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RESUME

One of the important strategic objectives in the target programs for economic and social development
adopted by the Government of Georgia is to improve the coordination of all types of transport - sea, rail,
road, air, and pipeline. The methods of organizing and managing the transport system at different levels
greatly impact solving the problems faced by water transport. Therefore, research in the field of improv-
ing the organization and management of the transport hub (port), as an integral part of this system,
plays an important role in increasing the traffic volume and service quality of all types of transport on
the transport corridors of Georgia. Foreign and domestic experience shows that a large percentage of
waiting times for cargo operations by ships and berths is mainly due to the lack of coordinated actions
between the adjacent modes of transport and ports and the imperfection of the organization and man-
agement of loading and unloading processes in ports. In this regard, it is necessary to focus on identify-
ing and eliminating “vegetables”. First of all, this link of the transport system connects water and land
transport routes.

Transport communications have long been called the arteries of life. Without them, the economy’s
rise and the country’s prosperity, even if it has huge natural resources, is impossible. Whoever controls
the transportation system holds the levers of economic management, which means that he can decide
the fate of the entire state. The development of transport communications of the global transport system
puts new demands on the quality of functioning of the existing intermodal corridor through Georgia.
In particular, the transport corridor created by the EU countries under the name ITC TRACECA creates
new challenges for the existing transport system of Georgia to maintain the transit cargo flows between
Europe and Asia in competition with the seaports of Georgia, Azerbaijan, and partly Ukraine and Russia.
In this regard, all the main directions of improving the organization and management of the technologi-
cal processes of seaports become relevant: (i) increasing the capacity of berths and transport complexes
in the Black Sea ports of Georgia to the maximum limit by reducing costs; (ii) creating new methods for
identifying capacity reserves, which will ensure the competitiveness of Georgian seaports in competi-
tion with these ports; (iii) speeding up the process of transit cargo transportation through seaports, as
well as reducing the processing time of cargo going to export and import in Georgian ports.

Keywords: Transport hub, organization of technological processes, ship unloading work.

INTRODUCTION

Today, it is possible to determine the safety factor of anchoring operations, which shows what part of
the safety period of anchoring operation can come per unit of the cost of possible damage, if it is caused
by an unfavorable event.

Results and Their Judgment. The values of the mentioned coefficients are shown in table (7) for
four groups of ships and are determined by the formula:

S=t/c(6)
where t - is the time of the safety period, the time of towing (hours); c - cost of possible damage (GEL).
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Table 1. Table of safety factors for mooring operations conducted for four groups of ships
for meteorological conditions exceeding the recommended values (compiled by the author)

Groups of | Volume of water un- Safety period of Safety factor for clamping
. .. . . Cost of damage, X
ships der load conditions clamping operation thousand. gel (¢) operations

N (vol.) (t) 8 (S=t/cx 10°)
1 2 3 4 5
I 3300 1,5 300 0,500

II 15000 2,5 450 0,556

III 60000 3,5 600 0,583

Iv 150000 5,0 1200 0,417

The cost of possible damage (c) is determined based on the average repair cost of damage to the hull
structures of transport ships, the operational and capital nature of anchor tugs, as well as berths. They
are usually obtained during mooring and mooring operations during maneuvering in meteorological
conditions exceeding the parameters recommended by the port authority. Such damages are usually
dents and/or breakage of stanchions and railings, lifebuoy fasteners, rupture of guardrails on ships and
berths, breakage of towing equipment from overloading in stormy conditions, breaking of tow ropes,
denting of the outer hull of the vessel caused by floating in ice conditions and others. In the process of
constant contact with mooring vessels, as well as some malfunctions of the fuel and gas turbine systems
of the main engines and auxiliary mechanisms due to their operation in overload modes.

The issue of safety assessment of mooring operations of the loading-unloading work process in the
operational waters of harbors is becoming relevant, taking into account the interests of cargo and ship
owners. The interests of both parties are natural: on the one hand, shipowners who want to carry out
loading and unloading works at the lowest price, i.e. under conditions of parking once at the berth of the
ship and minimum time of stay in the port; On the other hand, stevedore companies are interested in
increasing the capacity of the berth, terminal, and port. In other words, what is the probability of safety
and what is the extent of the risk, for example, the work of unloading the ship, so that after loading/un-
loading is completed, the ship can leave the port, or move to the refuge area if the unfavorable forecast is
justified, will become real and the actual weather will go beyond the wind. Recommended speed values.

