DOI https://doi.org/10.30525/978-9934-26-085-8-14

THEORY AND PRACTICE
OF PROJECT MANAGEMENT OF WATERWORKS

Lapkina l. O., Kryzhanovska I. P.

INTRODUCTION

For the development of water transport in Ukraine, one of the main
factors is the state of the most important transport infrastructure
components such as waterways and waterworks.

Seaports are the link between sea and land transport. To be able to
ensure their purpose, ports must have facilities that meet the requirements
of different means of transport, be equipped with powerful transshipment
equipment, as well as have modern routes from both sea and land.

The National Transport Strategy of Ukraine for the period up to 2030*
notes that there are 13 seaports in the Black Sea-Azov Basin and the
Danube Delta in Ukraine, with a total cargo handling capacity of more
than 230 million tons per year.

As emphasized in the document, the implementation of the “Strategy”
provides for the implementation of tasks in the main areas, including:
“competitive and efficient transport system; innovative development of
the transport sector and global investment projects.

Most of the 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 in innovative transport
projects is a condition for the development of not only the transport
industry, but also the national security and competitiveness of the
country”.

The “Strategy” also identifies common issues that need to be
addressed. These include the following: lack of funding for the transport
sector, low level of resource management and lack of measures for stable
development of transport enterprises, high level of depreciation of fixed
assets, technological backwardness of transport and infrastructure, low

! TIpo cxBanenns HarjionansHOIi TpaHCIIOPTHOI cTparerii Ykpainn Ha mepios 10
2030 p. URL.: https://zakon.rada.gov.ua/laws/show/430-2018-%D1%80#Text.
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level of introduction of modern technologies and implementation of
innovation policy in the transport sector.

An important dimensional characteristic is the length of the berth front.
Analysis of the overall dimensions of berths to some extent can give a
quantitative description of the moral operation. The depth near the border
Is the most significant in this respect, as the latter is due to the component
of the water transport process, which is most quickly updated by the fleet
(Table 1).

Table 1
The structure of the berth front at depths
in the ports of some countries
Depth of Percentage of berths in countries
t\k/]\ga'ltjeerr{whe’arrn Japan | China |France Netr;re Tfan ds Jgi\ Russia | Ukraine
5,0-9,0 30 30 40 29 38 30 26
9-12,2 35 34 31 31 50 57 56
12,2-15,2 14 18 14 21 5 8 6
15,2-18,3 14 10 8 11 5 5 3
More than v 3 7 3 5 5 0
18.3

In the direction of modernization of river transport infrastructure and
infrastructure of deep-sea seaports, the results of providing actual depths
in seaports and approach channels in accordance with the established
passport characteristics, development of deep-sea seaports, including their
waterworks, etc. are expected. Considering another criterion, i.e. the
technical equipment of the berth front of the country’s seaports, it should
be noted that as of 2017, much of the transshipment equipment could be
attributed to low-productivity and obsolete (usually cyclical mechanisms).
The installation of more advanced technological equipment on berths, as a
rule, requires the search for reserves of the berth front bearing capacity
and, in many cases, necessitates repair or reconstruction measures.

“The Strategy for the development of seaports of Ukraine for the
period up to 2038 provides for the creation of facilities for processing in
seaports at least 250 million tons of cargo per year and ensuring effective
development of port infrastructure, introduction of innovative activities by

*ITpo 3arBepmienns CTpaTerii pO3BUTKY MOPCHKHX MOPTIB YKpaiHu Ha Mepioj 10
2038 p. URL.: https://zakon.rada.gov.ua/laws/show/548-2013-%D1%80#Text.
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seaports through the use of new technologies, increase to 75-80 percent of
efficiency of use of transshipment complexes of seaports.

1. Methodological basics of management
of infrastructure projects of seaports

At present the total length of cargo berths of seaports of Ukraine is
about 34 km, including the Danube region — 6,9 km, the Black Sea —
21,7 km, the Azov Sea — 5,6 km. Over the years, starting from the second
half of the twentieth century, the berth front has increased in two
directions: due to the reconstruction of existing ports and quays of the old
structure and due to the construction of new ports including the two
largest ports — Chornomorsk city and Southern city, the creation of which
fell on this particular period. Construction of new and repeated
reconstruction of existing ports ensured the availability of loading and
unloading facilities, which mainly meet the needs of the country.
However, 30-35% of the berth front are in unsatisfactory condition and
need reconstruction, technical re-equipment and overhaul. At present, the
number of berths of the old fund in Ukraine is 35% of all existing berths,
which forms the basis for the possibility of introducing innovative
technologies and new materials, to increase carrying capacity and,
accordingly, increase cargo turnover.

