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Abstract. When designing of berthing structures (quay walls), the determination of the pressure
of reinforced backfill soil plays an important role. The ability of berthing structures to withstand loads
depends on many factors, including their age, mode of operation, changes in the characteristics of
construction materials, soil bases over time and others. In some cases, the ability to withstand loads
decreases significantly over time, while in other cases it increases significantly. Sometimes, the ability
of the structure to withstand loads increases during the first period of operation, and then decreases. In
some cases, on the contrary, it decreases in the initial period, but then increases. Therefore, it is not
possible to establish the actual value of the bearing capacity of structures only theoretically due to the
lack of information about the technical condition at this stage of operation, as well as the difficulty of
identifying the actual picture of the interaction between the structure and the grounded medium. This
task can be solved through experimental and theoretical studies.

It is essential to investigate the stages of development and market introduction of innovative
materials in the field of hydraulic engineering, to justify the possibility of increasing the reliability and
the load-bearing capacity of corner-type structures with a buttress during reconstruction with the use of
geotextile materials. These structures were built in the past and require modernization and
reconstruction. The issue of reconstruction of corner-type structures with a buttress is relevant for
Ukraine ports. Currently, there are no unequivocal methods of determining the effectiveness of berths
reconstruction due to the complexity of the task given to the number of variables.

The article describes the determination methods of the reinforcement effect by geotextile
material; developed models taking into account not only the structure and characteristics of the
geotextile materials but also its location in the ground mass. Therefore, the model considers both the
parameters of the backfill soil and the geomaterial characteristics and the depth of their embedment.

Keywords: berthing structures, reconstruction, geotextile materials, the backfill soil, the
reinforcement effect, corner-type structures with a buttress.

Introduction. Ports are a connecting link between sea and land transport. To fulfil their purpose,
ports must have facilities that meet the requirements of various means of transport, be equipped with
powerful transshipment machinery, and boast modern routes from the sea and the land.

The National Transport Strategy of Ukraine for the period of up to 2030 [1] says that seaports
located on the territory of Ukraine in the Black Sea-Azov Basin and the Danube Delta have a total
capacity of more than 230 million tons per year.

The document underlines that the Strategy implementation needs tasks in the main areas to be
carried out, including: competitive and efficient transport system; innovative development of the
transport industry and global investment projects.

Most investment funds for infrastructure improvement are expected from external sources,
primarily from international financial institutions, private investors and public-private partnership
projects. Attracting investment funds from such sources to innovative transport projects is a condition
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for developing the transport industry, national security, and the country's competitiveness.

The Strategy also indicates general issues that need to be solved. They include lack of transport
industry funding, low level of resource management and insufficient measures for the stable
development of enterprises in the transport industry, high level of wear and tear of fixed assets (the
degree of wear and tear of fixed assets of transport and warehouse enterprises in 2014 amounted to
97.9 per cent), technological backwardness of transport and infrastructure, low level of introduction of
modern technologies and implementation of innovative policy in the transport sector.

The results of ensuring the actual depths in seaports and approach channels in compliance with
the established passport characteristics, development of deep-sea seaports, etc., are expected for the
modernization of river transport and deep-sea seaport infrastructure.

Statement of the problem. One of the main active factors for the development of water
transport in Ukraine is the state of waterways and hydraulic facilities and structures, which are the most
important components of the industry's transport infrastructure.

Hydrotechnical structures include engineering and technical structures (quay walls, mooring
structures, piers of all categories and designations, enclosing and protective hydraulic facilities)
designed to ensure safe approach, maneuvering, mooring and departure of vessels and to protect the
water area of the port or coastal strip.

The Strategy for the development of seaports of Ukraine for the period up to 2038 [2] provides
for the creation of capacities for processing in seaports of at least 250 million tons of cargo per year
and ensuring the effective development of port infrastructure facilities, the introduction of innovative
activities by seaports through the application the recent technologies, increasing the efficiency of the
use of transshipment complexes of seaports to 75 — 80 per cent.

