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INTRODUCTION

The academic discipline  ensures the
implementation of the requirements of section A-11/1
(function: "Handling and stowage of cargo at the
operational level™) and section A-Il1/2 (function:
"Handling and stowage of cargo at the management
level") of the Seafarers' Training and Certification
Code and watchkeeping, as amended and IMO Model
Courses 7.01 and 7.03 (in accordance with STCW
Convention & Model Courses IMO 7.01 and 7.03)

Sea transportations play an important role for Ukraine with more than 1,500
km of coastline and its economy. However, the importance of sea transportations in
the life of the world’s population and particularly in Ukraine is not highly considered,
and not taken into account. Here are some statistics:

— 90% of cargoes of world trade are carried by sea transport which it is
impossible to replace;

— international transportations involve about 85,000 vessels and 160 countries
have their own vessels;

— world merchant fleet employs more than 1 million 200 thousand seafarers
who represent almost all existing nations on the Earth;

— sea transportations are the cheapest in the world. For the last 40 years their
volume grew annually by 10% but the freight rate increased only by 7%;

— sea transport is one of the most environmentally clean and contributes only
12% of environmental pollution by transport.

All of these factors require development of new directions in order to provide
high-quality and effective functioning of cargo transportation systems taking into
account up-to-date requirements of cargo owners and charterers.

One of the directions is to help navigation cadets and in future officers and
masters of transport vessels to acquire modern knowledge on cargo transportation
technologies of different cargoes at a high level in order to further use in practice.

Thus, the aim of studying the disciple «Cargo Transportation Technologies» is
teaching cadets the principles of safe and secure loading, cargo stowage in cargo
spaces, its securing, transportation on vessels, unloading, ensuring the safety of
human life and saving the environment.
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1. CARGOES CLASSIFICATION AND TRANSPORT CHARACTERISTICS
1.1. Cargoes nomenclature and classification

Cargoes transport characteristics are a set of cargo properties which determines
their transportation technology, loading and storage.

Goods become cargoes when they are taken for transportation.

Form of presenting goods for carriage has affected the fleet specialization.

Cargo classification.

According to transportation methods cargoes are divided into:

— packaged cargoes (general cargoes).

Among them “long length” (L> 9 m) and
“heavy-weight” (P > 3 t) cargoes stand out.

— bulk cargoes. It is a big amount of commodities of different volume and
weight, e.g. coals, ores;

— bulk flowing cargoes. Homogeneous particles, e.g. grain;

— liquid cargoes;

— enlarged cargo units (ECU) — a single item or a number of items, packed or
arranged in a specified manner and capable of being handled as a unit. Unitization
may be accomplished by placing the item or items in a container/ on a pallet or by
banding them securely together.

According to physical and chemical properties:

— hygroscopic (sugar, salt);

— self-heating and self-flammable (coal, grain, cotton);

— explosives (powder, dynamite);

— poisonous;

— inflammable (petrol, kerosene);

— emitting hazardous gases (sulfur, oil);

— caking due to high temperatures (agglomerate):

— freezing (ores and ore concentrates);

— caking in storage cargoes (salt)

— dusting (apatite, cement);

— emitting specific smells, odourous (raw skins);

— perceiving foreign smells (fruits, tea);

— susceptible to natural weight loss;

According to transportation conditions:

— without specific transportation conditions;

— with specific transportation conditions.

By compatibility:

Cargoes are divided into 3 groups:



— with aggressive properties;

— susceptible to aggressive factors (perishable when under the influence of
heat, humidity, dust, picking up smells;

— neutral towards other cargoes.

The possibility of compatibility is usually determined with the use of table in
which:

— lines indicate cargoes with aggressive properties;

— columns indicate cargoes susceptible to aggressive factors impact.

Table cells contain numbers from 1 to 7 which mean:

1 — «Cannot be carried on one vessel»;

2 — «1 compartment from...» for example, emitting smells and picking them
up;

3 — «In ajacent compartment from ...»;

4 — «In one compartment but in different spaces»;

5 — «In one space providing separation by a cargo which is neutral to other
two»;

6 — «In one space, but with separation»;

7 — «Joint stowage is allowed without restrictionsy.

Fig 1. Joint stowage of cargoes in the hold
9



1.2. Linear, volumetric and mass characteristics of cargoes

Each cargo piece is described by linear dimensions: length |, width (breadth) b,
height h, diameter d, mass m, volume V.

Payment for carriage of goods (freight) is fixed in mass units (metric ton) and
volume units (m?3), in items (containers).

The International System of Units (SI) is in force in the most countries and in
Ukraine. However, some countries use old national measure units. For example, for
timber «standardsy, «axes», «lods», etc. are used.

Countries where old measurement system is used:

—in England it is «English long ton» (1016 kg);

— in the USA it is «American short ton» (907 kg).

1 pound (merchant) = 0,454 kg.

1 foot (ft) = 0,3048 m.

1 gallon imperial (gal imperial) = 4,546 |.

1 gallon (gal american) = 3,785 |.

1 barrel (bl) (for oil) = 159 I.

1 bushel (bu) (for grain) = 35,24 1.

In order to perform loading calculations it is necessary to know cargo weight
with packing (gross weight) and without packing (net weight).

When carrying bulk cargoes its volume depends on the density, i e. on separate
cargo small parts/ particles dimensions and form and empty spaces between them.

Volumetric mass (density of small parts of cargo) is defined as a body mass

(q) to its volume (V,) ratio.
dy =a/V;.
Porosity is defined as void spaces (pores and capillaries) to cargo particles
volume ratio.

Poroing is defined as void spaces between separate cargo particles to total
cargo volume ratio.
V-V,
\Y
Flowing mass (density) is a mass of bulk or flowing bulk cargo to its volume
ratio.

C =

d=QN,

where Q - cargo weight.

10



Specific volume of the cargo piece (m3/t) is a volume of a unit of mass of cargo,
I.e. cargo piece volumes sum to total gross weight of these cargo piece ratio.

2V,
U =<—.
2.4
Volume which 1 ton of cargo takes up in vessel’s hold is called Specific Cargo
Loading Volume, or Stowage Factor (SF) and is indicated (), m3/t:
WS

“ESg

where W, — ship’s (hold’s) cargo capacity, m3;

Q — cargo weight, t.
Coefficient of hold stowage is a hold’s cargo capacity to total cargo pieces
volume ratio.
Wh
2V
If the coefficient of hold stowage is known, then it is possible to calculate the
quantity of cargo pieces (N), which can be loaded in the hold
Wh
U,K,
It is possible to calculate SF for given cargo and corresponding cargo space if
the U,,, K, are known.

K, =

N =

u=U, -K,.
Thus, cargo weight which could be loaded into the hold with such capacity W,
is calculated as:

1.3. Tare, packing and marking of cargoes
1.3.1. Tare

All cargoes that are transported are divided into 3 groups:

— transported in tare;

— transported without tare;

— transported without tare but with partial protection of separate units (e.g.
tractor cabins are covered with plywood sheets).

Tare is classified as:

By designation:

11



— consumers’ (bottles, scent-bottles, jars, boxes);

— additional (to protect against climate and aggressive exposure — bags, cases,
cardboard boxes);

— transport (for cargoes preliminary packed in consumer or additional tare —
boxes, barrels, bags).

Depending on construction and ability to keep the original shape:

—rigid (barrels, boxes, cans, tanks, bottles);

—semi-rigid (baskets, cardboard boxes, plastic);

— soft (fabrics, paper, film, polymer materials).

a) ) 1 b)

Fig. 2. Rigid and semi-rigid round tare:
a — metal barrel; b — plywood drum; ¢ — can; d — glass bottle (carboy) for acids;
e — cylinder for liquefied gases

Cargo carried by sea could have such tare defects:

— tare swelling up;

— tare (squeezing);

— insufficient inner packing inside tare;

— incomplete tare closing.

It is important to know that following items are not considered as tare but only
perform its functions:

— containers;

— pallets.

12



In international sea practice tare should withstand such loads:

— 1t/m?—if cargo is carried in containers;

— 2 t/m? — if cargo is carried on general cargo vessels with the stacking
height 8-9 m.

1.3.2. Packing

Packaging should protect from the impact of 3 factors:

— mechanic (pushes, strokes, friction, vibration, static loads);

— climate (presipitation, temperature, humidity, radiation);

— biological (activity of microbes, insects, rodents).

Gasket and wrapping materials are used for packing (paper, cardboard, wood
shaving, wadding, plastic foam etc.)

1.3.3. Marking

Marking is application of signs, letters and pictures on cargo for its
identification and indication of ways of transportation, handling and storage.

Marking can be:

— trade/ marketable (applied by the manufacturer);

— shipping. Contains: cargo piece number, consignment pieces’ number,
consignor and consignee names, departure and destination names;

— transport. It is applied in the port of departure and contains consignment
ordinal number, consignment pieces’ number;

— special.

By content marking include inscriptions:

— main (contract data; cargo piece number; consignment pieces number;
destination name);

— additional (exporter and departure names);

— information (cargo piece dimensions, net and gross weight, volume of piece).

Manipulation signs show how to handle of cargo. For example:

«Handle with care, fragile»;

«Use no hooksy;

«Top. Do not turn overy;

«Protect from heaty;

«Sling herey;

«Keep dry»;

«Centre of gravity»;

«Open herey;

«Not to drop».

13






Marking is applied with indelible paint on tare or tags while transportation by
sea.

Tag sizes:

— of plywood > 150 cm?;

— of tin-plates > 60 cm?.

Dangerous cargoes and containers marking will be explained in corresponding
chapters.

