applied and
performed according to the scheme (Figure 2).

The sequence of construction object design is given
in the form of items in Fig. 2.
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In the conditions development
of DBN V.1.1-46

— Bases and foundations of buildings and structures.

— Protection from danperous pealogical processes.

—]  Engineering protection of territories and structures

DEN A.2.1-1-2008

DBN V.1-10:201X

Basie provisions

DEBEN V.1.1-24: 2008

Basic design conditions

DBN A.2.2-1:2003
Composition and content of impact assessment
matenals on the environment dunng the design and
construction of enterprises, buildings. and struetures
DEN V.1.1-25-2009
from flooding

DSTU-N B V.1.1-38:2016

= Gnidelines concerning engineering protection of
territories, buildings, and structures from flooding

DSTU-N B V.1.1-39:2016

» Cuddelines concerning engineering training of
buildings and struetures land foundation

DSTU-N B V.1.1-40: 2016
» Guidelines for designing buildings and
structores on weak lands
- DSTU-N B V.1.2-17:2016

Guidelines conceming scientific and technical
momtonng of buildings and structures

Figure 1 — The contexture of a set of normative documents and standards
for the design of buildings and structures on the landslide and landslide hazardous areas

1. Engineering, geological and hydrogeological sur-
veys on the construction site are performed for
DBN A.2.1-1-2008 [10]. On the basis of engineering
geological surveys there are performed:

— engineering and geological zoning of the territory
due to the danger of landslide processes, as well as the
peculiarities of its development;

— assessment of slopes stability and its expected
changes, indicating the type of possible landslide
processes, their location, size, as well as soil masses
movement magnitude and velocity;

— evaluation of indirect effects caused by landslide
processes (deformation of existing buildings and
structures).

The analysis of engineering, geological and hydro-
geological conditions of the construction site enables
to determine the type of slope (landslide or landslide
hazardous), the initial data for calculating the slope
stability (types of soil and their physical and mechani-
cal characteristics, groundwater levels, etc.) and pres-
ence of lands with special properties.

2. Construction site inspection enables to determine
the presence of landslides traces (soil bulgings) on the

slope, its type, and to designate the widths for calcu-
lating slopes stability.

3. Design of buildings and structures for a site with-
out a slope is made according to DBN V.2.1-10 [3-5].

4. The calculation of the slope stability in the natural
state is carried out using two basic methods.

They are based on the theory of limit balance con-
sidering the stress state of the soil mass in limit bal-
ance conditions [1, 2]:

1) By blocks method (the method of G. M. Shak-
hunyants).

2) According to the slope soil stress-strain state
analysis.

The coefficient of slope stability &, is equal to the
sum ratio of all retaining forces (moments) (R;) to the
shear forces (moments) (F;)

SR,
kg = : : (1)
F;.

—_

N

1l
N
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The object of construction

1. Analvais of engineering, geological, and
hydrogeological conditions of the construction site

2. Inspection of construction site and analysis

T

4. An area with a slope. Calculation of the stability of the slope in the
natural state
| ___=--“—-=-——
4.1. Anunstable slope (£ = k) 4 2. A
stable
| slope
4.1.1. Measures for stability increasing of the slope: (e = Feon)
vertical planning; retaining structures

NE—

4.3, Calculation of the slope stability with buildings and structures

3. An area without slope

(if necessary with a slope cutting)
4.4. An unstable slope (k< ken) A stable
slope
(ke 2 Ken)

4.4.1. Measures for stability increasing of the slope:
retaining structures; anchors

——

4.5. Calculations of counter landshde structures and sheeting of a foundation pit, talang mto account

F

loadings from the slope, stages of theobjectconstruction, seismicity of thee construction site and its
correction

4.6, Caleulatons of builldmgs and structures m the 1 stand 2 nd groups ofboundary states, takmg mto
accountcapacity from the slope for the main and emergency calculation cases and their correction

5. WATER DISPOSAL

__4-—-“""’”-—_\\\-\_

5.1. Determining the-cust of the surface 5.2. Determination of underground
runoff and melt waters drainage drainage costs
5.1.1. Caleulation of the svstem of 5.2.1. Caleulation of the underground system
surface drainage, bandwidth, and its drainage for passage of underground drain
correction expenses and its correction

Figure 2 — The scheme of an integrated approach to the evaluation
of construction projects in a landslide and landslide hazardous areas
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The blocks method (the method of G. M. Shakhun-
yants enables to calculate slope stability from the
natural to the project state at the first limit state - for
the carrying capacity (under limit balance condition).
Calculations are performed for the slope considering
static, hydrodynamic and filtration capacities.

Assessment of slopes stability by the method of limit
balance is recommended to perform in the following
sequence:

1) analysis of engineering and geological conditions
and choice of calculation section (sections);

2) compilation of the calculation scheme considering
the features of the engineering and geological struc-
ture and physical and mechanical properties of soils;

3) generalization of the calculation scheme (simpli-
fication of the slope geometry by joining into one
group the soils with the same or close physical and
mechanical characteristics, removing non-essential
forms of relief and geological elements, replacing the
curvilinear sections of earth surface and depressions
surfaces by straight lines);

4) determination of external additional capacities
(magnitudes and directions of external additional ca-
pacities on the slope, application points of concen-
trated forces, boundaries and distributed nature of dis-
tributed forces);

5) determination of surface or sliding surfaces (slid-
ing surface line (or set of such lines) considering pecu-
liarities of engineering and geological structure and
soils physical and mechanical properties (weak soils,
the presence of hollows, peculiarities of hydro-
geological conditions, etc.);

6) the landslide separation of the soil into blocks
(compartments) according to the configuration of the
slide surface;

7) determination of the stability coefficient by the
formulas of the limit balance.

The method of finished elements considers the
stress-strain state of the soil mass considering soil
elastic and plastic behavior with building construc-
tions and structures in the soil massif.

The essence of the finite element method is that the
settlement system is replaced (approximated) by a sys-
tem with a finite number of freedom degrees, that is,
the discretization of the system is performed on sepa-
rate elements that are interconnected by nodes.
The work of a discrete system is determined by the in-
teraction of individual finite elements.

The finite element method enables to perform calcu-
lations on the limit states of both groups in the same
calculation scheme with one land model.

The indicator of slope stability degree in the finite
element method is the reliability coefficient (slope
stability coefficient k)

ke, == 8oy @)

CCI' tg(pcr
where c¢,, ¢, are soils initial strength characteristics;
Cer Qo are critical strength characteristics correspond-
ing to plastic soil fluidity in the considered area.

Assessment of slopes stability by finite element
method is recommended to perform in the following
sequence:

1) choice of the sections calculation;

2) compilation of calculation scheme;

3) generalization of calculation scheme (unification
of soils with similar physical and mechanical charac-
teristics into a single group, neglecting the insignifi-
cant forms of relief and geological elements, replace-
ment of curvilinear Earth surface spots and depression
surfaces by straight segments);

4) determination of external additional loadings
(value and direction of external additional loadings on
a slope, application points of concentrated loadings,
limit and distribution character of distributed loading;

5) calculation of underground water pressure;

6) calculation of domestic stresses in a soil;

7) determination of the reliability factor (stability
coefficient of a slope k) utilizing the «reduction
of ¢ and ¢» method.

For stress-strain state simulation of soil, the non-
linear model is used which strength criteria is de-
scribed by the Coulomb-Moor's law. The soil is con-
sidered to be the elastic and ideally plastic material
which deformation occurs in accordance with the
Prandtl chart.

As a result of calculations by two methods, the coef-
ficients of stability reserve k,; are determined for the
most characteristic cross-sections and compared to
normalized values k. Then conclusion as for slope
stability is made (when k;; > k, the slope is steady,
when kg < k;, the slope is unstable, and when k&, =1
there is a state of the boundary equilibrium of the soil
massif that, as a rule, causes landslide).

4.1. Considering unstable slope in natural condition
(kg < ky,) the slope stability basic means and activities
increasing are necessary to utilize, that is [1, 2]:

— retaining structures (retaining walls), pile founda-
tions and deeply layered foundations;

— soil massif cementation by some of the conven-
tional methods;

— foundations that are flowed around by soil sliding
masses;

— bank protection structures for protection banks and
slopes against erosion and leaching (sea, river, at res-
ervoirs and ponds);

— regulation of underground drain (drainage of deep
and shallow laying, wall drainage and catchment);

— regulation of surface drain (protection of slopes
surfaces from the infiltration of rain and meltwater
into the soil, installation of drainage structures);

— slope tilt reduction (soil cutting at slope the top
and laying out of soil masses at the foot for an addi-
tional loading in the places of the expected soil bulg-
ing);

— anti-erosion constructions;

— artificial change of the slopes relief by adjusting
the balance and planning the sliding surface and adja-
cent territory (cutting of various protrusions, banks,
filling up the hollows, etc.);
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— agroforestry (trees planting, bushes, perennial
grasses);

— organization of a protective anti-landslide regime
on the slope.

The means and activities of engineering protection
choice for objects from landslides must be based on
technical and economic comparison of variants, engi-
neering calculations. It should consider city planning
requirements, requirements for environmental protec-
tion and rational use of land resources, provide territo-
ries stability higher degree, reliable and uninterrupted
functioning during the estimated service life of the ob-
jects under protection.

4.2. With a steady slope in the natural state (ky, > k)
buildings and structures are being “incorporated” into
the slope (with a slope cutting if necessary). To facili-
tate the operation of retaining structures the part of
land sliding pressure can be redistributed to building
or structure foundation [1, 2].

4.3. Calculations and analysis of slope stability with
buildings and structures are carried out (with a slope
cutting when necessary). When calculating slope sta-
bility, it is necessary to consider position of a sliding
surface that is lower than its calculation or deformed
horizons zones, including zones under the supports
(piles) lower ends. With calculation of a slope stability
there must be performed calculations of the filtration
strength of the slope soil at the spots of groundwater
bulging, heterogeneous soils and soils that are easily
exposed to suffusion, and at the contacts of soils with
drainage sandbanks (filters) [1, 2].

4.4. When the slope is unstable (k; < k;,) along with
buildings and structures (with a slope cutting when
necessary) there must be utilized only the basic means
for slope stability increasing (section 4.1).

4.5. Based on the initial data of engineering geologi-
cal and hydrogeological surveys at a constructions site
the calculation of excavation sheeting is performed.
The calculation must consider slope loading, object
construction stages, and area seismicity. When neces-
sary, the design is corrected according to calculation
results [3 — 5].

4.6. Calculation of buildings and structures is carried
out according to the 1 and 2 groups of limit states for a
basic and emergency design cases considering the
slope loading, seismicity of the area, and, when neces-
sary, the design is corrected according to calculation
results [3 — 5].

5. The operation of the drainage system of surface
and underground waters from the construction site is
analyzed. One of the main causes of landslides is the
soaking of soils from groundwater, which leads to
load-bearing capacity decrease of the soil massif. Wa-
ter dampens possible slide surfaces, which reduces
frictional forces and contributes to a landslide.

The discharge of groundwater from the plateau oc-
curs through the slopes. The speed of groundwater
motion on or near the slopes increases while territory
flooding. As a result, the pressure gradient increases,
suffusion, and fluidity phenomena develop, mechani-

cal properties of soils decrease, loess loams in particu-
lar. The development of these negative phenomena is
often associated with the presence of hollows in the
waterproof layer [11-13].

5.1. Calculation of surface runoff of rain and melt-
waters from the catchment is performed. Measures to
regulate surface runoff are the mandatory part of pro-
tective structures and devices complex aimed at in-
creasing the general and local stability of slopes [14].

Estimated rainwater costs in the landslide zone
should be determined by the method of limit intensi-
ties. The period of the one-time excess of the esti-
mated rain intensity should be set at least 5 years, and
with a proper technical and economic justification —
not less than 10 years.

The bandwidth calculation of the surface drainage
system from the construction site surface runoff and
its adjustment is performed [14].

Laying of water-supply communications in landslide
areas is not enabled. In exceptional cases and the rele-
vant technical and economic justification the laying of
water- supply communications is possible on the sur-
face of the Earth in the passage or semi-passage chan-
nels, which should be beyond the landslide and land-
slide hazardous areas.

On areas adjacent to slopes, the surface runoff
should be controlled using drainage channels, trays, as
well as guarding shafts, which provide interception of
surface waters [12, 13].

5.2. Calculation of underground runoff at the con-
struction site is performed. Design of bases water pro-
tection, underground engineering structures, in-depth
structures, and foundations is carried out for maintain-
ing the durability of structures, eliminating the accel-
erated wear of reinforced concrete elements in watered
environment. Requirements for water protection
should be developed considering the influence of wa-
ter [12, 13]:

— temporary influence due to infiltration of atmos-
pheric precipitation, flood flooding, water supply dis-
ruptions;

— permanent influence due to the presence of mois-
ture in the soil or groundwater.

The regulation of the underground runoff should be
used in a complex of protective structures and meas-
ures in order to eliminate or weaken the action of
groundwater on soils (reducing its density and
strength), reduction or elimination of hydrostatic and
filtration pressures, etc.

Types, sorts, designs, and dimensions drainage de-
vices main elements should be assigned depending on
the engineering-geological and hydrogeological condi-
tions of the slope (slope), terms of the protected area
use, conditions of work on the basis of water balance,
filtration and hydraulic calculations, as well as techni-
cal and economic comparison of variants. In landslide
zones, the following types of drainage devices should
be used:

— horizontal drainage — trench (tubular drainage)
with pipes (including drainage pipes with tubing fil-
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ters), without pipes (drainage slots) and galleries; tun-
nels; stratum drainages;

— vertical drainage — drilling wells and mines;

— combined drainage systems — a combination of
horizontal and vertical drainage.

Calculation of the underground drainage system
from the construction site is performed and corrected
to account for a bandwidth of underground waters
runoff [12, 13].

The location of drainage systems should be linked to
the general scheme of the general landslide counter-
measures complex, considering possible change in the
boundaries of landslide deformations, and the depth of
laying the networks of these systems should be justi-
fied.

When adjusting groundwater levels, it is necessary
to consider:

— interception and reduction of water levels to ex-
clude bulging on landslide or landslide hazardous
slopes;

— captation of water outlets on the slopes;

— drying-out the landsliding massif of soil;

— stabilization or reduction of water levels in contact
with retaining foundations or structures.

Discharge of drainage waters from territories should,
as a rule, be self-sufficient. In case of impossibility of
such withdrawal, it is necessary to arrange pump sta-
tions.

The project must contain the necessary engineering
solutions to preserve, protect or improve the environ-
mental situation on the site of construction and adjoin-
ing territory [15].

Scientific and technical support should be provided
for complex construction or reconstruction projects,
special engineering-geological, hydro-geological, en-

References

1. DBN V.1.1-46:2017. (2017). Inocenepnuii 3axucm
mepumopiil, Oyoigenv i cnopyo 6i0 3¢y6ie ma 006ais.
Ocnosni nonoswcenns. Kuis: Minperion0Oyn Ykpainu, 111
«YxpapxOyainpopm».

2. ACTVY-H B b.1.1-37:2016. (2017). Hacmanosa wo0o
iHoICeHepHo20 3axucmy mepumopiil, 6ydieens i cnopyo 6io
3cyeie ma o6eanie. Kui: MinperionOyn Ykpainu, JI1
«Yxpapx0Oynindopm».

3. IBH B.2.1-10:2009. (2009). Ocnosu ma gpynoamenmu
cnopyo. Ocnogni nonoxcenns npoexmyeanns. Kuis: Minpe-
rionOyn Ykpainu, [AI1 «YkpapxOyzninpopm».

4. ABH B.2.1-10:2009. (2011). Ocnosu ma ¢pynoamenmu
cnopyo. OcnosHi nonoscenns npoexmyeanns. 3mina 1. Kuis:
Minperion6yxn Yxpainu, AI1 «YkpapxOyniagopm».

5. IBH B.2.1-10:2009. (2012). Ocnosu ma gpynoamenmu
cnopyo. Ocnogni nonodicenns: npoexmyeanns. 3mina 2. Kuis:
Minperionoyn Ykpainu, AI1 «YkpapxOynindopm».

6. IBH B.1.1-45:2017. (2017). byoiexi i cnoypou 6 cknao-
HUX iHIICeHEPHO-2e0NI02IUHUX YMOBAX. 3a2anbii NOIONCEHHS.
Kuis: Minperiondyn Ykpainau, AI1 «YkpapxOyzninpopm».

7. ACTY-H B Bb.1.1-39:2016. (2009). Hacmanosa wooo
iHorcenepHoi nid2omosku 2pynmogoi ochosu Oyoisens i cno-
pyo. Kuis: Minperionoyn Yxpainu, JI1 «Ykpapx0Oynin-
bopm».

gineering-environmental conditions and complex re-
lief; structures in the zone of influence (risk) of new
construction (reconstruction) or areas where danger-
ous geological processes are possible [11, 16].

Monitoring is carried out at the stages of designing
and construction as well as reconstruction and works
on buildings preservation: significant consequences
CC3 —in all cases, CC2 — in complex engineering and
geological conditions, in areas of dense construction,
in the influence zone of new construction or recon-
struction [17].

Monitoring at the stage of construction and opera-
tion for functional purposes must contain visual-
instrumental physical observations and surveys (in-
cluding geodetic control) of structures, bases, territo-
ries, hydrogeological and ecological observing sys-
tem, and analysis of results.

Conclusions. Application of normative documents
and standards (DBN and DSTU) set for buildings and
structures design in landslide and landslide hazardous
areas in conjunction with the scheme of integrated ap-
proach to the evaluation of construction projects in
these areas enables to perform buildings and structures
design more efficiently and reasonably, to increase ob-
jects reliability and safety, to bring the practice of de-
signing buildings and structures in landslide and land-
slide hazardous areas in accordance with modern re-
quirements.

With further improvement of buildings and struc-
tures design in respect of normative documents and
standards set and integrated approach scheme to the
evaluation of construction projects, it is possible to
expand them with the help of existing and new DBN
and DSTU, as well as construction projects evaluation
scheme improvement.

8. ICTY-H B Bb.1.1-40:2016. (2017). Hacmanosa wooo
npoexmyeants 06yoigenv i cnopyo na criokux epynmax. Ku-
iB: MinperionOyn Yxpainu, Il «YkpapxOynindopm».

9. ACTY-H B b.1.1-44:2016. (2017). Hacmanosa w000
npoexmyeanus 6y0igens i CHOpyO Ha NPOCIOAOUUX SPYHMAX.
KuiB: Minperiondyn Ykpainu, A1 «YkpapxOyaianpopmy.

10. EN 1990:2002, IDT .DSTU-N B V.1.2-13:2008.
(2009). €Bpoxon 7. OcHogu npoexmyaHHs KOHCIMPYKYIH.
KuiB: Minperionbyn Ykpainu, A1 «YkpapxOyainpopm».

11. EN-1997-1:2004, IDT DSTU-N B EN 1997-1:2010.
(2011). €Bpokon 7. I eomexniune npoexmysanna. Yacmu-
na 1. 3acanvni npasuna. Kuis: Miaperionoyn Ykpainau, 11
«YxpapxOyniagopm».

12. EN-1997-2:2010, IDN DSTU-N B EN 1997-2:2010.
(2011). €Bpokon 7. I'eomexniune npoexmyeanna. Yacmu-
na 2. Jlocnioxcenns i sunpobyeanns epynmy. Kuis: Minpe-
rionoyn Ykpainu, A1 «YkpapxOynindopm».

13. IbH A.2.1-1-2008. (2009). Inowcenepni suwuyxkysanms
ona 6yoienuymea. Kuis: MinperionOyn Ykpainu, 11
«Yxpapx0yzaiHpopm».

14. IBH B.1.1-24:2009. (2009). 3axucm 6io nebesneunux
2eonoziunux npoyecie. OCHOGHI NOJIOJCEHHA NPOEKNYBAHHSL.
KuiB: Minperionoyn Ykpainu, A1 «YkpapxOyaiapopm».

130

Academic Journal. Series: Industrial Machine Building, Civil Engineering. —2 (51)" 2018.




15. IBH B.1.1-25-2009. (2009). Inorcenepnuii 3axucm me-
pumopii ma cnopyo 6i0 niomonienna ma samonnenus. Ku-
iB: Minperionbyn Yxkpainu, [AI1 «YkpapxOyzninpopm».

16. ICTY-H b B.1.1-38:2016. (2017). Hacmanosa w000
[HOICEHEPHO20 3axucmy mepumopiil, 6yodisens i cnopyo 6io
niomonnenns ma 3amonnenns. Kuis: MinperionOyn Ykpai-
uu, JI1 «YkpapxOyaiapopm».

17. CHull 2.01.14-83. (1985). Onpedenenue pacuemnuix
eudponozuveckux xapakmepucmux. Mocksa: ['occTpoii
CCCP.

18. IBH A.2.2-1:2003. (2017). Cxznao i smicm mamepianis
oyinku enaugy na nasxonuwne cepedosuwe (OBHC) npu
npoexmyeanti il 6y0igHUYmMsI nionpuemcms, 6ydigens i cno-
pyo. Kuis: Minperionoyn Yxpainu, I1 «YkpapxOynin-
bopm».

19. IBH B.2.1-5:2007. (2009). Haykoeo-mexniunuti cy-
npogio 6yodigeavHux 06 ekmig. Kuis: Minperionoyn Y kpai-
uu, I «YxpapxOyaiaGopm».

20. ACTY-H b B.1.2-17:2016. (2017). Hacmanosa wooo
HAYKOB0-MeXHIUH020 MOHImopuHzy 6ydisens i cnopyo. Kuis:
Minperionoyn Ykpainu, AI1 «YkpapxOyaiapopm».

36ipHuK HayKoBHX Tpats. Cepist: ['anmy3eBe MammHoOy1yBaHHs, OyaiBHunTBo. — 2 (51)' 2018.

131




30ipuuk HaykoBuX npanb. Cepis: ['any3eBe MamImHoOy1yBaHHs1, Oy IiBHUIITBO
Academic journal. Series: Industrial Machine Building, Civil Engineering

http://journals.pntu.edu.ua/znp
https://doi.org/10.26906/znp.2018.51.1304

UDC 624.131

Peculiarities of structures inspection by the example
of a three-chamber navigation lock in Zaporizhzhia city

Syvko Ivan', Syvko Rudolf?, Selimov Anatoliy’,
Tytarenko Volodymyr **, Zharko Liudmyla >, Fesenko Oleg®

! Zaporizhzhia branch of State Enterprise «State Research Institute of Building Constructions»
https://orcid.org/0000-0003-1369-8447
? Zaporizhzhia branch of State Enterprise «State Research Institute of Building Constructions»
https://orcid.org/0000-0002-7941-1376
? Zaporizhzhia branch of State Enterprise «State Research Institute of Building Constructions»
https://orcid.org/0000-0002-0983-7873
* State Enterprise «State Research Institute of Building Constructions https://orcid.org/0000-0001-9746-2399
> State Enterprise «State Research Institute of Building Constructions https://orcid.org/0000-0002-5966-1060
% State Enterprise «State Research Institute of Building Constructions https://orcid.org/0000-0001-8154-2239
*Corresponding author: 0679199507 @ukr.net

Peculiarities of structures of hydro technical structures technical condition are considered. The problem concerning norma-
tive documentation on the inspection of hydraulic structures is considered, and the absence of standards for the inspection of
this type structures is revealed. The issue of hydraulic structures inspection by the example of a three-chamber lockin
Zaporizhzhia city is considered. The issue of the deformed state according to observations of past years are considered.
The recommendations for the further exploitation, repair and completion of reconstruction of a three-chamber lockin
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Po3risiHyTO IMHTAaHHS OOCTEXEHHS 3 BU3HAYECHHSM TEXHIYHOTO CTaHy Oy/IBEIbHUX KOHCTPYKLIH TiJPOTEXHIYHUX CIIOPYA.
VYka3aHO OCHOBHI NIPUYMHU BUKOHAHHS 00CTexeHHs OyaiBens Ta criopya. HaBeneHno nesiki npukiany OyaiBesIbHEX 00’ €KTIB,
Ha SKUX BHHHKIM aBapiliHi CUTyamii 3a OcTaHHI AeKiNbKa PoKiB. PO3IITHYTO MHUTaHHS 100 HOPMAaTHBHOI JOKyMeHTamil 3
MUTaHHS OOCTEXKEHHS TiJPOTEXHIYHHUX CIOPYJ, BHUSABICHO BiJICYTHICTH AiI0OYMX HOPMATHBIB 3 OOCTEXEHHS CIIOPYA TaKOTro
THIy. PO3IJIHYTO MUTaHHS OOCTEXEHHS TiIPOTEXHIYHUX CIIOPYJX Ha NPHKIALl TPHKaMEPHOTO CYAHOIUIABHOTO LLTIO3Y B
M. 3amopixoks. [IpoaHani3oBaHO )KUTTEBUI LUK TiAPOTEXHIYHOI CIOPYIH (3BEICHHS, eKCIUTyaTallis, BinOy10Ba, peKOHCTPY-
Kuis). HaBemeHO pe3ynapTaTH HATYpHUX JOCIIKEHHb MIITHOCTI MaTepialiB KOHCTPYKLii. [y BU3Ha4eHHS MIIHOCTI OETOH-
HUX KOHCTPYKLiH 00’ekTa oOCTexeHHs Oyno BimiOpaHo 3pa3ku OeToHy (3i cTiHm 1-1 kamepu nuTIO3y, THUMIA 2-i KaMepu
I3y, cTieu 3-1 ronosu nuto3y). Bukonano BUnpoOyBaHHS 3pa3KiB, 3a SKUM OyJI0 BCTAaHOBJIEHO MINHICTh BiiOpaHHX 3pa-
3KiB Ha CTHCK. BH3Ha4YeHO cKtajHi Miclsl 3 A1arHOCTYBaHHS TEXHIYHOTO CTaHY TiIAPOTEXHIYHUX cropyn. JloBeneHo, mo sKic-
HOIO XapaKTePUCTHKOI0 TEXHIYHOI'O CTaHy CIOPYIH € Horo AeopMOBaHMH CTaH IS OLIHIOBAHHS CTaHy TPHKAaMEPHOTO
nurro3y. PosrisiHyTo mutaHHS 1e()OPMOBAaHOTO CTaHy 3a JAaHUMH CHOCTEPE)KeHb MHHYJIMX POKIB, HaBeleHO Trpadiku
nedopmariif Ta KOJMBaHHS PiBHA IPYHTOBHX BOJ. 3alPOIOHOBAHO PEKOMEHMAIIl 3 MOAANBIIO] eKCIUTyaTarii, peMOHTY Ta
3aBEpUICHHS PEKOHCTPYKIil TPHKAMEPHOTO CYAHOIUTABHOTO IIITIO3Y B M. 3AIOPIMNOKS.
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Introduction. Hydraulic structures and any engi-
neering structure inspection is performed to determine
object technical condition and its individual elements.
The main types and reasons for the inspection are:

a) planned inspection has been performed before the
design and execution of works on reconstruction,
overhaul or restoration;

b) scheduled periodic inspections have been per-
formed according to the established procedure and the
term,;

¢) unscheduled inspections — performed at the in-
spected of strains, defects and injuries, in order to de-
termine the causes and their elimination, as well as the
restoration of damaged structures.

Analysis of recent sources of research and publi-
cations. Hydrotechnical structures represent poten-
tially dangerous objects of failure which can lead to
large losses (human, economic, environmental), there-
fore the question of determining these objects techni-
cal state is currently quite acute. Permanent occur-
rence of emergencies on different types of construc-
tion sites in the country are given such as:

— fall of a metal roof with an area of 2400 m’ in
early March 2018 at the shop of «ArsilorMittal Kryvyi
Rihy;

— destruction of a new elevator near the city of
Nikolaev in August 2017;

— fall of the bridge construction part

in Kyiv in February 2017, and so on.