Over the years, starting from the second half of the 20th century, the quay front increased in two
directions: due to the reconstruction of existing ports and wharves of the old structure and due to the
construction of new ports, including two largest ports — Chornomorsk and Pivdennyi, which were
created precisely at this time period. The construction of new ones and repeated reconstruction of
existing ports ensured the availability of loading and unloading capacities, which mainly meet the
country's needs. However, a significant part of the quay front remains unsatisfactory and needs
reconstruction, technical re-equipment, and significant repairs. Therefore, the number of the old fund
quays in Ukraine amounts to 30 — 35% of all existing quays; this is a good foundation for introducing
innovative technologies and new materials to increase the carrying capacity and raise cargo turnover.

Open-piled quay walls and sheet-pile quay walls are the most common types of quay walls used
for berths in Ukrainian ports. However, there are corner-type structures with a buttress. The share in the
total the waterfront is not large. They were built in the past and require modernization and reconstruction.

The successful development of commercial seaports is impossible without constant engineering
and scientific research related to the functioning of hydro-technical structures and equipment,
movements and deformations of structures, and determination of the possibility of their further
operation under increased cargo turnover of ports. An important issue in hydraulic engineering implies
also determining the expediency of reconstruction of existing structures or the construction of new
ones and modernization of existing facilities based on modern innovative technologies. This finds its
practical application in the form of the development and implementation of relevant, innovative
projects. One of the promising innovative ways in this direction is the use of geotextile materials. The
effectiveness of the evaluation of any project is determined by the methods chosen for its
implementation, i.e. a set of techniques and operations used for project evaluation. Under conditions of
competition, there are always three components of justification — cheaper, faster, and better quality.
Therefore, in modern conditions, highly effective projects of modernization of quays with innovative
materials, which are a way to increase investments in ports, occupy a rather important place.

The analysis of many years of experience in scientific research, design and construction shows
various ways of achieving effective results: the refinement of calculation methods, changes in the
structural forms and profile of buildings, and the development of a more progressive technology for
their construction. Thus, it is important to determine the effectiveness of using innovative materials that
lead to cheaper construction or reconstruction of marine berthing structures and to increase the
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reliability and bearing capacity.

Currently, there are no unequivocal methods of determining the effectiveness of berth
reconstruction due to the complexity of the task given to the number of variables. In particular,
marine berthing structures are in a constant state of stress, operate under aggressive environmental
conditions, and are characterized by reduced maintainability.

Analysis of research and publications. In most practical applications, reinforced soils are
obtained by incorporating continuous reinforcement inclusions (for example, strip, bar, sheet, mat,
or net) within a soil mass in a definite pattern. The literature has explained the reinforcing
mechanisms for such reinforced soils in different forms since Henry Vidal developed the first
modern form of soil reinforcement in 1966.

Later on, such scientists as R.H. Basset [3], K.Z. Adraves [4], Yu.V. Feofilov [5],
M.F. Drukovanyi [6], Yu.B. Balashov [7, 8], O.A. Ruban [9] and others studied the issues related to
soil reinforcement. The results of studies on field applications of reinforced soils show that much
care is required. Since the influences of engineering properties of soil and geotextile, and the scale
effects on the stress-strain characteristics of reinforced soils have not been investigated fully on a
large scale, the actual behavior of reinforced soils is not yet sufficiently studied.

Various small-scale laboratory experiments were performed on sand soils (e.g., V.A. Guido,
A.V. Sweeny [10]; K.H. Khing, B.M. Das et al. [11]; T. Yetimoglu, Wu, A. Saglamer [12]) using
single or multilayered of geomaterial. It was confirmed by most researchers that there was a significant
increase in bearing capacity and a decrease in settlement of soil reinforced with geomaterial. The
increase in bearing capacity of reinforced foundation is defined in terms of bearing capacity ratio,
which is defined as the bearing capacity of reinforced soil to that of unreinforced soil.

A layer of geomaterial reduces the outward horizontal stresses transmitted from the overlying
soil backfill to the top of the underlying soil. This action of geomaterials is known as shear stress
reduction effect. This effect results in a general-shear, causing an increase in the load-bearing capacity
of the foundation soil (R.D. Espinoza and J.D. Bray [13]; M.T. Adams and J.G. Collin [14]).