WORDS AND EXPRESSIONS

nomenclature
packaged cargoes

bulk flowing cargoes

homogeneous
particles

enlarged cargo unit (ECU)

hygroscopic
self-heating
self-flammable
explosives
powder
dynamite
poisonous
inflammable

to emit

caking, clinker
agglomerate
freezing

ore concentrate
caking in storage
dusting

apatite
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odourous

raw skins

to perceive, -ing
foreign smells
susceptible
natural weight loss
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transportation conditions

compatibility
neutral

impact

linear

volumetric and mass
to fix

item

pound

gallon

barrel

bushel

packing

density

small parts

ratio

porosity

void space

pore

capillar

poroing

flowing mass (density)
flowing bulk cargo
specific volume

to take up

Specific Cargo Loading
Volume, Stowage Factor
(SF)

cargo capacity
coefficient of hold
stowage

designation
consumer, s’
scent-bottles

jar

case
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can
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[keen]
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fabric

film

acid

cylinder

to swell up

to squeeze, -ing
to withstand

load

push

stroke

friction

vibration
microbe

rodent

wood shaving
wadding

plastic foam
marketable marking
shipping marking
cargo piece
consignment
consignor, Tpy300TIpP-JIb
consignee
ordinal No
inscription
destination
departure
dimension
manipulation sign
fragile

hook

to sling

centre of gravity
indelible

tin, tin-plate

['faebrik]
[frlm]

["aesid]
['s1linda]
['swelig ap]

[ skwizim]
[wi0 'steend]
[loud]

['pof]
[strouks]
['frikfan]
[var'brerfon]

[ 'markroub]
['roudant]
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['wodin]
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[slp]
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['tinpleit]
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2. ENSURING CARGO SAFETY
2.1. Reasons of damage to cargoes

Divided into 6 groups:

1. Damage caused by the fault of the shipper or the port of departure even
before the start of transportation. They can be identified by the vessel's administration
during loading.

2. Damage revealed during cargo operations. Can be caused by dockers who
violate the cargo handling technology. This can be inefficient work of cranemen, the
use of hooks, crowbars, levers in the work, dragging cargo pieces, falling of cargo,
the wrong choice of cargo handling devices, improper slinging of cargo, lack of
separation.

3. Damage due to improper disposition and improper stowage. This is:

— wetness (from joint due to stowage with cargoes that release moisture);

— damage due to the picking up foreign smells;

— crushing during transportation due to exceeding the permissible stacking
height;

— friction of cargo pieces against the elements of the hull framing due to
vibration;

— shifting of insufficiently secured cargo.

4. Damage resulting from the carrier's violation of the obligation to provide the
vessel in a seaworthy condition. This can be wetness due to water leak, damage from
rodents (rats, mice), insects, molds and bacteria.

5. Damage occurring during the passage by sea as a result of omissions by the
vessel's administration, for example:

— wetness due to untimely pumping out of water from bilges;

— improper use of the ventilation system.

6. Damage resulting from the revealing of hidden properties of the cargo, not
known to the carrier. This also includes the reasons when the cargoes come into
contact with the environment, the lack of the Certificates for the goods.

2.2. Reasons for the shortage of cargoes

Shortage of cargoes is a decrease in the amount of cargo during transportation.
There are 2 known forms of cargo shortage:

— weight reduction;

— shortage of whole cargo pieces.

The reasons for the shortages are:

— miscalculations in the tally account;
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— underload at the port of departure;

— fall of cargo pieces;

— theft in the port and on the vessel,

— loss in a storm;

— combustion of cargoes in case of fire;

— throwing cargo overboard in order to save the vessel (jettison).

Crushed tare can be the reason for the shortage of quantity of cargo pieces.

The reason for the shortage of cargo weight may be:

— crushing;

— theft;

— natural loss of goods. This is a decrease in the weight of the cargo during the
period of transportation or storage, arising from the physical characteristics of the
cargo or biochemical processes occurring in it. For example, for perishable goods and
grain, due to the course of biochemical processes, losses can be 10-15%. Natural loss
of goods also includes:

— spraying;

— leakage;

— scattering, for example, grain, seeds in tare.

Natural loss rates are established on the basis of statistical accounts.

A decrease or increase in the weight of the cargo affects the seaworthiness of
the vessel (list, trim, stability).

For each case of unsafe transportation of cargo, the Captain conducts a
departmental investigation.

2.3. Registration of cases of unsafe transportation of goods

In coastal navigation, the shortage is recorded in Taking-Delivery Sheet in its
columns:
"Listed according to documents™ — "revealed during unloading".
In foreign navigation:
— when unloading imports in home ports, Delivery Reports are drawn up (for
each B/L and are listed in the General Form Statement;
— when unloading exports in foreign ports:
— if the consignee accepts the cargo, he signs B/L and can make a
corresponding remark;
— if the cargo is accepted by the port, an Outtorn Report (with a remark)
Is drawn up, or Damage Outturn Report.
In home ports, upon revealing of commercial defect, the following statements
are drawn up:
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— "General Form Statement” — when the nature of unsafe transportation
requires a detailed description;

— "Carrier’s (Commercial) Statement" — when the cargo is delivered from the
vessel directly to the consignee or transferred to another mode of transport.

2.4. Legislative base for ensuring safe and secure transportation

There are 2 levels:
— international. These are:
— International Conventions;
— UN Resolutions;
— IMO Codes.
— national. These are Tariff Guidelines, Laws of Ukraine, By-laws, Orders of
the Ministry of Infrastructure of Ukraine.
International level:
— International Convention on Load Lines, 1966;
— International Convention on the Safety of Containers (CSC, 1972) as
amended by 1981 and 1983;
— International Convention for Prevention of Pollution from Ships, 1973/78
(MARPOL 73-78);
— International Convention on the Training and Certification of Seafarers, 1978
(STCW-78) as amended by the 1995 Conference and the 2010 Manila Amendments;
— International Convention for the Safety of Life at Sea, 1974 (Consolidated
Text of the SOLAS 74 Convention, 1993), as amended.
By type of cargoes:
For general cargoes:
— Code of Safe Practice for Cargo Stowage and Securing 1994;
— Code of Safe Practice for Ships Carrying Timber Deck Cargoes 1991.
For dangerous goods:
— International Maritime Dangerous Goods (IMDG) Code 1990;
— The Code for the Safe Transportation of Nuclear Fuel Waste, Plutonium and
Highly Radioactive Waste in Containers on Board (SNF Code);
— UN Recommendations on the Transport of Dangerous Goods, Model
Regulations;
For food cargoes:
— International Code for the Safe Carriage of Grain in Bulk (International Grain
Code) 1994;
— European Agreement on the International Carriage of Perishable Foodstuffs
and on the Special Transport Facilities to be Used for Such Carriage (ATP);
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For liquid cargoes:

— International Safety Guide for Oil Tankers and Terminals (ISGOTT);

— International Code for the Construction and Equipment of Ships Carrying
Chemical Cargo in Bulk (IBC Code);

— International Code for the Construction and Equipment of Ships Carrying
Liquefied Gases in Bulk (IGC Code).

For bulk cargoes:

— International Code of Safe Practice for the Transport of Solid Bulk Cargoes,
1994 (1C BC);

— International Code of Safe Practice for Loading and Unloading Bulk Carriers
(BLU Code);

— International Code for the Safe Carriage of Grain in Bulk (Grain Code).

National level:

— "General and Special Rules for the Carriage of Cargoes”, Vol. 1, 2;

— "Rules for the Carriage of Dangerous Goods by Sea";

— "Rules for the Carriage of Food Cargoes by Sea™;

— "General and Special Rules for the Carriage of Liquid Cargoes";

— "Rules for the Safe Carriage of Non-Grain Bulk Cargoes by Sea".

2.5. Preparing the vessel for receiving cargoes

Conducted in accordance with the requirements of the “Code of Safe Practice
for Cargo Stowage and Securing”.

Each category of cargo has its own requirements for the preparation of holds,
but there are general requirements.

Cleaning of holds — carried out by the crew or stevedore gangs at the request of
the vessel after the completion of discharging.

The holds are washed with salty seawater, after the holds should be poured
over with fresh water. Bilges and collecting wells are inspected and cleaned of water
residues. When preparing to receive bulk cargoes, they must be closed with dustproof
covering. The measuring tubes are checked during bilge cleaning.

Installation of fencing devices (batten, wooden flooring and shields) is carried
out in order to exclude contact of cargo with the vessel's hull and framing.

The draining system of the vessel is checked before each loading of the vessel,
and in tween-decks the drainage scuppers going down to the drainage wells are
checked.

Electrical cables and plug boxes must be checked by an electrician.
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Ladders should be carefully inspected and missing brackets should be welded
on. Necks and hatch-ports leading to the hold should be inspected closed in
preparation for a vessel to sail.

Fire-fighting equipment should be carefully checked so that the internal pipes
of the steam and carbon dioxide extinguishing system and smoke detectors are not
plugged or broken.

The ventilation system is checked when the hold is empty, and the temperature
and humidity control sensors in the hold air are also inspected.

Hatch covers are tested for watertightness. The preparation of the vessel for the
carriage of general cargoes also includes the selection of cushioning, separation and
fastening materials — wire ropes, shackles and lanyards.

Preparation of refrigerated holds includes, in addition to cleaning, washing and
drying, work on removing the snow coat from the cooling coil-pipes. Before loading,
the holds are cooled to a temperature of > 48 hours, 1-2 ° below the temperature of
cargo transportation. When preparing the holds of a ship, it may be necessary to
perform the following works: disinfection; disinsection; deratization; fumigation;
degassing; deodorization.

The readiness of cargo spaces for taking in cargo is checked by the vessel's
commission. After the completion of the preparation of the vessel for cargo
operations, the Captain submits to the port or the shipper a “Notice of Readiness”, in
which he formally states the actual readiness of the vessel for loading.