Thus, the inspection of buildings and structures, es-
pecially hydrotechnical ones, with increased danger, is
one of the most important construction projects in
Ukraine and abroad [9,10]

At present new regulatory documents on inspection
[2, 4] have been developed and are in implemented in
the construction industry, and the evaluation of build-
ings and structures technical condition for civil and
industrial use.

Highlighting of unsolved aspects of the problem.
In this regard, the hydrotechnical structures do not
have normative documents on technical condition in-
spection and determination; at present, only order No.
252 , December 19, 1995 of the State Committee of

Ukraine for Urban Development and Architecture [6]
exists. Thus, the development and implementation of
normative documents on inspection of hydraulic struc-
tures is extremely relevant, considering these objects
resposibility degree.

Problem statement. To consider the inspection of
hydraulic structures with the definition of object tech-
nical condition and its individual elements, for exam-
ple, a three-chamber locklocated in the city of
Zaporizhzhia.

Main material and results. The question of hydro-
technical structure inspection is considered on the real
object of a three-chamber lock in Zaporozhye.
The general type of gateway construction is shown in
Figure 1.

In 2017 the specialists of Zaporizhzhia branch of
State Enterprise «State Research Institute of Building
Structures» and State Enterprise «State Research Insti-
tute of Building Structures», with the involvement of
a professional executor (construction and hydrotechni-
cal engineer) performed works on visual and instru-
mental inspection of this hydraulic engineering works.
The purpose of the work was to inspect the construc-
tion structures, evaluate their technical condition and
develop recommendations for their repair and comple-
tion of reconstruction, determine structures materials
strength on selected samples, analysis of object de-
formed state according to observations during past
years. Considering the lack of normative documents
with the technical condition for such buildings, during
the inspection norms for civil and industrial construc-
tion objects are used [2, 4]. The three-chamber lockis
an integral part of the hydraulic unit in the gravita-
tional dam of two hydroelectric power stations and
two gateways (three-chamber (inspected, not ex-
ploited) and single-chamber (exploited)). The in-
spected object basis are the rocks represented by gran-
ites, which have a cracked structure. It should be no-
ticed that the drainage tunnels of the new gateway
pass under a three-chamber gateway. Thus, the inspec-
tion object can be attributed to the structures located in
complex engineering-geological conditions. [1].

Figure 1 — General view of a three-chamber navigation lock in Zaporizhzhia city
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The life cycle of this object can be divided into five
stages:

— errection and putting into exploitation (1927-32,
1934 year) (Fig. 2);

— exploitation (1934 — 1941 year);

— post-war reconstruction (1945 — 1950 year);

— exploitation (1950 — 1993 year);

— reconstruction (1993 — 2018 year).

In general, the inspection object can be divided into
the following construction elements:

— wharf and upper and lower canals;

— the heads of the lock (four heads);

— lock chambers (three chambers);

— culverts (pass from the upper underwater channel
through the heads and bottom of chambers to the
lower underwater channel);

— gate shafts (located in the heads of gateways by
two on each head);

— premises for ships kinetic energy absorbers
mechanisms (located in the first and second lock
heads, two on each head)

— premises for gates control mechanisms (located
two on each head);

— turning bridge premises (located on land lock wall
of the first chamber in the first head);

— drainage path from the river side of 3 chamber;

— control panel towers (located at the second cham-
ber of the lock on the river and land sides);

— unitized transformer substation building (erected
near the tower of land side control);

— cable channels (arranged along the structure on
both sides).

— to determine the concrete structures strength, the
following samples were taken from the following
structures:

— wall of the 1st lock chamber — 4 batches of 3 sam-
ples @94 mm (designation K1.1-K1.4);

— the bottom of the 2,4 chamber of the lock — 2
batches of 3 samples ©94 mm (designation K2.1-
K2.2);

— the walls of the 3,4 head of the lock — 2 batches
of 3 samples @94 mm (designation I'3.1-1'3.2).

A general view of structure construction with sam-
pling areas is shown in Figure 3. After sampling, the
samples were tested, and testing results are given in
Table 1.

Figure 2 — General view of a three-chamber navigation lock in Zaporizhzhia city
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Figure 3 — General view of construction site with sampling area

Table 1 — The results of concrete cores samples compression tests

8 g Compression strength, given
3 = o to the base size
3 g En g 2 Destructive load average
S "é % i nl § a one sample of 2 samples the
= %n g gn g largest on strength
21 a &) am O% | kN kgf MPa kgf/ cm’ MPa kgf/ cm®
1 |2 3 4 5 - 7 8 9 10 11 12 13
94 | 82 | 0.96| 69.36 | 492.30 | 50200 | 0.88| 59.98 | 611.41
1 | KL.LI| 94 | 83 | 0.96| 69.36 | 455.04 | 46400 | 0.80 | 50.40 | 513.75 | 5821 | 593.34
94 | 105 | 1.04| 69.36 | 427.58 | 43600 | 0.88 | 56.43 | 575.28
94 | 85 | 0.96| 69.36 | 411.89 | 42000 | 0.88 | 50.18 | 511.54
2 | K1.2| 94 | 90 | 1.00| 69.36 | 323.62 | 33000 | 0.96| 44.81 | 456.73 | 47.49 | 484.13
94 | 87 | 0.96| 69.36 | 355.01 | 36200 | 0.88| 43.25 | 440.90
94 | 86 | 0.96| 69.36 | 415.81 | 42400 | 0.88| 50.66 | 516.41
3 |K1L3| 94 | 97 | 1.00| 69.36 | 431.50 | 44000 | 0.88 | 54.76 | 558.23 | 52.71 | 53732
94 | 95 | 1.00| 69.36 | 376.58 | 38400 | 0.88 | 47.79 | 487.18
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According to the tests, significant indicators of con-
crete selected samples strength in compression were
identified.

When performing inspection work, a number of de-
fects and damage was detected, which totality deter-
mined the technical condition of object construction
structures:

e wharf and upper and lower canals; — satisfactory
(category 2 [2]) with areas unsuitable for normal ex-
ploitation (category 3 [2]);

o the heads of the lock — satisfactory (category 2 [2])
from the pre-emergency area (stoplogs) (category 3 —
4 [2]);

e lock chambers — satisfactory (category 2 [2]) with
areas unsuitable for normal exploitation (category 3
(2D

e cuverts — satisfactory (category 2 [2]) with areas
unsuitable for exploitation (absorber) (category 3 [2]);

e gate shafts — satisfactory (category 2 [2]) with
in pre-emergency areas (staircases) (category 3 — 4
(2, 4])

e premises of the mechanisms of the kinetic energy
absorbers of ships during the invasion - unsuitable for
normal exploitation (category 3 [2]) with emergency
(front cover) sections (category 3 — 4 [2]);

o the premises of the mechanisms of kinetic energy
absorbers of ships during the invasion - unsuitable for
normal exploitation (category 3 [2]) with pre-
emergency areas (reinforced concrete floor) (category
3-4102));

0.01

e turning bridge premises — unsuitable for normal
exploitation (category 3 [2]);

e the drainage path from the river side consisting of
3 cameras — unsuitable for normal operation (category
312D

e control panel towers — satisfactory (category 2 [2])
with areas unsuitable for normal exploitation (cate-
gory 3 [2]);

e unitized transformer substation building — satisfac-
tory (2 category [2]);

» cable channels — unsuitable for normal exploitation
(category 3 [2]).

The qualitative characteristic of structure technical
condition is its deformed state. Considering that in-
spection object belongs to hydrotechnical category,
significant influence on it is done by filtration proc-
esses in soil in-situ, with which it works along the line
of hydraulic unit pressure front.

The customer provided with observational data on
structure deformations, groundwater fluctuations, as
well as deformations of adjacent sections of lock
chamber walls. For optimal interpretation of the pro-
vided observational data, dependency graphs were
constructed.
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Figure 4 — Graph of deformation control benchmark change
of three-chamber lock during the period from 1975 to 1985
(on the graph 1 ... 50 — mark numbers 0.01 ... 0.02 — change of marks in [m],
breaks of the chart in the places of marks destruction)
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(on the graph: 1.5 ... -3 — step value in [mm];
13.04.2004 — date of data readout; +28 ... 10 — outdoor air temperature)
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Figure 6 — Graph of groundwater level change by piezometers TR-3

(on the graph: 23.5 ... 19.5 — water level mark in [m];

1987 ... 2017 — date of data readout)

For object deformed state evaluation, observation
data analysisof object deformations and the fluctua-
tions of groundwater has been carried out, which re-
sults are the following:

— the leveling data given by customer do not reflect
inspected object deformed state;

— unidirectional deformations of adjacent sections
during the observation period have not been recorded;

the revealed increase of the measured values basically
indicates concrete anays temperature deformation;

— for the period from 1987 — 2017 ground water
level has decreased, which is due to the stopping of
three-chamber lock exploitation and new depression
curve formation.
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The results of the inspection provided recommenda-
tions for further exploitation and the possibility of
completing the reconstruction started in 1993, consid-
ering existing normative documents [3, 5, 7, 8]:

1). Reconstruction work should be carried out after
defects and damage elimination recorded during the
examination.

2). The work should be conducted on a separate pro-
ject, developed by a specialized organization in the
presence of operational plan.

3). The project should provide for section of work
in-depth monitoring hydraulic engineering state re-
quired in accordance with [5].

4). When carrying out the work it is necessary to
conduct thorough supervision of the author with the
compilation of all necessary executive documentation.

5). To conduct scientific and technical support of
works in accordance with the requirements [3, 7].

6). After the reconstruction (before exploitation) and
lock chambers filling, perform a detailed inspection
and evaluation of drainage system work with compila-
tion of relevant acts and report on investigation re-
sults.

7). To establish permanent geodetic control of the
construction before reconstruction, during reconstruc-
tion, and after commissioning. To do this, it is neces-
sary to develop a geodetic monitoring program.

8). After reconstruction, before exploitation, object
detailed inspection has been performed in accordance
with the requirements [5].

9). The structure should be equipped with an auto-
mated system for monitoring the technical condition
in accordance with current standarts requirements [3].

Conclusions. The issue of hydraulic structures in-
spection on the example of a three-chamber navigation
lock in Zaporizhzhia city is considered. Problem (lack
of regulatory documents) in the inspection of hydrau-
lic structures is revealed. The analysis of observation
data for three-chamber gateway structure deformed
state is given. Difficult places to diagnose the techni-
cal condition of such structures are determined. Build-
ing structures and object technical condition is given.
According to the performed research, recommenda-
tions for further exploitation and reconstruction com-
pletion possibility are given. Based on the recommen-
dations, project was developed to restore damaged
structures and complete the reconstruction of a three-
chamber navigation lock in Zaporizhzhia.
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The retaining walls are one of the most widespread types of engineering structures. Behaviour numerous studies of various
soils with soaking have showed that their bearing capacity and compliance are closely related to their moisture content de-
gree. To obtain information on the displacements and sediments of model structures and grounds, the hour-type indicators are
used. The carried out researches have shown that with the same ground base, loading and boundary conditions, evident for a
retaining wall with a structural surface, there is an inclusion in entire soil massif work. The uniformity of the structures and
the ground base general deformations, in turn, provides retaining wall with a structural surface greater stability.
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PaccMOTpeHO MPOEKTHPOBAHKE B YCIOBHUAX Je()UINTA TOPOACKUX TEPPUTOPHUH, KOTOpPOE TpeOyeT OT HHIKEHepa KOMILUIEKCHO-
ro Nmojxoja Julsd pelleHus 3aad HaJeKHOW SKCILTyaTallMM 3JaHUH U COOPY:KEHMH U COXPAaHEHMs OKpYXKAroLeH Cpeibl.
YcTaHOBIIEHO, UTO TOIIOPHBIE CTEHBI — OJUH M3 HanOOJee IMUPOKO PAacIIPOCTPAHEHHBIX BUIOB MHKEHEPHBIX COOPYKEHHH,
KOTOpBIE HAIIUTH IPHIMEHEHNE B CTPOUTENBCTBE. M3ydeHO MHOTOUNCIEHHBIE UCCIIEN0BAHNS TOBEACHHS PA3IHIHBIX TPYHTOB
TP 3aMavMBaHUH, TIPH 3TOM 3a(KCHPOBAHO, YTO UX HECYIIask CIIOCOOHOCTh U MOJATINBOCTh (KECTKOCTh) HAXOAATCS B TEC-
HOH 3aBHCHMOCTH OT CTETIEHH MX BIAXHOCTH. OTMEUEHO, YTO MOBBIIICHHE BIAKHOCTH COMPOBOXKIACTCS CHUKEHHEM >KECT-
KOCTHBIX XapaKTEepUCTUK OCHOBAHMUs, YTO MOXKET BbI3BAaTh HEpaBHOMEpHOE ocefaHue. C LeNblo OIpe/eeHHs ONTHUMAIbHBIX
KOHCTPYKTHBHBIX IIapaMeTPOB IPEII0KEHHOI KOHCTPYKIUY IOANOPHON CTEHBI CO CTPYKTYPHOH IOBEPXHOCTHIO IIPOBEICHO
SKCIIepUMEHTANIbHEIE UcCiIefoBaHus. [l moixydeHus MHGOpMAIUH O CMEHICHHUSX M OCaJKaX MOJEIBbHBIX KOHCTPYKIMH U
OCHOBAHUS MCHOJIB30BaHbl HHAMKATOPHI YacoBoro tumna MY-10, nporndomepsr 6-ITAO. OnpeneneHo, 4T0 IpU OJHHAKOBOM
TPYHTOBOM OCHOBAHHHU (T€OMETpPHUS CIOEB M (PU3NKO-MEXaHHUECKHE XapaKTEPHUCTUKH), Harpy3Ke M TPAHUYIHBIX YCIOBHIX
OYEBUIHBIM IS TOATIOPHON CTEHKH CO CTPYKTYPHOU TIOBEPXHOCTHIO €CTh BKIIIOUEHHE B PA0OTy BCETO MACCHBA IPYHTA U pa-
BHOMEpHOE TIepepacnpeeeHie HaNpsDKeHUH Ha KOHTAKTE 10 JUNIEBOH W (yHAAMEHTHOW IiuTaM. PaBHOMEPHOCTH 00IIUX
nedopManuii KOHCTPYKIMH M TPYHTOBOI'O OCHOBAaHUS, B CBOIO OuYepe/lb 00ecednBaeT OOJBIIYI0 YCTOWYMBOCTE MTOIIOPHOM
CTEHBI CO CTPYKTYpPHOH IOBEPXHOCTHIO, a TAK)KE IOBBINIAET HECYIIYI0 CIHOCOOHOCTH OCHOBAHHMS 3a CUET BO3HHKHOBCHUS
«apouyHoro» 3¢ ¢exra (0Opa3oBaHUE PA3TPY30YHBIX CBOJIOB U YIPYTHX SIAEP).

Knrw4ogi ciioBa: PE3YJIbTAThI DKCIIEPUMCHTA, IIOANIOPHAA CTCHA, CTPYKTYPpHAad NOBEPXHOCTh
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Introduction. In connection with a significant in-
crease in investment in the construction industry and,
accordingly, production volumes in the conditions of a
deficit in urban areas, especially in the last decades of
Ukrainian economy development, the use of sites with
complex terrain and hydrogeological situation has
sharply increased. Design in such conditions requires
the engineer to take an integrated approach to solve
problems of buildings and structures reliable operation
and preserve the environment, and construction on un-
suitable territories is associated with solving social,
economic and environmental issues.

The retaining walls are one of the most widespread
engineering structures types, which have found appli-
cation in industrial, civil, urban, road and railway con-
struction. To the arrangement of the retaining walls, a
number of requirements are presented, most of which
are based on the territory geotechnical conditions
study, which requires engineering protection.

According to expert estimates, 90% of Ukraine terri-
tory is characterized by complex engineering and geo-
logical conditions, deteriorating due to the impact of
natural and man-made factors [1].

Analysis of the latest sources of research and
publications. The current normative documents rec-
ommend that calculations for determining the walls
position stabilityagainst shear, tilting, turning, deter-
mining base local strength and its load-carrying capac-
ity should be carried out in calculating the retaining
walls, structural elements and joints strength should be
ensured. Calculations should be made on base defor-
mations. But in the conditions of extra work areas and
subsidence grounds, it is not always possible to im-
plement the available technical solutions, since they
are not suitable for working conditions. The existing

retaining wall designs are not designed for additional
forces from horizontal soil displacement, which
causes stress concentration in the lower part of the
faceplate, which leads to structure destruction [2, 3].

Behaviour numerous studies of various soils (loess
subsidence, gypsum, hacked, karst, etc.) with soaking
showed that their bearing capacity and compliance (ri-
gidity) are closely related to the degree of their mois-
ture content. At the same time, an increase in humidity
is accompanied by a decrease in the base rigidity char-
acteristics, which can cause uneven subsidence [4, 5].

Allocation of previously unresolved parts of a
common problem. Experimental studies have shown
that the stress-strain state of the substrate is largely de-
termined by the structure, operating conditions and
loading characteristics [2]. In this regard, there is a
need to develop new design solutions for retaining
walls capable of perceiving additional impact from an
unevenly deformable base.

Formulation of the problem. The aim of the work
is obtained during the experiment on the retaining
walls with a structured surface study results process-
ing and analysis. To process the experiment results, a
software package MS Excel has been used.

In order to determine the optimal design parameters
of a retaining wall with a structural surface proposed
design, and to identify the qualitative patterns of its
joint work with the base, an experiment was con-
ducted.

The experiment was carried out on small-scale mod-
els in a specially designed chute (fig. 1). At modeling
the method of the expanded similarity, where geomet-
rical, mechanical and power analogues with a real ob-
ject are maintained [6, 7], was applied.
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Figure 1 — Experimental research:
a) scheme for installing a retaining wall in the tray;
b) general view of the tray with installed wall and measuring devices
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As a base soil in the models, a loam of broken struc-
ture was used. To create a uniform foundation, the soil
was dried to a full loss of moisture and crushed by
grinding in a mortar to a powdery state. Then the re-
sulting powder was sieved through a sieve with a hole
diameter of 0.5 mm. Considering the necessary soil
moisture content, its density and volume determined
the necessary amount of powder and water for its
moistening. Humidification was carried out by a nebu-
lizer with mixture constant stirring. Paste base was
laid in layers of 15 mm, the compaction was carried
out by a rammer made in the form of a rod with a
welded base of a square cross section of 200 g.
The purpose of preparing the model base was to ob-
tain physicomechanical characteristics similar to natu-
ral soil.

Loams with the following -characteristics were
simulated (E = 13,5 MPa, ¢ = 19,5 kPa, y = 1,82 t/m’,
¢ =22).

The base model physical and mechanical properties
were determined using the PLL-9 field laboratory in
accordance with the methodology [8]. The strain
modulus was determined with the help of a compres-
sion device of the Litvinov system. The coefficient of
soil cohesion and the internal friction angle were
determined by means of a shear device P10-S.
Sampling was carried out from a tray with a step
height of 150 mm, the results of certain characteristics
are presented in (table 1), soils comparative character-
istics are presented in (table 2).

Structural features of the retaining wall with a struc-
tural surface: a monolithic retaining wall of the angu-
lar type, which has voids on the contact surface of ver-
tical and foundation elements, in the form of truncated
pyramids of the same size and directed in a smaller
base into the interior [9, 10]. With the development of
the deforming load in time, that is, with soil vertical
and horizontal movements with respect to the mono-
lithic wall of the angular type, after its installation,
soil gradual penetration into voids occurs.

Table 1 — Sample test results

No The depth of sam- Volume weight, Modulus .of de- Shift parameters
oint pling from the top o/’ formation, R
p of the array, m 8 E, MPa tgo ¢ ¢, MPa
1 2 3 4 5 6 7
1 0,15 1,826 9,3 0,38 21 0,014
2 0,15 1,812 9,5 0,32 18 0,019
3 0,3 1,831 8,9 0,36 20 0,016
4 0,3 1,822 9,1 0,46 25 0,012
5 0,45 1,816 8,5 0,48 26 0,009

Table 2 — Comparative characteristics of soils

. Physicomechanical characteristics of the base
Name of soil
E, MPa c, kPa y, T/m’ o, deg.
Full-face soil 13,5 19,5 1,82 22
Model base 5,62 6,8 1,71 22
Coefficient of transition 1/1,5 1/1,5 1 1

Premature filling of voids is prevented by sheets of
elastic material. As a resiliently compliant material, a
polyethylene film was used with the following charac-
teristics: thickness of 200 um, density of 916 kg / m’,
tensile strength of 165 kgf / cm”.

Models of retaining walls were made using the
method of layer-by-layer creation of a physical object
using digital 3D model (fig. 2, a, b). For this, 3D
printer Graber i3 was used.

The tray tests were carried out in a metal tray with a
transparent front wall made of plexiglas. The tray di-
mensions are 600 x 650 x 680 mm. Its edges are made
of corners 80 x 80 mm, the upper belt of steel strips
with a width of 50 mm. All facets except for the front
are made of chipboard 16 mm and rigidly fixed by two

corners 60 x 60 mm. The working space for installing
the retaining wall is fenced off by a partition of 16
mm chipboard. To prevent soil friction against tray
wall, walls inner part was covered with an easily de-
formable polyethylene film in two layers with a layer
of technical petroleum jelly [11].

The purpose of the first series of tests was to identify
structural factors influence degree on the model bear-
ing capacity of the proposed retaining wall of a special
type.

The second series of tests ws conducted to compare
anti-shear position stability of the retaining wall of the
corner type and a retaining wall of a special type.
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Figure 2 — Experimental models:
a) angled retaining wall; b) retaining wall with structural surface

Tray reparation for testing was carried out by install-
ing it on the supports and the inner surface was cov-
ered with a polyethylene film. The second layer of
polyethylene film was laid after applying a layer of
technical petroleum jelly.

The base model preparation was carried out by
layer-by-layer laying of pre-prepared ground paste.
Each layer of paste was compacted by a rammer.
When reaching a pre-marked height, the ground sur-
face was planned, then a retaining wall was installed.
Further, soil paste layered laying from the front side of
the vertical retaining wall element continued until the
mark indicated on the retaining wall. Backfilling was
also performed using paste, the paste was laid layer by
layer with a seal of 0.95 from the base under the foun-
dation element to the top face of the retaining wall.
A metal plate with dimensions of 150 x 200 mm was
laid on the planned backfill surface.

To obtain information on the displacements and
sediments of model structures and grounds, hour-type
indicators TH-10, 6-PAO deflectometer were used,

which were verified in the center of metrology, stan-
dardization and certification. Before retaining wall
free surface, a bar with two clock-type indicators
(fig. 3a) was rigidly installed to measure wall horizon-
tal deformations (displacements) in two levels. Over
the retaining wall, on a specially prepared console,
there were installed deflectors (fig. 3, b), for measur-
ing vertical deformations (displacements). All instru-
ment readings were set to the initial values and re-
corded in the log.

Load on the platform was created in steps of
1.5 kPa. The load was maintained until soil condi-
tioned stabilization. The model sedimentation rate,
which does not exceed 0.1 mm in 30 min, was taken
as a criterion for deformation conditional stabilization.
Each subsequent stage of pressures was also main-
tained during the time of conditional stabilization.

Models loading models was carried out until the full
loss of retaining walls stability. The devices values
were recorded, then the graphs were constructed.

Figure 3 — Measuring instruments:
a) dial indicators IH-10; b) deflectometer 6-PAO
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For retaining wall of angular type, the indications of Based on the data obtained, sediments of retaining
hour-type indicators and deflectors indications were  walls (a corner wall type retaining wall, a retaining
recorded (fig. 4, a, b); for the retaining wall with the  wall with a structural surface) were built (fig. 6).
structural surface, the indications of the hour-type in-
dicators and deflectors indications were recorded (fig.

5,a,b).
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Figure 4 — Charts: a) indication of dial gauge indicators; b) indications of deflectometer
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Figure S — Charts: a) indication of dial gauge indicators; b) indications of deflectometer
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Figure 6 — The draft of retaining walls
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It can be obvious from the graphs on (Figure 5) that
the readings of hour-type indicators and deflectors
have more similar indications than on the graphs (Fig-
ure 4), which indicates that the retaining wall with the
structural surface moves and settles more evenly.

These graphs (Figure 6) show that the retaining wall
with a structural surface has a large draft (by 18%)
than the retaining wall of the corner type at the initial
stage of loading the working platform, this indicates a
gradual penetration of the soil into voids. With the
passage of time, when the load increases, precipitation
stabilization is recorded. With increasing load, retain-
ing wall with the structural surface draft decreases,
which is evident in the graph. In order to achieve the
same draft of the retaining walls, 28% more load was
applied to the retaining wall with a structural surface
than to the retaining wall of the corner type.

Conclusions. The carried out researches have shown
that with the same ground base (geometry of layers
and physicomechanical characteristics), loading and
boundary conditions, evident for a retaining wall with
a structural surface, there is an inclusion in the entire
soil massif work and uniform redistribution of stresses
at the contact along the face and foundation slabs.
The structures and ground base general deformation
uniformity, in turn, provides greater stability of the re-
taining wall with a structural surface, and also in-
creases base bearing capacity due to the appearance of
an "arched" effect (the formation of unloading vaults
and elastic cores).
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The article describes a practice of using software system based on the finite element method for calculating shell foundations.
It considers the peculiarities of the folded foundation interaction with subsoil mathematical modeling . It is found that during
modeling, special attention should be paid to a purpose of the system initial parameters, to a choice of finite elements type,
and to an optimal model of subsoil. Mathematical modeling of the folded foundation interaction with subsoil is performed
under conditions of a plane problem. The foundation operation under various conditions of interaction with subsoil and with
different stiffness parameters of the foundation is analyzed. Correlation between stiffness of a foundation structure and result-
ing equivalent stresses in subsoil under different conditions of interaction is determined. It is concluded that the obtained re-
sults represent a benchmark for subsequent calculations and modeling the interaction between a foundation and subsoil under
a volumetric stressed condition.