Proper functioning of seaports, maintenance and use of state-owned
port infrastructure facilities, including modernization, repair,
reconstruction and construction of waterworks, other port infrastructure
facilities located within the territory and waters of seaports, is provided by
the state enterprise “Ukrainian Sea Ports Authority” (USPA)®).

The USPA is a state unitary enterprise and operates as a state
commercial enterprise in accordance with the Law of Ukraine “On
Seaports of Ukraine” *, the order of the Cabinet of Ministers of Ukraine of
March 4, 2013 Nel33 “On approval of proposals for reorganization of
state enterprises of maritime transport” and belongs to the sphere of
management of the Ministry of Infrastructure of Ukraine®.

3 [Ipo 3aTBep/KEHHS TOJITUKM BIJIACHOCTI JAEpXKABHOTO MIANPUEMCTBA

«AnmiHicTpaniss Mopcbkux mopTiB Ykpainm». URL: https://mtu.gov.ua/files/Dok
NORMATUVKA/643.pdf.
3akon VYkpaimm «I[Ipo mopceki moptu  Ykpaimm». URL: https:/
zakon.rada.gov.ua/laws/show/4709-17.
> [Tpo moromkeHHs MPOMO3UILIN MO0 peopraHizaimii JAepKaBHUX IiANPUEMCTB
Mopcbkoro  Tpancmopry. URL:  https://zakon.rada.gov.ua/laws/show/133-2013-
%D1%80.
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The main goals of the USPA are commercial and non-commercial.
Commercial purposes include the provision of services to vessels on
approaches and directly in the waters of seaports. Non-profit, among
others, first of all, should include the maintenance and effective use of
state property, including modernization, repair, reconstruction and
construction of waterworks and other port infrastructure; organization and
ensuring safe operation of state-owned port infrastructure facilities,
including waterworks, maritime safety systems located within the territory
and waters of the seaport.

“The Strategic development plan of the USPA for the period up to
2025 involves the development of modern and effective management
tools; taking responsibility for the coordination and planning of territories
within ports in a more efficient way; improving the maintenance of
existing and developing new modern infrastructure; promoting the
participation of the private sector in the development of port
infrastructure. To this end, the portfolio of investment infrastructure
projects will be updated on an ongoing basis for implementation with
external sources of financing, in particular, with the involvement of
private investors, credit resources of international financial organizations
in the manner prescribed by law.

The implementation of “the Strategic Plan” should increase the
competitiveness of seaports and help attract investment, including from
the private sector to modernize port infrastructure. The following
expected results on increasing the efficiency of cargo handling in
Ukrainian ports and increasing the volume of transshipment per meter of
berth for cargo types have been declared.

For general and bulk cargoes about 3,000 tons per meter of berth in
2025, and to achieve the world average of 8,000 tons will require
additional ten years and modernization of terminal capacity. Container
handling will increase by at least 30% (up to 460 TEU per berth meter),
but without additional measures Ukrainian ports will not be able to reach
the global figure of 2000 TEU in the optimistic scenario of 2030. For bulk
cargo, handling will increase by about 10% 3500 tons per meter of berth)
and will reach 3800 tons in 2030. The total increase will be 10.5%
comparing 2025 to 2020.

Modern management tools widely use the methodology of mana-
gement of infrastructure projects of seaports, including modernization,

® Crpareriunnit mman possutky AMITY wma mepion o 2025p. URL:
http://www.uspa.gov.ua/pro-pidpriemstvo/strategichnij-plan-rozvitku.
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repair, reconstruction and construction of waterworks (Fig.1). This
involves the consistent application of the project approach for:

— monitoring the quality of seaport infrastructure on a regular basis;

— introduction of a mechanism for dynamic renewal of the project
portfolio;

— goal setting and substantiation of projects that correspond to the
strategic development plan;

— selection of future infrastructure projects;

— formation of a portfolio of infrastructure projects;

— ensuring the priority of projects in the portfolio on the basis of
clearly defined criteria;

— initiation of projects and attraction of external financial resources,
in particular signing of credit agreements and attraction of credit resources
of the international financial organizations, private investors in the
manner prescribed by law;

— application of resource and risk management methods in projects;

— Increasing the economic efficiency of projects and reducing the
time of their implementation (Fig. 2).