WORDS AND EXPRESSIONS

shipper ['fipa] IPy300TIPABUTEb

to reveal [ri'vil] 0OHapyKHBATh,
OTKPBIBATh

to violate ['varalert] HapyIIaTh (3aKOH,
TEXHOJIOTUH)

craneman [creinman] KPaHOBIIUK

hook [hok] KPIOK

crowbar [ 'krovba:] JIOM

lever ['li:vo] peIuar

to drag [dreg] TaIIUTh, BOJIOYUTH

cargo piece [ 'ka:gov pi:s] TPy30BOE MECTO

cargo handling devices ['ka:gov 'haendliy dr'varsiz] rpyso3axsat

sling, -ing ['slmm] CTpOTI, CTPOTIOBKA

lack [leek] HEJIOCTaTOK, OTCYTCTBHUE

disposition of cargo [ dispa’zifan] pasMeleHue rpy3a
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stowage

wetness

to release moisture
perception of foreign
smells

to crush, -ing

to exceed

hull framing
shifting

water leak

rodent

rat

mice

insect

mold

bacteria

omission

untimely

to hide

to come into contact
shortage
miscalculation
underload

theft

death

combustion
throwing cargo
overboard (jettison)
natural loss

to arise

perishable goods
spraying

leakage

scattering
statistical accounts

list
trim

['stouids]

['wetnas]
[ri'li:s 'moisys]
[pa’sepfon pv

‘forin smelz]
["krafin]
[1k'si:d]
[hal “freimin]
[*fiftrn)
['wo:to li:k]
['roudant]
[reet]
[mars]
['1nsekt]
[mawld]
[baek tiorio]
[o'm1fan]
[An"taimli]
['haid]
[kam "mntu: "konteekt]
[Jo:trds]
[ mis keelkjo'lerfan]
[ anda'loud]
[Oeft]
[debt]
[kombastfan]
['Orovin 'Ka:gou
"auVvobo:d ('dzetisn)]
[ 'neaegral los]
[o'raiz]

[ 'perifabl]

[ 'spremn]

['li:kidz]

[ 'skeetoriy]

[sto tistikal o'kaunts]

[list]
[trim]
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stability

departmental

coastal navigation
foreign navigation
Taking-Delivery Sheet

home port
foreign port
Delivery Report
remark

Damage Outtorn Report

commercial reject
General Form Act
Carrier’s (Commercial)
Statement

to leave cargo
mode of transport
Tariff Guidelines
by-law

stevedore gang
completion

to pour over
residue

dustproof
covering
measuring tube
fencing device

batten

flooring

draining system
drainage scupper
drainage well
electrical cable
plug box

bracket

neck

[sto"biliti]

[ di:pa:t mentl]

[ 'koustal naevi'gerfan]
['forin navi gerfan]

[ 'terkig-dr' livari fi:t]

[haum pa:t]

[ forin po:t]
[dr'lrvori r1'po:t]
['T1'ma:k]

[‘'deemids outon ri'po:t]

[ko'm3:fal ‘ri:dzekt]
['dzenaral fo:m akt]
['keerroz (ka'ms:fal)
‘stertmoant]

[li:v 'ka:gov]
[movd pv traenspo:t]
['teerif "gardlanz]
['bailo:]

['stizvido: gaen]
[kom'pli:fan]

[po:r "auva]

[ rezidju:]

[ dastpru:f]

[ 'kavori]

[ 'mezorm tju:b]
['fensi di'vais]

[ baetn]

[ 'flo:ri]
['dretnmy ‘sistim]
['dretnids ‘skapa]
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[plag boks]

[ 'braekit]

[nek]
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hatch-port

to plug
sensor
watertightness
wire rope
shackle
lanyard
coil-pipe
disinfection
disinsection
deratization
fumigation
degassing
deodorization
to submit

[haey-po:t]
[plag]

['sensa]
['wo:tatartnas]
['waia roup]

[ Jeekl]
['leenjad]
[ko1l-paip]

[ disin’ fekfan]
[ disin'sekfan]
[ derati'zeifon]
[ fjuimi'gerfan]
[dr’ gaesig]

[ deodori'zeifan]
[sab 'mit]
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3. REGULATION OF HEAT AND MOISTURE EXCHANGE OF CARGOES
WITH THE ENVIRONMENT

3.1. Fluctuations in temperature and humidity of the environment during
cargoes transportation by sea

The environment — is atmospheric air and seawater that surrounds the ship's
hull.

Atmospheric air is a mixture of various gases and water vapor.

In the conditions of sea transportation of cargoes, it is customary to distinguish
the following three types of temperature fluctuations in the outside air:

Episodic fluctuations in temperature.

They are associated with local navigation conditions, changes of weather and
can fluctuate within a few degrees per hour. Occasional fluctuations in temperature
often exceed the values of the average daily fluctuations.

Daily fluctuations in temperature.

Vary widely depending on the properties of materials, color of objects, surface
shape, solar radiation. The lowest air temperature is observed before sunrise, the
highest (above the sea surface) — around noon. In the ports of the equatorial zone, the
maximum daily fluctuations in air temperature are about 20°C, in the ports of the
tropical zone — about 12°C. In temperate latitudes, temperature fluctuations are about
7°C, and in the ports of the polar zone, they are even less. The amplitude of daily
fluctuations in water far from the coast is usually no more than 1°C.

General voyage temperature fluctuations.

Can reach 30-50°C when the vessel makes a passage between both
hemispheres.

3.2. Air properties and determination of its parameters

Atmospheric air is a mixture of various gases and water vapor.

The air temperature t° can be measured:

— on the thermodynamic (absolute) scale in degrees Kelvin, denoted by K,
temperature — T;

— international (centigrade) scale in degrees Celsius, denoted by the symbol °C,
and the temperature by the letter {.

1°C = 274.15 K.

Air density at t = 0°C and pressure h = 760 mm. mercury column equals
1.293 kg/m?, and the density of water vapor = 0.768 kg/m3. From this it follows that
humid air is lighter than dry air.

Absolute humidity is the mass of water vapor in 1 m? of the mixture:
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mass of water vapor

mass of 1m® of the mixture

Air is considered saturated when it contains the maximum amount of moisture
that can be absorbed at a given ¢°.

When the temperature of saturated air decreases, #°utair |, condensation of
water vapor contained in it occurs.

When the temperature of saturated air rises 7°swtair T, SUCh air ceases to be
saturated and acquires the ability to retain more water vapor.

Relative air humidity ¢ is the ratio of the actual mass of water vapor to the
maximum mass of water vapor that the air would contain at full saturation, i.e.:

actual mass of steam
mass of water vapor at full air saturation
The dew point temperature (t°) is the critical (maximum) air temperature

Absolute humidity =

terit, at which the moisture begins to fall out in the form of condensation. In
other words, if the air is cooled to this temperature, it will become saturated.

3.3. Regulation of temperature and humidity in the holds

If the dew point temperature of the outside (ventilation) air is higher than the
temperature of the cargo and the hull of the vessel, t°>1 cargo and hun, cOndensation of
water vapor occurs.

Otherwise, that is, at t° <1 cargo and huir, CONdensation does not occur.

Whether ventilation is appropriate or not is decided on a case-by-case basis by
comparing the dew point temperatures of the outside and hold air.

If the dew point of the outside air is less than the dew point of the hold air

T° outside air < T° hold air »

cargo safety is ensured by forced ventilation. In this case, natural ventilation is not
very effective.
If the dew point of the outside air is greater than the dew point of the hold air

T° outside air = T° hold air )

such air must not be introduced into the hold and the interruption of ventilation can
lead to the fact that inside the hold the dew point will rise to the outside air level, so it
will not be possible to control it.
Full dew point control is only possible when the hold can be supplied with low
dew point air, which is provided by the air conditioning unit (air dryer).
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3.4. Determination of the dew point in various ways

All methods of determining the dew point temperature are based on the
knowledge of the actual air temperature tajr and its relative humidity ¢, as well as for
further conclusions on ventilation — sea water temperature tsw.

Consider two production situations:

— the voyage is real and measurements are made on board the vessel;
— the constructions are made for training purposes on shore.
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Fig.1. Psychrometer of August:

1 — dry thermometer; 2 — wood

panel; 3 —wet thermometer; 4 —

cover (fabric); 5 —a vessel with
water
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In the first case, temperature and
relative humidity measurements are
required on board.

In the second case, all necessary values
are taken from the Pilot Book of
navigation areas and reference materials.

Determination of the relative
humidity of the outside air.

A device called a psychrometer is
used to determine ¢. As shown in fig. 1,
the psychrometer consists of two
thermometers. One of the thermometers,
ordinary, called dry, measures the

temperature t of the air. Another
thermometer is placed with its balloon in
a glass of distilled water, covered with a
light cloth — gauze or calico, cambric.
The water on the fabric constantly wets
the bulb of the thermometer. This
thermometer is called humid or wet and
measures the air temperature with a wet

thermometer tw < t. Due to the heat
consumption for evaporation, the
temperature of the wet and dry bulb will
be different.

After taking readings, to determine

(¢ are consult the tab. 1.