In ports, due to the objective reason of the impossibility of predicting the exact time of onset of ad-
verse weather conditions, similar situations will always occur. Therefore, during towing operations, it is
advisable to maintain and apply good maritime practices of the ship’s pilots to maintain the efficiency
of the loading-unloading cyclic operations (mooring/unloading) and the entire loading-unloading work
process, with a high probability of safety of the mooring operations and the safety of the ship, cargo, hy-
drotechnical with the lowest risk of damage to structures and towing. For these purposes, an algorithm
and a model for safety probability assessment of the loading and unloading work process of fastening
operations are proposed (7).

The probability of safety of mooring operations (p) is defined as the difference between the average
coefficient of good maritime practice of ship pilots on towed tugs and the coefficient of difficulty reduc-
tion (Ksk), which depends on the wind speed. The difficulty factor increases with increasing wind speed
by 0.02 every 5 m/s starting from 15-20 m/s - 0.02, 20-25 m/s - 0.04, 25-30 m/s - 0, 06, 35-40 m. /year
- 0.08, 45-50 m/year - 0.1.

Thus, the safety probability model of fastening operations has the following form:
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p=2 (K',/n)K, (7)

Where: K*,, - is the sum of good maritime practice coefficients of towing vessel pilots selected by the
towing fleet utilization optimization model; n - the number of towing vessel pilots selected by the tow-
ing fleet utilization optimization model; Ksk - the coefficient of difficulty.

Data included in the model are:

- Name of Batumi port towage, indicating conditional navigators’ towing capacity and the condi-
tional coefficients of the factors Kad and Kmmn assigned by them, from 0 to 1;

- Sail area for four groups of transport ships;

- The sail area of a particular ship;

- Five coefficients of difficulty (Ksk), starting from 0.00 and gradually increasing by 0.02 units for
every 5 m/s of wind speed, starting from 15-20 m/s - 0.02, 20-25 m /s - 0.04, 25-30 m/s - 0.06, 35-40
m/s - 0.08, 45-50 m. /year - 0.1;

- Damage value (c) for each group of vessels is taken from Table 7;

- Wind direction and speed.

For example, let’s take the tugboats determined by the tugboat fleet optimization model in Batu-
mi port, according to the results of which, the tugboats “Patriot” and “Captain Bukiya” were identified,
whose pilots operate the tugboats at a wind speed of 12.7 m/s and provide services of transport group
IV ship. At the same time, the coefficient of the human factor for all navigators is (K, = 1), and the coef-
ficient of good maritime practice is conventionally taken from 0.8 to 1.0:

Tugboat (1) - Patriot;

Pilot 1K, =0,85

Pilot 2K ,=0,9

Pilot3K =1

Pilot4K =1

Tugboat (2) - Captain Bukia;

Pilot 5K ,=0,83

Pilot6 K, =1

Pilot 7K ,=10,8

Pilot8K =1

The probability of safe launching of a transport vessel of group IV at a wind of 12.7 m/s for this vari-
ant of the towing group is determined by the formula (7):

p= (Klua+ K7b3) /Z-KOJaé

Where: K* , - pilot 1's coefficient of good maritime practice on the tug Patriot = 0,85;
K’ .- pilot 7’s coefficient of good maritime practice on tugboat Captain Bukia = 0,8;
Kodoé- the difficulty category is equal to 0 because the wind speed does not exceed 15 m/s.

p = (0,85+0,8)/2-0,00=0,825

The coefficient of the probability of safe launching of a transport vessel of group 1V, in the conditions of
12.7 m/s wind, for this variant of the towing group, was 0.825, therefore, the risk of possible damage (R):

R = ¢(1-p) = 1 200 000 x (1-0,825) = 210 000 GEL.

The optimization model for the utilization of the port tug fleet and the probability assessment model
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for the safety of mooring operations are recommended for use by the dispatching and port master ser-
vices of stevedore, tug, and pilot companies. Implementation of these models:

- Increases the capacity of the port due to the presence of good maritime practices of tug pilots
and reduction of the technological delay of berths (time of docking/unloading of vessels);

- allows the repair of operational damage at the expense of the insurance premium and excludes
the possibility of submitting any claim to the tax authorities, because the costs include the costs in-
curred for the restoration of natural wear and tear and the restoration of operational damage received
in weather conditions exceeding those recommended by the port management is practically impossible
to attribute to natural wear and tear.