P.L. Bourdeau et al. [15], J.P. Giroud et al. [16] performed research that showed that a layer
of geomaterial redistributes the applied surface load in the backfill soil. This leads to a decrease in
pressure and a reduction of stress in the foundation soil. They have proven that the friction
mobilized between the soil and a layer of geomaterial plays an important role in decreasing soil
pressure. The results of experimental studies of soil reinforcement with geotextile materials are
devoted to works by S.V. Bugaeva and A.A. Baranova [17, 18], which demonstrated the
effectiveness of their use for reinforcing the soil bases of structures.

Based on the above, it should be noticed that so far maximum use of soil reinforcement
technology has been made in the construction of Retaining walls. Due to limited awareness among
practicing engineers and the high cost of reinforcing materials the technology of soil reinforcement
for berthing structures has not found its widespread in our country. A literature review has been
done that has given the idea to research issues of determining the stability coefficient of berthing
structures when reinforcing the backfill soil.

The purpose of the research is to perform theoretical and experimental studies to evaluate
the use of geotextile materials in hydraulic engineering.

The tasks of the research are as follows:

— to determine the effectiveness of using innovative materials in the field of hydraulic
engineering;

— to carry out experimental studies to establish the effect of reinforcement on the wall when
using geotextile materials located in the backfill soil and the most effective placement;

— to substantiate the possibility of increasing the reliability and bearing capacity of the berthing
structure during construction and reconstruction with the use of geotextile materials in the backfill soil;

— to compare the results of experimental studies with the results obtained in the PLAXIS
software package;

— to apply the research results to a corner-type structure with a buttress to analyze the
preliminary reconstruction options.
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The research methods:

— the theoretical method — to determine the reliability and bearing capacity of berthing
structure with the use of geotextile materials;

— the experimental method — to establish the effect of reinforcement on the wall and determine
the most effective placement of the geotextile materials in the backfill soil.

The results of the research. In the last 20 — 30 years, an exciting and promising material
called "geotextile™ or "geosynthetic™ appeared in the construction domain. The root "geo" indicates
the field of application of these materials: they are used as reinforcing nets or waterproofing
membranes in structures and buildings whose foundation is loose rock such as soil, sand, gravel
mixtures, etc. "Synthetics” and "textiles™ reflect the composition of materials, the method of their
manufacture and appearance: fabrics, felt, films and other relatively thin, light materials of a large
covering area.

Synthetic polymers give geotextiles specific favourable properties for polymers: water and
frost resistance, universal corrosion resistance, low weight (density of polymers is about 1 g/cm?),
and high tensile strength.

Disadvantages of polymers (such as rapid ageing under direct solar radiation (UV
component), a sharp drop in strength when heated to 80°— 120°C and flammability) when used in
structures where the bulk of the volume is made up of loose rocks that protect polymers from light
and temperature effects, are blocked.

Currently, the term geosynthetic materials (GM) is used more often, so attention will be paid
to it in the future. The field of application of geosynthetic materials is quite broad: road,
hydrotechnical, underground, and nature protection construction; it is also advisable to use GM in
landscape design.

The use of geosynthetic materials in construction has fundamentally changed the nature of
works related to the fastening of slopes, construction of retaining walls, and road foundations. Large
volumes of concrete and earthworks become unnecessary, so sand and reinforcing geogrids,
geotextiles, and geolattices are used to obtain the desired result.

In the case of arranging water reservoirs or storages, film
geosynthetic materials, nets and, again, local soil are used.
Thus, the use of geosynthetic materials has a considerable
economic effect, reducing and even eliminating the use of such
materials as concrete, steel, and imported natural stone and
facilitating the work. AIll this leads to a minimum
environmental intervention, making geosynthetic materials
ecologically effective, which is the most crucial advantage and
necessary quality these days.

Fig. 1. Application of geotextile GM is widely used to prevent soil erosion and protect the
in environmentally friendly  shores of reservoirs and their landscaping (Fig. 1). Anti-erosion
construction mats are an alternative to traditional methods of anti-erosion

protection made of concrete, stones or wooden gratings.
Another significant advantage of these materials is that even
before the formation of the vegetation layer, the mats prevent
the occurrence of erosion processes.