In accordance with the order of the Ministry of Infrastructure of
Ukraine Ne 91 of February 18, 2013 “On approval of the Procedure for
maintaining the Register of waterworks of seaports of Ukraine” in order to
organize proper accounting and control of waterworks located in seaports
of Ukraine, an electronic database was launched, which includes
information on the use, specialization, technical characteristics and
technical condition of waterworks. The holder of the Register is the
Ministry of Infrastructure of Ukraine. The register is maintained in
electronic form according to the form established’ and is the basis for
continuous monitoring of waterworks.

Areas of work of the technical department of the Seaport
Administration are: supervision, inspection, maintenance, construction
(waterworks); construction and supervision of coastal facilities,
maintenance and inspection; organization of technical construction
projects; maintenance of computer equipment and software, etc.

! [Ipo 3arBepmxkenHs Ilopsaky BeneHHs PeecTpy TrigpoTeXHIYHMX CHOPYI

Mopchkux moptiB  Ykpainu. URL: https://zakon.rada.gov.ua/laws/show/z0363-
13#n13.
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Monitoring the
state of seaport
infrastructure

Project
implementation
management
(resources, time,
risks, efficiency)

Updating the
project portfolio

Goal setting in
accordance with
the Strategic
development plan

Project Substan‘tlailon of
initiation projects

Prioritization of

Attraction of

financial
resources

Selection for

projects in the
portfolio

the portfolio

Project portfolio

Fig. 2. The sequence of the project approach application
to the management of the infrastructure of seaports

The property used in seaport activities may be in state, municipal and
private ownership. Modernization, reconstruction and construction of port
infrastructure, as written in the Law on Seaports of Ukraine, is carried out
on the basis of relevant agreements on behalf of the USPA. As the
financing of the USPA activities is carried out at the expense of port fees,
which are managed by it in accordance with the Law, fees for services and
rent, other sources not prohibited by law, and financing of certain areas,
including modernization, repair, reconstruction and construction of
waterworks and other port infrastructure facilities, can be carried out at
the expense of the State Budget of Ukraine (Table 1), the initiated projects
are financed accordingly.

Strategic objects of port infrastructure are not subject to lease or
concession (except for berths, piers, shore protection, shore protection
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structures and other types of berth structures, railways and highways)
(before the first branch outside the port), utilities, etc.), privatization and /
or alienation in any other way. Berths can be leased for up to 49 years.
Berths, piers, shore strengthening, shore protection structures and other
types of berth structures may be the objects of public-private partnership,
including concessions defined by a public-private partnership / concession
agreement. Such facilities are transferred to a private partner or
concessionaire together with lifting and transport and other equipment that
provides loading / unloading and storage of goods and / or passenger
service.

Private investment in state-owned port infrastructure facilities on the
territory of the seaport is carried out on the basis of concession
agreements, joint venture agreements, lease agreements, other types of
investment agreements concluded on the basis of special procedures
defined by the laws of Ukraine. Investing in strategic port infrastructure
may involve repairing, modernization, reconstruction or construction of
such facilities.

Table 2
Distribution of participation in project activities
at seaport infrastructure facilities

Maintenance of

Infrastructure Capital mfra}sf[r_uctl_Jre
. : facilities in
facilities Investments :
operational
condition
Dredging State The USPA
Breakwaters, piers and shore protection State State
structures
Port infrastructure (und_erwater State State
structures, port roads, lighthouses)
Port facilities / sub infrastructure State The USPA

(administrative buildings, workshops)

Terminals (berths, equipment, cranes,
operating systems, refrigerator systems, | The USPA The USPA
operating rooms)

Communication with inland areas (local
freight depot, railway tracks in the port, | The USPA The USPA
terminal warehouses, connecting roads)
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Compensation of investments made by economic entities in port
Infrastructure strategic objects, which are objects of state property, is carried
out on the basis of relevant agreements concluded by the USPA and
investors in the manner and under the conditions determined by the Cabinet
of Ministers of Ukraine. Sources of compensation for investments in port
infrastructure strategic objects may be port dues managed by the adminis-
tration of seaports of Ukraine, and other sources not prohibited by law.