Table 1

Readings of dry Difference between readings of dry and wet thermometers, °C

thermometer, 0 1 2 3 4 5 6 7 8 9 10
°C Relative humidity, %
12 100 | 89 | 78 | 68 | 57 | 48 | 38 | 29 | 20 | 11 | -
13 100 | 89 | 79 | 69 | 59 | 49 | 40 | 31 | 23 | 14 | 6
14 100 | 89 | 79 | 70 | 60 | 51 | 42 | 34 | 25 | 17 | 9
15 100 | 90 | 80 | 71 | 61 | 52 | 44 | 36 | 27 | 20 | 12
16 100 | 90 | 81 | 71 | 62 | 54 | 46 | 37 | 30 | 22 | 15
17 100 | 90 | 81 | 72 | 64 | 55 | 47 | 39 | 32 | 24 | 17
18 100 | 91 | 82 | 73 | 65 | 56 | 49 | 41 | 34 | 27 | 20
19 100 | 91 | 82 | 74 | 65 | 58 | 50 | 43 | 35 | 29 | 22
20 100 | 91 | 83 | 74 | 66 | 59 | 51 | 44 | 37 | 30 | 24
21 100 | 91 | 83 | 75 | 67 | 60 | 52 | 46 | 39 | 32 | 26
22 100 | 92 | 83 | 76 | 68 | 61 | 54 | 47 | 40 | 34 | 28
23 100 | 92 | 84 | 76 | 69 | 61 | 55 | 48 | 42 | 36 | 30
24 100 | 92 | 84 | 77 | 69 | 62 | 56 | 49 | 43 | 37 | 31
25 100 | 92 | 84 | 77 | 70 | 63 | 57 | 50 | 44 | 38 | 33

Methods of determining the dew point

1. Analytical
The following formula is used:

t
la(o /100 =7.5[ o ]
9(/100) 238+1 238+t

Converting it to the form

T _Ig((p/100)+ t
238+t 1.5 238+t

and denoting the right-hand side o, we obtain the working formula

_ 238a
T 1-a

T

2. According to the nomogram of humid air

A nomogram of humid air has been developed and used (Fig. 2), where three
air parameters are related: temperature, dew point, relative humidity.
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Fig. 2. Humid air nomogram

3. According to psychrometric diagrams
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4. Tabular method
For a quick calculation of the dew point, use the table of its calculation.

Table 2 — Dew point determination

Air Relative air humidity, %

temperature, °C | 30% 35% 40% 45% 50% 55% 60%
+18 0.2 2.3 4.2 5.9 7.4 8.8 10.1
+19 1.0 3.2 51 6.8 8.3 9.8 11.1
+20 1.9 4.1 6.0 7.7 9.3 10.7 12.0
+21 2.8 5.0 6.9 8.6 10.2 11.6 12.9
+22 3.6 5.9 7.8 9.5 11.1 12.5 13.9
+23 4.5 6.7 8.7 10.4 12.0 13.5 14.8
+24 5.4 7.6 9.6 11.3 12.9 14.4 15.8
+25 6.2 8.5 10.5 12.2 13.9 15.3 16.7

So, for example, at an air temperature of 20°C and a relative humidity of 40%,
condensation will occur on surfaces with temperature of 6°C and below.

In technical calculations, there is a concept of "standard atmosphere”, which is
usually understood as atmospheric pressure equal to 760 mm at an air temperature of
+20°C and its relative humidity of 70%.

For solving the problems of air conditioning and cargo in the holds of ships, as
well as to maintain the equilibrium moisture content of goods, the concept of
"temperature reserve" is used. The temperature margin (0) is the difference between
the air temperature and the dew point, it is taken equal to 3°C.

3.5. Methods of ventilation of cargo spaces of ships when sailing
in different climatic zones

There are guidelines for determining the need for ventilation of cargo spaces
depending on the temperature and humidity state of the system "external environment
— hold air — cargo".

In accordance with the recommendations developed by L. P. Andronov, the
need and expediency of ventilation of cargo spaces during the passage can be
determined from the graph of the change in temperature of air, water and dew point
for the passage (Fig. 3, 4).

If they make a passage from a cold zone to a warm one (fig. 3), then compare
the temperature of the cargo with the dew point of the outside air. To do this, a
horizontal line is drawn from the point of air temperature in the port of departure (it is
the temperature of the cargo) until it intersects the curve of dew point of the outside
air. By lowering the perpendicular from the point of intersection to the distance scale,
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a point on the route is obtained, where the border of the possibility and expediency of
ventilation of the holds with outside air passes.
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Fig. 3. Graph of changes of temperature of air, sea water and dew point
for the passage from a cold zone to a warm one

On route I, where 1, <tcrg , Ventilation of the holds is possible. On route II,
where t,> tearg, Ventilation with outside air will cause the cargo to become damp.

If the passage is made from a warm zone to a cold one (Fig. 4), the dew point
of the hold air is compared with the temperature of the outside environment (it is also
the temperature of the hold fence), for which a horizontal line is drawn from the dew
point of the air in the port of departure to intersection with the temperature of the
external environment (air and water).
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Fig. 4. The graph of changes in the temperature of air, sea water and dew point for the transition
from a warm zone to a cold one
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The intersection of the horizontal line with the line, indicating the water
temperature will show the moment when moisture condensation begins on internal
surfaces of the hold guard. The intersection with the line indicating the temperature
of the air will show the moment when moisture condensation begins on the twin
decks. Before the ship arrives at this point, the holds may not be ventilated; at the
further passage, ventilation of the holds becomes compulsory.

On route I, where 1, < T4 noid, Ventilation is possible. Ventilation is required on
route 11, lack of ventilation will lead to moisture condensation in the holds; on section
I11 is also compulsory — lack of ventilation will lead to condensation of moisture on
tweendecks.

The ventilation mode of the holds can be prescribed in the addendum to the
Charter for the transportation of a specific cargo.

3.6. Technical means of natural and forced ventilation.
Control over the moisture content of cargo spaces

According to the degree of equipment with technical means of holds
ventilation, sea going vessels are divided into three groups:

— having a naturally-forced ventilation system;

— equipped with a mechanical ventilation system;

— equipped with an air conditioning system in cargo spaces.

On the vessels with a naturally-forced ventilation (general type of ventilation
system), air is supplied to holds and tweendecks through a system of deflectors and
air ducts. In this case, the air ducts are made in the form of a system of telescopic
pipes, and the deflectors are made in the form of a windscoop, an exhaust ejection
head, a ball non-refillable head and various other constructions (Fig. 5).
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Fig. 5. Types of deflectors:
a) “windscoop” type; b) exhaust; c) ejection head; d) ball
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Vessels with mechanical ventilation are equipped with an air distribution
system and electric fans. Air distribution is provided by a system of air ducts, through
which air is supplied to various places in the cargo spaces and is sucked out of them.
Air supply to the hold is provided by fans, the performance of which depends on the
set rate of air exchange. For ordinary universal ships, 5-7 times of air exchange per
hour is sufficient, and on ships that transport fruits, vegetables and other specific
cargo, it is necessary to provide 15-20 times of air exchange per hour. Fans,
depending on their design, operate in the supply or exhaust or reverse mode.

Fig. 6. Mechanical ventilation scheme for ship cargo spaces

A naturally-forced ventilation system provides from 0.3 to 3 air changes per
hour, and ventilation of the bow holds is more efficient, since the speed of the air
flow in the bow holds is about 2 times higher than in the aft holds. This is taken into
account when drawing up the cargo plan.

The volume of air entering the hold can be calculated using the formula

V=S-v,
where S — the sectional area of the ventilation duct, m?;

v — the speed air flow, m/sec.

On vessels with an air conditioning system (ACS), the air supplied to the hold
in the hold is processed — drying, humidification, heating or cooling. ACS can
process outside and hold air. They are subdivided: according to the type of heat and
humidity treatment of air; by the method of heat and moisture treatment of air; on the
design of equipment for heat and moisture treatment of air; according to the
composition of the processed air to direct-flow, closed, connected.

3.7. Getting of moisture into cargo spaces due to defects in hatch covers

Wetness of cargo is one of the main problems of its safety for insurers of the
vessel and cargo. According to the P&I Clubs, most of the wetting is due to hatch
defects.
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Various designs of hatch covers are used on ships. These are:

— Folding Covers, having a hydraulic, cable or chain drive;

— Rolling Covers — when usually 2 large closing panels roll down to the sides,
and rise and rolling (Piggy-Back or Lift-and-Roll);

— Stacking Covers, consisting of separate panels that can roll along the length
of the hold to the area where the hydraulic cylinders are installed;

— Pontoon closures (Ponton, Lift-away Hatch Covers), consisting of pontoon
panels that are installed using a shore or ship crane;

— outdated and rarely found wooden hatches, covered with tarpaulins.

Structurally, all types of hatch covers have a bar on the hatch coaming and a
sealing rubber in a special groove on the hatch covers. After installing the hatch
covers in place, they are pressed using special stoppers (Quick-Setting Cleats). Over
time, the rubber "ages”, it develops a groove. The covers themselves can deform, and
as a result of this, the rubber adhesion is broken. The tightening of the stoppers is
sometimes not enough to lead leaks.

The main defects of hatch covers, leading to a grease of goods, are defects:

— sealing rubber and channels in which it is laid;

— bolts, tight-fitting covers, and wedges at transverse joints panels;

— pontoons and panels of hatch covers;

— drainage channels and non-return valves;

— compression bar.

To detect defects in hatch covers, the following control methods are used:
Watering (Hose Test).

Covers are tightened. Places of contact with coamings and transverse joints
between panels are poured on the deck from a hose at a pressure of 2 Bar ~ 2 atm.
The second person with a lantern in the hold watches for bruises.

Disadvantages of the method:

— not applicable in cold weather;

— 2 people are required for carrying out.

Chalking. The watertightness of the closure is ensured by a rubber seal
between the lid and the coaming, as well as between the individual lid hatches. For
tight compression of the rubber seal, the hatches are pressed against one another with
wedge clamps. The cover is pressed against the hatch coaming with screw-backs or
wedges.
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Fig. 7. Scheme of sealing
the joint of caps with
coaming:

1. Upper cover; 2. Lower
cover; 3. Compression
bar; 4. Rubber gasket
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The top edge of the compression bar is chalked.
The lid laid and tightened. The sections are then shifted
or lifted. There will be no chalk mark on the rubber
where there is no fit to the bar. On some hatch systems
there is no way to look under the cover.