Key words: shell foundation, finite element method, mathematical modeling, coulomb-mohr model

MaTtemaTu4He MOIeJI0BAHHS B3a€EMO/II CKJIaI4acTOro pyHaamMenTy
3 OCHOBOIO IPH BAPilOBAHHI KOPCTKOCTI KOHCTPYKIil

Timuenxo P.0."*, Kpimko J.A.%, Xopywxenko I.B.
123 IBH3 «KpuBOpi3bKHii HALIOHATBHIIT yHIBEPCHTET»
*Anpeca Ui TUCTYBaHHS: radomirtimchenko@gmail.com

B cTarTi HaBeA€HO AOCBi BUKOPHUCTAHHS MPOrPaMHUX KOMIUIEKCIB Ha OCHOBI METOY KiHIIEBUX €JIEMEHTIB IIPH PO3paxyHKax
(hyHIaMEeHTIB-000I0HOK. 3a3HaUEHO, 1[0 AKTUBHE BUKOPUCTAHHS METOAY KiHIIEBUX EIEMEHTIB MOB'A3aHe MTOETHAHHIM TPHOX
(axTopiB: OCOOIMBOCTIME CaMOTO METOy, HasBHICTIO Cy4acHOi 0GYMCIIOBANBFHOT TEXHIKH, PO3POOKOI0 MaTeMaTHIHUX MO-
JeTIell TOCHiKYBaHUX SIBHIL, IO aJIeKBaTHI O peaJbHHUX NPOLECIB i3 BUCOKMM CTyNEHeM TOYHOCTi. HaBeneHo mpuxianu
HaipO3MOBCIOKEHIINX IPOrpaM I BUPINICHHS FEOTEXHIUYHMX 3ajad, IPH [bOMY 3a3HA4Y€HO, IO BOHM BiIpi3HAIOTHCS
crocobaMu 3aBIaHHS MOJEJ IPYHTOBOI OCHOBH, Ta MAIOTh CBOI IEBHI IHCTPYMEHTH AJISI 3MIiHHM Ta KOPUI'YBaHHS BUXIJIHHX
mapaMeTpiB Ta aHadi3y. PO3rsHYTO 0COOIMBOCTI MaTeMaTHYHOTO MOJAETIOBAHHS B3aeMoAil (yHIaMEHTIB Ta IPYHTOBOI OC-
HOBH. BCTaHOBIICHO, 1110 IPU MO/ICJIIOBAHHI 0COOJIMBY yBary CIijl 3BepTaTH Ha NPU3HAYCHHS IT0OYaTKOBUX IapaMeTpiB CHCTe-
MH, Ha BUOIp THITYy KiHI[EBHX €JIEMEHTIB 1 ONTUMAaJIbHOI MOAENI IPYHTOBOI OCHOBH. Byll0 BUKOHAHO MOJAETIOBAHHS B3a€MOIIi
CKITagyacToro (pyHIaMeHTy 3 OCHOBOIO B YMOBaX IUIOCKOI 3a/1adi 3a JONOMOTO0 IporpaMHoro xommiekcy LiraSapr-2013.
IIpoananizoBaHo xapakTep poOOTH (pyHIAMEHTY IPH Pi3HUX yMOBaxX B3a€MOJIil 3 OCHOBOIO Ta IPH Pi3HUX IapaMeTpax jKopc-
TKOCTi ()yHIaMEHTHOI KOHCTPYKIii. By/l0 BCTaHOBIEHO 3aJISKHICTh MiX XKOPCTKICTIO ()YHIAMCHTHOI KOHCTPYKIIi Ta BHHH-
Kal04YMMU €KBiBAICHTHUMH HAIIPYXXCHHSIMH B IPYHTOBIH OCHOBI ITpH pi3HUX yMOBax B3aeMopii. BcranoBieHo, mo came y BU-
MaJIKy 13 BAKOPHCTAHHSIM THYYKOT CKIIAJIKH, sIKa MPAIOE K 000JIOHKA, 1, 3AITy4ar0dH 10 poOOTH Oibile 00’ €My IPYHTY Y TIO-
POXHHHY, HOCSTA€ThCS ePEeKT Mepepo3nOIiTy HapyXeHb 0 BCi IPYHTOBIH TOBIII. 3p00JICHO BUCHOBOK, III0 OTPHMaHi pe-
3yJIBTaTH CIYT'YIOTh OPIEHTHPOM JUIA MOCTIAYIOUHX PO3PaxyHKIB Ta MOZIETIOBAHHS B3aeMOJii (yHIAMEHTY Ta OCHOBU IpHU
00’€eMHOMY Halpy>KCHOMY CTaHi.

Knrw4ogi ciioBa: (byHZ[aMeHT-O6OJ'IOHKa, MCTO KiHHeBI/IX eJ'IeMeHTiB, MaT€MaTH4YHC MOJACIHOBaHHA, MOJCIIb KyJ'IOHa-MOpa

36ipHrK HaykoBuX mpaib. Cepis: ['any3eBe MamHOOy 1yBaHHs, OyaiBHHITBO. — 2 (51)' 2018. 145




Introduction. Finite Element Method (FEM) is ac-
tively used to solve various engineering tasks, geo-
technical ones in particular. The development of tech-
nology along with a wide software use when design-
ing and calculating engineering systems urges the in-
tegration of software systems based on FEM in subsoil
modeling, its interaction with foundation, and in the
system analysis in general [1-3].

There are various software systems based on the fi-
nite element method, for example: Feadam, Sage-
Crisp, Plaxis, Ansys, LiraSapr, Nastran, ABAQUS,
etc. They differ in methods of subsoil modeling, and
have their own specific tools for changing and adjust-
ing source parameters and analysis. At the same time,
the application of a software system for modeling
foundation structures of off-standard forms and types
is also relevant, i.e. stamps modeling. Today, the prac-
tice of using software systems for modeling complex
foundation systems in conjunction with subsoil is not
studied sufficiently [4-6].

Analysis of the latest research findings and publi-
cations. The finite element method is widely used due
to a combination of three factors: the features of the
method itself, the availability of modern computer
technology, the development of investigated phenom-
ena mathematical models that comply with the real
processes with a high degree of accuracy.

National and foreign scientists actively use software
systems based upon the finite element method for
solving geotechnical problems in their research [1-10].
First of all, in research analysis, attention is paid to the
study of software systems application in mathematical
modeling of different types of shell foundations while
interacting with subsoil. Mahmoud Samir El-kady and
Essam Farouk Badrawi conducted experimental and
numerical studies applying five square foundations,
one of them was a flat-shaped foundation used as a
reference sample and four shell foundations of a
folded shape [1]. ABAQUS software was used for
mathematical modeling. In a numerical model, a body
of sandy soil is described by an 8-node brick element
of a trilinear displacement. The sandy soil is modeled
as a resilient plastic material model with a non-
associated flow rule using the Coulomb-Mohr plastic-
ity model. Foundation supports are modeled as a plas-
tic material using an 8-node linear brick element with
reduced integration (fig. 1). The minimum deviation
of experimental and numerical results was found in
conclusion.

Nisha P. Naik and Sabna Thilakan [5] investigated
the operation of a column type shell foundation ana-
lyzing various angles of lateral surfaces inclination.
The models of a foundation strain and soil properties
were numerically modeled with OptumG2 software
using finite elements. The Coulomb-Mohr sand model
available in OptumG2 was used to simulate three soil
conditions: loose, medium, and dense states. The
models were subjected to a multiplier resilient and
plastic analysis. As a result, general stresses, maxi-
mum vertical displacements were obtained. The re-

sults showed that the foundation with shell configura-
tion had a greater bearing capacity than conventional
flat slab foundation.
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Figure 1 — Modeling of foundation and subsoil:
a) — finite element mesh of subsoil and foundation;
b) — shading contours of stresses
for 30° folding angle

Mohammed Y. Fattah analyzed the operation of a
conical shell foundation using ANSYS software sys-
tem [7]. A three-dimensional brick element (Solid 65)
was used to simulate concrete with or without rein-
forced bars. Steel reinforcing bars were represented
using a 2-node bar (Link8 in ANSYS) and included in
the property of 8-node brick element. The type of a
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45 finite element is normally used for 3D modeling of
solid structures. The element is determined by eight
nodes with three degrees of freedom at each node.
Using load symmetry, geometry and distribution of re-
inforcement, RPC-conical foundations were consid-
ered in the analysis of the finite element method.
The selected segment was modeled using Solid 65
isoparametric hexahedral brick elements.

Chinese scientists Dongxue Hao, Rong Chen and
Guangsen Fan were engaged in research on the ulti-
mate bearing capacity of the foundations for power
transmission towers on structurally unstable soils [9].
Mathematical modeling of subsoil and foundation was
carried out in ABAQUS software system. The mono-
lithic reinforced concrete foundation was modeled as a
linear plastic material with a modulus of elasticity of
40 GPa and a Poisson coefficient of 0.2. The subsoil is
considered as a homogeneous resilient and plastic ma-
terial, which is described by the Drucker-Prager
model. Resilient parameters: E = 30 MPa, v = 0.3,
y=17 kN/m’. The parameters of the Coulomb-Mohr
subsoil model in a tensile stress state, specific soil co-
hesion and the angle of internal friction can be trans-
formed into the parameters of the Drucker-Prager
model. While conducting a finite element analysis of a
deepened foundation with an extended basement near
an enlarged base, large displacements and strains are
inevitable. An application of traditional Lagrange
elements in these areas may cause a decrease of their
accuracy [10]. In contrast to the Lagrangian, Euler's
analysis is a technique of finite elements in which ma-
terial can flow through the boundaries of elements in a
rigid mesh. Thus, Euler's technique can be very effec-
tive in processing tasks involving very large strains,
material destruction, and liquid materials. In this pa-
per, the Euler’s method was used to study soil.

Determination of the unsolved parts of the gen-
eral problem. One of the difficulties about mathe-
matical modeling of folded foundations for power
transmission lines is the modeling of joint operation of
a foundation structure of a complex shape and subsoil,
as it is necessary to choose a relevant subsoil model,
consider all output parameters, simulate the operation
of a foundation up to full involvement of soil into the
operation.

Task setting. The research task is to analyze the op-
eration and to select the optimal parameters of a
folded foundation (stiffness) and subsoil (model
choice) during mathematical modeling in LiraSapr-
2013 software system.

Basic material and results. The research subject is
a stressed and strained state of a foundation structure
and subsoil under their contact interaction in specific
operational conditions. A folded foundation is selected
as a prototype of a new foundation shaped as separate
thin-walled reinforced concrete folds joined with each
other by a steel or reinforced concrete beam [11].
A folded foundation with an improved system of bear-
ing beams and hinges is proposed as a new alternative
solution [12].

Mathematical modeling of the interaction between a
foundation structure and subsoil is carried out in the
LiraSapr-2013 software system. As a test model, one
of the foundations prismatic folds with known geo-
metric parameters and physical characteristics was
modeled [12], further on one typical prismatic stamp
operation was studied under altered operational condi-
tions and interaction with subsoil. To study the stress-
strain state of subsoil under different interaction types
of "foundation-subsoil" system, the task was solved in
a plane formulation.

A finite element of type 2, corresponding to the
finite element (FE) of the flat frame, was used for
modeling a prismatic fold (there are 3 degrees of free-
dom in each node: X — displacement along X axis;
Z — displacement along Z axis; UY — rotation around
Y axis). Finite elements 21 and 22, which are rectan-
gular and triangular FE of a plane problem (beam-
wall), were used to model subsoil. This finite element
is intended for a strength calculation of the plates
loaded in their X10Z1 plane; a priori this FE allows
modeling a plane stress state. At the same time, the
lower part of 1/3 soil thickness was modeled by finite
elements of a larger size to optimize the calculation
process.

Two conditions of a foundation structure and subsoil
interaction were compared. In the first case, a pris-
matic folded plate contacts subsoil only within the
horizontal bearing flanges. In the second case, subsoil
is fully incorporated into the operation by filling the
fold cavity. Silty sand was chosen as a reference soil
sample having the following characteristics: ¢ = 2 kPa,
e=0.75,E=11 MPa, ¢ = 26°.

It is common knowledge that structures the outlines
of which are similar to the arched ones transmit hori-
zontal loads to the bearing parts, which in turn pro-
vokes tensile stresses at the base of a fold. In order to
reduce the spill negative impact, which is transmitted
to the soil, the rigidity ribs (diaphragms) are arranged
in the fold. To simulate the operation of the folds with
diaphragms and a step of their arrangement, calcula-
tions with different stiffness of the fold for both cases
of interaction were performed.

To determine the main and equivalent stresses, the
Coulomb-Mohr theory was chosen (a subsoil model)
as a strength theory for assessing a bearing capacity of
subsoil. The calculation results of the mathematical
models are shown in Fig. 2 and 3.

As it can be seen in Figure 2, in the case where the
prismatic fold rests on the soil only through the hori-
zontal bearing flanges and the load is transmitted to
the soil through them, the stiffness of the fold in-
creases while the equivalent stresses reduce. This is
explained by the fact that, when the stiffness of the
fold increases, it ceases to operate as a thin-walled
structure losing the properties of a shell, and its opera-
tion with the increased stiffness is similar to the opera-
tion of a conventional hard stamp (a slab).

However, in the second case (Fig. 3), when the soil
is fully integrated into the operation by filling it into
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the fold cavity, the stiffness of the fold increases along
with the increase of the equivalent stresses. It suggests
that the application of a flexible fold operating as a
shell and the integration of a larger soil amount in the
cavity lead to the redistribution of stresses throughout
the soil stratum.

The graphs of equivalent stresses values dependence
from the alteration of the foundation structure stiffness
(Fig. 4) clearly shows the consistent pattern of opera-
tion under different conditions of interaction between
the foundation structure and subsoil.
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Conclusion. The scientific novelty of the research is
in determining the correlation between the stiffness of
a foundation structure (folds) and values of equivalent
stresses under different conditions of interaction be-
tween a foundation structure and subsoil. In turn, this
affects the bearing capacity of a foundation and sub-
soil in general. The best results are demonstrated dur-
ing co-operation of a foundation and soil. It can be
explained by the fact that soil and foundation in this
case act as a whole. The obtained results represent a
benchmark for subsequent calculations and modeling
of the foundation and subsoil interaction under a
volumetric stressed state.
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Figure 2 — Stresses shading contours under incomplete interaction
of the foundation and the ground:
a) — the value of equivalent stresses at a coefficient of stiffness N=1;
b) — the value of equivalent stresses at a coefficient of stiffness N=4
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Figure 3. Stresses shading contours under complete interaction of the foundation and the ground
a) — the value of equivalent stresses at a coefficient of stiffness N=1;
0) — the value of equivalent stresses at a coefficient of stiffness N=4
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Figure 4. The graphs of equivalent stress values dependence
from the stiffness change of the foundation structure
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The results of piles tests in sea muddy soils underlain by loams and clays are presented at port berths in Odessa region.
Piles length 28.0 and 34.0 m have been made of metal pipes with a diameter of 1400 mm with a wall thickness of 16 mm.
From the sea water surface to the silt roof is 15.0 m. The lower end of the two tubular supports (piles) has been located above
the silt sole that enables the test piles to be brought to "breakdown" and determine its resistance (silt) along the outer and in-
ner surfaces. According to the test results, the piles are increased by 6 m that enables to use the underlying soils as a bearing
layer. Tests of piles have been carried out according to the standard procedure, for the reference system, two additional tubu-
lar supports with a diameter of 1400 mm were placed in the vicinity of the test subjects.

Keywords: metal tubular pile, sea muddy soils, muddy soils resistance to shear along trunk surface
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HaBeneHo pesynbratu BUNPOOYBaHb Ialb Yy MOPCHKHX MYJIKUX IDyHTaX, IIO HiJCTHUJIAIOTHCS CYTJIMHKAMHM i TIIMHAMH, Ha
npudary nopty B Onecbkiit o6macti. [lami 3aBnoBxku 28 1 34 M BUKOHaHO 3 MeTaneBux TpyO xiamerpoMm 1400 MM 3 TOBIIH-
HOIO CTiHOK 16 MM. Bixg moBepxHi MopchKoi Boau 10 KpiBii Mymy — 15,0 M, ToBma myny — 13,2 M. HiwkHil Topens ABOX Tpy-
Ouactux onop (mMajib) po3TaNIOBYBABCS BHUILE 3a IiJOLIBY MYy, IO JO3BOJIWIO TOBECTH BUIPOOOBYBaHI Malli A0 «3pUBY» Ta
BU3HAYUTH HOTO OMIp IO 30BHILIHIN 1 BHYTPIIIHINA MOBEPXHAX. 3a pe3ysbTaTaMy BUIPOOYBaHb Malli HAPOILEHO HA 6 M, IO
JIO3BOJIMJIO BHKOPHCTATH SIK HECYYHMH IIap pOo3TalloBaHI HWXKYe IPYHTH. BumpoOyBaHHS manb 3[iHCHEHO 3a CTaHIAPTHOIO
METOJUKOI0, AT perepHoi cucTeMu 0yJI0 3aHypeHO T0JaTKOBO JBi TpyOdacTi onopu giamerpoM 1o 1400 MM Ginst Bumpo6o-
BYBaHHX. 3TiJJHO 3 pO3paxyHKaMH CepeIHe 3HaAYeHHs I'PAaHNYHOTO ONOPY 3PYLICHHIO IS IBOX Iajb, SIKi pO3TAIIOBaHI B MOP-
CBHKHX MYJIKHX IpyHTaX, ckaano 17,3 kH/m? (17,3 kITa) i 15,4 xH/m? (15,4 xI1a). [Ins DOPiBHAHHS IOCIIIKEHHS OIOPY 06BO-
JTHEHUX JIECOBUAHUX CYITICKIB MOKA3aly, IO iX BeJIMYMHA TPOXH BHIIA 32 MOPChKUil My 1 cxiiamae 20 klla. [{nsg BusHaueHHs
OTIOPY IPYHTIB OCHOBH IO TIOBEPXHI Ml 3aCTOCOBAHO METOAUKY IUKITiTHO-3pOCTAI0UOT0 HaBaHTa)keHHs. | paHIYHE HaBaH-
Ta)XEHHS, YPIBHOBAKCHE OTIOPOM 3PYILIECHHIO Iajlb, 3arIHONIEHUX Y MY, i3 30BHIIIHBOTO 1 BHYTPIIIHEOr0 OOKiB cxuanu 1980
ta 1760 xH. 3’scoBano, 1m0 MiCasS HAPOIIYBAaHHS IaJll HECyYa 3/[aTHICTh 30UIBIIMIACS 32 PaXyHOK ONOPY HIDKYE TOPLEBOL
yactuHH. [Ipy moBHOMY HaBanTaxxeHHI P=3000 xH ocimanns mani ckiano 5,45 MM. YcTaHOBIIEHO, 10 TPAaHUYHHUI OIIip IPy-
HTIB 3pYIICHHIO 110 MOBEPXHI cTiHOK onopu Py = 1909 kH, a omip rpyHTy nix topuem crinok mani Pr = 1091 kH. BusBneno,
10 B IPOIIeci MPOXOAKK TpybuacToi mai Ii CTIHKaMU «IIPOPi3a€ThCs» Map MyJIHCTOTO IPYHTY.

Knrouosi cioBa: MetaneBa TpyOyacTa majst, MOPChKI MYJIUCTI IPYHTH, OIip MYJIHCTHX IPYHTIB
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Introduction. Designing the shallow foundations
and pile foundations for buildings and structures,
when there are engineering-geological elements from
mud grounds in the earth cover, as a rule their resis-
tance to the loads is usually not considered. Under the
heavy thickness of these soils, knowing their resis-
tance value, it is possible to partially reduce the effect
of the load on the bearing soil layer.

Analysis of recent sources of research and publi-
cations. Constructing buildings and structures in the
cities of Riga, Odessa and Sukhumi, K. Ehorov noted
the special properties of highly compressible soils.
At large thicknesses, the arrangement of sand cushions
is not effective, they need to be cut with jointed piles.

Selection of previously unsettled parts of the gen-
eral problem. In the tests, the resistance values of silk
on the outer and inner surfaces of metal tubular piles
were determined.

Task definition. To carry out the full-scale studies
of the marine mud resistance.

Basic materials and results. Resistance characteris-
tics of foundation soil to the loads, transmitted by pile,
are shear strength over the shaft surface and the com-
pression below the toe. Studying stress-strain state,
conducted in the field conditions with the use of spe-
cial equipment, two methods of soil resistance deter-
mining over the pile surface are used:

— Integral one, based on the average determination
of soil shear strength over the entire surface;

— Differential one, which is based on soil shear
strength determination in some spots with the help of
strain gauges [1].

The applied technique of cyclic-increasing load en-
ables to determine the soil resistance of the foundation
over the pile surface [2, 3, 4]. It considers pile shaft
elastic compression from each load stage without spe-
cial equipment use.

The soil shear strength over the pile surface(f) ap-
pears after the load application. It is balanced on the
compressible part of the length by shear resistance that
depends on the soil properties. The elastic compres-
sion along the pile length occurs consistently with
load increasing. A part elastic compression s,; of the
length [;; corresponds to each load stage P
Within this length, the applied load is balanced by the
shear resistance. Experiments proved that the shear re-
sistance limit value, at the consequential increasing of
the load, is retained in pile previous sections.

Elastic deformation consists of elastic-instantaneous
and elastic-viscous parts. The elastic-instantaneous
part is almost 90% of the total one and it disappears
almost after the load is removed, and deformation
elastic-viscous part relaxation lasts several hours.
In the performed tests, deformation elastic-instant-
aneous part values were used.

The method of research is :

1. Piles tests for vertical or pulling static loads have
been carried out in steps until the conditional stabiliza-
tion of the settlement(s) is reached.

2. Once the stabilization of the settlement has been
achieved and measured, the load is removed (reset to
zero). The settlement residual part is measured at this
stage (s,).

3. The difference between settlements of stabilized
stage (s) and residual one (s,) is the elastic part (s,).

4. The dependence graph s, = f (P) is constructed,
where the breaking point of the line divides it into two
branches and shows the size of the soil resistance (P)
along pile ultimate load surface.

5. Shear resistance value (f) is determined as the
quotient by dividing the load corresponding to the ul-
timate shear resistance (P, on the shaft surface area
(A

It is not always possible to use the method of cyclic-
increasing load to determine the elastic settlement, so
with some error it is possible to determine the ultimate
load of soil resistance to the shear (P)) on the depend-
ency graph s= f (P), lengthening two branches of the
graph to their intersection.

At one of the port berths in Odesa region, the metal
tubular piles were tested in mud ground, underlain by
loam and clay. The ground conditions of the construc-
tion site are represented by the following layers
(Fig. 1).

The averaged values of the soil physico-mechanical
characteristics for each EGE are given in Table 1.

The pentration of metalpipes (piles) with the diame-
ter of 1400 mm, the depth of 16 mm was carried out
with a hydraulic chammer. Testing of control piles
was carried out with the help of hydraulic jack
DV-400-200 with its support on the stop bar. For the
installation of measuring instruments (deflection indi-
cators), two additional supports were loaded near the
test pile (Figure 2).

From the sea water surface to the silt top, the depth
was 15.0 m. According to DBN B.1.1-12: 2014 (maps
ZSR 2004), the area refers to the seismic zone with 6
earthquake intensitie sand10% probability, with 7
earthquake intensitie sand 5 % probability and to the
zone with 7 earthquake intensitie sand 1% probability
(earthquake intensity of the scale MKS-64).

The control tests were carried out according to the
standard procedure. Each stage of the load was sup-
ported to the conditional stabilization, not exceeding
0.1 mm for the last 60 minutes of observations.
Two piles (NeNe. 259, 215) with the length of 28.0 m
were tested. The external static load, applied to the
supports, is balanced by the sum of the shearing forces
on the contact from soil inner and outer sides and the
surface. Before overcoming the ultimate shear
strength, the tubular support is compressed elastically
(s,), remaining stationary. At the load, exceeding the
limiting resistance, there is a sharp increase of the set-
tlement as a result of its movement.

The lower ends of the tubular supports (piles) were
located above the silt bottom, which allowed to
«break» the mand determine the soil resistance along
the outer and inner surfaces (Fig. 3). The ultimate
load, balanced by the pile shear resistance (strength),
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buried in the silt, from outer and inner sides was The ultimate load, balanced by the shear strength of

1980 kN (Fig. 4). the support (pile) Ne 215,buried in the silt, from the
According to the calculations, the average value outer and inner sides was 1760 kN (Fig. 5). According

of the ultimate shear resistance was 17,3 kN/m’ to the calculation, the ultimate shear strength average

(17,3 kPa). In comparison, the studies of flooded re- value was 15.4 kN/m? (15.4 kPa).

sistance sandy loam have shown that its value is much

higher than sea mud and it is 20 kPa [4].
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Figurel — Engineering geological section:
EE-2 — seamud; EGE-3 — heavyloam; EGE-4 — light clay
EGE-2 — sealoamy mud is dark grey with sandy silt bands,the addition of the shells, an admixture of or-
ganic substances and hydrogen sulfideflavor; fluid.
EGE-3 — heavy loam is greenish-grey, brownish-grey, with the addition of land waste and crushed lime-
stone; semisolid.
EGE-4 — light clay is light-grey, with ocher spots, ferruginous;semisolid.

Table 1 — Index of soilproperties

No . . Ps Pua w IL Sr E, [ C,
EGE Kind of soil aem’ | glem’ MPa MPa
2 Sea loamy mud 2.45 0.01 0.56 1.552 0.97 2 4 0.012
3 Sandy loam 2.71 1.62 0.26 0.123 0.83 25 19 0.030
4 Clay 2.73 1.64 0.23 0.02 0.93 40 14 0.10
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Figure 2 — Scheme of the test complex
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Figure 3 —.The scheme of soil resistances (f) in tubularpiles
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Figure 4 — Dependencygraph of settlementalong of theload for he support (pile) No. 259:
P/is the loadwhich is equal to the ultimateshearstrength
at the contact of the support walls with the surroundingsoil
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Figure S — Dependency graph of thesettlementalong of the support load (pile) Ne 215:
P/is the loadwhich is equal to the ultimateshearstrength
at the contact of the support walls with the surroundingsoil

The test results showed that to achieve the design During the penetration of a tubular pile, its walls
load on the piles, they must be extended. Pile Ne 254  «cut throughy a layer of muddy soil. The top of the silt
was elongated by 6 m, which enabled its butt end to  level from the outer and inner sides of the tubular
enter the soil layers lying below the silt bottom, and  (caisson) support ranged within + 18 ... 20 cm. The re-
then its bearing capacity increased due to the resis- search results of two piles, supported on muddy
tance below the butt end (Py). grounds, and the third one, which butt end buried into

the underlying soils, are summarized in Table 2.
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Figure 6 — Dependency graph of the settlementalong of the support load (pile) Ne 254:
Pyis the load which is equal to the ultimate shear strength at the contact of the support walls with the surround-
ing ground, the resistance below the butt end (Py)

Table 2 — Key findings

Load, kN Settlement, mm Ultimate shear
No Pilelength, strength of sea mud
1, kPa
259 28.0 2350 1980 370 59.87 8.94 17.3
215 28.0 1860 1760 100 79.7 25.1 154
254 34.0 3000 1909 1091 5.45 3.04 -

Notes: P— full load;Pf~ultimate soil shearstrength along the wallsurfaceof the tubular support; PR—soil resis-

tanceunder the butt end of the support walls (piles).

Conclusions:

1. The butt ends of metal piles Ne 259 and 215 did
not reach the sea silt bottom. The ultimate load, bal-
anced by the sea mud shear strength from support
outer and inner sides, was 1980 and 1760 kN.

2. Sea silt resistance along the outer and inner sur-
faces was17.3 and 15.4 kPa. For flooded sandy loam
this value is 20 kPa.

3. The level of the sea silt top from the outer and in-
ner sides of the pile varies within % 18 ... 20 cm.

4. With sea silts considerable thickness and consid-
ering their resistance, it is possible to reduce partially
the load effect on soil bearing layer.

5. According to the test results, all the piles were
elongated that enabled their butt ends to bury the soil
layers below the silt bottom.
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A method for reducing the uneven deformations of a two-story building, which provides improving the construction proper-
ties of weak soils that lie at the base, by reinforcing them with horizontal soil-cement elements (SCE) of increased rigidity,
carried out using a sand mixing technology, is described. SCEs are created in the mass under the base of the foundations and
are formed as a result of the destruction of soil natural structure with its simultaneous mixing and injection of cement mortar
under pressure. It has been established that the manufacture of SCE has a number of advantages: using of local soil as a mate-
rial for their manufacture; adding to the soil only water and a binder, without additional aggregate; installation of elements on
the site.