2. Modern technological solutions in water engineering.
Stress/Strain State of Backfilling Materials in Retaining Structures

Analysis of the features of the berth front of the country’s seaports
shows the use of mainly pile-based structures (i.e. bollards made of steel
sheet piles of various types and overpasses on reinforced concrete
(prismatic) or steel (tubular) piles.

The berth front of Ukraine should be classified as relatively “young”,
as the average age of berths in the country’s ports is 33.7 years, but, for
example, the average age of berths is 46.4 years for the ports of the former
Soviet Union as a whole. The main number of berths of Ukrainian
seaports is characterized by a duration of operation from 20 to 40 years.
Most of the berths by 2018 have not depleted the regulations governing
the quantitative assessment of physical performance, and therefore its
definition is, to some extent, subjective.

Successful development of sea trade ports is impossible without
constant engineering and scientific research related to the operation of
waterworks and equipment, displacement and deformation of structures,
determining the possibility of their further operation in terms of increasing
port traffic. An important issue in water engineering is also to determine
the feasibility of reconstruction of existing structures or construction of
new ones; modernization of existing facilities on the basis of modern
innovative technologies. This finds its practical application in the form of
development and implementation of relevant innovative projects® * .

® Kpmxanoscbka LII. THHOBAi#iHI MPOEKTH B TiIpOTEeXHIYHOMY GYiBHHLTBI i
MOXUIMBICTD 3aCTOCYBaHHSI T€OTEKCTUIILHUX MaTepialiiB MPU PEKOHCTPYKIIT CIIOPYI.
IIpoexmuuti ma 102icMuyHUL MEHEOHCMEHM. HOBI 3HAHHS HA 6a3i 080X MEeMOOONO2IlL.
T. 2 : monorpadis / 1.O. Jlankina, B.O. Aanpuescoka, B.FO. Cmpxoscbka, 1.I1. Kpu-
KaHOBCbKa Ta 1H. ; 3a 3ar. pena. [.O. Jlankinoi. Opxeca : KYIIPIEHKO CB, 2019.
C. 190-197. DOI: 10.21893/2616-8936.2019-02.

® Kpmxanoschka LI1. 3acToCyBaHHS iHHOBAIHHMX MaTepiagiB B CydacHOMY
T1IPOTEXHIYHOMY OyIIBHUITBI 3 PpO3POOKOI0 MOJEIeH Ta METOJIB YIPaBIiHHA
NMpoeKTaMu. Pozeumox memooie npoekmyeanus, 0y0ieHUYMBA MA PEeKOHCMPYKYIi
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Backfilling materials (sand, gravel, stones and similar granular
construction materials) are often used when erecting various retaining
walls, diaphragm walls, sheet pilings, etc. Materials consumption of the
structure (and, correspondingly, project’s estimate) depends particularly
on correct determination and account of stress/strain state of the
backfilling materials. As practice confirms, displacements and
deformations of the considered structures (or, let say, of its surface
contacting with the backfilling) influence on backfilling stress state and
on its lateral pressure upon the retaining structure. So, working out and
application of the corresponding improved calculation model and the
numerical algorithm is actual and may provide a better design solution
(more reliable or more economically effective).

2.1. Features of the considered problem. The system “backfilling
material —retaining structure” is characterized by the following features: a
retaining structure has an arbitrarily inclined contact face (at an angle ay
to the vertical) and bottom surface of the homogeneous backfill material
(at an angle PB to the horizon) when a distributed load with an intensity q
acts on the latter (Fig. 3). A kinematic model of such system is based only
on two premises under conditions of the plane problem™ *:

(1) The character of the stress state at an arbitrary point on the contact
between the lateral surface of the structure and backfilling is determined
by the ratio of the horizontal displacement u(z) of the structure’s cross
section to the embedment depth z of this section with respect to the point
of intersection between the surface of backfilling and the retaining wall.
The backfilling will be in the sub-limiting state when u(z)/z < a, and in the
limiting stress state for the inverse ratio. Considering that the condition

ciopomexuiunux cnopyo. Y.2: Cepis wmonorpadiit / M.IL. JlyOpoBchkuii,
C.I. Porauko, C.B. byraesa, I.Il. KpuxxanoBceka Ta iH. ; 3a pea. M.I1. Jly6poBcbkoro.
Opneca : Kympienko C.B., 2020. C. 120-141. DOI: 10.30888/2663-9742.2020-01