In the practice of hydrotechnical engineering, GM,
namely bentonite geomembranes, are used as waterproofing
when installing anti-filtration curtains, dams or water walls, as
well as for the organization of waterproofing screens of
reservoirs, ponds, and reservoirs (Fig. 2). The use of
geomembranes provides guaranteed long-term waterproofing

Fig. 2. Application of (several tens of years), even in aggressive environments.
geotextile in hydraulic There are other areas of application of geosynthetic
engineering materials. When choosing one or another GM, it is necessary to
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consider its properties, largely determined by the type and structure of polymers used for their
production. The type of polymer the material is made of determines its resistance to temperature
effects, short-term and long-term strength, resistance to ultraviolet rays, aggressive environments,
etc. In addition, it is very important to strictly follow the recommendations on the production
technology of works using geosynthetic materials.

As for the facilities and structure reconstruction, the use of geomaterial is very relevant. This
material is easy to install and lay, it does not have a large weight, and, in terms of its characteristics, is not
inferior to traditional materials. It can be used in the reconstruction of facilities in conditions of limited
space or where reinforcement is required without a substantial weighting of the existing structure.

The results of experimental studies. The experimental studies were conducted to establish the
effect of reinforcement on the front wall when using geomaterial located in the backfill soil and its
most effective placement. Innovative geomaterial — Typar SF — was considered.

To determine the most effective placement of the geomaterial, several studies (minimum of 3
experiments in each series of studies) were carried out, such as:

1. Tray with sand and load located on the backfill surface.

2. Placement of geomaterial in 2 layers for 1/3 and 2/3 of the entire height of the wall.

3. Placement of geomaterial in 1 layer for 1/3 of the entire height of the wall.

The experimental tray has the following dimensions: length 81 cm, width 69 cm, height 48
cm. The load is located on the surface in the form of an evenly distributed load and is applied at
levels of 60 kg, 120 kg, 180 kg, and 240 kg.

Sensors were calibrated before conducting experiments. Movements are measured using
clock-type sensors. Graphs are drawn for 3 sensors (Fig. 3).

140
120
100
80
60
40
20
0

0 15 30 45 60 75 kr

Fig. 3. Calibration curves:
—— Sensor 1; —— sensor 2; sensor 3

When moves are received, a reverse operation will be performed for the loaded tray. Further,
the effect of reinforcement in % and the comparison of the results are determined.

The results of experimental studies (Sensor indications and pressure of the backfill soil on the
wall) depending on the placement of the geomaterial are shown in Tables (1 — 6).

Table 1 — Sensor indications without reinforcement

Loads on the backfill surface
Sensors 0 ‘ 60 ‘ 120 ‘ 180 ‘ 240
Sensor indications
Sensor 1 76 83 90 104 118
Sensor 2 76 84 93 102 115
Sensor 3 74 85 86 96 120
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Table 2 — Backfill pressure without reinforcement

Backfill pressure Loads on the backfill surface

on the wall for 0 | 60 | 120 | 180 | 240

3 experiments Backfill pressure
Pl 51 55 58 67 76
P2 37 42 48 55 63
P3 48 54 55 61 74

Table 3 — Sensor indications with the laying of one layer of geotextile 1/2H
Loads on the backfill surface
Sensors 0 | 60 | 120 | 180 | 240
Sensor indications

Sensor 1 74 84 94 106 118
Sensor 2 72 83 94 104 114
Sensor 3 59 71 77 87 97

Table 4 — Backfill pressure with the laying of one layer of geotextile 1/2H

Backfill pressure Loads on the backfill surface
on the wall for 0 | 60 | 120 | 180 | 240
3 experiments Backfill pressure
Pl 50 55 61 68 76
P2 34 42 49 56 63
P3 40 46 50 55 61

Table 5 — Sensor indications with the laying of 2 layers of geotextile 1/3H i 2/3H

Loads on the backfill surface
Sensors 0 | 60 | 120 | 180 | 240
Sensor indications
Sensor 1 75 79 91 105 119
Sensor 2 74 79 89 97 108
Sensor 3 48 56 88 98 109
Table 6 — Loads with laying of 2 layers of geotextile 1/3Hi 2/3H
Backfill pressure Loads on the backfill surface

on the wall for 0o | 60 | 120 | 180 | 240

3 experiments Backfill pressure
P1 50 53 59 68 76
P2 35 39 46 51 59
P3 35 39 56 62 68

Determining the effectiveness of reinforcement. Using formula (1), we determine the
effectiveness of geotextile reinforcement.