Ultrasonic Test.

An inspector descends into the hold with an
ultrasound generator, which has several emitters.
Ultrasonic waves, reflecting from the sides, deck and
covers, uniformly "fill" the hold. The operator walks
around the perimeter of the hatch cover with the
receiver. The signal level is used to determine the
amount of leakage. These places are marked with

chalk.

It should be summed up that the complete
picture is given by the Hose Test and the Ultrasonic

Test.

WORDS AND EXPRESSIONS

[ flaktju'erfon]
['kastomori]
['soulo]
['densiti]
[hju(:) midrti]
['seetfarert]
[dju: pornt]
['verpa]
[keis-bai-kers]
[ba'Tu:n]
[[go:2]
‘keelikou]
['ketmbrik]
[wet]

[terk 'ri:diz]

[, 1:kwr libriom]
['gardlainz]
[gra:f]

[, inta(:) sekt | -kfon]
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MIPUBBIYHBIN, TPUHSTHIN
COJIHCYHBIN

IJIOTHOCTD
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TOYKa POCHI

nap

OT cily4asi K clly4aro
0aJIJI0H, YUK

Mapist

Os13b

oaruct

MOKHYTb

CHUMATh MMOKa3aHUs
paBHOBECHE, -HbIU
METOJIMYECKHUE PEKOMEH AN
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nepecekaTh(cs), -UueHue
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curve [k3:v] KpHUBasi, U3rud

lack [leek] HEJIOCTATOK

naturally-forced [ 'naegrali-fo:st €CTECTBEHHO-

ventilation ventr'lerfan] NPUHYAUTETbHAS] BEHTHIISIUS

deflector [dr' flekts] nediekTop

air duct [ea dakt] BO3YXOBO/I

windscoop [windsku:p] pactpy0

ball non-refillable head [bo:l non- ri:"filobl hed] wmapoBas HezanmuBaemas
TOJIOBKa

groove [gru:v] a3, KaHaBKa

stopper ['stppa] CTOIIOP

adhesion [od hi:z0n] TpUJIeTaHKue

leaks [li:ks] NPOTEUKH, HETUIOTHOCTH

drainage non-return valve ['dremnids non-ri'ts:n JPEHAXKHBI HEBO3BPATHBIN

velv] KJIanaH

bruise [bru:z] MOJITEK, CHHSIK

lid [Id] KPBIIIKa

screw-back [skru:-baek] BUHTOBAs 3ajipaiika

wedge ['weds] KJIMH, 3a01BaTh KJIUH

to descend [dr'send] CITyCKaThCs

emitter [1'mits] SMUTTEP, U3ITydaTeb

to reflect [r1 flekt] OTpakaTh

to sum up [sam ap] IOJIBOJIUTH UTOTH

ADDITIONAL WORDS AND EXPRESSIONS (for Practical Work)

providing/ensuring [pro’vardm/in’ fuarm] obecrieueHue
efficient [1' frfont] POAYKTHBHBIH,
3¢ PEKTUBHOCTH
expediency [1k'spi:dionsi] COOTBETCTBHE,
11e7eC000pa3HOCTh
serviceable ['s3:visabl] MIPUTOJTHBIE, TTPOYHBIS
manhole/scuttle [ 'manhouvl/ skatl] na3
main/pipeline [mern/ parplain] MarucTpaiib
joint [dz01nt] CTBIK
sluice/gate valve [slu:s/gert velv] KITUHKET
pump room [pAMp ru:m] TIOMITOBOE OTJICJICHHE
flywheel [ flarwi:1] MaxOBHK
canvas [ 'keenvas] napycuHa
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sack cloth/burlap [seek klob/'b3:1laep] MEIIKOBHHA

sounding pipe ['savndm paip] 3aMepHas TpyOka

throat/neck [Oraut/nek] rOpJIOBUHA

steam firefighting system [sti:m 'faio farty ‘sisttm] cucrema maporyireHus

foreign matter ['forin ‘'maeto] TIOCTOPOHHHE MPEIMETHI

additive [‘eeditiv] IPUMECh

feeder hatch ['fi:do heeff] JOCBHIMTHOM (MTUTATEh)
JFOYOK

to emit [1"mat] UCIYCKaTh CBET, TEILIO,
3araxu

containment humidity [kon'tetnmont hju: ‘'mriditi] Biaroconepxanue

shipper ['fipa] IPy300TIPABUTEb

consignee [ konsar ni:] Ipy30I0IyJyaTesb

cargo owner [ ka:gou "ouna] Ipy30BIIajienert

temperature reserve ['temprifo r1'z3:v] TEMIIepaTypHBIH 3armac

saturation curve [ seetfo'rerfon k3:v] KpUBasi HACHIICHUS

NOTES

1. To overload with technical terms. — BeiTh meperpyxeHHol (0 JEKIHH)
TCXHUYCCKUMHU TCPMHUHAMMU.

2. Ventilation is possible and desirable. — BenTwnsaunus Bo3MOXHA U
JKEJ1aTClIbHA.

3. Ventilation is unacceptable and will cause dampness of the cargo. —
BenTunsinusa HegomycTuMa U MPUBEAET K OTCHIPEBAHUIO IPy3a

4,5. Ventilation is required. Lack will cause moisture to build-up in holds/ on
tween decks. — Bentunsnus oOs3arenbHa. OTCYTCTBHE NMPHBEAET K 0Opa30BaHMUIO
BJIaru B TpIOMaX/ Ha TBUHACKAX.
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4. REGULATION OF THE FREEBOARD AND CALCULATION
OF THE CARGO PLAN OF THE VESSEL

4.1. Problems of accidents in world shipping

According to statistics, 8,000 vessels meet with an accident every year, 200 of
them lost.

In this case, the lives of 6,000 sailors are in immediate danger, 2,000 of them
are lost life. The causes of accidents are:

— 10% — force majeure;

— 15% — miscalculations of designers;

— 75% — "human factor".

The freeboard provides:

— unsinkability of a ship — the ability of a ship to maintain buoyancy and
stability when one or more compartments are filled,;

— flooding reduction;

— preservation of stability — the ability of the vessel, taken out of the state of
equilibrium by external forces, to return to the initial position of equilibrium again
after the discontinuance of the action of these forces.

If the freeboard is small, then at small heel angles the deck enters the water,
while the moment of inertia of the area S of the acting waterline decreases and,
accordingly, M restoring.

The amount of capsized vessels due to their overload is 30% of all lost. In this
case, the number of victims is 2 times > than in case of damage to the hull, and 6
times > than during fires.

With each new victim, under the arches of the Lloyd's London office, the bell
is struck from the legendary French frigate “Lutin”, and the herald announces the
name of the lost ship. It is listed in Lloyd's Red Book — of large format covered in
purple morocco binding — under the “Are Missing” section.

4.2. History of freeboard regulating. International Conventions on Load Lines

The oldest mention of the loading of a ship was found off the coast of Tunisia.
The ship belonged to Carthage (146 year BC). There is an inscription on the plate:

"... the skipper swears by Zeus and all the gods of Olympus to keep the terms
of the contract sacred and inviolable and not to accept additional cargo."

The development of shipping required legislative regulation. The first laws
appeared on Rhodes island in the Aegean Sea, Venice, Genoa, Pisa, Ancona. They
were most fully developed in Marseille and Barcelona.
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In the middle ages, in Spain, the load line was designated +, in Sardinia, o. The
laws were in Venice, Iceland, the Hanseatic League.

The English Lloyd (founded by Edward Lloyd, 1760) is considered the first
classification society to supervise the construction of ships. In 1774 Lloyd published
the Register Book. In 1834 Lloyd's Register was formed. According to its
requirements, the safe freeboard was defined as 3 inches for each foot of the hold
depth 3” by 1’ of the depth of the hold.

In 1878, the max draft began to be indicated by a red diamond with letters on
the sides “L” and “R”.

The activity should be noted of the deputy of the British Parliament in Derby,
Samuel Plimsol, who was not a seaman, but was the owner of breweries and coal
mines. He opposed the overloading of vessels and wrote the book “Our Sailors”. The
Plimsol Disc is named after him.

In 1900, the freeboard began to be regulated in Germany

F=1/32 (L-B).

In the United States, until 1917, the freeboard was determined by the law of the
country where the trading operations were carried out.

In Russia, the freeboard was assigned from 1909 as in Germany. In 1914 the
Russian Register was formed. In 1928 the Register of the USSR published the "Rules
for the determination of the freeboard and the application of a load mark on them.

"International Convention on Load Lines, 1930.

Adopted at the International Conference in 1930, entered into force on January
1, 1933. For all types of ships, the size of the tabular freeboard was determined by the
length of the ship L

F=L/15.

The 1930 Convention was in force until 1966. Reasons for revision:

— improvement of vessels’ constructions;

— the introduction of new types of vessels;

— improving knowledge in the field of seaworthiness;

—accumulation of knowledge about the state of the weather on Earth.

International Convention on Load Lines, 1966.

Adopted in July 1966 by the governments of 15 countries. Of these, 7 had a
fleet with a gross tonnage of >1 million reg. t (1 reg. t = 2, 83 m® — old measure, not
used). The USSR was signed by the Ambassador to Great Britain Smirnovsky.

Applies to all ships on international voyages. Does not apply:

— to warships;

—to new vessels L <24 m;

— to existing vessels GT < 150 reg. t;

— to pleasure yachts;
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— to fishing vessels.

According to the Convention, all vessels are divided into types:

— type "A" — vessels designed for transporting only liquid bulk cargo;

—type "B" — all others.