% Kryzhanovskaya I.P. Technological map of development of methods of
management innovative projects in hydrotechnical construction. Heutiges
Indenieurwesen und innovative Technjijgien. 2018. Ne 4. Vol. 2. P.23-27. DOI:
10.30890/2567-52-73. URL: http://www.moderntechno.de/index.php/meit/issue/
view/2018-04-02.

1 ROM 0.2-90. Actions in the design of maritime and harbor works. Maritime
Works Recommendations, Ministerio de Obras Publicas y transportes, 1990. Madrid :
Puertos del Estado. 264 p. URL: http://www.puertos.es/es-es/BibliotecaV2/ROM%
200.2-90%20(EN).pdf.

12 Doubrovsky M.P. Determination of lateral soil pressure against a retaining wall
with allowance for structure kinematics. Ocnosanus, gynoamenmol u mexanuka
epyumos. Ne 2. 1997. P. 6-9.
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promoting the formation of the backfilling’s limiting stress state over. the
entire contact face of the structure (with a height H) and along its section
(over a segment with a height z) are analogous, we can assume that
0,=0.001-0.0015 and a,=0.01-0.03 during the development of an active
and passive pressure of the backfilling, respectively.

The premise in question is distinguished from the condition normally
considered whereby a limiting state characterized by the ratio of the so-
called critical displacement of the wall to its height u.,/H = a sets in; this
requires appropriate confirmation. Under natural conditions, the process
whereby the backfilling material goes over from a state of rest for a
stationary wall to the limiting stress state occurs not jump-wise, but
smoothly in the displacement interval [0; u.]. For current displacements
u<ug (for example, with progressive displacements or displacement
combined with rotation about the bottom of the wall), consequently, the
part of the backfilling in contact with the wall in its upper part adjacent to
the backfilling surface) is in the limiting, and part (in the underlying area
of the structure) in the sub-limiting stress state. When it becomes equal to
zero (i.e. when u =u,), therefore, the ratio u/H characterizes not the
current, but only the final state, which for some structure, may not set in
under small displacements.

Fig. 3. Statement of the mixed problem of determination of lateral
backfilling pressure against retaining structure:

a — retaining wall moves away from the backfilling and thrust (active) pressure
is formed; b — retaining wall moves toward backfilling and reactive pressure is
developed; 1 — conditional slip surface corresponding to the pressure of
backfilling at the state of rest; 2 and 2~ — slip surfaces bounding, respectively,
limiting and submitting areas of backfilling material stress state.
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Let us examine the following imaginary experiment to illustrate the
logical nature of the premise that we have adopted. Let there be N similar
retaining walls with heights H;> H,>...> Hy for the faces in contact with
the backfilling, which are displaced with respect to the backfill soil, for
example, forward at the same distance u. In that case, let the height Hy of
the N-th wall be such that u/Hy > a, i.e., the backfilling over the entire
height of the contact face of the N-th retaining wall goes over to the
limiting stress state, and the height of the remaining walls such that
U/Hi<a; u/Hp<a; ...; w/Hn—1 <a, i.e., for the remaining N — 1 walls, not all
of the backfilling material interacting with their contact faces goes over to
the limiting state. If, thereafter, the backfilling within the bounds of the
entire height of the N-th wall goes over to the limiting stress state as the
wall is displaced by a distance u, it is logical to assume that for the same
displacement and other walls, the backfilling material within the limits of
the same height Hy (referenced from the surface of the backfill) will be
within the limiting stress state, and the backfilling in the lower part of the
contact faces of the walls in the sections with a height H; — Hy, H—Hy, ...,
hna—Hn will be in the sub-limiting stress state. This may be caused,
among other things, by the fact that the extent to which deformations
develop in the overlying (spilling over immediately beyond the retreating
or bulging advancing contact face of the retaining wall), and not the
underlying soil is decisive for the formation of the backfilling’s stress
state at a depth Hy along the contact face of the i-th retaining wall.