Keywords: soil reinforcement, grouting element, fixing, boring and mixing technology

ApMyBaHHS1 OCHOBU (yHIaMeHTIB OyAiBJIi FOPU30HTAIBLHUMU
eJIeMEeHTAMM MiABHMIIEHOI }KOPCTKOCTI

3ouenko M.JL.', Bunnukos FO.JL.%, loxapen €.A3%, lokapesn AB.}

"2 TTonTaBchKuil HAiOHATBHNMI TeXHIUHMI yHiBepcuTeT iMeni FOpis Koumparioka
34 3anopisbke ignizerns JI1 «/lepKaBHUIA HAYKOBO-IOCIIHHIT IHCTHTYT OYIiBEIbHIX KOHCTPYKILi»
*Anpeca Ui TUCTYBaHHS: eashokarev@gmail.com

[linTBepmKeHo, o 3a Yac eKkcIuryaTtanii Oy/iBii, 3BeJeHi Ha IPOCATOYHUX IPYHTAX, OTPHUMYIOTh HEPIBHOMIPHI Jedopmarii,
MPUYHHOIO SKHX, SK IIPABUIIO, € 3aMOKAHHS 3 MEPEX BOAOTIHHMX KOMYHIKAIliil IPYHTIB OCHOBH. OmNHCaHO e(EeKTHBHUH CIIO-
ci0 3MeHIIEHHS MOTEHIIMHUX HEPIBHOMIPHUX AedopMaliii JBOIOBEPXOBOTO aIMiHICTPATHBHOrO OyIWHKY. 3’sICOBAaHO, L0
e crnocid nepexdayae mosimmeHHs OyAiBENbHIX BIACTHBOCTEH CIa0KUX IPYHTIB, KOTp1 3aJTaloTh B OCHOBI OyIiBii, IIIS-
XOM IX apMyBaHHS TOPH30HTAIBHUMH €JIEMEHTAMH ITiABUIICHOT )KOPCTKOCTI, 1[0 BUKOHYIOTHCS 32 OypO3MIlIyBaIbHOIO TEX-
Honoriero. [pyntonementhi enementu (I'LIE) cTBOproroThesl B MacuBi G€3Mocepenbo Mij MiZOMBOK (yHIAMEHTIB i yTBO-
PIOIOTECS B pe3yJbTaTi pyHHYBaHHS MPUPOIHOI CTPYKTYPH IPYHTY 3 OJHOYACHUM HOTO NepeMilIyBaHHSAM 1 HarHITaHHSIM i
THCKOM ILIEMEHTHOTO pO34HHY. J[OBeIeHO, 110 Micisl TBEPAIHHS CYMilll IIEPETBOPIOETHCS B apMYIOUHH €IeMEHT BUCOKOI Mill-
HOCTI Ta )XOPCTKOCTI, SIKa PETYJIOETHCS 32 PaXyHOK MPOLEHTHOTO CITIBBIAHOIICHHS LEMEHT — IPYHT». YCTaHOBJICHO, 11O
urotoBieHHs ['LIE Mae psin mepeBar: BUKOPUCTAHHS SK MaTepiany Ui iX BUTOTOBJICHHS MICLIEBOTO IPYHTY; JHOJABaHHS B
IPYHT JIMIIE BOAW U B’sKydoro 0e3 J0JaTKOBOTO 3allOBHIOBAYA; YJAIITYBAHHS €IEMEHTIB Ha MICIi; YHUKHEHHS BHHMaHHS
IPYHTY 3 MacHBY; BUKJIFOYCHHS JMHAMIYHOTO BIUIMBY Ha HABKOJMIIHI CIIOPY/H; MOXKIJIHUBICTh CTBOPEHHS K BEPTHKAIbHHUX,
TaK i MOXMJIMX Ta TOPU30HTAIBHHUX €JICMEHTIB; MOXJIMBICT CTBOPEHHS €IEMEHTIB Pi3HOI JOBXUHHU Ta AiaMeTpa, a TaKoX 3
PI3HEM KPOKOM i CXEMOIO PO3MIIIICHHS; JOCHTh HI3bKa COOIBapTicTh podiT; ekoJoriyHa Oe3neka I[boro Marepiany. Y cTaHOB-
JIHO, 1110 3aBJSKH BKIIOYEHHIO B OCHOBY apMyIOUHX €JIEMEHTIB BiJOyBacThCs MOMIIIICHHS ITapaMeTpiB MIITHOCTI Ta aedop-
ManiifHUX BIACTHBOCTEH IPYHTY, MiJABUIYETHCS OIIP OCHOBH JI0 AMHAMIYHUX 1 CTATHYHUX BIUIMBIB.

KnrouoBi cioBa: apMyBaHHS IPYHTY, IPYHTOLIEMEHTHHHI €JIEMEHT, 3aKpilJIeHH:, Oypo3MilllyBaibHa TEXHOJIOT1S
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Introduction. Reinforcement of bases is an effective
method for improving the mechanical parameters of
bases, by introducing into the mass of inclusions with
higher mechanical characteristics in comparison with
soil [1, 2]. In geotechnics, there is a vertical, inclined
and horizontal reinforcement of soil mass with cylin-
drical elements. They use reinforced concrete piles,
sand and stone columns, soil-cement elements (SCE).

SCEs are made by mixing soil with a water-cement
solution, as a result of which soil cement appears,
which has higher mechanical characteristics in com-
parison with the natural soil.

Analysis of recent sources of research and publi-
cations. The production of SCE has several advan-
tages [4 —9]:

— use as a material for the manufacture of local soil
SCE;

— adding to the soil only water and a binder without
additional aggregate;

— installation of elements on the site;

— avoiding of excavation from the soil mass;

— exclusion of dynamic impact on surrounding
buildings and structures, soil mass;

— the ability to install both vertical, inclined, and
horizontal SCE;

— the ability to create elements of different lengths
and diameters;

— SCE installation with different pitch and layout;

— fairly low cost of work;

— environmental safety of this material.

The sequence of SCE production depends on condi-
tion of the soil:

— dense soils are first loosened by drilling without
supplying the solution, then after several approaches,
the soil is mixed with the solution;

— weak soils usually do not need preliminary loosen-
ing.

This technology is called boring and mixing.

SCE are used for: strengthening foundation base;
erection of pile foundations; erection of dividing
walls; insulating of buried waste; strengthening the
slopes of the pit; securing the slopes [3, 6, 7, 9].

Due to the inclusion of reinforcing elements in the
base, the strength and deformation properties are im-
proved, the resistance to dynamic and static effects in-
creases, and the reduction of uneven sediment of
buildings and structures is fixed. The mechanical
characteristics of ground cement increase with time up
to 2.5 times, respectively, it is ideal for long-term use
as a base reinforcement material [5, 10].

A method of strengthening foundations with the use
of horizontal reinforcing elements is becoming in-
creasingly widespread annually during reconstruction
and major repairs of buildings and structures [11, 12].

However, there is a problem with the introduction of
manufacturing technology and the question of the jus-
tified use of the method of soil reinforcement with
horizontal elements of increased rigidity in the course
of reconstruction and major repairs of buildings and
structures.

Highlighting of unsolved aspects of the problem.
A significant drawback in the implementation of SCE
is one-off production of equipment for their device,
poor knowledge of soil-cement parameters under vari-
ous geotechnical conditions, the lack of a regulatory
framework for their calculation, complexity of quality
control of the made elements.

Formulation of the problem. In the present work,
the aim was to prove with a specific example the pos-
sibility of increasing the strength and deformation
characteristics of weak soils lying at the base of the
foundations to reduce potential uneven deformations
of the base and foundation of the existing building.

Main material and results. The administrative
building was built in the 70s of the last century and
was a one-story L-shaped structure in the plan.
The constructive scheme of the building is frameless
with longitudinal and transverse load-bearing walls.
The building was erected without a basement.
Strip foundations from concrete foundation blocks and
partially brickwork. The walls are made of brick,
380 mm thick, internal and 510 mm external.

The geotechnical section of the site to a depth of
12.0 m is represented by sandy and loamy soils of up-
per and middle Quaternary age of various genetic ori-
gin, which are covered from above by filled soils with
a capacity of up to 1.9 m. The groundwater level dur-
ing the survey period to the depth of 12.0 m is not
opened, presumably the groundwater lies at a depth of
15.0-17.0 m.

The foundations of the building are based on weak
natural grounds: sandy clay, humous, loess-like, sub-
sidental, and sandy clay, loess-like, subsidental, car-
bonized. In places of prolonged local soaking, sandy
clay acquired a flowing consistency. The total subsi-
dence of soils from its own weight when soaked can
beup to 9 cm [13].

In 2012, the reconstruction of this building was car-
ried out, which consisted in redevelopment of prem-
ises, superstructure of the second floor, improvement
of the adjacent territory. After a while, after the recon-
struction in the central part of the building, deforma-
tions occurred in the form of vertical cracks in walls
and partitions, deformations of the foundations and
floors of the building arose. The cause of the deforma-
tions that occurred was the prolonged soaking from
the water-bearing communication networks of the
base soils with subsidence properties.

To reduce potential uneven deformations of the
building, it is envisaged to perform the transformation
of the building properties of weak soils under the en-
tire building by reinforcing them with horizontal ele-
ments of increased rigidity. The reinforcement of the
base is carried out by horizontal elements of increased
rigidity (EIR) with a diameter of 300 mm. EIRs are
created directly under the base of the foundations and
are formed as a result of the destruction of the natural
structure of the soil with its simultaneous mixing and
injection under pressure of cement mortar.
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Fixing the soils of the basement of the administra-
tive building is made from two pits. Works on SCE re-
inforcing are performed in a certain sequence accord-
ing to the drilling-mixing technology.

The reinforcing elements are located in three tiers.
The distance between them is 500 mm, the pitch be-
tween the elements is 800 mm. Figure 1 shows the
layout of the lower row of horizontal soil-cement ele-
ments, as well as sections 1-1 and 2-2.

Works on the SCE setting are performed in a spe-
cific sequence using a sandmill technology, the es-
sence of which is the following.

The drilling machine with the help of a special tool-
ing, including hollow drill rods, at the beginning
of which a drilling mixer is fixed, destroys the natural
structure of the soil and at the same time injects a
water-cement solution that is thoroughly mixed
with a crushed soil mixer. After hardening, the mix-
ture turns into a reinforcing element of high strength —
2.5 ... 35 MPa (depending on the percentage of
cement-soil) and rigidity (deformation modulus
80 —110 MPa).

Reinforcing SCEs are arranged in three tiers.
The entire volume of mass fixing is performed by sub-
area, each of which provides for the following types
and sequence of work:

— digging out pits to a designed depths with manual
refining and bottom planning, arranging sump for col-
lecting precipitation from the bottom of pits;

—preparation device from slag (capacity 100 mm);

— installation and fastening of rail tracks, connection
of technological equipment;

— breakdown of the axes of reinforcing elements;

— preparation of a working water-cement solution
using a mortar mixer;

— arrangement of horizontal SCE with the help of the
UGB - 250A drilling machine by rotating the drill bit-
mixer with a diameter of 300 mm and composite hol-
low rods @42 mm with a length of 1 m at a speed of
72 rpm and axial flow at a speed of 0.3 ... 0.75 m/min
with simultaneous injection of the prepared solution
through a swivel, rods and a crown using a diaphragm
pump that creates pressure up to 0.5 MPa;

— removing the string of drill rods and boring bits
from the well with repeated additional injection of the
solution and mixing of the SCE material;

— plugging the wellhead, washing the sleeves, swivel
and crowns-mixer;

— shutdown, rearrangement and connection of
equipment to the next SCE.

After completion of the work on the device of the re-
inforcing elements of the lower tier, the pit is filled
with local soil with compaction to the density of the
soil in a dry state pg > 16.5 kN/m® to a height of
500 mm and proceeds to the arrangement of the
SCE of the middle tier. Similarly, go to the execution
of the upper tier.

The SCE are carried out at air temperature above
50C. When the alternating air temperature, the GCE
caps are insulated.

The composition of the water-cement mortar is «ce-
ment + water». Per 1 meter of soil-cement element the
following are consumed:

— portland cement M400 — 25 kg;

— water — 80...100% by weight of cement (20...25 1.).

SCE are arranged next but one. The works on the
missing element should start no earlier than in two
days after the production of the nearby.

Before operation, in the process of fixing the base
soils and during the SCE material strength set, the
building is monitored, which includes high-precision
control of changes in the spatial position of the fixed
building as a whole, and individual structural elements
separately, in order to determine possible uneven
sediment of the foundations during work on the con-
solidation of the soil base.

Geodetic monitoring of the object will be carried out
by a geodetic method and an automated complex us-
ing the «Monitoring» information-measuring system
(once a week).

After completion of the work, the pits are filled up
with a layer-by-layer compaction of the soil to the
density of the soil in a dry state pd>16.5 kN / m’.

The operational control parameters for the SCE are:

— the planned binding of the axes of the wells, ac-
cording to the design or adjusted parameters;

— the size of soil densification zone;

— linear speed of the mud mixer pulling back (not
more than 0.3 m/min.);

— water-cement ratio in the range of 0.8 ... 1.0;

— cement activity (not lower than M400);

— cement consumption per 1m of wells (absorption);

— solution injection pressure (at optimal pressure
there is no soil ejection from the well).

When arranging the first SCE, according to [14], the
technology and their technical parameters are tested in
each tier. In the process of tested elements manufac-
turing should be determined:

— drilling and pulling back speed;

— water-cement ratio of the solution;

— well absorption;

— discharge pressure of the solution.

To determine the quality of soil densification, sam-
ples of ground-cement reinforcing elements are sam-
pled during their manufacture and at the age of
14 days a test is made in laboratory conditions, ac-
cording to [15], and the cubic strength of the soil ce-
ment should be at least 1.5 MPa, and on the 28" day
should be 2.0 MPa. The number of test items must be
at least one for each sub-area.
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Figure 1 — Layout of lower row of SCE (a), sections 1-1 (b); 2-2 (c)
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The control of the length and continuity of the SCE
is carried out by the acoustic method. 10% of items
are subject to control. After completion of the soil re-
inforcement of the foundation with horizontal SCE,
considering that the type of geotechnical conditions of
the territory and the site of the administrative building
is referred to II by subsidence, all water-carrying
communications should be reconstructed (replaced)
and brought in line with the requirements of regula-
tory documents.

During exploitation of the building, it is necessary to
inspect building structures, water-bearing communica-
tions and timely make preventive repairs. In the case
of a leakage in the pipes of water-carrying commu-
nications it is necessary to rectify them immediately.
Safe exploitation of the building can be ensured only
with the prevention of ground soils watering.

Conclusions. The possibility of increasing the
strength and deformation characteristics of weak soils
lying at the base of the foundations of the building
with the aim of reducing its potential uneven deforma-
tions by the method of reinforcing the soils with hori-
zontal elements of increased rigidity, made by drilling
and mixing technology, has been proved on the field
site.

The stress-strain state of reinforced bases is influ-
enced by the parameters of their reinforcement and the
natural properties of the soil. Mechanical properties of
reinforced soil mass are regulated by changing the pa-
rameters of reinforcement: step arrangement of ele-
ments; their diameter and length; layout scheme.

To reduce a base settlement, a method of their rein-
forcement with rigid horizontal SCEs, made by drill-
ing-mixing technology, is promising, since the use of
such elements improves the geotechnical properties of
the soil, significantly reducing the settlement of the
bases. Mechanical parameters of ground cement grow
in time up to 2.5 times, respectively; it is highly
effective for long-term use as a base reinforcement
material.
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The content of trace elements of iodine, bromine in the stratal waters of Chyzhivsk and Bilsk field has been analyzed.
Deposits with high content of iodine and bromine ions are studied. The connection has been detected between the high con-
tent of iodine in underground water and their mineralization depending on the respected thermobaric conditions.
It has been established that stratal waters of Chyzhivsk and Bilsk fields can be attributed to iodine-bromine. The analyzes has
revealed that waters of the Chyzhivsk and Bilsk fields can be used for industrial removal of iodine and bromine.
Having analyzed the data on the field, it has been determined that ground waters of the disclosed Chyzhivsk and Bilsk field
complex cannot be used for amelioration purposes because of their high mineral content.

Keywords: trace element, iodine, bromine, stratal waters, oil basins, thermobaric conditions

JlocaigaxeHHs BMiCTY MiKpOeJIeMeHTIB
y IJIACTOBHMX BOAAX
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' Tlonrascpkuii HanioHANbHMIT TeXHiUHMI yHIBepcuTeT iMeni FOpis Konmparioka
* Anpeca Juisd TUCTYBaHHS: emikhaylovskaya27@gmail.com

Bimomo, mo miacToBa BoJa € JKEPEIoM I[iIHHUX MIKPOCIEMEHTIB, a came oy Ta opomy. IliaTBepmkeHo, mo o i 6poM —
MIPOJYKT €IUHOTO MpoIiecy TpaHchopMalii OpraHiqHOI peYOBMHH, IO BiOYBAETHCS MPU BUCOKHMX TEMIEpaTypax i THCKax.
Jlnst BU3HA4YEeHHS BMICTy MOy 3aCTOCOBAHO HOJOMETpHYHE BU3HAUCHHS 3 BUKOPUCTAHHSM TilIOXJIOPUTY SIK OKHCHIOBAdYa.
Ieit MeTOx M03BOIIsIE BUBHAYUTH KiJIBKICTh 10HIB oMy 3 TouHicTIO 10 0,02 Mr B aHaNmi30BaHOMY 00’ €Mi BOJH O€3 MiArOTOBKH.
Y cTaHOBIIEHO, IO TUIACTOBI BOJIM MPUYPOUEHi 10 MiCKOBHUKIB IIHOMHOIO Bix 3 — 14 1o 30 M. Boau npexacrasneHo y BUIAAi
po3scomniB. BusnaueHo, 1mo mracToBi Bogu YmkiBCHKOTO Ta BibChKOTO POIOBHUII MOXKYTh OYTH BiJHECEHI 10 H040-OpOMHOTO
tuny (Opom, sKuii ckinanae monaiimenme 25,0 mr/n, fiox — npuHaiiMHi 5,0 Mr/m). 3rigHo 3 HocHimKeHHAM BoJ CepryXiBCh-
KOTO TOPH30HTY YIDKiBCHKOTO POIOBHIIA, BUSBICHO €KCIIOHEHIIABHY 3AJICKHICTh MIX CEpeIHIM yMiCTOM HOIY Ta BMiCTOM
coJiell y rmactoBux Bojax ceepuioBuH Ne 39, 50 UmkiBcbkoro pojmopuina. BusdueHo miactoBi Boau BibCHKOTO pogoBHIIA.
CepnyxiBcbKi BinkiageHHs ToBIUHOIO 200 M Ipe/cTaBiIeHo IUIBHUMY MICKOBHKAaMH Ta aJeBpOJiTaMu. Y IUIaCTOBHX BOJAX
ceeputoBuH 104 1 105 BusBIeHO OpoM, WO y KUIBKOCTSX, JOLUIBHUX JUIS IIPOMHUCIOBOTO BUAoOyTKY. IlnmactoBa Boga mae
MiHepaizanito 6au3pko176 r 1. JJocnipkeHHs moKa3aiy, o Boau YMKiBChKOTO i BiTbCBKOTO pOMOBUIL MOXYTH OyTH BU-
KOpHCTaHI JUIsl IPOMHCIIOBOTO BHIIy4EeHHs Hoay Ta OpoMy, OCKIIBKH BMICT Hoxy nepesuinye 10 mr/i, a BMicT 6poMy focsarae
599 wmr/n. 3’scoBaHoO, IO Li IUIACTOBI BOAM € LIHHOIO CHPOBHHOIO JUIS BHJIYYEHHS KOPHCHHUX MIKPOEIEMEHTIB, SKi 3apa3
BTPAYalOThCS.

KurouoBi ciioBa: mikpoenemenr, o, 6pom, miactosi Boau, HadTOBI GaceiiHu, TEpMOGAPUYH] yMOBH
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Introduction. It has been found that underground
reservoir water can be a source of useful components.
Later considerable concentrations of iodine were
found in ground waters in nearly all world oil fields.
However, in the oil fields waters the iodine content
can vary widely. In many world countries industrial
ground water is a major source of iodine. Over 70% of
bromine production is provided by industrial waters
[6, 10, 11]. The main features of iodine and bromine
geochemistry were studied by V. Vernadsky.
The scholar determined that endogenous rocks, ores
and minerals iodine is only contained exceptionally in
a dispersed state. The more distant from the sea area
is, the higher it is located above its level, the lower
the iodine concentration is in the soil, in the water
and in the air. The studies were performed by
P.M. Bilonizhka, V.I. Knesenko, O.M. Nikipelova
[3 — 9] and others.

The study of the potential for iodine recovery from
reservoir water has been started not long ago. How-
ever, to begin commercial iodine extraction from oil
or gas fields waters, it was necessary to analyze the
fields where iodine concentration is sufficient enough
for industrial production.

The purpose of the research is to provide the con-
tent of trace elements in the stratal waters of Chyz-
hivsk and Bilsk deposits and analyze fields of the de-
posit with the content of ions iodine, bromine.

The main material of the research. Minerals con-
taining iodine are individual or mixed halides.
The sustained cycle of iodine is natural. Todine is es-
sential for both the biosphere and the noosphere.
Its role in industry, medicine is growing every year.
Iodine minerals are easily diluted; therefore iodine is
casily bloomed out of rocks, carried to the sea,
where it is partially accumulated in laminaria (kelp)
algae [1].

Stratal water is a valuable source of minerals, bro-
mine and iodine. Stratal water is underground water
circulating in rock layers. In oilfield geology, stratal
water is water present in the oil stratum (marginal,
bottom, middle water). Iodine concentration in Chyz-
hivske gas condensate field stratal waters is studied.
Most of the Poltava Region territory (northern and
central) is located within the limits of Dnieper- Donets
depression. It has a rather complicated geological
structure. Within the Poltava Region territory it in-
cludes the southwest relatively smooth slope, sepa-
rated series of fractures and the lowered central part
(palaeorift or Don-Dnieper graben). The border be-
tween the south-western slope and the graben of the
Dnieper-Donets depression is made along the line of
Pyriatyn — Khorol — Bilyk, which roughly corresponds
to the depth of the crystalline basement 1500 m.
Different depths of hydrocarbons deposits, and hence
different pressure, temperature and other geological
conditions favored the formation of gas condensate,
gas, petroleum, oil-and-gas, gas-and oil, oil-and-gas
condensate fields [1].

Chyzhivske oil field is located on the territory of
Gadyach and Lokhvitsa districts of Poltava Region,
15 — 20 km to the east of Gnidyntsi oil-and-gas field.
In the vicinity of the field the following towns are lo-
cated: Gadyach, Lokhvytsya, Romney, Glynsk, Pry-
luky, Bakhmach, Zinkiv, Myrgorod and the villages of
Petrivka-Romenska, Krasnoznamenka, Chervono-
zavodske, Yaroshovka and others. Chyzhivske raise is
a complication of Glinsko-Rozbyshivsky shaft, and it
is located northwest of Pogarshchynske on the same
axis with it, but it is more sunk. Chyzhivske raise is a
crypto-diapiric structure with pre-carboniferous deep
deposits of Devonian salt core. Chyzhivske raise, in
tectonic terms, is located in the central part of the
Dnieper — Donets shaft and is confined to the smooth
anticline structures belt. To the west of Chyzhivske
raise Avdiyevska structure is located, and to the east
of it there is Komyshnivska structure. On the south of
the structure belt, Lokhvytsko-Yarivsky and Zha-
danivsky saggings are adjacent [2].

According to the schemes of detailed seismography
and deep drilling, Chyzhivska structure is an anticline
fold stretching northwest as to its productive T hori-
zon’s roof. In the vault its axis is archwise bent, result-
ing in the north-west stretching of the structure being
changed in the sub-latitudinal direction. The length of
the fold on the long axis is 12 km and its width is 9.5
km. The amplitude of the elevation makes 700 m.
West pericline is more extended, deepened at angles
of 12 — 14°. The south wing is somewhat smoother
than the north one, its inclination degree makes 10 —
11°. In the north wing a coherent faults zone is traced,
consisting of two tearing faults. According to the
structure schemes of the Chyzhivske raise, its Visean
deposits preserve all the morphologic features. In the
younger sediments ranging from the Middle Carbonif-
erous, the uplift is gradually incurving, and according
to the Mesozoic-Cainozoic sediments a sloping north-
west stretching monocline is silhouetting.

The Visean layer is divided into the lower and upper
sub-layers. The lower part of the sub-layer is formed
of dark grey and black argillites bands of limestones,
siltstones and mortars. The upper part of the sub-layer
is composed of dark grey very dense limestones.
The Serpukhov layer consists of the lower and upper
sub-layers. The lower one consists of dense dark grey
argillites. The upper one is an argillous greenish strata
with bands of sandstone, limestone and coal.
The Middle Carboniferous section is reaching on the
rocks the Lower Carboniferous layers with strati-
graphic and angular incoherence and it is presented by
the Bashkir and Moscow layers. The Upper Carbonif-
erous section is a chain of argillites and sandstones,
sometimes with bands of siltstone and limestone.
To characterize the water saturation of the horizons
and for qualitative assessment of the aqueous rocks
collectors properties, the stratal water flow discharges
were calculated for some horizons using the layer re-
covery curves. The stratal pressure in aqueous hori-
zons was measured by means of the depth gauges. The

162

Academic Journal. Series: Industrial Machine Building, Civil Engineering. —2 (51)" 2018.




stratal temperatures were measured by means of elec-
tric thermometers. The water viscosity was determined
with account of its temperature and salinity. In the up-
per part of the section, in the active water exchange
zone the aqueous horizons of the Cainozoic and Cy-
noman Low-Cretaceous sediments are located. Aque-
ous are loams, anisomerous sands and sandstones with
bands of argillous sands and clays. The rock filtration
properties vary widely (Fr = 0.6 — 3.6 m/day, accord-
ing to the experimental pumpings) and are defined by
their lithologic composition, homogeneity degree and
consistency in length . Aqueous horizons contain fresh
water of sodium-hydrocarbonate composition with
mineralization of 0.4 — 1.2 g/l, which is widely used
for drinking water supply. The lower occurring aque-
ous strata are located in the zone of slow water ex-
change. The relative productive horizons of the sec-
tion include the Moscow and Bashkir layers of the
Middle Carboniferous, Visean layer of the Lower
Carboniferous and the Turney-Devonian periods
sediments confined to sandstone strata. The depth of
the aqueous Middle Carboniferous horizons varies
from 2 — 5 to 20 — 30 m, the porosity is 20 — 24%.
The water content of the complex is high: at testing
the Moscow layer deposits in well No. 12, the ob-
tained inflow of stratal water made 214 m’/day , with
the productivity factor of 0.37. The smaller inflows of
stratal water were obtained at testing the Bashkir lay-
ers, where they are 20 — 34.8 m*/day.

The significant inflows of stratal water from the
wells, where the Middle Carboniferous sediments
were tested indicate that gas deposits confined to this
complex are under the conditions of highly active hy-
drodynamic system. In the oil and gas fields a slight
overpressure is traced, exceeding hydrostatic pressure
by 0.5 - 1.9 MPa.

Developed under the Turney-Devonian conditions,
thermodynamic water-pressure systems normally have
limited contact with the gas deposits. The rocks water
saturation in gas contour areas of the productive hori-
zons is not very high, although their capacity and fil-
tration parameters within the gas content loop are sig-
nificant enough. The water obtained from this facility
is a highly metamorphized, practically sulfate-free so-
lution (SO42' content makes 16 mg/l) of calcium-
chloride type with the level of mineralization making
232 g/l. It its salt composition the abnormally high io-
dine (50.8 mg/l) and bromine (39.43 mg/l) concentra-
tions are observed. The obtained data may indicate the
possibility of the stratal waters ingress through the tec-
tonic shift from the Devonian intersalt sediments,
characterized by a high content of the above trace
elements [2].

Also the stratal water in the Bilske fields are studied.
The bilgeous gas condensate field is administratively
located in Zinkivsky district of the Poltava region and
Ohtira district of the Sumy region. In orygrography,
the Bilske fields is in the midst of the Vorskla rivers in
the east and Grun in the west.