Differences from the 1930 Convention:

— the tabular freeboard is significantly reduced for vessels with L > 61 m;

— the assignment of the World Ocean areas to "seasonal zones" and "seasonal
areas" has been revised.

In seasonal zones, the vessel is loaded with the same load line throughout the
year. There are 2 zones: summer and tropical. Rules for determining "zones": in
"summer" during the year <10% of the time winds blow with a force of >8 on the
Beaufort scale (34 knots); in “tropical” <1% of the time, winds of >8 on the Beaufort
scale (34 knots) blow and <1 tropical storm has been observed in the last 10 years.

In seasonal areas, different load marks are used throughout the year. There are
also 2 regions: tropical and winter.

According to the new Convention, the "Summer Seasonal Zone™ includes the
entire Atlantic coast of the United States, the Mediterranean, Black, Azov and Baltic
seas.
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Fig. 1. The Map of Zones and Seasonal Areas
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According to Rule 6 of the Convention, the marks that mark the load waterlines
must be horizontal lines that are applied to the bow and perpendicular to the vertical
line.

The following marks are used:

a) Summer Load Line indicated by line S;

b) Winter Load Line, indicated by line W,

¢) Winter North Atlantic Load Line is indicated by the WNA line;

d) Tropical Load Line indicated by line T.

e) Summer Fresh Water Load Line is indicated by line F. The difference
between the Summer Fresh Water Load Line and the Summer Load Line represents
the correction for fresh water load for other load lines.

f) Tropical Freshwater Load Line as indicated by the TF line.

Cargo load lines are shown on fig. 2.
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Fig. 2. Cargo load lines and the Plimsol Disc
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If a timber freeboard is assigned to the ship, Timber load lines are applied in
addition to the normal load lines. The word "timber" is added to the title.
An additional load line marked with a "C" sign is applied on a passenger ship.
When taking measurements during a draft survey, it is important to know that
the thickness of all horizontal lines indicating load lines is 25 mm.
According to Rule 40 of the Convention, freeboards are
— Summer freeboard H;
— Tropical freeboard Nt
H, = Hs + 1/48 - T,
where Ts is the draft of the Summer load line, cm;
— Winter freeboard Hy
Hy=Hs—1/48 - Ts;
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— Winter freeboard in the North Atlantic. For vessels L < 100 m, it is equal to
Hy + 50 mm. For ships L > 100 m, the winter freeboard in the North Atlantic shall be
the winter freeboard.
Hwsa = Hs — 1/48 - Ts;
— Freeboard in fresh water Hsy
Hsy =HS—AS/4O m,
where A is the ship's displacement in salt water at the summer cargo waterline;
m is the number of tons per 1 cm of draft, t/cm;
— Freeboard tropical in fresh water
H,yp = Hy —As 140 m,
Formulas for calculating the displacement 4. for sailing zones:
— summer — tropics

Ac = As
— winter — summer — tropics
Ac = Ay
— North Atlantic winter — winter — summer — tropics
Ap = Awna

— tropics — summer
Ac=As +XPu<Ay,
— summer — winter
Ac=Aw + ZPS < As
— winter — North Atlantic winter
Ac = Awna + ZPW < Aw
— tropics — summer — winter
Ac = (AW +YPs<As) + DX Pu<Ay
— summer — winter — North Atlantic winter
Ac= (Awna + ZPWSAW) + ZPSSAS
— tropics — summer — winter — North Atlantic winter
Ac = [((Awna + X Pw < Aw) + 2. Ps) < As] + X P < A
where A. — calculated displacement;

As, Aw, Ar, Awna — displacement at the summer, winter, tropical, winter North
Atlantic cargo waterline.

Note that from the moment of construction, the vessel's forms contain data on
displacement, deadweight and draft according to the summer load line (4s, Aws, Ts).
These values are unchanged for the entire period of operation of the vessel.

If in parentheses the left side of the inequality turns out to be greater than the
right, then the extreme left value of A should be taken as A, and the further
calculation is stopped. In the same way, if the left side of the inequality in square
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brackets turns out to be greater than the right one (for example, Awna + Y Pw + Y. Ps>
As), then As is taken as A and no further calculation is performed.

When determining the value of the calculated displacement, in addition to the
zones and seasonal areas of applicability of a particular load line, it is necessary to
take into account possible draft restrictions on passage and in ports.

Each vessel must have:

— International Load Line Certificate, 1966;

— Regional Certificate of Load Line (for vessels making international voyages
between ports of 2 or more states);

— International Certificate of Exception for Load Line (for vessel with new
structural features);

— Single Voyage Permit (for a single voyage of a coastal vessel).

4.3. General requirements for drawing up a vessel's Cargo Plan

A Cargo Plan is a graphic representation on a ship's drawing of the disposition
of each lot of cargo in the ship's cargo spaces for a given voyage. To draw it up, it is
necessary to provide:

— profitable use of the cargo carrying capacity and the cargo capacity of the
vessel;

— the ability to carry out loading and unloading in the shortest possible time;

— observance of the order of loading cargoes;

— maintaining the necessary stability, trim and strength;

— safe navigation of the vessel;

— safe and timely delivery of cargoes;

— compliance with safety and labor protection standards;

— achieving economic efficiency based on the maximum freight.

To draw up a cargo plan, you need to know detailed data about the vessel,
cargo and conditions of the intended voyage.

In order to distribute cargoes among the premises, it is necessary to solve the
problem of maximizing the use of cargo capacity and cargo carrying capacity by
selecting a combination of "light" and "heavy" cargoes.

If the vessel takes cargo for several ports, it is necessary that the cargo to be
unloaded at the 1st port is on top of other cargo. When loading and unloading at
several intermediate ports is envisaged, the rotation of the ports of call should be
taken into account.

A preliminary Cargo Plan is drawn up by the port of loading; by the end of
loading, an executive Cargo Plan is drawn up.

To draw up a Cargo Plan, it is necessary to solve a number of tasks:
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— determine the mass of cargoes that can be taken on a given voyage;

— select cargoes to ensure full use of cargo carrying capacity and cargo
capacity, or maximum profit;

— calculate the distribution of weight loads in the cargo compartments of the
vessel;

— to distribute the cargoes in the premises, taking into account their
compatibility;

— determine the trim of the vessel for departure and correct it;

— to calculate the stability for the vessel's departure from the port of loading
and upon arrival. Accounting for the cargo carrying capacity and cargo capacity of
the vessel for the voyage.

With a large number of cargoes, they are grouped into "heavy" and "light", i.e.
the problem is reduced to solving equations with 2 unknowns.

When distributing cargo, it is necessary to ensure that there is no damage to the
local and longitudinal strength of the ship's hull.

Cargoes picking is a creative process, but it takes into account:

— in one cargo compartment only compatible cargo is placed, as well as cargo
for the transportation of which the same microclimate is required;

— cargoes are stowed in the lower part of the compartment in a strong tare;

— cargo must be arranged strictly as per B/Ls lots;

— cargo, during the transportation of which it is necessary to observe the
temperature regime, must be removed from the heated bulkheads, sides and deck.

Verification of the implementation of the IMO recommendations on stability is
compulsory when drawing up the Cargo Plan of the vessel before its voyage. It is also
necessary to ensure that these requirements are met when the vessel is on passage at
sea, that is, when variable supplies (fuel, water, etc.) are consumed. Each ship must
have a Stability Booklet, Trim and Stability Book.

4.4, Calculation of the Cargo Plan of the vessel

To determine the calculated displacement tonnage (full) A¢ for the voyage, it is
necessary to determine the valid load lines using the Map of Zones and Seasonal
Areas.

By choosing the displacement tonnage of the vessel according to the summer
load line As from the TOC (transport-operating characteristics) of the vessel, you can
get the displacement tonnage according to the tropical At or winter Ay, load lines

Aw=As—1/48 -T5- m;
Ar=As +1/48 -Ts - m,
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where: Ts is draft according to the Summer load line, cm;
m is the number of tons per 1 cm of draft, t/cm.

It is necessary to determine such A, for which at no stage of the passage the
ship's load line is below water.

Full cargo carrying capacity (deadweight, DWCC) of the vessel Aw:

AW =A¢— Ao,

where Ay is the light displacement of the vessel, t.

Cargo carrying capacity (or deadweight cargo capacity, DWCC) — quantity of
cargo to be loaded Acarg (Apwec)

n
Acarg = AW — Z Psupj
i—1

where ) P, — voyage supplies,
=1

up j

_ pway stay
Zpsupj _Psup +Psup !

=l

where: P — running supplies for the voyage when vessel under way;

sup

P2 _ stay supplies for the voyage when vessel is lying at the berth (or riding

sup
at anchor).
Pway :Pfuel +PW +Poi|

sup way way way
where ijﬁg', Py, Pv‘jﬂy are the corresponding running supplies of fuel, water and oil.