Conversion from a criterion based on the development of a limiting
stress state at an arbitrary point on the contact face of a retaining wall in
the form of the ratio u/H (resulting in jump-wise development of the
limiting state simultaneously at all points of the contact face) to a criterion
in the form of the ratio u(z)/z (ensuring a gradual conversion of the
backfilling to the limiting stress state as the displacements of the structure
increase and making it possible to account for the existence and
transformation of the zone of the backfilling’s limiting stress state) is also
motivated by these discussions®.

The boundary between the zones of the backfilling’s limiting and sub-
limiting stress states (or height h of the zone of contact between the
backfilling material, which is in the limiting state, and the structure) can
be found from the condition u(h)/h=a, for the use of which the form of
u(z) function, which can be determined by the pattern of the structure’s

3 Doubrovsky M.P., Poizner M.B. Marine Engineering and Geotechnique.
Odessa : DRUK, 2000. 163 p.
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deformations, should be given (for example, this function is linear for
rigid structures, and u = const and h = v/a; for advancing displacements).

(2) The angles of deviation of the resultant reactive pressure of the
backfilling material behind the thrust (or reactive) prism from the normal
to the boundary of this prism and the resultant lateral pressure of the
backfilling from the normal to die contact face of the structure are
assumed equal to the angles of the backfilling’s internal friction ¢ and the
contact friction §=mg(0<m<1) for the zone of the limiting stress state
with a height h, and equal, respectively, to ¢’ and o’ for the zone of the
sub-limiting stress state with a height H-h; in that case:

9'=p, +n(p—9,); 5'=35,+n(5-35,), 1)

where n is a parameter dependent on the relationship between the
dimensions of the zones of the limiting and sub-limiting stress states of
the backfilling (0 <n <1) and defined by the ratio n = V./V (V. and V are,
respectively, the volumes of the backfilling prism in the limiting stress
state, and all of the backfilling material that interacts with the contact face
of the structure, as defined from geometric considerations in conformity
with the assumed shape of the slip surface), ¢ is the conditional angle of
internal friction of the backfilling under pressure in the at-rest state (may
be determined from known recommendations®*), and &, is the
conditional angle of contact friction under pressure in the at-rest state.

2.2. Solving of the considered problem. The premises adopted are
sufficient for the determination of both zones (limiting and sub-limiting)
of the stress state in the mass of backfilling material interacting with the
structure and for determination of the lateral pressure, which can be found
from the side of these zones against the structure. The kinematics model
adopted makes it possible to implement any of the premises traditionally
employed in soil mechanics for the shape of the slip surface, and the
computational relationships for determination of the thrust and reactive
pressure are determined by universal equations that are distinguished only
by sign in the indicated cases (in further calculations, the upper and lower
signs, respectively) before the values of the angles ¢ and &, or ¢’ and &°*.

The resultant E of the lateral backfilling pressure against the structure
can be defined for each current strain state of the structure as the algebraic
sum of its two components: the limiting component E¢, which acts over a

 Doubrovsky M.P., Poizner M.B. Innovative Development of Coastal, Port and
Marine Engineering: Structures, Technologies and Design. Saarbrucken, Germany :
LAP Lambert Academic Publishing, 2016. 125 p.
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section with a height h, and the sub-limiting component E’ which acts

over a section with a height H — h (Fig. 4a and b) in conformity with the
expression:

E=E,+E=|E? + E*42E,E'cos(5, - 5] (2)

b

dg'fr‘f'

Fig. 4. Determination of the resulting E of lateral backfilling pressure
using its limiting Ee and sub-limiting E> components:
a, b — addition of force vectors, respectively, under thrust and reactive

pressure, ¢ — the relationship between lateral backfilling pressure and
displacement of structure (EO is lateral backfilling pressure in the at-rest state)

The indicated components of the lateral pressure are found by
successive examination of the equilibrium conditions of the limiting and

sub-limiting backfilling prisms, the geometry of which is determined by
the shape assumed for the slip surface (Fig. 5).