Among the most representative in hydrogeological
terms, directly in the field, are wells 105 and 104,
where from the early coal deposits deposits of stratal
water. Serpukhov deposits with a thickness of 200 m
are represented by densely packed sandstones and silt-
stone with low gas saturation. Of the micro-
components are bromine, iodine and boron, the con-
tent of which is respectively 224 mg/l, 12 mg/l and
17 mg/l. Stratal water is calcium-chloride type, with
mineralization — 176 g/1.

To analyze the deposits, no special studies have been
conducted in the field. The actual material has been
accumulated in the course of testing productive hori-
zons of coal deposits. In the process of obtaining the
water inflow the following activities were exercised:
a) determination of the layer recovery curve to the
static position; b) measurement of stratal pressure and
temperature; ¢) water sampling for chemical analysis
and sampling of water-soluble gas. Water sampling
for chemical analysis was performed either in the
mouth or at self-filling by means of depth samplers. In
addition to the chemical composition of waters, the
gas concentration and water-soluble gases composi-
tion were determined. In most cases, iodine in the
field stratal waters is contained as a simple anion (I').

However, in the mineralized ground waters, iodine
occurs partly in the form of free iodine (I,). To deter-
mine iodine in the hydro-chemical practice the col-
orimetric method has been used for a long time, bas-
ing on the iodine ions oxidation by sodium nitrite to
the final I, and extracting the latter with chloroform.
This method gives satisfactory results only with the
waters free from reducing agents (organic matter, H,S,
Fe, +, etc.).

The waters of Chyzhivske field contain ions of iron,
therefore this method was not used (Tab. 1). The most
convenient and accurate method of determining iodine
and bromine is iodometric determination of iodine us-
ing hypochlorite as the oxidant [2]. This method can
determine the amount of 0.02 mg I- in the analyzed
volume of water without any preparation. Electromet-
ric determination of iodine and bromine gives quite
accurate results for a wide range of concentrations, but
this method is time-taking and labor-consuming.

For the analysis of stratal water samples the follow-
ing reagents were used: methyl orange (Fig. 1), sulfu-
ric acid, potassium phosphate, potassium hypochlorite,
sodium formate, potassium iodide, starch 1% (if a
sample has changed its color to dark blue (Fig. 2),
there is iodine present in it). To determine the amount
of iodine, the solution was titrated. The aqueous sys-
tem is located under this layer, including aqueous
strata, confined to the sandstone bands with the depth
from 3 — 14 to 30 m. The waters are represented as
high salinity brines. The chemical composition of the
water is calcium-sodium chloride. The temperature
range of the system bedding is 110 — 120 °C [2].
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Table 1 — Chemical composition
of stratal waters fields

Field Mean lodine  [Bromine [rNa/rCl
depth of |content, |content,
the mg/l mg/l
deposit
location,
m
Chyzhivske [3950 15.86— |289 - |0.82—
(C-3) 34.90 373 0.83
Chyzhivske [2980 72— 250 0.77 -
(B-6) 17.98 0.79
Bilske 4470 40.18 599 -
(B-16)
well 104
Bilske 4465 27.49 12521 |-
(B-16)
well 105

Figure 1 — Adding methyl orange to the water
samples to determine the content of iodine

Figure 2 — Titration of the water samples taken to
determine the content of iodine

The highest concentrations of iodine and bromine
are observed in the chloride- sodium waters of extra
salinity (Fig. 1, 2). Iodine-bromine mineral waters
tend to be located in the tearing faults zones, which
serve as path ways for deep ground waters [5].

Iodine and bromine are also the products of
the single process of organic matter transformation
taking place at high temperatures and pressures.
Then carbohydrate solutions and their accompanying
deep sodium chloride solutions containing iodine and
bromine move through the zones of large tectonic
shifts into the higher areas of the Earth crust to the
depths where lithologic structural conditions are
favorable for the formation of oil, gas and the
accompanying iodine-bromine waters accumulations.
The latter are localized in artesian basins confined to
large tectonic structures.

Iodine and bromine are also the products of
the single process of organic matter transformation
taking place at high temperatures and pressures.
Then carbohydrate solutions and their accompanying
deep sodium chloride solutions containing iodine and
bromine move through the zones of large tectonic
shifts into the higher areas of the Earth crust to the
depths where lithologic structural conditions are
favorable for the formation of oil, gas and the
accompanying iodine-bromine waters accumulations.

The latter are localized in artesian basins confined
to large tectonic structures. Thus, according to the
Serpukhov horizon’s waters study, the exponential
correlation was revealed between the mean iodine
content and the stratal waters salinity in wells No.39,
50 of Chyzhivske field according to the data obtained
in 2012 — 2013 as shown in Fig. 3:

M = 12047¢7

where M — stratal water salinity, mgEq/l;
I — iodine content in stratal water, mg/l.
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Figure 3 — Diagram of the iodine content mean
values correlation with mineralization of wells
No. 36, 50 of Chyzhivske field in 2012 and 2013
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The correlation is constructed considering the
reliability degree of R2 approximation, which is the
highest (0.92. Thus, the iodine concentration values of
about 18 mg/l are peculiar for well No.50, and the
values from 16 to 16.8 mg/l are specific for the stratal
waters of well No.36 of Chyzhivske field. The water
of well No.50 are having greater mineralization of
about 13750 mgEq/l. That is, in the analyzed wells,
the iodine concentration grows with the stratal waters’
salinity increase. The formation of ground waters with
high content of iodine was significantly affected by
the powerful sedimentary strata and the respective
thermobaric conditions.

It is determined, that the lower temperature limit of
iodine evaporation from organic-mineral complex of
sedimentary rocks and its accumulation in ground
waters is 35 — 50°C. However, the most intensive
processes of the iodine containing organic compounds
destruction take place at temperatures above 125 —
1500 C [3].

Conclusions. Stratal water is a source of valuable
micro-elements, namely iodine and bromine. It is
determined, that the stratal waters of Chyzhivske and
Bilske fields can be attributed to the iodine-bromine
type (bromine making at least 25.0 mg/l, iodine — at
least 5.0 mg/l) [2]. Thus, according to the Serpukhov
horizon waters study, the exponential correlation was
revealed between the mean iodine content and the
stratal waters salinity in wells No.39, 50 of
Chyzhivske field according.

The research has shown that waters of the
Chyzhivske field horizons can be used for industrial
extraction of iodine and bromine, because the iodine
content exceeds 10 mg/l and the bromine content
reaches 599 mg/l. Due to the low temperatures on the
surface and the unspent water absorption of deposits,
they can not be used for heat-energy purposes.
However, these stratal water is a valuable raw material
for the extraction of useful micronutrients that are now
lost.
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The small-sized technological set equipment with a universal, non-porous hose concrete pump is shown, that is verified dur-
ing the execution of wet method gunite work. Dependencies for determination of basic universal hose concrete pump work
parameters are proposed. The stand surface concreted with wet-cracking method, by the using of the concrete mixture com-
position, which has been checked during the gunite work execution on the construction site. A check of the resulting rubber-
concrete coating strength has been carried out. The stability of the offered technological package operating conditions is con-
firmed.

Keywords: small-sized technological set equipment, gunite work, universal hose concrete pump, gun concrete.
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3anponoHOBAaHO PAJ TEXHOJOTIYHMX KOMIUIEKTIB ManorabapuTHOTO OOJagHAaHHS JUIS BUKOHAHHS TOPKPET-POOIT MOKpUM
Croco0oM, OJTMH 3 HUX HaBEAEHO B IIiii cTarTi. [loka3aHO TEXHOIOTIYHNI KOMIIIEKT MaorabapuTHOTO 00IaHAaHHS 3 YHIBEp-
CadbHUM OE3MOPITHEBMM IIUTAHTOBUM OETOHOHACOCOM, KM BHKOPHCTOBYEThCS K 0a30Ba MaIIMHA TaKOTO KOMIUIEKTY.
3anponoHOBaHO 3aJIEKHOCTI JUIA BHU3HAYEHHS OCHOBHHUX IAapaMeTpiB poOOTH YHIBEpCAIBHOI'O IUIAHTOBOTO OETOHOHACOCA:
MIPOJYKTUBHOCTI, BUTPAT HOTY>KHOCTI Ha TPAHCIIOPTYBaHH OSTOHHOT CyMillli, THCKY BCMOKTYBAHHS CyMillli 3 OyHKepa Ta TH-
CcKy il HarHiTaHHS 0 TOpKpeT-coruia. [lepeBipeHo poOOTY IUIAHTOBOTO OETOHOHACOCA B CKJIA/I TEXHOJIOTTYHOTO KOMIUIEKTY
IIPY BUKOHAHHI TOPKPET-pOOIT MOKPUM crtoco00M. 3a0ETOHOBaHy CIOCOOOM MOKPOTO TOPKPETYBAaHHS CTCHJIOBY ITIOBEPXHIO 3
BUKOPUCTaHHSIM CKJIaay OETOHHOI CyMilli IepeBipeHO NpH BUKOHAHHI TOPKPET-poOIT Ha OyniBeIbHOMY MaWJaHUUKY.
OpneprxaHe TOPKpET-0eTOHHE MOKPUTTA micis 28 ai0 TBEpHiHHA B MPUPOIHMX YMOBax Oysio BHIpPOOyBaHO HA MIIHICTH Ha
CTHCK. 32 pe3ysbTaTaMH MPOBEACHUX JOCII/KCHb MiATBEPPKEHO CTA0UIBHICTE YMOB POOOTH TEXHOJOTIYHOTO KOMILIEKTY,
II0 TPONOHYETHCS. Y CTAaHOBIEHO, III0 HOBUH yHiBepCaJbHHH O€3MOPIIHEBHI MUIAHTOBHH OSTOHOHACOC MPHUIATHUI IJI BH-
KOPUCTaHHS HOTO y CKJIJi TEXHOJOTIYHOTO KOMILIEKTY MayiorabapuTHOTO 0OJaJHAaHHS Ta BUKOHAHHS TOPKPET-pOOIT MOK-
pHUM criocoboM.

Knio4oBi cioBa: TeXHOJIOTIYHMIT KOMIUIEKT ManorabapuTHOTO OOJNaJHAaHHS, TOPKPETYyBaHHS, YHIBEpCAIbHHI IITaHTOBUI
0EeTOHOHACOC, TOPKPET-0ETOH
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Formulation of the problem. In modern construc-
tion, monolithic concretization plays a central role.
There are a lot of different equipment types used in
these works for the concrete mixes preparation and
transportation [1, 2].

Recent research analysis. The studies of these ma-
chines are represented in this works [3, 4].

Identification of previously unsettled parts of the
general problem. Considered structures of machines,
used in monolithic concreting, have disadvantages that
relate to the prepared mixture quality and the opera-
tion reliability in comparison with the machines, of-
fered in this work.

The experience of small-sized technological set
equipment multiple use at various construction sites
shows their efficiency and suggests that the wide-scale
use of these machines is viable. The set content in-
cludes new machines and equipment, protected by the

Ukrainian patent. This includes concrete grout pumps
of different design, concrete mixers operating in cas-
cade mode and gunned nozzles with ring tips [5, 6].

Statement of assignment and methods of its solv-
ing. It is proposed to include a universal hose concrete
pump, which is developed at the Department of the
Mechanization of Construction Processes of the
Kharkov National University of Construction and
Architecture [7], in the small-sized technological set
equipment.

Study results and their discussion. Possibility to
carry out a gunite work wet process using a universal
hose concrete pump has been investigated in the
small-sized technological set equipment (Fig. 1) [8].

Small-sized technological set equipment in

accordance with the basic scheme in Fig. 1 is shown
in Fig. 2.

[

e —
)|

;

Figure 1 — Principal scheme of the small-sized technological set equipment
with the use of universal hose concrete pump:
1 — universal non-piston hose concrete pump; 2 — receiving tank for concrete pump; 3 — long-time concrete
mixer; 4 — automatic machine-cutter of synthetic fibers; 5 — ribbon feeder; 6 — a nozzle with a circular nozzle;
7, 7' — respectively compressor installation and hoses from the compressor to the nozzle

Figure 2 — Small-sized technological set equipment for carrying out a gunite work by wet method:
1 — universal non-piston hose concrete pump; 2 — receiving tank for concrete pump;
3 — long-time concrete mixer; 4 — automatic machine-cutter of synthetic fibers; 5 — ribbon feeder;
6 — a nozzle with a circular nozzle; 7' — hoses of compressed air supply from the compressor to the nozzle
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The universal hose concrete pump is used as a base
machine in the technological kit. To determine its
main operating parameters, the dependencies are pro-
posed::

Htech =3600 Fhose Vav kl k2 k3 (1)

where F),,, — cross-sectional area of the hose in the
concrete pump housing, m’;
v,y — average speed of the concrete mixture through a
flexible hose, m/s;
k; — coefficient that takes into account the gradual
buildup of the force created by the pinch rollers of the
rotor when compressing the outside of the hose in the
pump casing;
k, — coefficient that takes into account the reliability of
the hose in the pump casing, taking into account the
ultimate stress state;
k3 — coefficient that takes into account the conditions
for the mixture to be delivered by a concrete pump via
a flexible hose, taking into account the presence of its
reverse currents:

—the power consumed for the process of trans-
porting the concrete mixture to the nozzle shaft can be
determined by the dependence:

3.45- [Gbsum : ktr + Fprut ktrkoch},l : Rsr

P = rol "

g 1000 -3077;,, )
o St APV Kay

10007,

where Gy — the weight of the concrete mixture,
which is under the influence of clamping rollers, H;
k,. — the coefficient of friction that occurs as a result of
the wall effect between the inner wall of the flexible
hose and the concrete mixture in the course of its
movement;
F,.. — the force of pressing the rollers to the outer sur-
face of the flexible hose in the working space of the
pump, H;
ky-koen — friction coefficient of rolling of rollers on the
surface of the hose, M;
7,1 — roller radius;
n — rotor speed, min'l;
R, — average value of the distance between the rotor
axis and the end face of the roller;
1y — coefficient of efficiency of the concrete pump;
Ap — pressure drop at the ends of the transport pipe-
line, Pa;
kq — coefficient taking into account the length of the
transport pipeline;
17, — hydraulic losses in the transport pipeline;

— the suction pressure of the concrete mixture from
the hopper of the concrete pump is determined by the
following dependence:

v2

pvs=p0'g'Hsum+pat_(1+gZ)p() s;m s (3)
where Hy,,, — height of the concrete mix in the bunker,
m;

Pa — atmospheric pressure, Pa;

¢z — total loss of pressure when sucking a concrete
mixture;
Vaum — Speed of the mixture through the inlet, m /s,

— the pressure which creates a universal hose con-

crete pump at injection of a concrete mixture to a noz-
zle shaker is defined as [9]:

2
4-m-w R,(of_’_/l.i

2
Ysr , 4)
(D = 2841)° dy 2

PuL = ',00
where m — mass of the rotor that overlaps the flexible
hose in the pump housing;
o — angular speed of the rotor of the concrete pump;
R, — the radius of the rotor of the concrete pump on
the end of the roller;
@ — zone of working process of injection of concrete
mix, rad;
f — coefficient of friction of the concrete mixture on
the inner wall of the working hose in the pump body;
D, — outer diameter of the flexible hose;
Oy — hose wall thickness;
A — coefficient of resistance of the concrete mix along
the pipeline;
L — the length of the pipeline on which the concrete
mixture is transported,
d, — internal diameter of the transport pipeline;
po— average density of concrete mix;
v, — the average speed with which the concrete mix-
ture is transported.
Using the aforementioned set of equipment, the con-
crete surface was wetted by means of wet gunitework.
For the wvertical surface gunite, the following
concrete mixture composition was used for 1 m’: ce-
ment — 363 kg, sand — 1107 kg, rubble — 711 kg, water
183 1, plasticizer Sikaplast 520 in volume of 1.5%.
With the small-sized technological set equipment
help, the concrete mixture, which was prepared in a
long-time concrete mixer, was applied to the stand
surface using a nozzle. In this case, the surface was
concreted gradually when applying the concrete mix-
ture to the layers. Each subsequent layer was applied
after the previous hardening of the previous layer.
Generally, the thickness of the layer on the cracked
surface is & = 30 ... 40mm (Fig. 3).

Figure 3 — The stand surface which was concreted
by wet gunite method
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After 28 days of concrete mixture deposited layer
solidification in the natural environment, it was tested
for strength using the concrete strength meter Beton
Pro CONTROL, which is presented in Fig. 4.

Figure 4 — Beton Pro CONTROL device for meas-
uring concrete strength

Fig. 5 shows the concrete surface, which is wetted
by wet cracking, and tested for compressive strength
using the device shown in Fig. 4. The strength of the
gunite concrete was determined at different points of
the concrete surface.

The obtained test results are listed in Table 1.

The average value of the obtained concrete strength
indicators with the device help is 47.7 MPa. Spread of
data in Table 1 is 15%. This testifies to the formation
of a homogeneous gunite concrete structure.

Thus, the results of the conducted research showed
that when working universal piston hose concrete
pump to the nozzle with a ring nozzle on the hose to
monounsaturated concrete mixture. This is evidenced
by the lack of its bundle in the process of transporta-
tion. The stability of the operating conditions of the
technological package, offered with the universal hose
concrete pump, is confirmed.

Figure 5 — The process of gunite concrete strength
checking using the «Beton Pro Control» device:
1 — an example of a concrete surface
gunited by wet method;

2 — Beton Pro CONTROL device
for measuring concrete strength

Table 1 — Pressure concrete strength to compression

Metering num-

ber fcom4

fcoml fcomZ fcom3

fcomS f¢:0m6 fcom7 fcomS f¢:0m79 fcom av

Strength com-
pressine val-
ues, MPa

46.7 52.5 54.8 429

51.5 439 41.4 40.8 54.5 47.7

Conclusions

1. The efficiency of a small-sized technological set
equipment with a universal, non-porous hose concrete
pump is shown.

2. Operating stability conditions confirmation of the
technological kit with the hose concrete pump that is
proposed for the test of the gunite concrete obtained
on compression: the difference of the compressive
strength results does not exceed 15%.
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The analysis of well-known methods of displaying and their cost has made it possible to conclude that the methods of direct
and indirect displaying have a number of serious shortcomings. Therefore, the diagnostic method for the condition of the
internal combustion engine according to the value of gas pressure in the cylinders of the engine has been proposed.
This method allows determining its indicator ratios, assessing the engine's health of the ICE, the regulator (control)
performance, efficiency and environmental cleanliness. This article describes the general principle of operation of the device
and components of the process of measurement and processing of the obtained data. The authors of the article provided the
connection diagram and substantiated the efficiency of the proposed method for obtaining information on internal cylinder
processes. The results of the performed calculations indicate the suitability of the proposed calculation method for the
simulation of internal cylinder processes inside internal combustion engines, including the modern ones.

Keywords: internal combustion engine, indicator diagram, diagnostics, gas pressure, cylinder-piston group, stud, stretching

Bu3zHauyeHHsI THCKY B IWJIIHAPI ABUT'YHA BHYTPIIIHBOIO 3rOPSIHHS
aBTOMOOI/ISA IVIAXOM YCTAHOBJICHHS TEH30METPUYHHUX JATYHMKIB

Kopo6ko 5.0.', Bacuaner 0.C.2*, Porosin I.A.%, Bacuibes €.A.*

1234 [MonraBchkuii HALiOHATBHUIT TexHiunMiT yHiBepeuTeT imMeni FOpis KonapaTioka
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Bukonano anaii3 BitoMux croco6iB BioOpaskeHHs Ta IX BapTOCTi, 1€ JO3BOJIIIO 3pOOUTH BUCHOBOK, III0 METOIH MPSIMOTO 1
HETpsIMOTO BiOOpaKE€HHS MAalOTh PAI CEpPHO3HUX HEIONIKIB. 3alPOINOHOBAHO METOAMKY IIarHOCTYBaHHS CTaHy JIBUTYHA
BHYTPILIHBOTO 3rOPSIHHA 32 3HAYSHHSAM THCKY Ta3iB y LMIIHApPaX JBUTYHA. BU3HaueHO, 10 THUCK Ta3iB y HUIiHApax JBUIyHA
€ HalObII 1HPOPMATUBHUM AIaTHOCTUYHHM [APAMETPOM, L0 XapaKTepu3ye CTaH Horo mopiuHeBoi yacTuHu. O6poOKa iH-
JIUKaTOPHHX JiarpaM J03BOJISE€ OTPUMATH BiIOMOCTI MPO sIKicTh poOOYMX MPOLECIB AOCTIHPKYBAaHOTO JBUTYHA, BCTAHOBUTH
3HAYCHHS HOro iHIMKATOPHUX IOKA3HUKIB, OLIHATH TEXHIYHHI CTaH JBHI'YHA BHYTPIIIHBOIO 3TOPSHHS, SKICTh PEryJIFOBaH-
HS1, EKOHOMIYHICTb, II[yMOBI Ta BiOpaIiifHi MOKAa3HUKH i €KOJIOTIYHY YHUCTOTY. 3a3HAUCHO, IO peaizalis MeTOy HelpsIMOoro
BiZIOOpaKEHHS ITI0JISITa€ B TOMY, IO i raiky abo OGONT KpiIIEHHS TOJIOBKYM OJIOKa HMJIHJPIB MOMIMIAIOTH JAaTYHK THCKY,
SKUH SBIsIE COOOIO cTajeBy MIaiily 13 3aKpiIUICHMMH Ha Hill TEH30pe3UCTOpaMu. 3yCHILIA, IO BUHUKAIOTH BiJl Iii CHJI THCKY
rasiB y HHJIIHIPI ABUTYHA, IEPEAAIOTHCS Yepe3 rOJ0BKY 0JI0Ka UIIHAPIB mInuibkaM abo 60sITaM KpIruIeHHsI TOJIOBKH OJI0Ka
WITiHAPIB A0 camoro Gmoka. IIpu npoMy JaT4MK THUCKY CIPHHAMAE Ti K caMi 3yCHJUIsL, IIEPETBOPIOIOYH iX Ha eJIeKTPUYHHI
curran. Take pillleHHsI iCTOTHO CIIPOIy€ MPUCTPill JaTdyrka i poOMTh HOro KOHCTPYKIIO yHiBepcaibHOK. HaBeneHo omu-
CaHHS MPUHIMITY POOOTH MPHCTPOIO Ta CKIAJOBUX IMpOIeCy BUMIPIOBaHHSA U 00poOKM oTpuMaHMX NaHMX. [lomaHo cxemy
HIIKITIOYEHHS Ta 00IPYHTOBAHO Ipane3AaTHICTh 3aIPOIOHOBAHOTO CIOCO0Y OTpUMaHHs iHpOpMamii IPO BHYTPINTHEOIMIIH-
JPOBI MPOIECH Ha MPUKJIAJI PeaJbHUX BUMIPIOBAHb i 0OPOOKH OTPUMAHHX JAaHHX. 3’SICOBAHO, IO PE3YJITaTH BUKOHAHHUX
PO3paxyHKOBUX JOCII/PKCHB CBIIYATh PO HPUIATHICTH 3alIPONIOHOBAHO METOIUKH PO3PAXyHKY JUISi MOAENIOBAHHS BHYTpI-
HIHBOLMIIIHAPOBHUX MPOLECIB ABUI'YHIB BHYTPILIHBOTO 3TOPSIHHS, B TOMY YHCHI if Cy4acHHUX.

KniouoBi cioBa: 1BUryH BHYTPIIIHBOTO 3rOPSHHS, IHIMKAaTOpHA Jiarpama, AiarHOCTYBaHHs, TUCK T'a3iB, IUIIHAPOIOPIIHEBA
rpymna, UMUIbKa, PO3TATHCHHS
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Introduction. The major vehicle component part,
which accounts for the largest number of failures, is
the internal combustion engine (ICE). The reliability
of engines operation depends not only on their design,
manufacturing technology, service conditions of cars,
but to a large extent on the organization and the
quality of their service. The perfection of any repair
technique and any method of servicing is determined
by the extent to which it provides the interaction
between the objectively existing process of changing
the technical condition of the object and the process of
its technical operation. The traditional routine-
preventive method of maintenance and repair, based
on the performance of certain preventive maintenance
through pre-scheduled intervals of time or work,
regardless of the system conditions and parts status,
provides weak interaction between these processes.
Closer relationship between them is provided by the
methods of maintenance and repair of the condition
[1, 2]. The basic principle of the methods of servicing
and repairing as required is the principle of preventing
the failure of the car systems and their individual most
important units and parts while ensuring their
maximum  possible replacement life [, 3].
The methods of servicing and repairing as required
provide for continuous or periodic control and
measurement of parameters that determine the
technical state of functional systems and functional
units, that is, the implementation of continuous or
periodic diagnostics of these objects [4].

The development of the ICE design, as well as the
means of measuring and processing of the received
information, requires continuous improvement of the
existing diagnostic methods and the development of
new, more advanced methods based on the use of the
latest means of obtaining information about the
technical state of the engines [5, 6].

Actual scientific researches and issues analysis.
The analysis of various methods of ICE diagnosis and
the practical experience of their use allow us to
conclude that the existing methods have a large
number of deficiencies, and for correct diagnosing of
the ICE’s condition it is necessary to use the
combination of diagnostic methods [1, 7].
This circumstance requires the improvement of the
existing methods (for modern ICE at least the
modernization of the existing methods is necessary)
and the development of new, more advanced and
informative methods for obtaining information on the
technical condition of ICEs that realize the possibility
to monitor diagnostic parameters.

The gas pressure in the engine cylinders is the most
informative diagnostic parameter [8, 9].
The processing of indicator diagrams allows you to
get information about the course of the work processes
of the diagnosed engines, to determine their ratios, to
evaluate the technical state of the ICE, the quality of
their regulation, efficiency and environmental
cleanliness [10].

Selection of previously unsettled parts of the
general problem. The analysis of well-known
methods of displaying has made it possible to
conclude that the methods of direct displaying have
high cost and do not provide the necessary accuracy of
the obtained data, in addition, their application for
automotive engines is practically impossible because
they do not have indicator cocks. Famous methods of
indirect pressure measurement in ICE cylinders also
have a number of disadvantages [2, 8], as a result of
which they have not received mass distribution, and
most of them are used as separate experimental works
with limited precision and rather narrow scope of use.
Very few methods, both direct and indirect, allow
continuous monitoring of pressure in ICE cylinders
[9, 10] necessary to obtain operational information
about changes in its condition, timely response to
emerging malfunctions by performing appropriate
maintenance operations, which is the most important
condition for predictive maintenance.

Setting  objectives. The above mentioned
circumstances make it necessary to develop new
methods and means of displaying engines, while
focusing on the development of methods and means of
indirect displaying.

The main material and the results. The proposed
method of indirect display of internal combustion
piston engines is based on the measurement of the
voltage acting in the elements of connection of body
parts (studs, bolts), connecting the cylinder caps (head
of the cylinder block) and the engine block.
The choice of coupling elements as a measuring object
is based on the fact that they perceive only the forces
of gas pressure and, thus, allow indirect displaying of
the engine characteristics. The calculation scheme of
coupling elements of base members is presented in
Fig. 1. In the non-operating state of the ICE, the
power studs are loaded with the force of pre-
tightening (the minimum force strains the stud).
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Figure 1 — Analytical model of joint members
of nonrotational parts:
Ppg — force of preliminary tightening of hold-down studs;
P, — the force that stretches the stud under the influence of
the gas pressure; /g7 — the ffective length of the stud
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PPR ~m (1 7/1/) P’Zmax 5 MN, (1)

where m — the tightening factor of the stud;

y — coefficient of the main load of the threaded
fastening;

P'7,.0x — force of gas pressure during combustion,
which falls on one stud, MN.

Under the influence of the force of the previous
tightening, the stretching of the stud and the
compression of the connecting parts takes place.
At the same time, the stud is lengthened by the value

AST min
lgr - P
AST min :—Sg‘ Fg’ R, m, ©)

where [y — the effective length of the stud, m;

E — module of elasticity of a stud’s material, MPa;

Fy — the area of the cross-section of the stud’s plug,

2
m°.