E =
Ppy

P.,, — backfill soil pressure on the wall without geotextile reinforcement;

P. — backfill soil pressure on the wall with geotextile reinforcement;

E — effectiveness of geotextile reinforcement.

The effectiveness of reinforcement depends on the geotextile layers and the load on the backfill
soil surface, as is shown in Fig. 4, 5. The effectiveness of reinforcement is calculated as a percentage.

PTLT'_PT

1)
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Fig. 4. Effect of reinforcement with laying of one layer of geotextile
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Fig. 5. Effect of reinforcement with laying of 2-layer geotextile

Thus, we can conclude:

— maximum effect of reinforcement in 2 layers was obtained from the beginning of the load
after the effect decreased;

— after the penetration of soil particles into the pores of the geomaterial, the reinforced layer
begins to work as a composite, which leads to an increase in the effect of reinforcement.

Calculation results in the software complex Plaxis 2D. Plaxis is a simple and convenient
package of ordinary element programs for performing calculations of complex geotechnical projects
in modern construction. In the process of two-dimensional and three-dimensional calculations
available in Plaxis programs, stresses, deformations, and strength (stability) in complex
geotechnical systems are determined, considering the joint work of engineering structures and their
interaction with the soil at the construction, operation and reconstruction stages.The calculation
scheme, with a uniformly distributed load, was created in the Plaxis 2D package. Fig. 6-8 presents

the calculation results showing how the load located on the surface of the backfill is distributed
along the wall.

Fig. 6. Load distribution Fig. 7. Load distribution Fig. 8. Load distribution
on the wall without on the wall with laying on the wall with laying
reinforcement of one layer of geotextile of 2-layer geotextile
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In order to find out that the software complex Plaxis can be used for the correct calculation of
full-scale structures, the results (on a tray in the laboratory and simulated in the program) must be
identical or have acceptable differences.

For this purpose, a soil tray was simulated in the software complex and loaded with a similar
load. It was reinforced and the forces in the front wall were determined.

The backfill soil characteristics in the software complex and the backfill of the soil tray are
similar. A comparison of the results was performed. The results of the conducted studies are
presented in Fig. 9.

80 The experimental results Calculation results in the Plaxis 2D
66,7 67,7
59,3 60,3

60 52,3 53,7
40
20

0

0 60 120 180 240

Loads on the backfill surface, kg

Fig. 9. Comparison of the obtained results. Backfill pressure with
the laying of one layer of geotextile 1/2H

A comparison of results have shown that the differences in results is about 5%. Given these
results, it can be concluded that the use of the Plaxis 2D software complex for calculations of full-
scale structures using innovative geotextile material in the future is feasible.

The calculation results of the berthing structure in the software complex Plaxis 2D. The
research results have been applied to a corner-type structure with a buttress to estimate the
correctness of the obtained results and to analyze the preliminary reconstruction options.

The mentioned structure has been calculated in the software complex Plaxis 2D. Stability
coefficients have been determined depending on the location of the geomaterial. The research
results are presented in Fig. 10-12.

Fig. 10. Sliding surfaces Fig. 11. Sliding surfaces Fig. 12. Sliding surfaces
without reinforcement. when reinforcement in one when reinforcement in two
The stability coefficient level. The stability levels. The stability
is1.19 coefficient is 1.25 coefficient is 1.37

A comparison of calculation results shows that the stability coefficient significantly increases
with using geotextile materials for reinforcement. When reinforcement is in two layers horizontally,
plastic and elastic-plastic zones practically do not appear behind the structure. This makes it possible to
increase the load on the surface of the berthing structure without reducing operational reliability.
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Possible reconstruction options of a corner-type structure. The study's results applied to a
corner-type structure with a buttress to analyze the preliminary reconstruction options. Possible
reconstruction options of a corner-type structure when geomaterial is located in 1 level at 1/3 of the
entire height of the wall and 2 levels at 1/3 and 2/3 are shown in Fig. 13.