Determined by similar formulas,
Pfuel _qfuel 'tway '(1+kst)'

way ~— “Zway
Where: qva‘;ey', Clway, qu’,i;y are daily consumption rate of fuel, water, oil underway, t/day;

kg, is coefficient of storm reserve.
tway — running time, days
tway :?I__Vﬂda )
where L is the distance of the passage, miles;
v is speed of the vessel, knots;
ti 1S time of delays underway, days;
Stay supplies (supplies for the voyage when vessel is lying at the berth (or
riding at anchor).
Rﬁtgy =P, s?éill + P, ggay +P§E’:|1y 1
where, respectively, the amount of fuel, water, oil to ensure the stay of the vessel at
the ports of loading and unloading, i.e.
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fuel __ _ fuel
P, stay — Dstay 'tstay’

where: qs‘;‘;‘;' Is the daily rate of fuel consumption during stay, t/day;

Ly IS the stay time, days.
n Q
tcm = —I1
where: Q; is the amount of the i-consignment, t;
n is the number of consignments;
M; — gross rate of cargo operations of the i-consignment, t/day.

ki — correction coefficient to M;.
Further, we bear in mind, that

iQi = Aw
=1

The amount of cargo taken for transportation depends on:
— the cargo capacity of the vessel W;

- : W
— specific cargo capacity of the vessel ® =——;

carg

— specific cargo loading volume of cargo (SF) — u.
If "heavy" goods are presented for transportation (u < ® ), then

ZQi = Acarg '
i=1
If "light" goods (u > w ), are presented for transportation, then:
n
W
Q="
If both "light" and "heavy", the system of equations is solved
Qlight + Qheavy = Acarg;
Qlight “Ujigne T Qheavy “Upeavy =W
To determine the amount of the cargo loaded into each cargo space, the
principle of weight distribution load is used in proportion to the cubic capacity of the

cargo spaces using the coefficient of commensuration of the cargo capacity of each
cargo space Kk

ke =

5=

where: W; is the cargo capacity of the i-cargo space, m?;
W is the cargo capacity of the vessel, m?;
The value of the distributed cargo mass for the i-cargo space (Q;)
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where Q
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Qi = kci ’ stl

Is the volume of the ship's consignment, t.
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5. TECHNOLOGY OF GENERAL CARGOES TRANSPORTATION
5.1. Classification of general cargoes

The name of this category of cargoes comes from the English «general» —
common. The general cargoes include cargoes packed in boxes, bales, barrels, drums,
bags, cans, bottles, baskets.

A feature of the transportation of general cargoes is that in one cargo premises
it is necessary to place dozens, and sometimes more than a hundred names of cargoes
with different properties, which requires the carrier to carefully study and take into
account their transport characteristics and compatibility. Before transportation, the
Shipper must provide:

— Declaration of Cargo (Chapter VI SOLAS);

— Certificate of Origin (SSt «Preparation of goods for transportationy).

The Shipowner must provide a Cargo Securing Manual. The administration of
the vessel is obliged to prepare the vessel for loading, facilitate the survey of the
cargo.

The Shipper (freight forwarder) must submit the cargo in such a way that it:

— is marked;

—is in a serviceable tare;

— has serviceable locks and seals;

— does not have traces of wetness, sweepings;

— has no signs of spoilage, damage, theft of cargo.

General cargoes classification is carried out according to:

— the mass of a separate package;

— linear dimensions;

— storage modes;

— methods of transportation and handling;

— physical and chemical properties, etc.

Transportation of general cargo is carried out in accordance with «General and
special rules for the carriage of cargoes», «Safety rules for the carriage of general
cargoes by sea». All general cargoes are divided into categories and groups
depending on the type of tare, packaging and the nature of the cargo itself.

5.2. Transportation of boxed cargoes

Depending on the material of manufacture, the boxes are made of:
— plank crates (lathing);

— plywood (reinforced with wooden laths along the perimeter);

— cardboard (corrugated cardboard).
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Some goods are pre-packed in consumer tare before packing in boxes —
cartons, packages, bottles, cans.

Stowage of boxes.

Wooden boxes are placed on the vessel depending on the size, weight, strength
of the tare. In this case, heavy boxes are stowed in the lower part of the hold, light
boxes — on top. In the first tier, free spaces are filled with separation materials.

In the hold, boxes are stowed in longitudinal or transversal direction, or on the
butt end — depending on their size, characteristics of the cargo, strength of the tare.

According to general rules, boxes are stowed from the sides to the middle,
from the transverse bulkheads to the clear space with maximum thickness. When the
ratio of the length of the box to the width is > 2, in order to ensure the strength of the
stack, one tier of boxes is stowed lengthwise, the other — athwartship.

Cardboard and small wooden boxes are lined up using the brick stowage
method.

Plank crates on tween-decks and in holds are stacked at a height < height of the
cargo space = 4 m. If the cargo is in glass tare in the crates, no other cargo is loaded
on top of them.

Boxes with glass are stowed vertically on a long edge fore-and-aft line.

Fastening of a stack of fragile boxes is made by boards laid across the vessel
through 5-6 tiers of cargo. The boards should rest against the sides, overlap each
other in length > 400-500 mm. 3-4 tiers of boxes are stacked on the top boards.

5.3. Transportation of bagged cargoes

When loading cargoes in bags into the hold, under the bottom tier of bags, a
flooring of boards is laid, on the top of which 1-2 layers of paper are lined. The
stacking is carried out along the transverse bulkheads from the sides to the middle.
The bags are stowed lengthwise the vessel.

If the creation of «air channels» is required, along the sides and bulkheads, the
stack is fastened with boards after 5-6 tiers, on the upper tiers — after 34 tiers.

Fig. 1. Stowage of bag cargoes:
a — «bag over bag»; b — «half-bag way»
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Stowage of fabric bags with finely dispersed bulk cargo (flour, talcum powder,
chalk — capable of penetrating the fabric layer) is done as tightly as possible
athwartship.

In the square of the hatch, bags are loaded in tiers 1-1.2 m high with board
liners under each tier.

The height of the stack depends on the properties of the cargo. So, for

— cocoa beans in jute bags h = 12 tiers;

— coffee beans h = 20 tiers;

— cement in craft-paper bags h = 30 tiers;

— grain cargoes in fabric bags h = 18 tiers.

5.4. Transportation of pressed baled and baled cargoes

Fibrous cargoes and products are transported in pressed bales and bales.

The pressed bales are formed under the press, sewed with material, tightened
with metal ties. Geometrically, it is a parallelepiped with 2 convex sides.

Bales are non-pressed cargoes.

The bales are stowed along the transverse bulkheads in a cushion stack. Stack
width 1-2 bales, height 1-3 bales. The clearance between the bales and the side on the
bilge slant is laid with hard separation with a step of 150-200 mm. The bales are
stowed tightly to each other.

5.5. Transportation of rolled-barreled cargoes, in drums and cylinders

Metal barrels are welded or rolled up with stiffening belts or wrapped iron
hoops.

Barrels are cylindrical and conical in shape.

Metal drums are cylindrical in shape.

Wooden barrels are filled with liquid and dry cargo.

Liquid and semi-liquid products are transported in barrels. There is a cork on
the bottom of the barrel or on the side (when loading, there is a cork on top).

Dry food products and powdered chemical products are transported in dry
barrels.

Plywood drums are made of 3-layer glued plywood. They carry dry food
products, chemical products. Capacity is 10-00 litres, weight is 15-175 kg.

Metal drums are made from sheet iron. They carry fusible and dry chemical
products. Capacity 50200 litres.

Barrels are stacked horizontally on the generatrix (on the sides) and vertically
on the butt end.

When laying horizontally, barrels are stowed from the middle of the hold to the
sides in transverse rows. Each barrel of the first tier is laid on soft wood lining with a
section of 50x50 mm. The emptinesses at the sides and in the corners are filled with
separation. Each barrel of the second tier is placed in a hollow between 4 barrels of
the first tier («bull's-eye»).
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Fig. 2. Barrels wedging:

1 — quarter hoops; 2 — cork; 3 — chime; 4 — bottom; 5 — bulge; 6 — cushion
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Fig. 3. Stowing barrels on the
butt end:
1 — lining under the cargo; 2 —
spacers and chocks

When the barrels are stacked vertically («on
the endy), they are stowed along the sides in rows
with a passageway on the center line. Barrels are
chocked and tomed up in the way of the bilge
slants. Continuous separation of boards is laid
between the tiers of the barrels. The stacking height
at the end is for 100-liter barrels up to 9 tiers; 200
250 liters up to 8 tiers.

Wire rope in coils are transported on the «butt end»
position,

Cable in coils are «on the generatrix (side)»
position.

The cylinders are transported «on the
generatrix (side)» position athwartship, stowed on
a continuous layer of separation of boards or

plywood.
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Fig. 4. Stowing cylinders for transportation on deck of a ship:
1 —cylinders; 2 — gaskets; 3 — linings; 4 — wire ties; 5 — amortization rings
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5.6. Transportation of cotton and other fibrous cargoes

Fibrous cargoes are classified as natural or artificial. Natural fibrous goods are:

— vegetable (cotton, flax, jute, hemp, beckoning, sisal, agave);

—animals (wool, natural silk);

— mineral (asbestos).

Cotton.

There are 7 grades of cotton. The weight of the bale, depending on its moisture
content, is 205-215 kg. Bale size up to 1 m long, 60 cm wide, 75 cm high.

L/
ol s kl‘:

Fig. 5. Standard packing cotton bale

According to contamination, cotton is divided into 3 classes.
The cargo is classified as dangerous. A spark can cause smouldering and fire.
Therefore,

— spark arresters are placed on the exhaust pipes of the forklift trucks;

— hatch coamings are fenced with wooden shields to protect against sparks
during loading when the cargo pendant rubs against metal.

It can smolder and ignite spontaneously from oxidation by oxygen in the air,
from oil, for example, from the cylinder of a forklift truck, and even from the ingress
of water on the bale. When wet, cotton becomes moldy, self-heating.

When transporting cotton, heat sources must be shielded with wooden shields.
The electrical wiring must be in good condition. Portable «cluster lights» for lighting
holds at night must be rated for V < 100 V. The metal parts of the hull are covered
with tarpaulins, mats.

When transporting cotton, carbon dioxide and steam extinguishing systems
must be tested and in good working order.

Cotton is a dusty cargo. At high temperatures or ventilation with dry air, cotton
loses its elasticity, becomes brittle and tough.

Jute.