When the engine works, the pressure force of gases
at burning causes additional stretching of the stud and
head and compression of the head, the stud will be in-
fluenced by the power P;:

Py = Ppgr +x P'zpac » MN, 3)
Under the influence of the force P, the stud is
lengthened by the value Agz,:
Isr - P,
ﬂ'STmax =L -2 , M, (4)

E-Fy

The implementation of the indirect displaying
method is the following: a pressure sensor, which is a
steel washer with resistive-strain sensors, fixed on it,
is placed under a screw or a hold-down bolt.
Efforts arising from the action of the forces of gas
pressure in the engine cylinder are transmitted through
the cylinder head component to the studs or bolts of
the cylinder head components to the block itself.
In this case, the pressure sensor takes the same efforts,
turning them into an electrical signal.

This solution greatly simplifies the sensor device
and makes its design a versatile one. An example of a
pressure sensor is shown in Fig. 2

e ——— B
| |
: K7 RZ | |R2 R4 :
L m—— it _

Figure 2 — The developed pressure sensor for the
implementation of the indirect displaying method

There are four resistive-strain sensors, installed on
the steel washer, that form a complete measuring
circuit. Resistive-strain sensors R1 and R3 are set up
for the perception of axial deformations; resistive-
strain sensors R2 and R4 are wused for
thermocompensation.

Under the influence of the pressure change in the
engine cylinder, the steel washer is compressed and

stretched, being in the zone of elastic deformation, in
this case resistive-strain sensors deform along with it,
also changing their resistance. The signal from
resistive-strain sensors, proportionally to the pressure
in the ICE cylinder, with the help of the measuring
circuit is converted into voltage, the value of which
through the amplifier and the ADC is recorded by the
computer, where it is further processed and analyzed.
The following engines were chosen as the objects of
research: engine GAZ-560; engine GAZ-5601; engine
VAZ-2111.

In order to substantiate the efficiency of the
proposed method of obtaining information on internal
cylinder processes, the authors of the article have
made the calculation of elongation of cylinder cover
attachment studs (engines GAZ-560 and GAZ-5601),
block bolts (VAZ-2111 engine) and compression of
washes under them under the influence of forces from
the previous tightening and gas pressure in the ICE
cylinder. The results of the calculations show that the
stretching of the cylinder cover studs (bolts) of the
cylinder cap (block heads), as well as the compression
of the washers underneath them while the engine is
operating, are in the range available for registration by
resistive-strain sensors. In particular, for the selected
objects of investigation, the difference between the
extension of the stud (bolt) with the maximum tensile
strength and elongation at the force of the preliminary
tightening is from 1 to 20 microns; the difference
between the compression of the washer at maximum
compressive strength and the compression with the
force of the previous tightening is from 0.02 to
0.80 microns. Naturally, the most qualitative indirect
indicator diagram can be achieved during the
installation of resistive-strain sensors on the body of
the cylinder cap mounting stud (or cylinder head bolt).
However, in this case, the following problems arise:
firstly, it is technologically difficult to install a
resistive-strain sensor and to arrange the transmission
of a signal from it, and secondly, the resistive-strain
sensor is mounted on an unscrewed stud (bolt) of the
cylinder cover (head of cylinder block), and in this
case, the stud, together with the glued resistive-strain
sensor, will be loaded with the force of pre-tightening
Ppp. This force will stretch the stud and a resistive-
strain sensor up to the value, that may exceed the
permissible deformation of the resistive-strain sensor.
In addition, when the engine is warmed, due to the
thermal deformation of the parts, the load on the studs
will increase. Thus, the main studies were related to
the measurement of the stresses in the washers under
the nuts of the studs of cylinder head fastener groups
to the engine block (engines GAZ-560 and
GAZ-5601) and in washers under the bolts of the
cylinder head components (VAZ-2111 engine).

The general measuring scheme of the method of
indirect displaying is presented in Fig. 3. Resistive-
strain sensors 2, installed on the washer 3, compressed
with a nut 1 of the stud 5 in the cylinder head fastener
group 4 to the engine block 6 are connected to the
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measuring circuit. The signal from the measuring
circuit is amplified in the amplifier 14 with a gain of
100 or 1000, and, through an analog-to-digital
converter 15, is transmitted to the computer 16, where
its processing is carried out.

During tests on engines GAZ-560 and GAZ-5601
simultaneously with the registration of the indirect
indicator diagram a direct dispaying was carried out
using the GT-20 sensor of the company Autronica and
the diagnostic complex K-748. The signal from the
proximity sensor 9 (see Fig. 3) was recorded in

parallel with the signal from the resistive-strain sensor
2. In this case, the indicative diagrams taken with the
GT-20 sensor, were considered as reference ones, and
the diagrams, taken by the method of indirect display-
ing, were compared with them and their accuracy was
estimated. The VAZ-2111 engine eliminates direct
displaying, which in turn complicates the acquisition
of absolute values of pressure in the cylinder,
therefore the signal, registered from the resistive-strain
sensor 2, proportional to the pressure in the cylinder,
was considered as relative.

1% 15
l|'_ 1
"'\-\._g VL VJ'\ .-".I I.II"'

]

| Zetdil OO Let210
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Figure 3 — The overall measurement scheme of the indirect displaying method:
1 — nut for attaching the cylinder head fastener group to the engine block; 2 — resistive-strain sensors;
3 — Washer under the nut of the the cylinder head fastener group to the engine block;
4, 10 — cylinder cover; 5 — attachment stud for cylinder head fastener group to the engine block;
6, 11 — engine block; 7 — position sensor of the crankshaft; 8 — toothed crown of the crankshaft pulley;
9 — direct displaying sensor; 12 — piston; 13 — connecting rod;
14 — signal amplifier; 15 — analog-digital converter; 16 — computer

The measurements on the engine GAZ-560 were
carried out in four modes: in idle run, at the load of
14, 26 and 36 kW. The measurements on the engine
GAZ-5601 were conducted in three modes: idle run,
with a load of 42 and 70 kW. The measurements on
the VAZ-2111 engine were conducted in idle run.

An important point in measuring the pressure in the
ICE cylinders is to determine the position of the UDP
in the diagram between the compression stroke and
the expansion stroke. For the engines GAZ-560 and
GAZ-5601 to determine the UDP at each mode of
inspection, the fuel supply was switched off in the

compression-expansion  pressure  without  the
combustion process. According to the received
diagram, the upper dead point was determined; then
this diagram was superimposed on the pressure
diagram with the combustion process (with the
maximum  coincidence of the polytrop of
compression) and the moment of the UDP was
determined. For the VAZ-2111 engine, in parallel
with the indirect displaying, a signal from the normal
inductive position sensor of the crankshaft 7 (see Fig.
3) was recorded to determine the upper dead point
between the compression stroke and the expansion

P, degree

diagnostic cylinder and there was recorded stroke.
P MPa s
/
V | \
_ VAN A\
P MPa 2 .
Ik A I
1 N N

g E . é 5 f 5 QD degree

Figure 4 — Indicator diagrams of the engine GAZ-560:
1 — direct displaying; 2 — indirect displaying; three consecutive loops;
idle run; n = 630 rpm; sampling rate of 20 kHz; signal without processing
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Figure 5 — Indicator diagrams of the engine GAZ-560:
1 — direct displaying; 2 — indirect displaying; load 36 kW;
n = 582 rpm; average for 24 cycles

We will consider the results of the studies, obtained
by the method of indirect displaying, on the example
of the engine GAZ-560. In Fig. 4 there are shown
indicator motor diagrams GAZ-560, obtained by
direct 1 and indirect 2 displaying on idle run (n = 630
rev / min); on Fig. 5 there are shown average 24-cycle
indicator motor diagrams GAZ-560 obtained by
methods of direct 1 and indirect 2 displaying, while
working under the load of 36 kW (n = 582 rpm).

Conclusion. The gas pressure in the engine
cylinders is the most informative diagnostic parameter
that characterizes the condition of its piston part.
The processing of indicator diagrams allows you to
get information about the quality of the work
processes of the engine under investigation, to
determine the value of its indicator ratios, to assess the
regulator performance, efficiency and environmental
cleanliness. The analysis of well- known methods of
displaying and their cost has made it possible to
conclude that the methods of direct and indirect dis-
playing have a number of serious shortcomings that do
not allow them to be used in practice. And, thus, there
is a need to develop new methods and means of
displaying engines.
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The article gives the theoretical substantiation of the forces determination that arise during the steerable vehicle wheel with
chassis dynamometer interaction taking into account the wheels angles setting in relation to the longitudinal, vertical and
transverse vehicle axes. The transition from mobile to fixed coordinate system using Euler angles is considered.
The transitions comparison from the stationary coordinate system to the moving one in the system an aircraft axes and ship
axes. It made it possible to move to the fixed coordinate system for a steerable vehicle wheel. A table of transition between
moving and stationary reference systems has been made. The table provides an opportunity to determine the projections of
forces that arise when the steerable vehicle wheel is interacting with the bearing surface when the angles of its installation are
relative to the frame, are changed.

Keywords: steerable wheel, vehicle, chassis dynamometer, Euler's angle

Bu3zHavyeHHsI HANPAMY CHJI, 0 BUHUKAKOTH NIPH B3a€MOJII
KEePOBAaHOI'0 aBTOMOOIJILHOI0 KoJieca
3 OiroBumu 0apadaHaMu

Bacuise O.C.'*, Porosin I.A.%, IllanoBaax M.B.?, Opucenko 0.B.
1234 MMonraschkuii HALiOHATBHUIT TexHiunMiT yHiBepeuTeT iMeni FOpis KonapaTioka
* Anpeca Juist TUCTYBaHHS: a.s.vasiliev.76@gmail.com

IIpoanamnizoBaHO crocoGOH NMEpeBipKy KyTiB YCTAaHOBICHHS KOJIIC HA aBTOMOOLII Ta BUSBICHO HEJONIKU CIIOCO0Y peryioBaH-
HSl y CTaTHYHOMY CTaHI BEJIMUMHU KYTIB, SKi € OJJHAKOBUMH JJISI BCIX aBTOMOOILTIB ITeBHOT MOJeN i He BPaXOBYIOTh 1HIHBI-
JyanbHI BIIXWIICHHS B PYJIbOBOMY KepyBaHHI aBTOMOOims. Po3risHyTo crmoci6, sikuid 103BOJISIE 3AIHCHIOBATH MEPEBIPKY Ta
peryOBaHHs KyTiB YCTaHOBJICHHS KEPOBAHUX KOJIC MPH PyXOBi aBTOMOOLIS i iMiTallil TaKOro pyXy 3a JOMOMOroi0 GiroBux
6apabaniB. HaBeneHo TeopeTHyHe OOTPYHTYBAHHs BU3HAYCHHS CHII, 1[0 BUHUKAIOTH TIPH B3a€EMOJI1 KEPOBAHHUX KOJIiC 3 Oiro-
BuUMH OapabaHaMu 3 ypaxyBaHHSIM KyTiB YCTaHOBJICHHS KOJIIC CTOCOBHO IO3JOBXKHBOi, BEPTHUKAJIHHOI Ta MOMEPEYHOI ocei
aBTOMOOIISI. PO3riIsHyTO mepexii Bif pyXoMoOi CHCTEMH KOOpAMHAT [0 HepyxoMmoi 3a nomomorow KytiB Eiinepa.
BuKoOHaHO HOPIBHAHHS MEPEXO/IB BiJl HEPYXOMOI CHCTEMH KOOPIMHAT J0 PYyXOMOi B CHCTeMi oceif jiTaka il KopabenbHUX
ocCeil, II0 1an0 MOXIIMBICTh MEPEHTH OO HEPYXOMOI CHCTEMH KOOPAMHAT I KEpOBAHOTO KoOJeca aBTOMOOLIS.
CxJaJieHO TaOJHUIII0 HEePeXoay MK PyXOMOIO Ta HEPYXOMOIO CHCTEMaMH BiUTIKY, SKa Ja€ MOXKJIMBICTh BU3HAYATH HPOEKIl
CHJI, II0 BUHUKAIOTH MPH B3a€EMOJI1 KEPOBAHOTO KoJieca aBTOMOOIIS 3 OMOPHOIO MOBEPXHEI0 MPH 3MiHi KyTiB HOro BCTaHOB-
JICHHS BiJTHOCHO OCTOBA.

KimrouoBi ciioBa: kepoBane kojieco, aBToMo0ib, 6irosi 6apabanu, kytu Eitnepa.

176 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 2 (51)’ 2018.




Introduction. The operation practice and scientific
research show that the correct installation steerable
vehicle wheels depends to a large extent on its han-
dling, course stability, fuel consumption and tire wear
[1 —3]. Due to the tires deformation by motion, steer-
able wheels of a vehicle are installed at certain angles
to the longitudinal, vertical and transverse car axes
(longitudinal inclination angles and dislocation) [4 —
6]. These angles are assigned by the manufacturer for
each individual car model and must be maintained
within the specified limits throughout the service life.

Existing inspection methods include the wheels in-
stallation in a static state with angular angles, which is
the same for all vehicles of this model [7, 8].
However, in each case there is a deviation from the
norm. This is especially noticeable on cars that were
in operation, in which there are kingpin strikes, bush-
ings, joints steering rods, front axle beams deforma-
tion, subsidence front springs.

Typically, these deviations are compensated by the
rather wide allowable limit in adjusting the wheels set-
ting angles. In this case the optimal values are not
stored, of course. In addition, when driving a car, the
gaps in the steering control are selected, which leads
to the change in the wheels initial position. In these
cases, the recommended wheel angle setting cannot be
the same for all vehicles of this model.

Actual scientific researches and issues analysis.
Methods are also known which enable to check and
adjust the steerable wheel of a vehicle angles when the
car is driving [8] and simulating this motion by chas-
sis dynamometer [9].

When designing chassis dynamometer stands, it is
necessary to determine the forces acting on the drum
from the wheel. In works [9, 10] the determination of
forces is carried out taking into account only the as-
cent angle. Given that steerable wheels are installed at
the same time at three angles, this method of deter-
mining forces is inaccurate [11].

Selection of previously unsettled parts of the gen-
eral problem. Given that the steerable wheels of a
vehicle are installed at certain angles relative to the car
frame, there is a need to create a mathematical estab-
lish. It will allow to determine the forces projections
that arise when the wheel is interacting with the sup-
port surface while taking into account the three steer-
ing wheel angles set [12, 13].

Setting objectives. The article purpose is the theo-
retical justification for determining the forces projec-
tions that arise when the steering wheel is interacting
with a chassis dynamometer, taking into account the
wheel angles mounting relative to the vehicle frame.

The main material and the results. Since the steer-
able wheel of a vehicle is set at certain angles to the
longitudinal, transverse and vertical car axes, then to
determine the projections of the forces applied to the
wheel, it is necessary to make a transition from the
moving coordinate system, which is tightly connected
to the steering wheel and can change its position de-
pending on changes in the wheel mounting angles and

a fixed coordinate system that is rigidly tied to the
support surface. This transition is carried out through
a series of successive a moving coordinate system
turns around the axes of a fixed system and their new
positions.

There are several ways to move from a fixed to a
moving coordinate system [14]. Often in such cases,
the transition is carried out using the Euler’s angles

(Fig. 1).

by
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Figure 1 — The transition from a mobile to a fixed
coordinate system using the Euler's angles

If, when moving from a moving coordinate system
to a fixed one and taking advantage of the Euler's an-
gles, one can notice that at small angles for the instal-
lation of driven wheels, there are small deviations axes
coordinate systems moving from its original position.
At the same time, the nutation angle @ and the sum of
precession angles y and the proper rotation ¢ remain
small, although the angles y and ¢ themselves acquire
arbitrary values within 27 le. cos @ =~ 1;
cos (y— @)~ 1.

In this case, the choice for the transition of Euler's
angles is inconvenient, since using large angular val-
ues in determining the moving axes slight variations
from the initial position is inconvenient due to the
complexities that arise during mathematical transfor-
mations.

In some cases it is more convenient to use other ori-
entation angles of the mobile reference system [14].
Thus, in the aircraft dynamics (Fig. 2), the Ox axis di-
rected along the axis of the aircraft from the tail to the
pilot cabin, the Oy axis — in the plane of symmetry of
the aircraft, and the Oz axis is perpendicular to this
axis (by wingspan) to the right of the pilot.

The transition from a stationary coordinate system to
a moving one in the aircraft axes system is carried out
by means of three turns: the first around the axis
On on the angle w, the second — around the new posi-
tion of the axis O¢ (line On) on the angle ® and the
third — around the new position of the axis O&
(axis Ox) at the angle @. The angles of orientation are:
w — the angle of rotation, @ — is the pitch angle and

@ — is the angle of the roll.
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Figure 2 — The transition from mobile to fixed co-
ordinate system of the aircraft system

Ship axles differ from the aircraft axes only by the
designation. At the Krylov suggestion [14], the Ox
axis is directed from the stern to the nose, the Oy axis
is to the left side, and Oz is in the diametric plane of
the ship (Fig. 3). Now the angle y defines the diver-
gent, the angle @ — the roll, the angle ¢ — the rigging
of the ship. The transition from a stationary coordinate
system to a moving axle in the ship system is carried
out using three turns: the first around the axis O7 at t-
he angle w, and the second one around the new posi-
tion of the O& (line On) on the angle @ and the third —
around the new position of the axis O (Oz axis) at the
angle ¢.

Figure 3 — The transition from mobile to fixed co-
ordinate system of the ship system

To move from mobile to fixed coordinate system for
steerable wheel of a vehicle we will use a moving co-
ordinate system similar to the ship. The Ox axis is di-
rected along the longitudinal vehicle axis, the Oy axis
in the direction perpendicular to the vehicle axis, and
the axis Oz vertically upwards.

Start the countdown to match the axis of rotation of
the wheel. In the transition to a moving coordinate
system (Fig. 4) let us consistently make another turn:
the first axis Oy at an angle ¢, the second — around the
new position of the axis Ox (line n) at an angle £ and
the third — around the new position of the axis Oz
(axis O&) on the angle y As an orientation angles
there appear:  — a the angle of inclination of the lon-
gitudinal rotation axis (pivot), f — the angle of the
wheels collapse and y — angle of ascent of wheels.
Thus the axis Oy passes into the axis O7 , the axis Ox
— in the axis O, and the axis Oz — in the axis O&.

Figure 4 — The transition from mobile to fixed co-
ordinate system for the steerable wheel of a vehicle

With such a sequence of turns, the transition from a
moving coordinate system to a motionless one can be
represented as Table 1.

Table 1 — Transition from moving to fixed coordinate system

Symbol X Y Z
& cosycosa — siny sinf sina —sinycosf siny sinff sina + cosy cosa
n siny cosa — cosy sinf sina cosycosfl siny sina — cosy sinff cosa
& —cosfsina sinf cosf cosa
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This transition table from a moving to a fixed coor-
dinate system allows you to determine the projections
of the forces acting on the chassis dynamometer on
the part steerable wheel of a vehicle, taking into ac-
count his installation angle.

Conclusion. The result of this research is the table
of transition between moving and immobile reference
systems. This table enables to determine the projection
of forces that arise when the steerable wheel of a vehi-
cle is interacting to the supporting surface by changing
its installation angles relative to the vehicle frame.
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A new design scheme for testing the car seats with hydraulic drive has been proposed, a mathematical model of stand work
process has been developed, the movement of mass center in the car seat has been theoretically proved. It is determined at the
expense of what factors it is necessary to develop special stands necessary for an adequate various seats check or seat con-
figurations, which simulate long-term seats use during a short time period. The special stands car seats of different configura-
tions work analysis simulation close to the real operation conditions on cars is carried out. The basic parameters and operat-
ing modes that characterize working processes in the conditions of operation are established. The mathematical dependence,
which characterizes the work process of the stand for testing the car seat with a hydraulic drive, is obtained.
The movement of car seat masses center depending on the influence factors is determined.

Keywords: model of car seat with hydraulic drive, mathematical model of the stand, coordinates of mass center movement,
radius, speed

Po3pobaennss MogeJii cTeHAy 1JI BUNIPOOYBAHHA
aBTOMOOLIbHUX CU/IIHB 3 TiIPONPUBOIOM

Bipuenko B.B.'*, IllanoBa;i M.B.%, Cxopuk M.O.%, Jlaayp B.B.*

!-2 34 [MonraBchkuii HALiOHATBHUIT TexHiunMiT yHiBepcuTeT imMeni FOpis KonapaTioka
* Anpeca 1t TUCTYBaHHSL: virchenko.viktor@gmail.com

Po3risiHyTO pi3HOMAHITHI KOHCTPYKIIT CHIIHB, Ki, SIK IPaBHJIO, IEPEBIPSIOTHCS Ha MOTEHIIIHE BUKOPHCTAHHS B TPAHCIIOP-
THOMY 3ac001 3 METOI0 PO3pOOKH MiCIlb, 1 € CTilikUMH 10 nedopmariil Ta BiOpariil. BusHaueHo, 3a paXyHOK SKMX YHHHHUKIB
HEOOXIZHO PO3pOOUTH CrielialibHI CTEHHM, HEOOXiqHI AJIS aJeKBaTHOI MepeBipKH Pi3HOMAHITHUX CHIIHb ab0 KoH(pirypamiit
CH[iHB, SIKi IMITYIOTh 6aratopiuyHe BHKOPHUCTaHHS CHAIHb MPOTIrOM KOPOTKOro mepiogy uacy. IIpoBeaeHo anamiz pobotu
CIeLiabHUX CTeH/IB iMiTalii aBTOMOOIIBHUX CUAIHD PI3HUX KOH(Irypaiiii B yMOBax, OJIU3bKUX 10 PEATbHUX YMOB €KCILTY-
atarii ix Ha aBTOMOOLIAX. BCTaHOBICHO OCHOBHI MapaMeTpy Ta PeXHUMH POOOTH, SIKi XapaKTepu3ylTh pobodui mporecu B
yMOBax eKCIUITyaranii. BusnaueHo HeoOXinHICTh 3a0e3IeUeHH s UIaBHOCT] PeryIIOBaHHS HPOIECIB, MiBAIICHH] eeKTHBHO-
CTi IIepeBIpKH aBTOMOOITBHOTO CHIIHHS, 3MEHIIEHHI PiBHS €HEProCIIOKMBAHHS IIPU BUKOPUCTAHHI CTEHIY UIS BUIIPOOY-
BaHHS CHAIHB. P0O3p006I€HO, CIPOSKTOBAHO Ta JOCITIIKEHO CTEHJ I BUNPOOYBAaHHS aBTOMOOITEHIX CUIIHB 3 TiIpaBIiYHIM
MPUBOAOM pOOOYMX OpraHiB; JOCHIKEHO IMITAIlil0 MOPOXHIX YMOB Ta MiABHINICHO e(QEKTHBHICTh MEPEBIpPKH.
3anponoHOBaHO HOBY KOHCTPYKTHBHY CXEMY CTCHAY IJI BUPOOYBaHHS aBTOMOOIIBHUX CUIHB 3 TifPaBIiYHUM IPHBOIOM;
PO3pO0ICHO MaTEMAaTH4YHY MOJENb POOOYOro MPOLECY CTEH/Y; TEOPETHYHO AOBEICHO MEPEMILlIeHHS LIEHTPY Mac Ha aBTOMO-
6inpHOMY cuainHi. OnepkaHo MaTeMaTHYHY 3aJISKHICTD, sIKa XapakTepu3ye poOounii mporec CTeHIy [l BUIPOOYBaHHS aB-
TOMOOIJIBHOTO CUIHHS 3 TiAPaBIiYHIM MIPHUBOJOM. BH3HaueHO HepeMilleHHs HEHTPY Mac aBTOMOOLIBHOTO CHIIHHS 3aJIKHO
BiJl ()aKTOpIB BIUIUBY.

KonrouoBi c1oBa: Mozestb aBTOMOOUIBHOTO CHIIHHS 3 TIAPOIPHBOIOM, MaTeMaTHIHA MOJIENb CTEHY, KOOPJHHATH PYXY
LEHTpPY Mac, pajiyc, IBUAKICTh
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Formulation of the problem. The constant increase
in the requirements for the quality and comfort of the
car seat characterizes the modern automotive industry
state. The car seat plays an important role in the car.
The quality of the car seat depends on comfort, driver
fatigue while driving, and the driver's health.

Other functions are also assigned to the seat:
it should provide a reliable fixing of the driver, and
also enables long journeys to be carried out without
fatigue.

Improving car seat quality seat is due to high re-
quirements for car seats (DSTU, technical documenta-
tion and UNECE). Therefore, in order to ensure safety
and comfort of the driver, it is necessary to check the
car seat on specialized stands. Checking the car seat
enables to check it for compliance with the conditions,
which are specified in the technical documentation,
DSTU and UNECE.

A promising direction is the development of new
structures and improvements to existing stands for
testing car seats. Application in such machines of a
hydraulic drive provides an opportunity to ensure
smoother working processes adjustment, improve the
car seat checking effectiveness, reduce energy con-
sumption.

The article is devoted to the development, design
and modeling for the car seats testing stand with a hy-
draulic drive of working bodies. This setting enables
to adjust the amount stand of motion in a wide range,
the ability to simulate certain road conditions and im-
prove the test effectiveness.

Recent research analysis. There are several designs
of existing equipment for testing car seats.

Patent US 6386054 B1 "Mannequin assembly and
method of testing seats which utilizes the assembly”
(Mannequin and seating method using a stand).

This design uses a mannequin that can create condi-
tions for accelerated seat length. The mannequin pro-
vides a force that simulates both the weight of the per-
son against the attached seat part and the forces cre-
ated against the seat back by the human movement
[3].

In order to significantly minimize or reduce the ap-
pearance of scratches or deformations, various con-
figurations or "seat designs" are typically checked for
potential use in the vehicle in order to develop spaces
that are, in fact, resistant to such deformations [3].
To adequately test these diverse seats or seat configu-
rations, tests and stands should be designed to simu-
late the use of seats for a short period of time.

One device used to simulate a car seat is a manne-
quin or mannequin unit that has a common human
form. In particular, the mannequin is stationary or pas-
sively placed inside (on the seat), which needs to be
tested, and then the seat is tested for vibrational stabil-
ity, since the dummy passively lies inside the seat.

Another characteristic example is the device for test-
ing seat is patent US 6386054. The device belongs to

mechanical testing products field, in particular for
testing the seats of the wheeled vehicles.

The technical result is the seat back movement de-
pendence on the attachment of effort when tested in
accordance with the method described in the regula-
tory documents [4].

This technical result is achieved by the fact that seat
load mechanism is located on a rigid basis, the seat
can be installed with the vehicle floor part, which en-
ables the most reliable way to reproduce the seat fas-
tening mechanism. Transfer of load from load device
to load cells is carried out using cables with the blocks
system. The stand design enables to adjust the height
and force application angle to ensure the seats widest
range testing possibility [4].

The device belongs to the products mechanical test-
ing filed, in particular for testing the wheeled vehicles
seats, [4]. Its disadvantage is cumbersome design.

It is known the device US 5373749 A "Vehicle head
restraint tester" The car headrest tester is taken as a
prototype. At the stand, forces are applied to the se-
lected parts of the car seat. The stand includes the
transmission parts of the effort, which are fitted with
the ability to rotate around the overall axis of rotation.
Drives connected to the transmission parts of an ef-
fort, apply effort to any selected configuration seat
back segments - simultaneously or sequentially [4].