Reconstruction options of a corner-type structure

A 4

The creation of edges
in the form of a

bulwark or overpass,
which is built in front |
of the existing quay

|—-» The load on the surface of
_ the backfill

The construction in
the backfill behind the
existing bulwark of
shielding elements _
with an unloading
platform covering the
space between the
walls and without it

Placement of geomaterial in
1 level at 1/3 of the entire
height of the wall

Innovative materials

Placement of geomaterial in
- I_' 2 levels at 1/3 and 2/3 of the
;':;e Cnolgztdr_uncé'glna;‘;rm entire height of the wall

u [
and additional pillars

for its support

Fig. 13. Possible reconstruction options of a corner-type structure

Conclusions:

— when using geotextile materials in the backfill soil the stability coefficient of the structure
increases. This reduces the forces and deformations in the elements of the structure. Using
geotextile material leads to a reduction in material consumption and cost. The research has
confirmed the reduction of pressure in the backfill soil;

— the research result has confirmed that geotextile material reduces pressure in the backfill
soil. Experiments have shown that the reinforcement of the backfill soil behind the structure with
geotextile material is a promising type of reinforcement or "strengthening™ of structures. Vertical
reinforcement in the form of two screens showed that displacements decreased without load;

— the calculations have shown a lower efficiency in the reinforcement of the backfill soil in
comparison with the results of the experiments. This is because the Plaxis does not consider the
force of friction of the soil against the vertical wall of the structure. However, even with this
shortcoming, the calculation results showed a reduction of pressure on the wall of the structure;

— innovative projects make it possible to solve complex problems of attracting financial
resources for modernization. The value of such projects lies in the fact that using modern methods
in the field of hydraulic engineering with geotextile materials significantly reduces the necessary
capital investments. This leads to cheaper construction or reconstruction of existing structures while
increasing the reliability and the strength of the objects.
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AHoTauisg. Bu3HaueHHS THCKY apMOBaHOTO IPYHTY 3aCHIKH Ha NPUYAIBHY CIIOPYIY Bifirpae
BO)XJIMBY posib. HaBaHTaxyBajlbHAa CIPOMOYKHICTh NIPUYAIIBHUX I'JIPOTEXHIYHUX CIIOPYA 3aJIE€KHUTh Bij
Oaratbox (hakTOpiB: iX BIKY, PEKHMY €KCIUTyaTallii, 3MIHA XapaKTEePUCTHK MaTepiaiiB KOHCTPYKIIIH,
IPYHTIB OCHOBHU Ta 3aCHIIKU B 4Yaci Ta iH. Y JESKUX BHIAJKaX 3 YaCOM BOHA 3HAYHO 3HUXKYETbCS, a B
IHIMX — 3HA4YHO 3pocTrae. [HOAI HaBaHTaXyBaJibHA CIIPOMOXKHICTH CIIOPYJ Y TEPIIMNA Iepioj
eKCIUTyaTallii 30UIbIIYEThCS, a Ha/lalll 3HMKYEThCS. Y Psijii BUMA/IKIB HABIIAKU — Ha MMOYATKOBUH Mepioj
3HIKYETBCS, @ 3r0IOM — 3pocTae. ToMmy BCTaHOBUTH (DakTHUHE 3HAYCHHS HABAaHTAXXKYBaJIbHOL
CIIPOMOXHOCTI CIOpYJ| JIMIIE TEOPETMYHUM NUIIXOM HE € MOXJIMBUM 4Yepe3 HEJAOCTaTHICTb
iHpopMarii mpo TEXHIYHWK CTaH Ha JAHOMY €Talll eKCIUTyaTallii, a TaKOX CKJIaJHOCTI BUSBIICHHS
JIACHOT KapTUHM B3a€MOJII CLIOPYIH Ta IPYHTY OCHOBH. Lle 3aBaHHs Moke OyTH BHpIlLIEHE JIUILE B
pe3yNIbTaTi KOMIUIEKCHUX €KCIIEPUMEHTAJIBHUX Ta TEOPETHYHUX JOCIIKEHb.