Fig. 5. Determination of backfilling pressure against retain wall
with allowance for kinematics of structure:

a, b — computational schemes and force polygons for limiting prism under
thrust and reactive pressures, respectively;
c, d — the same for sub-limiting prism
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From the presented schemes, using the equilibrium condition of the
limiting prism (Fig. 5a,b), we obtain:

E,=G,sin(0F¢,)/cos(a, 8, £, —6,),
where;
G, =G, +G,;
G,= 0.5vh* (tano, + tan pe)(l + tan ocoth)/(l —tan peth) ;
G, =qh(tano, +tanp,)/(1—-tanp, tanp);

tan®, = (coso, + k,sing, )/(k, cos$, —sina ) ; (3)
= {[+s1n ¢, +8,)cos(a ]/[cos o, 3, )sin(t¢, B)}}l/z (4)
p,=0.51-0,;

R, =G, cos(0,£3,)/cos(a, 8, £, —6,),

here, v is the specific gravity of the backfilling material, and the subscript
“e” indicates that the parameters being determined to apply to the
extremal (i.e. limiting — active or passive) stress state.

Proceeding then to an analysis of the equilibrium conditions of the
sub-limiting prism (Fig. 5¢,d), we obtain:

S=[R*+G*+2RG'cos(0,79,)] ;
n:arcsin[Re sin(6, ¥ 9,) /S];

G'=G'+G',; p'=0.51-0";

G' = O.Sy(l +tana,, tanB){Hz tano,, +tanp 2 tano,, + tanp, }

1—tanPtanp' 1-tanp,tanf3 ’

q

G = Htanoc0+tanp _htanoc0+tanpe ’
1—-tanBtanp' 1 -tanp, tanf3
and the relationships for determination of the angle 6’ are similar to Eqgs.

(3) and (4), if the angles ¢ and & in them are replaced by ¢’ and &°. For
calculation of the parameter n, we obtain:

h* cos(6, —a, )sin(6'-B)
n= :
H? cos(0'-a, )sin(6, —P)
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from geometric considerations (see Fig. 4); hence, it is possible to express
a function of the form:

y(n)=h’cos(6, —a, )sin(0'—B)—nH? cos(0'-a, )sin(8, —B).

From the latter, it is also possible to find the desired parameter n by the
iteration method (given n and calculating the angles ¢’ and & from
relationships (1)); this is possible when the condition y(n) = 0 is satisfied.

Determining the height h of the zone of the limiting stress state of the
soil and the value of the parameter n corresponding to it for each
increment of the structure’s displacement, it is possible to obtain a
computational “E—u” curve similar to that presented in Fig. 4c within the
range from the active (E,) to passive (Ep) pressure. It is apparent from the
latter, among other things, that the limiting component increases from
zero (when there are no displacements) to E, or E, (depending on the
direction of the displacements of the contact face of the structure) in the
displacement interval under consideration [0; u], while the sub-limiting
component decreases from the at-rest pressure to zero, respectively.

The computational algorithm has been developed for the calculation
and plotting of the “E—u”-type curve. The special investigation has
indicated a substantially lower effect of the accuracy with which the
parameter o is assigned (within the above-adopted intervals of its values)
on the computed value of the backfilling’s lateral pressure as compared
with the accuracy with which the physics-mechanical characteristics of
the backfilling material, as determined by traditional means, are assigned.

CONCLUSIONS

Important and relevant areas of further research aimed at improving
and developing the berth front of seaports of Ukraine are

— improvement of methods of design, construction and technical
operation of traditional structures of berths adapted to the conditions of
operation of deep-water berths;

— development and implementation in the practice of port water
engineering construction of new rational design and technological
solutions as well as organizational and methodological basics of the
project management theory;

— obtained dependencies allow more precise determination of stress
state of the backfilling materials due to taking into account either expected
(while designing a new retaining structure) or measured (considering
existing structure under operation) deformations and displacements. In
some cases, it may provide an increase of structure’s reliability; in other
cases, it may lead to cheaper design/construction solution.
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Further development of the proposed approach may be provided by
consideration of non-flat slip surfaces in the backfilling material
interacting with the contact surface of the retaining structure.

SUMMARY

The organizational basics, the current state and prospects of using the
project management methodology for the modernization, repair and
reconstruction of waterworks have been investigated. The paper considers
the formation of the stress/strain state of the backfilling material placed
behind the retaining structure with regard to the structure’s kinematics.
The proposed solution allows determination of the lateral load of the
backfilling on the retaining structure in the interval between active and
passive pressures in accordance with actual values and directions of the
structure’s displacements.
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