This stand is designed to assess the suitability of
seats for the Federal Motor Vehicle Safety Standard
requirements Ne 202 and can not be used to assess
compliance with UNECE Regulation requirements
80 and 14. As the requirements of these rules provide
for other loading regimes and other parts are loaded.
The patent does not describe how to attach seats, al-
though the test results depend on their fixation
method. In addition, the loading unit is designed for a
fairly complex scheme with several worm gearboxes
and hydraulic motors. To overcome the aforemen-
tioned shortcomings, the stand scheme rooted in the
scientific work is proposed.

Automobile seats must meet the strength and safety
requirements by the established regulatory documents,
GOST, Technical Regulations, UNECE Regulations,
etc. Therefore, there is a need for the development of a
specialized stand to carry out tests on the seats con-
formity to these requirements. [4].

Identification of previously unsettled parts of the
general problem. Analytical and operational studies
of existing stands for testing car seats have shown that
for today there is a need for the development of such
equipment that have a wide capabilities range, are ef-
fective, energy-saving and able to handle high per-
formance indicators. Therefore, a new test bench for
hydraulic seats with a hydraulic drive is suggested.

Hydraulic drive use enables to have fine adjustment
within wide limits, increasing the efficiency of the test
process.
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Figure 1 - Constructive scheme of the test bench for hydraulic seats with hydraulic drive
1,7, 8 - hydraulic cylinder; 3 - elastic element; 4 - mannequin; 5 - car seat; 6 - platform

Assignment statement and methods of its solving.
To achieve smoothness of process control, increasing
the effectiveness of the car seat check, reducing the
power consumption when using the bench while test-
ing the seats, the study is formulated as follows:

- to create, design and test a stand for testing car
seats with a hydraulic drive of working bodies;

- to investigate the imitation of road conditions and
improve the inspection effectiveness;

- to study the possibility of adjusting the motion
amount in a wide range.

Study results and their discussion. The stand with
a hydraulic drive operation principle is as follows
(Figure .1). Mannequin 4, which is made in the form
of a human body, is made in order to simulate human
movements as much as possible while driving, se-
curely attached to the car seat 5. Mannequin 4 is made
of cast-iron or cast aluminum. Mannequin 4 itself is
assembled from several parts that resemble man's
bones. On the mannequin 4, sensors are installed,
where test indicators are removed and transmitted to
the computer. With the help of hydraulic cylinders
1,7,8 (5 hydraulic cylinders are installed on the stand),
the stand can simulate different road conditions, as
well as check the lower car seat part 5 for durability.

The hydraulic pump moves out the liquid from the
water boiler and flows through the pipeline to the hy-
draulic cylinder 1. Hydraulic cylinder 1 loads platform
2, all other hydraulic cylinders remain stationary, then
one side of platform 2 falls down to some angle.
The car seat masses center 5 shifts towards the appli-
cation of forces. The car seat 5, along with the manne-
quin 4, where the sensors are mounted, also leans and
the sensors send data to the computer. The spring 3 re-
sists this force, it can try to turn platform 2 into its
original position. This example simulates a car hit in a
pit with one wheel.

If two front hydraulic cylinders are loaded and the
hydraulic cylinder 8 is loaded and the remaining hy-
draulic cylinders remain stationary, the front part of
the platform 2 is lower evenly and the moving plat-
form 6 moves in the rod direction. The car seat 5
along with the mannequin 4 also bends to a certain
angle. Sensors that are installed on the mannequin 4
respond and send data to the computer, where it is
possible to see the amount of movement and how far

the masses center has shifted. The spring 3 also coun-
teracts this force and tries to turn the platform back to
its original position. This is an example of loads that
mimics getting into the car front wheels pit.

Load of hydraulic cylinders 1, 7, when all other hy-
draulic cylinders remain motionless, incline platform
2 on the side. The car seat 5, along with the manne-
quin 4, also lean toward the side, the sensors mounted
on the mannequin will react to a certain extent and
transmit measurements to the computer. From these
measurements it is fond out the number of system
movements in this position and how much the car seat
masses center shift. The spring 3 will attempt to turn
platform 2 back to its original position. This example
of loads imitates the car movement on an uneven road.

The front hydraulic cylinders sharp loading and the
hydraulic cylinder 8 sharp loading, which is then
gradually rotated to its original position, will cause the
platform 2 to drop sharply downwards, and the mov-
ing platform 6 shifts horizontally towards the action of
the hydraulic cylinder 8, after which it | returns to its
original position together with the hydraulic cylinder
8. It causes the car seat 5 along with the mannequin 4
to move sharply in the hydraulic cylinders action di-
rection. Sensors installed on the mannequin respond
and record the system movement amount, and are also
sent to the computer. Where it can be seen how much
the center of the masses has shifted. Data loads immi-
tate an accident of the car, which crashed from behind.

If load the front hydraulic cylinders and smoothly
load the hydraulic cylinder 8, other hydraulic cylin-
ders remain stationary. The front portion of the plat-
form 2 is lowered downward, and the moving plat-
form 6 moves smoothly towards the action of the hy-
draulic cylinder 8. The car seat 5 accepts some loads
and the mannequin 4, where the sensors are installed,
recording these movements. Due to the sensors in-
stalled on the mannequin 4, it can be seen the amount
of the system movement and at what distance the cen-
ter of the masses has shifted from the original posi-
tion. This load example simulates the car braking at a
certain speed.

This stand serves to check the car bottom seat for
durability and compliance with the DSTU require-
ments, technical regulations and UNECE regulations,
and also due to this stand the system movement

182

Academic Journal. Series: Industrial Machine Building, Civil Engineering. —2 (51)" 2018.




amount and car seat masses moving the center under
certain conditions can be found.

The test bench for hydraulic seats with motor can
simulate any road conditions, so it can be observed
how the car seat behaves in one or another situation.
Thus, the proposed design provides car seat conven-
ient and efficient inspection. The stand includes a hy-
draulic system that helps to more accurately capture
data more accurately and has a large range of regula-
tion. Additionally, angle measurement devices for
measuring seat deflection, power adjustment devices,
controllers and automatic control devices are added to
the stand. This system reduces the time to test the car
seat while maintaining the test results accuracy.

In stand test purpose view for motorized seats
equipped with hydraulic cylinders and hydraulic drive,
the following requirements should be followed when
constructing a mathematical model of work. In order
to achieve the stand maximum efficiency, one should
strive to minimize energy consumption, and the stand
must meet the requirements of DSTU, technical regu-
lations, UNECE regulations, etc.

Proceeding from the foregoing, in order to minimize
energy consumption, it is necessary to adhere to the
rules, according to which at each moment of time the
power stand consumption is as small as possible, but
that the condition for achieving a sufficient fluid sup-
ply in the hydraulic cylinder.

The work principle is as follows. From the water
tank 6, the liquid is absorbed through an unregulated
pump 5 with constant flow direction and fed to a hy-
draulic distributor with electromagnetic control 2
(figure .2). In the neutral position of the hydraulic dis-
tributor spool, when the pump is running, the pressure
on the pipeline between the pump and the distributor
begins to increase, with the safety valve 4 running and
the liquid merges back into the tank. When changing
the position of the spool open passage sections in the
distributor and the liquid begins to enter the hydraulic
cylinder 1 piston cavity. From the hydraulic cylinder
rod cavity fluid through the drainage line passes
through a hydraulic distributor, regulated chokes with
a servo 3 and a filter 7, falls into the drains in the tank.

AL al
il

Figure 2 - Hydraulic diagram of the test bench for car seats
1 — hydraulic cylinder; 2 — hydraulic distributor; 3 — servo-choke; 4 — safety valve;
5 — hydraulic pump; 6 — a water jacket; 7 — filter; 8 — check valve

The translational movement velocity of the hydrau-
lic cylinders rods is controlled by the chokes. Rods re-
versal is carried out by switching the positions of the
hydraulic distributor. In stem emergency stop (for ex-
ample, an insurmountable effort) the pressure in the
system increases, thereby causing the opening of the
safety valve and the discharge of the working fluid
into the tank.

Due to modern capabilities and the complex elec-
tronic control systems development, the implementa-
tion of such a system in the hydraulic cylinders man-
aging process can ensure the system reliability (long
inter-repair period, control and shutdown during ex-
cessive pressure on the system, interconnection with
the onboard computer, etc. ), profitability (ensuring

the equipment operation within the rational parameters
limits and operating modes), ergonomics (ease of use)
and safety techniques (many types of hearting during
system operation occurrence prevention).

To achieve such a requirement, it is necessary to de-
termine the energy source and all consumers in the
system, there nature, principle and regularities.
The next step should be to determine the total amount
of energy consumed at different system operating
modes and to obtain patterns according to which to
adjust the amount of energy generated by the source
according to the required value at each time point.

Checking the car seat on the stand using a hydraulic
drive is a complex process that should be analyzed as
the operation of the hydraulic cylinder and the hydrau-
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lic motor. Also, the amount of energy used to load the
car seat is considered.

In this booth (Figure 3), the spring acts as a leveling
device so that the stand returns to the starting position.

Since the forces acting on the stand force the center
of mass to shift, then there is a need to calculate the
point of mass center moving.

i
L |—=—| —'_I_I

Figure 3 — Scheme of forces acting on the test bench for testing a car seat with a hydraulic drive
1 — hydraulic cylinder; 2 — platform; 3 — a spring; 4 — a mannequin with sensors;
5 — car seat; 6 — mobile platform

Figure 4 - Test stand mass center scheme for hy-
draulic seats with hydraulic drive

To determine the stand mass center displacement,
the system movement amount should be known.
The system motion amount is called the geometric
sum of all system material points motion

K=Ym-3 €))

where K — amount of system movement; according
to it motion amount projections on the coordinate axis
are obtained.

Zm~3x =Zm~%=2mx
— dy

K, :Zm-Sy :Zm-E:Zmy
K, =>m-4 :Zm-%:Zmz

The theorem on the system movements amount is
formed as follows. Vector derivative from the system
motion amount is equal to the main vector of all ex-
ternal forces applied to this system
dK

dt

The system mass center is called the geometric point
C, whose coordinates are determined by the formula:

K,

2)

RO _ ZF(b) (3)

X, - > mx

M
y, - —ZA;”y @)
PN

M

where M — the system mass, while x, y, z — the mate-
rial points coordinates of this system.

Assuming that in the center of masses is the system
entire mass, then the system motion amount is equal to
the mass center motion amount. Thus, iy is got

K =M -8, 3)
Here:

K. =M-8.. =M -x

K,=M-8, =My (©)

K,=M-8_.=M-z
If the mass center acceleration C is equal to F, then
it is got
M@, =R® =3 F® )
Proceeding from this, the final formula according to
which this system is calculated, has the form:

KX:E-VC-cosgo ()
q

where

Zem ©)

q

V.=r-w (10)

where r — is the circle radius; @ — mass center angular
velocity.

(11

where ¢ — time for which system will change its posi-
tion. We accept =30 s.
Hence, the final formula has the form

w=cosQ-t
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K.=m-r-w-coswt

(12)
Based on Figure 5, to find out the masses center
movement an equation should be made
X;+Y, =12
Yy =1gp- X,
Xl <0

(13)

where L — length to mass center; #g¢ — tangent of the
mass movement center; X;, ¥, — displacement coordi-
nates.

Then, if this system is solved, it is got:
X, +igp- X =17 (14)

Proceeding from this equation, it is obtained
X, +(1+1gp) =17

? 1
Xl: :—L (15)
l+1gp 1+1g¢'
V= igp L) (16)
1+1g¢'

Having solved these equations, coordinates are got.
Use the formula to find out the displacement

S = (X; X )P +(Y =Y, (17)

where S — mass center displacement in the coordinate
plane.

It is the final formula, according to which the masses
center displacement is calculated.

Y
_ {
Al =y
| s X
L

Figure S - Mass center moving scheme

Table 1 - Parameters that affect the movement of the mass center

Angle of . Amount of
Ne o | Radius R MM | Movement V' | movement S, Vi S V, S,
platform ¢ MM
0 0 75 75 0 75 0 75 0
1 1 76 75,99 3 76.99 4 77.99 6
2 2 77 76,95 5 78.09 7 80.95 10
3 3 78 77,89 7 80.89 10 83.89 13
4 4 79 78,808 8 82.8 12 86.79 16
5 5 80 79,7 9 84.67 14 89.64 19
6 6 81 80.55 10 86.52 16 92.49 22
s
E
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Figure 7 - Mass center moving graphical dependence of radius from speed
36ipHrK HaykoBuX mpaib. Cepis: ['any3eBe MamHOOy 1yBaHHs, OyaiBHHITBO. — 2 (51)' 2018. 185




On this dependencies graph, the increase in the sys-
tem movements amount depending on the circle tra-
jectory under the linearly directed forces influence is
clearly seen. At the same time, the masses center shifts
along the whale trajectory. Characteristic is the
nonlinearity, which is due to the quadratic effect of the
circle trajectory.

The first curve (Figure 7) shows the center dis-
placement of mass at speed =1 cm / s for a certain
time period. In this curve there is observed a mass
center slight displacement, because the hydraulic cyl-
inder rod speed is small and the mass center point of
moves to a small distance (Table 1).

The second curve (Figure 7) shows the mass center
displacement at a speed V=2 cm / s for a certain time
period. In this case, the mass center displacement is
greater than in the first case. Because at a speed of 2
cm / s, the radius that passes through the point over
the same period of time is also increased (Table 1).

The third curve (Figure 7) shows the mass center
displacement at a speed /= 3cm / s for a certain time
period. On this curve, the mass center displacement is
even greater than the second (Table 1).

Conclusions. The mathematical dependence, which
characterizes the work process of the stand for car seat
with a hydraulic drive test, is obtained. The car seat
masses center movement depending on the influence
factors is determined. According to these data it can
be concluded that the smaller the seat masses center
displacement itself, the less negative impact is on the
person. It also determines the impact of impulses on
both human health and the car seat itself. Therefore, it
is very important that the seat complies with the tech-
nical documentation, DSTU and UNECE. Indeed,
from the car seat depends on the driver health and the
transport efficiency.

Therefore, the presented stand use gives the oppor-
tunity to test the car seat, check it on the mass center
displacement and control the pulse values, so that the
seat design meets all the parameters.
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Influence streamlined elements located on the roof of the tractor main train such as the efficiency of the vehicle with installed
no bonnet on it an advanced roof rack, which has the ability to adjust to any trailed warehouse. It has been assumed that it
provides high levels of accuracy with respect to analogues due to the possibility of choosing the appropriate geometric
parameters, provides ease of use and the ability to adjust the cushion during vehicle movement, prevents probable
malfunctions during strong winds or hurricanes due to the strength of the drive management and modern electronic systems
mechanical design. On the basis of theoretical studies of the main motor trains various tractors flow, the dependences of
power and fuel consumption on the air traffic vehicle coefficient have been established at its movement speeds. It has been
proven that it is advisable to use an advanced racing hub on precision drum trucks with small and medium-height cabs.

Key words: main motorway, streamlined, aerodynamic properties, roof fenders, streamlining coefficient.

TeopernuHe A0CaiKEHHS BILUIMBY OOTiYHOCTI HA eKCITyaTaliifHI
BJIACTHBOCTI MaricTpaJbHUX ABTOMOI3/iB i3 BCTAHOBJIEHUM
PYXOMHM JAaXOBUM OOTiYHUKOM

Bipuenxo B.B.'*, Ckopux M.O.%, Kpusopor A.L*, Memxo O.L.*

!-2 34 [MonraBchkuii HAliOHATBHUIT TexHiunMiT yHiBepeuTeT imMeni FOpis KonapaTioka
* Anpeca 1t TUCTYBaHHSL: virchenko.viktor@gmail.com

JlociipkeHo BIUTMB OOTIYHOTO €JIEMEHTY, PO3TAIIOBAHOTO Ha JaxXy TsArada MaricTpaJbHOTO aBTOIOI3/a, a came epeKTHBHICTh
po6oTH OE3KarOTHOTO aBTOMOOLIS 3 BCTAHOBJICHUM Ha HBOTO YAOCKOHAJICHUM JaXOBHM OOTIYHUKOM, KU Mae€ MOXKJINBICTh
HaJIAIITyBaHHS Mix Oyab-sSKUi npudinHuii ckinax. Bymo npumymeno, mo BiTHOCHO aHAJOTIB BiH 3a0e3medye BUCOKI MOKa3-
HHUKU OOTIYHOCTI 32 paxXyHOK MOJITHBOCTI BUOOPY BiJMOBIJHUX T€OMETPHUYHMX MapaMeTpiB, 3a0e3redye 3pydHICTh Y BUKO-
PHCTaHHI Ta MOXKJIMBICTh HAJAIITYBaHHs OOTIYHHKA ITi/I Yac PyXy aBTOMOOLIs, 3amobirac MOXKIMBOCTI IMOBIpHUX HECIpaB-
HOCTe#l il Yac CHIBHUX MOPHUBIB BITPY 4 OYpeBiiB 3a paXyHOK MIIIHOCTI KOHCTPYKIIil MEXaHIYHOT YaCTHHU MPUBOIY Kepy-
BaHHS Ta Cy4acHHUX CJICKTPOHHHUX cHCTeM. Ha OCHOBI IPOBEICHUX TEOPETHYHHX JOCIIDKCHb OOTIKaHHS Pi3HUX TAra4iB Mari-
CTpaJBbHHUX aBTOIOI3/iB OyJIM BCTAHOBJICHI 3JISKHOCTI IOTYXKHOCTI Ta BUTPATH HaINBa BiJf KOe]ilieHTY OOTITHOCTI aBTOMO-
Ol pH MPUIHATHX MIBUIKOCTIX Horo pyxy. Bymo nmoeneHo, mo ymockoHaneHHi OOTIYHHK IOLINFHO BHKOPHCTOBYBAaTH
caMe Ha OE3KaNOTHHX TATadax i3 MaJIOI0 Ta CEPEeIHBOI0 BUCOTOIO KaOiHU. TeopeTnyHi TOCITIKEHHS MPOBOIMINCS 3a OO~
MOTOI0 TIPUKJIQIHOTO TporpamHoro 3abesneuenns Microsoft Exel ta SolidWorks 3a mormoMoror eIekTpoHHHX 00YHCITIOBA-
JBHHUX MAIIKH.

KurouoBi ciioBa: MaricTpanbHuil aBTONO13/, OOTIUHICTh, a8pOJHHAMIYHI BIACTUBOCTI, JaXOBHI 00TIYHHK, KoedilieHT 00Ti-
YHOCTI
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Introduction. The truck market is full of proposals
for the purchase of tractors - both new and with
mileage. In order to choose among all possible
options, the buyer needs to evaluate each of them by
the key technical, functional and operational qualities,
not forgetting about saving.

One of the main factors when choosing a tractor is
fuel consumption. In the conditions of operation, the
road quality, the vehicle load and the movement speed
have a great influence. Therefore, the automobile
engine has to work on different load and speed modes.

Aerodynamic experts argue that half the fuel, or
perhaps a large part of it, which burns a car at high
speed, is spent on overcoming air resistance.
Therefore, if it is possible to reduce the dynamic
resistance, then the cost of goods delivery can be
significantly reduced. Reducing the dynamic air
resistance is the shortest way to generate additional
profits [1, 2, 3].

Analysis of recent sources of research and
publications. Lorries and trains are among the poorly
streamlined vehicles. At the same time, if the low
traffic velocity of a truck due to its low speed has
relatively little effect on its technical and operational
performance, then in relation to high-speed main
tracks, their influence becomes decisive in the struggle
for fuel economy, safety, dynamism, ergonomics and
environmental friendliness [4 — 6].

The nature and level of traffic jams of the main train
is determined by its shape, structural features and
parameters of the air environment. The rectangular
shape of the transverse and longitudinal section of
modern highway trains bodies, in combination with
flat walls, provides the most useful space for placing
the cargo in them, but is unsatisfactory fconsidering
aerodynamics. At the same time, in the case of on-
board trucks, the main component of their frontal
projection is cab frontal area, then in the main road
trains with high bodies, approximately the same size
area above the body front wall cabin is added [4].

As the constructive analysis shows, the typical for
highway trains is the presence of a significant one,
reaching 1 m or more, exceeding the body over the
cabin, a large (1-2 m) clearance between them
(between the bodies), in combination with an
uncircumcised or rounded small radius the front edge
of the cabin and the body [5]. In addition, there is a
considerable distance from the front bumper to the
road surface, which, depending on the type and degree
of the automobile train loading, ranges from 0.5 to
0.7 m. The influence of the above factors significantly
reduces the trains air travel level, as there are large
areas of high and low pressure, and because of the
boundary layer breakdown on the cabin and the body
front edges there are energy-intensive tearing currents
that have a pronounced vortex structure. As a result,
the trains aerodynamic characteristics significantly
deteriorate, its movement resistance is substantially
increased, and stability and handling indicators are
reduced.

In [4] in detail the complex mechanism of highway
trains flow of different layout scheme both oncoming
and lateral wind. It negatively affects the trains
aerodynamic characteristics. Due to increased pressure
resistance and tearing currents, aerodynamic
resistance increases and the lifting force acting on the
carriageway, which adversely affects trains
aerodynamic stability and handling, worsens its course
stability. In this case, the aerodynamic resistance
intensively increases with an increase in the angle of
incidence.

Selection of previously unsettled parts of the
general problem. Most authors [7, 8§, 9, 10] who are
considering improving the aerodynamic properties of
road trains, offer theoretical research and modeling
with the help of 3D modeling software simply by
installing individual rails in different places, both the
tractor cab and the trailer link. It is good when
designing new equipment, but for the already existing
one the question is not solved, although there are
enough domestic and foreign production cars used on
roads that have not exhausted their resources, but need
further modernization for their own competitiveness in
the main cargo transportation services market.

Among all the existing inventions, the simplest and
most effective remains is the usual fenders, located on
the roof and tractor side parts. Its effectiveness is
scientifically proven, but the application of one and
the same ramp to different semitrailers, trailers, tanks
causes a violation of the tractor aerodynamics.
Such use is inappropriate and ineffective.

Setting objectives. The article purpose is to conduct
a theoretical study of the main trailer aerodynamic
properties with the installation of a roof railing on it
with the possibility of adjusting to any trailer structure
using the 3D modeling software.

Basic material and results. As described in a
number of papers [4, 5], the air resistance P,
determined by the friction of the air layers adjacent to
the car surface; compressing air with a moving
machine; dilution by car; swirling around the car air
layers.

When driving the car, the air is located in front,
compressed and pushed to the place where the
pressure is less, that is, up, down and in the sides.
By car there is a relative dilution. This low pressure
area is filled with air that goes away. Since the
movement of air mass during car movement is
associated with a change in air flow direction, there is
turbulence formation.

The larger the cross-sectional area, that is, the
machine projection area on a plane perpendicular to
the longitudinal axis, the greater the amount of air
forced to bypass the car. The car largest cross-
sectional area is called the front axle. The constituent
strength of the air resistance, depending on this area,
is called the frontal resistance. It is the main
component of air resistance total strength, its share
reaches 60% of the total. This resistance is also called
resistance form, because its value depends on the body
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shape. Different shapes bodies investigation[6] on the
frontal resistance showed such a dependence on the
form, that is, on the edges.

Other components of the air resistance forces:

- internal resistance, created by air flows passing
inside the car for body ventilation and heating, for
cooling the engine. The share of this component is
approximately 10%;

- resistance to surface friction (10%);

- induced resistance (5%) - is caused by the
interaction of forces acting in the direction of car
longitudinal axis (lifting) and perpendicular to it
(lateral);

- additional resistance (15%), created by different
protruding parts (headlights, indicators of turning,
door handles, license plates).

Given the influence of air resistance all components,
this force is determined by the dependence

P,=k, SV’ (1

where k, — the air resistance coefficient, which consid-
ers factors that are not dependent on car shape.

ke=0.5pCip 2

where S — coefficient which considers additional
supports.

The approximate values of air resistance coefficients
for different cars are as, Hc>w™*, follows:

sports — 0.13 ... 0.15; cars — 0.15 ... 0.35;

buses — 0.25 ... 0.40; trucks — 0.50 ... 0.70;

trains — 0.55 ... 0.95.

The overall height of the sidecar is determined by
the trailer couplings height. Their main resistance is
created by air, which flows through the cabin and runs
into the front wall of the semitrailer. In addition, in the
intervals between the automobile train links powerful
vortices are formed, which seem to increase the frontal
area. Therefore, in various ways to reduce the
aerodynamic resistance, rails various designs [6] are
used reducing the air resistance.

Area of the front support

S= th Hh (3)
where « — the factor of filling the area (for cars
0.78-0.8, for freight 0.75-0.9, with more value for

heavier cars);
B, H, — the overall width and height respectively, m.

({ 059
ﬁjn:

1R

Figure 1 — Ways to improve the vibration
of the car by installing the roof rails

It is calculated the roof rails modes and parameters
with the ability to adjust for any trailer.

The speed of the car on the horizontal section of the
road is determined, as V" with its maximum power is
equal P. The coefficient of car frontal resistance, and
the largest area of intersection in the direction
perpendicular to the speed S. The car undergone a
reconstruction, the largest area of intersection in the
direction, perpendicular to the speed did not change,
but the coefficient of frontal resistance decreased to
magnitude C”. It is considered the friction force on the
surface of the road unchanged, the air density p.

N
FF F

my

Figure 2 — Conditional application
of force to the vehicle

Power car Expressions
P=F,V (4)

where F, — thrust car N.

If the vehicle set on a road flat stretch is set at a
constant speed is moved, then according to Newton's
second law it is

F+mg+N+F +F=0 )
Formed on a projection the axis of OH it is obtained
F-F,-F=0>F=F,+F (6)

The strength of the resistance experienced by the car
moving in the air stream is

2
F:CpV S_ (7)

Then the power of the car P, kW, can be written
CpV*S
2

P=( +F)V ®

Hence, it is expressed the force of friction F},., H, the
car on the road

P CpV’s ©)

The power expression, but for the changed
parameters, is

C'pr’s
2
Considering that the force of car friction on the road
has not changed

C'pr*s P CpV’S
2 14 2

Pl =( +F)-V> (10)

p/:( Y-V (1D
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Fuel consumption in liters per 100 km of mileage is
expressed in the form of the following dependence

(12)

where g, -- specific fuel consumption, g/ kWh °;
yr— fuel density, for diesel, y»=0,84 kg / 1;
V' — car speed, km / h.

To determine and construct a mathematical model,
several tractors were given in Table 1. The results of
the parameters are given in Table 2.

Due to the many tests, it was determined that the
size of the propulsion coefficient strongly depends on
the wvehicle shape e and the attachment.

The tests results are in Table 3.

Further calculations are presented in Table 4 and

presented in the form of charts in Figures 3 and 4.