AHani3 0co0nMBOCTEH NPUYATBHOTO (PPOHTY MOPCHKHMX MOPTIB YKpaiHU CBIAYUTH MPO
3aCTOCYBaHHS, TOJIOBHUM YWHOM, CIIOpYX SIKi 3BE€IEHI, B OCHOBHOMY, y mepion micis Jlpyroi
cBiToBOi BiiiHM. [Ipy 1bOMY HaWMOMIMPEHIIMMU KOHCTPYKTUBHHUMHU PIIIEHHSMU OYJiH MaabOBi
ecTakajy, BKIIOYaloun OOISIMIBKH i OonbBepkH 3i mimmyHTa. OJHAK € COpYIH KYTOBOTO THUIY 3
KOHTpQopcoM, siKi Oyiau moOyqoBaHi B MUHYJIOMY Ta MOTPeOYIOTh MOJAEpHi3alii i PeKOHCTPYKIII].
Yacrtka y 3aralbHOMY pHYIbHOMY ()POHTI TaKUX CHIOpyH ckianae npudnm3no 10%. BaximBumu
i aKTyalbHUMHU HalpsMaMM MOAAJBIINX JTOCITIIKEHb, CIPSIMOBAaHUX Ha BJIOCKOHAJIECHHS 1 PO3BUTOK
MpUYaIbHOrOo (POHTY MOPCHKUX MOPTIB YKpaiHU, € po3poOKa 1 BIPOBAIKEHHS B NPAKTUKY
MOPTOBOTO TiAPOTEXHIYHOrO OYJIIBHUIITBA BJIOCKOHAJIEHUX METOJIB OYIIBHHUIITBA 1 PEKOHCTPYKIIT
ICHYIOUHX MPUYAIbHUX CIIOPYA.

VY craTTi pO3MIIHYTO METOJM BU3HAYEHHS €(PEeKTy apMyBaHHs I'€OTEKCTUIBHUM MaTepiajloMm,
PO3pO0IEHO MOJENI, MO BPaxOBYIOTh HE JIUIIE CTPYKTYPY Ta XapaKTEPUCTHKH T€OTEKCTHIIBHUX
MaTtepialliB, a 1 iXHE pO3TalllyBaHHS B I'PYHTOBOMY MacuBi. TakUM YHMHOM, MOJEIb BPaXOBYe SK
napaMeTpu TPYHTY 3aCUIIKH, TaK 1 XapaKTEPUCTHKH T€OTEKCTWJIBHOTO MaTepialy Ta TIIMOWHY iX
posranryBaHHs. ONUCaHO pPe3yJIbTaTH €KCIIEPUMEHTATBbHUX JOCHIPKEHb 3 BCTAHOBJIECHHS €QEKTy
apMyBaHHSI Ha JIMLIbOBY CTIHKY IPU 3aCTOCYBaHHI I'€OTEKCTUJIBHUX MaTepiaiiB, PO3TAILIOBaHUX B
3acurii. OOrpyHTOBAaHO MOXIIMBICTH MiJABHUILIEHHS HATIHHOCTI Ta HECY4Oi 3AaTHOCTI MPHUYATbHHUX
CHOPYJ NMpU PEKOHCTPYKIIi 3 BUKOPUCTAHHSAM T€OTEKCTUJIBHUX MaTepiaiiB y I'PYHTOBIN 3acUIILI.
JUis OLIHKM KOPEKTHOCTI OTPUMaHHMX pe3y/lbTaTiB BUKOHAHO MOPIBHSIHHSA €KCIIEPUMEHTATbHUX
JaHUX 3 JaHMMH, OTPUMaHMMU B mporpamHoMy Komiuiekci Plaxis. Ha ocHoBi opepxkaHux
pe3yibTaTiB JOCHIKeHb BUKOHAHO aHaji3 MOMNEpEeAHIX BapiaHTIB PEKOHCTPYKIIi A CIOpyAd
KYTOBOTO TUITY 3 KOHTP(OpPCOM.

KurouoBi cioBa: npuvanbHa cropy/ia, peKOHCTPYKIIisS, T€OTEKCTUIBHUNA Matepian, epexT
apMyBaHHS, CTIOPYIM KyTOBOTO THITY 3 KOHTP(OpCOM.
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