Thus, after solving the problem of formalizing the human factor and good maritime practice, there
remain many technical problems related to the design and classification of tugs, the solution of which
will contribute to the increase of the coefficients of these factors and approach to unity, thus emergen-
cies will be reduced to almost zero.

The essence of the problem lies in the following. Since transport ships can maneuver in the opera-
tional waters of port berths, as a rule, only with the help of towing, the main condition for ensuring its
safety in mooring operations is the connection of the towing-transport ship, which is ensured by the use
of a tow rope delivered from a tugboat or transport ship. In case of loss of such connection (breaking
of the tow rope or emergency release of the towing hook), the transport vessel becomes unmanageable
and such an emergency may cause an accident or breakdown, which will cause damage to the transport
vessel as well as the tug and the berthing facility. Therefore, to ensure the continuity of the connection
between the transport vessel and the tugs, it is necessary to use such a towing device, which will con-
tribute to the continuity of the towing rope as much as possible, that is, suppress the load on the towing
rope, which is caused by the following forces:

- thrust produced by the tug’s drive units;

- Inertial forces generated during the maneuvering carried out by the tugboat while executing the
commands issued from the bridge of the transport ship;

- the mass of the tug, which increases due to the loss of current during rough seas.

Acceptance of load on the towing rope, calculation of its breaking force, and constructional character-
istics of the towing device are provided by the rules of the maritime register of sea shipping. However,
since some points in these matters belong to the decision of the design organizations and/or users, there
are cases when to reduce costs in the design and construction of the towage, decisions are made regard-
ing the towing equipment that do not help to prevent the break of the towline. So, for example, clauses
5, 4, and 8 of the rules provide that “towing hooks must have shock absorbers, the maximum load of
which must be not less than 1.3 of the nominal pull on the hook”. R3 towbars under 220 kW may not
have shock absorbers on the hooks. For other vessels, the use of hooks without shock absorbers is the
subject of special consideration by the Registry. Here, a decision is made to install towing hooks without
shock absorbers, which hurts the effectiveness of lashing operations, as there are cases of towing rope
breaks during lashing operations. In the port, during port towing and mooring operations, to avoid simi-
lar emergencies with transport ships:

1) the possibility of installing towing hooks without shock absorbers on tugboats with a power of
more than 220 kW should be excluded;

2) A towing winch installed on a tank, required for mooring operations with transport ships, must
have two drums, one for storing the towing rope, and the other for supplying the towing rope to the ship
using 3-4 hoses. Compliance with this requirement is mandatory, as it provides the possibility to change
the length of the towing rope during towing;

3) The holding force of the brake of the towing winch installed on the towing tank should be 95%
of the breaking load of the towing rope. Compliance with this requirement ensures the continuity of the
connection between the tug and the transport vessel in the event of a dynamic load on the towing rope
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because, at the moment of reaching the critical load, the towing rope will be pulled from the drum of the
towing winch, and not broken;

4) When installing the towing device (towing winch and/or towing hook) on the towing tank, in-
stead of the word “tow” in the RS class symbol, indicate “tow-fastener”.

The use of such requirements is necessary for the following reasons:

- According to the rules of the marine registry, tugboats are generally designed to perform marine
towing with a towing cable length of at least 150 500, or 700 meters. With such a length of the towing
cable, the damping function is performed between the tug and the towed object at the expense of the
length and inclination of the towing cable;

- When carrying out port towing, the length of the towing rope can be from 20 to 80 meters, in
this regard, it is necessary to neutralize the loads generated on the towing rope with the help of towing
devices. Accordingly, tugboats designed for towing with a short tow rope and capable of performing
mooring work must bear the word “mooring” in addition to the word “tug” in the marine registry class
symbols. In this case, the registry’s request to equip such a tow truck with a tow hook with a shock ab-
sorber will be fulfilled without any reservation. The towing winch shall also be installed following the
calculations made before the breaking force of the towing rope, i. e. with a brake holding force within
95% of the breaking force of the towing rope.

CONCLUSION

We will present this issue more broadly in the dissertation, the finished version of which includes ap-
pendices, where we will have a block diagram of the optimization models for the use of the port tug fleet,
the assessment of the probability of safety of mooring operations, the assessment of the risk of possible
damage to hydro-technical ship structures.
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