Table 1 — Constructive features a sidecar tractor constructions in terms of overall dimensions

Car make Cabin Height, mm | Width, mm | Lenght, mm | Wheel base, | Power, kW
mm
MAN average 3600 2500 6100 3600 265
MAN low 2900 2500 5800 3600 300
Renault average 3600 2400 5900 3700 320
Renault low 3100 2500 6100 3600 315
DAF average 3500 2500 5900 3700 335
DAF low 2600 2400 6800 3600 300
VOLVO average 3600 2500 6800 3800 280
VOLVO low 2800 2400 5900 3600 280
SCANIA average 3400 2500 6500 3600 310
SCANIA low 3100 2500 5900 3600 300
Table 2 — Average tractor parameters are given
Height of the | Length, mm Width, mm Height, mm Engine Fuel
Ne cab power, kW | consumption,
//100km
1 Average 6200 2500 3500 300 19-21
2 Low 6200 2500 2900 300 20-22

Table 3 — Change of the frontal load resistance from the car and ramp parameters

. . . Frontal resistance
Ne Height of the cab Flying Location coefficient C,

No - 1,08
1 Average Ordinary . 0,77
Improved Behind 0,52
Missing - 1.09
Normal . 0.85
2 Low Improved Behind 0.57
Improved AheadWe 0.87

1.2041-25-10

0.52-1.2041-25%-10 N 300000 1-

P =( )-25=254.85
2 25 2
0 - 510-254.85 ~17.19
100-90-0.84
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Table 4 — Estimated power and fuel consumption, depending on the change in the strain coefficient

Ne|Cabin| Roof .
height Fai??ng Position C, Py 0o Pgo Oso Py Oao
1 Absent B 1- 300 - 20.2 - 162.5- |16.7—- 99.7 - 15.13 -
I 1.09 308.8 20.8 167.8 17 100.4 15.24
2 g Ordina B 0.77 - 278.36 - |18.8— 158.8- [16.06- |97.8— 14.84 -
| g Y 0.86 286.8  [19.3 1613|163 98.5 14.95
Imoroved | Backward 0.52 - 259 — 17.5 - 151.8 - 1536- [95.7- 14.5 -
prov W 0.61 268 18.1 1543 |15.6 96.45 | 14.64
4 Absent B 1.05- 304.7- ]20.55- |166.86- |16.86- |[100.1- |15.2-
] 1.14 313.2 21.1 17.1 17.1 100.8 15.3
5 Ordina B 0.85— 2859- 193 - 16.3 - 16.3 - 98.4 — 14.94 -
|z Y 0.94 294.35  [19.9 16.5 16.5 99.2 15.05
6| 4 Improwed | Backward 0.57 - 254.8 - 17.2 - 15.5 - 15.5 - 96.1 — 14.6 -
. P 0.66 263.3 17.8 15.8 15.8 96.9 14.7
7 Improved | In front 0.87 - 287.7- |19.4- 1635- [1635- |98.6— 14.97 -
p 0.96 296.2 20 16.6 16.6 99.3 15.07
Cx
12 -Q-Cep.e,D,HFl kabiHa 3 yLoCKOHANEHUM
11 -I-::I:::::Z'\Ha 3 YOCKOHANEHUM
1 I E l 06TiUHWKOM No3asy
——Hu3bKa KabiHa 3 ya0CKOHaneHUM
09 ft ! 06TiuHMKOM non:'se,qv
f —==—CepeaHa kabiHa i3 3BUYaHHUM
08 ){ OBTIUHUKOM
—#=Hwu3bKa kabiHa i3 3BUYaHIM
0,7 06TiUHUKOM
l , ~o—CepenHa kabiHa 6e3 o6TiuHUKa
0,6
, ’ Hw3bka kabina 6e3 06TiuHMKa
0,5
75 125 175 225 275 325 P, KBT

Figure 3 - Dependence of power consumption on the air flow coefficient
at speeds 40 -90 km / h

Cx
1,2 - CepefiHa KabiHa 3 yAOCKOHaNeHUM
06TiHHHKOM
11 F 4 P - Hu3bka kabiHa 3 yaocKoHaneHum
¥ i’ /' 0B TIUHHKOM No3agy
1 .
N - =Hwu3bka kabiHa 3 ygockoHaneHum
09 f f o6TiuHKKOM Nonepesy
’ g «CepepHa kabiHa iz 3BUUaliHUM
0,8 q' o6 TiuHKMKOM
: “Hnzbka kabiHa i3 3BU4aNHUM
0,7 OBTIUHKKOM
’ l J' = CepepHs kabiHa 6e3 obTiuHuKa
0,6
’ , / Huzbka kabiHa Bes obTiuHMKa
0,5
14 15 16 17 18 19 20 21 22 Q, n/100km

Figure 4 - Dependence of fuel consumption on the coefficient of airworthiness
at speeds 40 - 90 km / h The

Graph (Figure 3) represents the ratio of power to the
vehicle speed. The larger the coefficient of frontal
resistance C, is, the worse the car overcomes the air
masses. All sharp edges, protruding surfaces, and
streamlined elements affect the car airiness.
The graph shows various trains with and without their
improvements. The sloping lines correspond to the car
speeds 40, 60 and 90 km/h, respectively. From the
graph, it is evident that at speed of 40 km/h, a carriage

train with or without a racing gun spends almost the
same power on overcoming a given speed. At speed of
60 km/h, the difference between good and bad traffic
trains starts to appear. At a speed of 90 km/h, there is
a strain significant influence on power car. It is due to
the fact that when speed increases, the required power
increases to overcome the resistance forces that can
stop the auto-train.
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The graph (fig. 4) shows the change in the amount
of fuel consumed by the trains traction. On the graph,
sloping lines correspond to speeds of 40, 60, 90 km/h,
respectively. As in Figure 3, there is a tendency to
increase the speed ratio to the amount of fuel
consumed. With the increase in the speed of different
tractors, the expired power increases, and therefore,
the fuel amount consumed per 100 km of road
increases.

The relative economy of a tractor with a low cabin
and an improved ramp is 16.3% of the tractor without
an outboard and 10.9% of the fitted with a
conventional racing gun. For the average cab with
improved racing, the figures are 13.4% and 7.1%
respectively.

5-10 shows the increase in the amount of fuel
consumed from the increase in car power at speeds of
40, 60 and 90 km / hr, respectively, for trains with
different improvements and different corduroy.
With low speed and even motion, the car spends the
smallest amount of fuel and power. With an increase
in speed up to 60 km/h, the car spends approximately
2 times more power in support of a given speed.
With increase in speed up to 90 km/h, the power
increases almost 3 times. It is due to the fact that the
motionvelocity has a quadratic function and a
parabolic character.

Q., n/100km
21,5 -
20,5
19,5
18,5 90
17,5 =060
&40
16,5
15,5 —
14,5
90 140 190 240 290 340 P, kBT
Figure 5 — Power dependence on the amount of fuel consumed
by the low cab without a rudder
Q , nf100km
20,5
13,5 =
e
-
18,5 =~
" f
17,5 - H_’_/"'f ——40
’_,..-“" =+=50
16,5 ~©~ =40
— -
15,5 fﬁ
14,5
90 140 190 240 290 3ap Py KBT

Figure 6 — Power dependence on the amount of fuel consumed
by the lower cabin with improved ramp ahead
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Figure 7 — Power dependence on the amount of fuel consumed
by the low cabin with improved ramp behind
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Figure 8 — Power dependence on the quantity consumed fuel
of a low cabin with a normal riviera
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Figure 9 — Power dependence on the amount of fuel consumed
in the average cabin without a ramp
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Figure 11 — Power dependence on the amount of fuel consumed
in the average cabin with an improved figure

Conclusions The theoretical study of the strain in-
fluence on the main motor tracks performance enables
to achieve the following results:

— after analysis the existing flow elements installed
on the main train trailer and the ramps revised large
number installed directly on its roof, it was substanti-
ated the expediency of installing a movable rope on
the tractor roof, which can change the angle of airflow
trailing link with the combination of two movements -
vertical and horizontal;

— the method of calculation and the calculations of
power and quantity of fuel consumed for various types
of booths and their possible improvements by the pro-
posed moving ramp are proposed;
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Design of LVL elements with glued-in steel rods and metal connectors joints is considered as semi-rigid connection and re-
quires considering the compliance. The beams with a metal connector and glued-in steel rods and solid beams test results
comparative analysis has been made in the paper. Design method of glued-in rods in LVL is proposed and failure mode is
considered. It enables reducing the distance between the rods axes and the distance from the rod axis to the edges in the beam
cross section and increasing the joint strength.
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! XapkiBchKuii HallioHaTbHMI YHIBEpCHTET Michkoro rocnofapcTsa im O.M.Bekerosa

? XapkiBChKHil HAIOHATBHMIT YHIBEPCHTET MichKOro rocronapcrsa iv O.M.Bekerosa

3 XapkiBchKHil HALIOHATBHHIT yHIBEpCHTET MichKoro rocrogapersa iM O.M.Bekeroa
*Anpeca misa muctyBanusa E-mail: bidakov@kname.edu.ua

ITpu npoekTyBaHHI By3JI0BHX 3’eaHaHb JIBJI Opycy Ha BKIGEHHX CTEPIKHSX 3 METAJICBMMH BCTABKAMH € HANiBXOPCTKUMH Ta
NoTpeOyIOTh BpaxyBaHHs MOAATIMBOCTI. Y CTATTi BUKOHAHO MOPIBHJIBHHUI aHAaNi3 pe3yabTaTiB BUIPOOyBaHb OalloK 3 MeTa-
JIEBUM BY3JIOM Ha BKJIGEHHX CTEPXKHAX Ta LIbHHUX Oanok. Po3polbieHa MeToquka po3paxyHKy MIIIHOCTI BKJICEHUX CTEPHKHIB
Ha BUCMUKYBAHHS 3 ypaXyBaHHSAM XapakTepy pyWHYBaHHS 3pa3KiB, sKa J03BOJISAE 3HU3UTHU BiJCTaHI MK OCSIMH CTEP)KHIB Ta
BiJI OCi CTepiKHsI IO TpaHeil y monepedHoMy mepepisi 6anku Ta 30UTbIIUTH MIHICTD 3’ eaHanHs. OBai3allist JepeBUHN HaBKO-
JI0 BKJIGEHOTO CTEP>KHSI NP pyHHYBaHHI 3’€AHaHHS 00yMOBIeHa pi3HuIeio MinHocTi JIBJI Gpycy mpu ckoiroBaHHI B3TOBXK
BOJIOKOH II0 IUIACTi Ta ITO TPaHi, I[0 HacaMIepel € pe3ylbTaToM IIMOHOBOI CTPYKTYPH IBOTO OpyCy Ta BPaXOBYETHCS IIpU
po3paxyHKax pyIHIBHOTO 3yCHJUIS 3TiIHO JIO 3aIpOIIOHOBAaHOI MeToAMKH. IIpoBeneHuii aHaii3 peKOMEHI0BaHUX BiJCTaHei
MDK BKJICEHIMH CTEPXKHSMH, SKi PErJIaMeHTOBAHI CTaHAApTaMH Pi3HUX KpaiH, JO3BOINB c(HOPMYITIOBATH PEKOMEH AT {010
KOHCTPYKTHUBHHUX BHUMOT IIPH NIPOEKTYBaHHI 3’€IHaHb Ha BKIeeHUX cTepkHax y JIBJI Opyci. Pesynbrati po3paxyHKiB 6aiox 3
METaJICBOI0 BCTaBKOIO, OTPUMAHHUX Yy aHATITHYHOMY HporpamMHomy kommuiekci ANSY'S, nokasanu He3HayHy po30iKHICTH
BIIHOCHO Pe3yJIbTaTiB, OTPUMAHMX IPH EKCIEPUMCHTAIPHUX HATYpPHMX BHIPOOYBaHHAX Oajok, ska ckiaagana Oims 13%.
PyiinyBanHs ycix Oanok BigOyBaloCch uepe3 BHCMHUKYBAaHHS BKJICEHHX CTCP)KHIB Yy HWKHIM PO3TATHYTIH 30HI Oanok.
Jlnst 30UIbIIeHHST Hecy4ol 34aTHOCTI 3’€IHAHHS, 3MEHIIEHHS PO3TPICKyBaHHS JEPEBHHH Ta 3a0e3NEeUeHHs B’SI3KOTO PYHHY-
BaHHS PEKOMEH/YETHCS BCTAHOBJICHHS IBHHTIB Y HaIpsIMi IOIEPEYHOMY J0 HAIlpsSIMy BKJIGEHUX CTEPKHIB. Takox HJIs 3Me-
HIIEHHS e(hOPMAaTHBHOCTI HAMIBXOPCTKHX 3’ €AHAHB 3 METAJICBOIO BCTABKOIO MOJKJIMBO BCTAHOBIIIOBATH FaiiKH 3 IBOX CTOPIiH
JUISL BKITIOYEHHS CTEPXKHIB y poOOTY Ha NPOJABIIOBAHHS y CTUCHYTIH 30Hi. JlOCIIDKEHNIT By30J C METAIEBOIO BCTAaBKOIO Ha
BKJICEHUX CTEPXKHSAX MOXKE BUKOPHUCTOBYBATHUCH IIPU CTBOPEHHI CiTHAaCTHX OOOJOHOK CKJIAAHOI MPOCTOPOBOI r€OMETPHYHOT

¢bopmmu.

KorouoBi cioBa: BkieeHi cTepikHI, HamiBXoOpcTKe 3’eaHanus, mmoHouit 6pyc JIBJI (Ultralam — R), BixcTanb Mixk cTepxk-
HSIMH, MOJIENTb pyHHYBaHHS, TBOCTOPOHHS (iKcamis By3Ja.
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Introduction. The problem of strength and deform-
ability of node joints on glued-in rods and a metal
connector using an LVL beam is extremely relevant
and has been considered when designing complex
geometric shape atrium project (Fig. 1), where a nodal
solution has been proposed that requires testing. Its re-
sults are presented in this publication. The lack of rec-
ommendations regarding the calculation and design of
the joints on the glued-in rods in the structural ele-
ments of LVL beam increased the relevance and inter-
est in this type of connections. The geometry of the
atrium computational model has been created in the
Tekla Structures program, and then exported to the
SCAD Soft program to make the calculation.

z%i%%
e
i }-

%gggf’

Figure 1 — General view of the atrium
and nodal joint

a)

Review of the latest research sources and publica-
tions. The peculiarities of the LVL beam with the help
of glued-in rods also arouse great research interest of
colleagues from different countries, including
M. Stepinac [13], R. Steiger, E. Gehri, A. Buchanan,
E. Serrano, N. Meyer, and others. In the CIS coun-
tries, glued-in rods as a rigid joint of timber structures
are an joints integral engineering solution when de-
signing frameworks for large-span buildings. In prac-
tice of the CIS countries, the glued-in rods use is
cheaper than screw joints, which are popular in the
European countries and are an alternative to glued-in
rods. However, the elements of the well-known con-
struction “Metropol Parasol” in Seville (Spain), which
is a landmark of this city, are made with the help of
LVL beams on glued-in rods. Glued-in rods in timber
structures joints are used in two versions, forming
rigid and semi-rigid joints: joining timber-to-timber or
with welding glued-in rods to the metal element (Fig.
2-a) and joining timber to the metal connector on the
bolts (Fig. 2-b ).

The first variant of the joint is usually prefabricated,
which is not demountable. The second variant of the
joints or semi-rigid joints is increasingly used in com-
bined frames or complex systems of structures, where
metal-free solutions are impossible.

Figure 2 — Rigid and semi-rigid joints with glued-in steel rods:
a —rigid heel joint in a foundation column and a moment joint in a three-hinged frame;
b — semi-rigid moment joint and heel joints

Definition of unsolved aspects of the problem.
The bolted joints compliance of timber structures on
glued-in rods semi-rigid joints is not only joints de-
formations, but also glued-in rods ductility, which is
correspondingly less than the first one. For inclined
glued-in rods according to the norms [1], the compli-
ance is 0.001 mm/kN. There are known the methods
for compliance accounting of dowel joints in timber
structures such as trusses, due to the large number of
the perforating structure elements nodal joints, which
have a significant effect on the magnitude of the total
structural deformation or deflection. The deflection
determination for trusses with lower height is espe-
cially important. The manual of SNiP on the calcula-
tion of timber structures [10] proposed to determine
the movement of truss nodes, considering the joints
compliance according to the rules of structural me-
chanics with the introduction of the reduced modulus
of elasticity (Section 6.29). In the tutorial of professor
Serov E.N. [8] it is indicated that if there are specific
normative values for the joints compliance and an ar-

bitrary level of their bearing capacity use, the deflec-
tion caused by the joints compliance definition, con-
sidering the forces acting in them, should be deter-
mined by the formula:

mk Nci m O-am'
fc:frj"'fajzzl AHiN +21 AHiRa 1)

H.ci cvi

where: f; — deformation of compliance in tension
dowel joints;

Jo — deformation of compliance in the angle joints
and buffer stops;

k — number of dowel joints;

m — number of joints on the angle joints and buffer
stops;

Ap; — the normative value of compliance of the i-th
joint at its full load-carrying capacity;

N,; — force in the i-th joint;

Ny . — load-carrying capacity of the i-th dowel joint;

0.y — crumple stress in the i-th joint;

R“.,; — design resistance to crumble in the i-th joint.
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Problem statement. High strength and cost, slightly
exceeding the laminated timber cost, ensured high
popularity in the market of timber construction for ve-
neer lumber or LVL based on softwood produced by
Ultralam and Kerto. The veneered structure of the
LVL beam requires additional tests of timber structure
joints classical types, which are often used for lami-
nated timber elements. The behavior of LVL and its
destruction during tests of joints structural elements
differ from laminated timber and require the additional
recommendations regarding the rules for the nodal
joints design and their calculation.

Basic material and results. Under the guidance of
professor Fursov V.V. in 2016, a nodal joint on glued-
in rods with a metal connector installed in the middle
of an LVL beam with a unidirectional arrangement of
Ultralam veneer was tested (type R). Fig. 3 shows the
beams loading with static load and the installation lo-
cation of measuring devices for determining deforma-
tions. Tests of the nodal connection were the key and
the LVL beam research final logical stage [7, 9], since
for the node complete analysis, tests of strength and
elastic characteristics under compression from differ-
ent angles, specimens for chipping and specimens for
pulling single glued-in rods were previously per-
formed.

b

Jc.
[ ot

j—] ) s |
|, 180 ‘ L180 |
IliD_ 750 375 373
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2250

Figure 3 — The loading condition of beams
with a metal connector

The first type of the beams were tested with a cross
section of 75x200 mm, a span of 2.25 m with a node
located in the middle of the beam, where M16 studs
were installed in upper and lower parts. The second
type of the beams differed from the first one that in the
upper part of the cross section M10 studs were glued-
in, and in the lower part M16 studs were glued-in.
Solid beams without a nodal connection were also
tested. Strength grade of steel studs is 5.8. Adhesive
compound is based on resin ED-20. The insertion
depth was 180 mm and the diameter of all holes was
made 2 mm larger than the diameter of the glued-in
rod. The distances between the axes of the rods in all
sections were taken to be the same (Fig. 4). The tests
of the beams were carried out by static loading them
with a 25-ton jack through a traverse, distributing the
load to 2 points in the thirds of the span. The model
was detached from the plane on the supports and in
the places of load application.

Before the test, each beam was loaded for 1 ton and
was completely unloaded; then all the nuts in the joint
were tightened. Load step was 1 t on the traverse, an
exposure load at each step was 2 min. All beams were
brought to destruction. The displacements were meas-
ured on supports and in the span using measurement
devices with a scale value of 0.001 mm.

da: a: a

1

Figure 4 — The location of rods
and the joint after destruction

Results and discussions. The pattern of specimen
destruction has a typical brittle character in the form
of pulling out rods covered with timber layer or
wedge-shaped chipping of timber around rods. When
drilling holes, the center distance and the distance to
the edges were taken to be less than recommended by
the standards of various European countries and Euro-
pean technical conclusions [1-5], as shown in Table 1,
where d is the diameter of the glued-in rod. Consider-
ing the tests results of single glued-in rods under axial
loading in specimens of LVL beam with unidirec-
tional veneer, it was noted that the fracture pattern has
a characteristic splitting and a small area of get out
timber, as detailed in [7]. In addition to single glued-in
rods, specimens with two glued-in rods with a center
distance of less than recommended were also tested.
For example, according to the norms of Russia on the
design of timber structures SP 64.13330.2017 [1] the
minimum distance from the package sides to the rod
axis is taken to be at least 2d and the distance between
the axes of the rods should be at least 3d.

Table 1 — Distances between the glued-in steel rods,
according to the standards of different countries

A as a
- "m'"m" :t ai
ai %) a3
CII 64.13330.2017 | 2d 2d 3d
(Russia) [1]
DIN 1052 2.5d 2.5d 5d
DIN EN 1995-1-1
(Germany) [4]
ON B 1995-1-1 2.5d 2.5d 5d
(Austria) [5]
New Zealand [11] | 2.5d 2.5d 5d
R. Steiger 2.3d 2.3d 4d
(Switzerland) [12]
Z-9.1-791 1.75d 1.75d 3.5d
(2]
Z-9.1-778 1.875d 1.875d | 3.75d
[3]
Tests 1.16d 1.16d 2.37d
(18.5 mm| (18.5 mm| (38 mm)
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The reduced axial spacing of the glued-in rods and
the distances to the edges did not violate the proposed
pattern of destruction, since the area of the get out
timber did not reach the edges or outer edges, as
shown in fig. 5. An analysis of the rods destruction
behavior enables to note that the area of the sheared
timber is ovalized around the glued-in rod, see fig. 6.
The largest part of the timber is cleaved along the lay-
ers of veneer in the cross section of an LVL beam,
where the area of the timber does not exceed 4 layers
of veneer with a total width of 13-15mm.

Figure S — The failure
mode of glued-in steel
rods

Beams were also tested with a modification of the
joint, by installing studs with a smaller diameter in the
upper cross-sectional area, which as a result had little
effect on the breaking load and the beam deform-
ability in the middle of the span, see fig. 7. The upper
rods were not included in the extrusion, but only fixed
a metal connector, which crushed the upper part of the
beam cross-section. Also, the deformation in the beam
upper zone was increased by crumpling the rods
thread in the upper zone. The level of the tightened
nuts was not monitored.

16
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Beam 1 0 4,586
Beam 2 0 6,668
Beam 3 0 5.8
Beam 4 0 6,13
Beam 3 0 6,126

== Beam | =@= Beam 2 —&

a) - glued-in steel rod
| adhesive layer
| destruction line
|| —LVL beam
b) LVL beam nuts

|
P
|

/

glued-in steel rods metal.connector
Figure S — The failure mode of the glued-in steel
rods which were placed parallel to the grain
in a LVL beam:
a — ovalization of the timber shear area;
b — two-side fixing

When testing 5 beams with a metal connector, the
values of the beams deflections at three points were
analyzed separately: in the middle of the span and in
the thirds of the beam span, where concentrated forces
were applied. The results of beam mid-span deforma-
tions at various loading levels are shown in Fig.7,
where a strong coincidence of the beams deformation
curves can be observed 2-5. Breaking load for beams
was observed in the range from 48 kN to 55 kN.
A slight divergence of the beams curves deformations
in the middle of the span increased with an increase of
the load close to destructive.

31‘_(;:;:?;1?) 4t (Flﬂklf.-"cm}g)
8,102 T 12,6 |
10,384 14,604
3,26 14,024
9,85 14,13
9,782 14,648

Figure 7 — Beam deflection in the middle of the span with a metal connector
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For a comparative assessment of the beam deform-
ability with a connector, tests of solid beams without a
node were performed. Curve nl in fig. 8 shows the de-
formations in the beam mid-span, and the curves n2
and n3 show the beam deformation in thirds of the
span. Fig. 8-a) shows the deformations of the solid
beam with a characteristic significant excess of the de-
formation or deflection in the middle of the span.
The beam with the connector at the initial stages of
loading had a deformation in the span slightly higher
than in the thirds of the span, since the beam stiffness
in the node is higher due to the metallic elements of
the connection and the lack of the glued-in rods pli-
ability.

It should be considered that the beam geometric
model in the calculation is idealized and free of a
number of inaccuracies associated with the connection
on the glued-in rods implementation, the contact sur-
faces quality, etc., which constitute loose deforma-
tions that are not considered in the design software
packages.
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= 10 ——n1
£ 8
B = =2
:T;* 4 n3

2

0 —IF

0 ) 3 4
Load. tons
b)

_ 16
S
= 12
= 10 =11
E &8
£ : /.,/4 2
E 4 n3

2

0 F

0 0,5 1 2 3 4
Load. tons

Figure 8 — Deflection curves of a solid beam (a)
and a beam with a connector (b)
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Figure 9 — Beam deformation according
to calculation

The proposed method for calculating the strength of
glued-in rods includes a number of prerequisites in the
form of parameters borrowed from various formulas
for calculating glued-in rods in solid or glued timber.
The need to develop a modified method of calculation
is primarily due to the large difference between the
experimental strength values and the various analyti-
cal data on the joint strength. Also, the developed
formula (2) for the calculation of rods in an LVL
beam includes not only the main design parameters
(see Fig. 10), but also the features observed during
testing, such as the ovalization of sheared timber
around the rod, and therefore the strength value when
splitting LVL timber along the grain on the edge and
on the face.

Rk = wdil-(h g eacfoip)” ke ()

where: R, — the characteristic pull-out capacity of
GIR in LVL with unidirectional veneers, in N;

Jvkea Juip — the characteristic shear strength flatwise
and edgewise for LVL with unidirectional veneers
(Ultralam type R) in N/mm?’;

/ — anchorage length;

d,, — drilled hole diameter;

k. — coefficient that considers the uneven shear stress
distribution depending on the rod anchorage length:

k.= 1,2-0,02-1/d 3)

<~ ] [T §q

—_—

Figure 10 — The main parameters
of the design model

To ensure the joint design strength on the glued-in
rods, it is necessary to follow the rules of the glued-in
rods placement along the grain in the beam cross-
section, namely the minimum distances, as shown in
Fig.11. It should be noted that the distance between
the rods along the veneer layers is greater than in the
perpendicular direction relative to the veneer due to
the ovalization of the sheared timber around the rod
formed by the difference in shear strength along the
LVL grain on the face and on the edge.

1,75d 3d 1,75d

1,75d

ad

Figure 11 — Recommended distances between
the glued-in rods and to the edges
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The specified minimum distances between the rods
and to the LVL element cross section edges can be used
if the rods are accurately glued in (without distortions
of the holes and the rods when gluing). To reduce the
beam with a metal connector on the glued-in rods de-
formability, it is possible to use double-sided installa-
tion of nuts on the rods located in the upper part of the
beam cross section, or in a compressed zone. It is also
possible to perform a controlled tightening of the nuts
not exceeding 70% of the timber compressive strength
calculated value along the grain. Created prestress in
the node reduces loose initial deformations by 32-40%.
The complexity of tightening the nuts to a predeter-
mined value should be considered.

The proposed calculation method and design rules
are of advisory nature and require further studies to
clarify some data. Fig. 12 shows the glued-in rods
strength diagram obtained during the tests (“tests”
curve) and the expected values, according to various
norms, as well as according to the proposed method
(2), the “proposing” line. Symbols of straight lines
plotted on the diagram are as follows: “tests” - test re-
sults, “din” — the value expected by the German stan-
dards, “ru” — according to the Russian standards,
“ru-vr” — according to the Russian standards using the
temporal resistance value when splitting LVL beam,
"en" — the value expected by the pan-European meth-
odology.

=¥—tests efil=cin =—r=ru e=e=rU-Vr =je=gn === proposing
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Figure 12 — The strength of the glued-in rods
obtained during testing and the expected values,
according to various standards, as well as accord-
ing to the proposed method of calculation

Conclusions. The tests of the nodal joint on the
glued-in rods with a metal connector and the analysis
of the experimental data confirm the possibility of re-
ducing the center distance between the glued-in rods
to 2.4d and the distance to the faces 1.2d, while not al-
lowing the block scheme of destruction of a group of
glued-in rods. To calculate the strength of glued-in
rods in a LVL beam with an unidirectional veneer in-
stalled along the grain, it is possible to use the calcula-
tion formula (2), which takes into account the devia-
tion of the shear strength along the grain in the LVL
beam. The fragile nature of the fracture with cracking
along and across the veneer requires the installation of

screws or the use of an LVL beam with cross veneer
layers. A comparative analysis of the deformability of
the beams on glued-in rods with a metal node con-
firms the need to take into account the compliance of
this semi-rigid connection.

Also, an obvious and necessary addition to the con-
sidered type of connection with a metal connector
should be performed with two-sided installation of
nuts relative to the metal connector, that ensures that
the glued-in rods located in the compressed zone of
bending element are included to the work, potentially
with a smaller diameter than the rods installed in the
lower zone.
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