Jute is the fibre of an annual plant. Is used for

— production of fabrics;

— production of ropes.
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The cargo is water-absorbing and accumulates moisture. Rotting processes take
place in the middle of the bale. Therefore, when loading, do not accept wet bales,
allow contact with oil, fat.

It is often infected with insects, therefore fumigation is carried out.

Flax.

Its properties are close to cotton. The cargo is clean and dry, liable to damage
by moisture. Flammable.

Copra.

Copra is the dried oily endosperm of the coconut tree. Copra cake is a good
feed for livestock, it contains 30-40% coconut oil. It is a raw material for the
production of margarine, industrial oils, glycerin, soap and napalm.

Ropes and mats are made of copra.

Copra is liable to damage by moisture, it quickly rots.

5.7. Transportation of paper and cellulose

The initial products are:

— wood;

— synthetic fibres;

— mineral fibres.

Basic properties of paper, cardboard and cellulose:

— hygroscopicity;

— heat capacity;

— susceptibility to pollution, mechanical stress, the action of moldy funguses
and bacterias, discoloration, fire hazard.

Rolled paper is packed in 3-6 layers of wrapper, the ends are protected with 5
layers of wrapping paper.

The paper to be printed is wrapped in plastic.

Sheet paper is transported in:

— bales;

— boxes weighing < 200 kg.

The cardboard is transported in rolls wrapped in paper and strapped with steel
packing tape.

Cellulose is transported in bales wrapped in 2 layers of unbleached cellulose.
The bales are covered with a steel tape in 2 belts.

When transporting paper on non-specialized vessels, the holds are arranged:

—wooden enclosures at bilge slants;

— stepped platforms with the flare of the sides.

Rolls of paper are stowed «on the butt end». Allowable stacking height hajow:

— paper for printing — 5.5 m;

— other types of paper — 7.5 m.

Paper — the cargo is clean, it can be transported with other cargo that does not
emit moisture.

Before loading, a thorough cleaning, washing, drying of cargo spaces is carried
out. The necks of tanks, fuel and air pipelines, drainage, ballast and hydraulic
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systems, hatch coamings, closures and flaps of ventilation openings are carefully
sealed. It is desirable to invite surveyors.

5.8. Transportation of caoutchouc and rubber-technical products

Caoutchouc (English caoutchouc, came from the language of the Peruvian
Indians). There are several types of caoutchouc transported in the form of sheets,
which:

— are packed in boxes;

— are pressed into bales.

1. «<Smoked Shieldy. It is transported in the form of sheets of 50x100 cm,
smoked and packed in bales. Color from amber yellow to brown.

2. «Crepe» — sheets of 50x60 cm, non-smoked, white.

3. CMP brands — transported in the form of continuous rubber mass. It is
transported in plastic bags weighing up to 1 ton, stacked on pallets.

The average size of transported caoutchouc bales is 400x500x600 cm, weight
Is 101-113 kg. The bales are covered with caoutchouc sheets of the same brand. The
bales are marked with RSS or Crepe.

Natural caoutchouc contains protein substances — a breeding ground for
bacteria and molds. At the same time, heat is released, which accelerates the decay
process.

Bales are easily contaminated with soil and sand.

During transportation, the following may take place:

— bale deformation;

— leakage of bales between parts of the framing;

— fusion of bales.

Caoutchouc has the maximum elasticity at t = +15+20°C. With an increase in

t 1, it passes into an amorphous state.

Contact with solvents must be avoided.

When transporting bales of caoutchouc of higher grades are located at the
bottom, and lower (softer bales) — at the top. Maximum stacking height Hpax < 18
tiers of bales.

On the deck of the cargo compartment, planks are placed at intervals of 5-10
cm, on top — plywood planking is 6-10 mm. The sides and bulkheads are covered
with plywood sheets. Each tier of bales is separated with plywood treated with a
special emulsion (kaolin, kerosene, talc) and sprinkled with talc. The top layer of the
bale is covered with a film to prevent condensation from entering. It is prohibited to
load other goods on top of caoutchouc. When transporting caoutchouc:

— The humidity in the cargo area is measured 2 times a day;

— the holds are ventilated when the outside air humidity is ¢ < 76—78%);

— at least once every 2 days, the temperature and humidity of the air ¢, ¢ in the
cargo space are measured.

Synthetic caoutchouc.

It is transported in rolls lined with burlap or a cloth impregnated with nitro-
lacquer. It can be in the form of a tape wound in rolls.
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Latex.
Latex is an aqueous solution of natural and synthetic caoutchouc.

It is transported in drums with an additional valve for relieving excess pressure. The
barrels are stowed «on the butt end».

t in the cargo space must be > +10°C.

Stacking height allowed H < 6 tiers. With fewer tiers, after the separation has
been laid, other cargoes can be loaded on top.

When exposed to air, latex forms a sticky mass. To prevent it from clotting,
additives (ammonia, creosote) are added.

Rubber and products.

It is transported as products:

— technical (tires, insulating tapes, dielectric rugs and gloves, cuffs, sleeves);

— household goods (rubber shoes, children's toys, household goods).

Their transportation does not require special treatment. The temperature in the
hold is t —10 +~ +20°C, for some —30 + +40°C.

5.9. Transportation of light industry products

Light industry products include:

— products of the textile, garment, knitwear, footwear industry;

— haberdashery;

— perfumery;

— other household goods.

Products of the textile, clothing, knitwear, footwear industries.

These include fabrics from:

— cotton. Capable of absorbing moisture from the environment;

— flax. They are also liable to getting soaked with salty sea water (mold-fungus
is formed);

—wool. They can get spoiled by moths, then disinsectization and survey control
of the cargo are carried out;

— silk. Less moisture absorption. Spots remain when wet;

— synthetic. They absorb little moisture, but are sensitive to an increase of t.

The transported fabrics are packed in bales. The pressed bales are covered with
2 layers of moisture-resistant paper, then 1-layer of wrapping cloth and the edges are
tightened with metal or wire bands.

When transporting woolen and silk fabrics, the bales will be sealed.

Carpets.

They are transported in rolls covered in 1 layer of packing fabric.
Garment (sewing) products.

They are transported in cardboard boxes or in bales covered with control wire
or steel tape, factory-sealed «in a locky.

Textile cargoes.
These are second materials — textile scraps; old rags; cleaning materials.

Accepted for carriage if there is a certificate of disinfection. They are classified as
flammable substances.
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Products of the leather and footwear industry.

These include:

— leathers. There are:

— leathers of a hard type. They are transported in packs of 5-10 pieces;
— soft leather types. They are transported in packs, rolls.

— patent leather. They are transported when spreaded (right side to right side) in
plywood boxes of 20 leathers.

— leather goods. Among them are shoes. Packaging requirements apply to it:
pairs of shoes are packed in consumer packaging — cardboard boxes. They are already
in shipping tare — board, plywood or cardboard boxes.

When transporting leather and leather shoes it is necessary:

— reliable ventilation in the holds, t > 25°C;

— stack height H < 2.5 m;

— cargo pieces < 0.5 m from pipelines, instruments, bulkheads with increased t.
— protect from moisture (mold forms), dryness (loses elasticity).

Fig. 6. Bale tare:
a — a bale of garments, knitwear, fur and leather goods; b — a bale of leather and garments

Perfumes and haberdashery.

They are transported packed in tight wooden boxes; in containers — in
cardboard boxes.

Perfumery emits a strong and persistent odor and must not be transported with
food products. Contains flammable and volatile essential oils, therefore should not be
transported close to heat sources.

5.10. Transportation of metal products, sheet and coiled steel

Transported in bulk; in bundles, packages, packs, boxes; in separate places

without packaging. A small U < 1 m?/t is typical.
Transportation safety is ensured by:
— compliance with stability standards;
— calculation of longitudinal and local strength;
— proper fastening;
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— the use of lining materials;

— the use of mechanization.

Sheet steel.

It is transported in the form:

— tapes of width B <400 mm — in rolls;

— sheet and strip < 4 mm thick — in packs;

>4 mm — in packs and by the piece.

If the steel sheets have L > 2 m and a thickness of < 3 mm, wooden or metal
bars are attached to the bundles from below. The height of the stack of sheet steel in
bundles is H <4 m, each tier is separated by gaskets.

a)

Turn to 90°

z [
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Fig. 7. Laying and fixing sheet steel in bundles:
1 — wooden spacers; 2 — gaskets; 3 — lashing

White tin in bundles.

In bundles (packs) of 1000 sheets. Packs are wrapped in moisture-proof paper
or lined with bituminized corrugated cardboard. From above and below, the packs are
covered with sheets of defective black tin or cardboard and fastened with steel strips
to a wooden pallet with support beams 60 x 60 mm.

Coiled steel.

Rolls can be transported horizontally (on the generatrix) and vertically (on the
butt end). Wood lining is installed under each roll. The rolls are fastened with steel
ropes.

) T — b)

Fig. 8. Stowing and securing coiled steel:
a — horizontal(on the side/ generatrix) ; b — vertical (on the butt end)
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Bar steel.

If the thickness of the bar is < 20 mm, it is transported in coils; > 20 mm, — in
bundles tied every 2-3 m.

Non-ferrous metals.

They are transported in the form of: pigs; sheets; skeins of wire. Zinc and lead
pigs are transported in packages on wooden beams. Packages are tied with packing
tape.

Pig iron.

Transported in bulk.

Rails, beams.

Stowed along the ship. Gaskets are installed between the tiers for possible
slinging and avoiding slippage.

Wire.

Transported: in skeins; wrapped in moisture-proof paper and laid in wooden
boxes; wrapped in burlap; without packaging.

Wire rod.

Stowed athwartship in tights rows from side to side. Planks are laid on the
metal flooring of the hold.

Hardware (metal wares).

These are bolts, nails, nuts, screws, chains, ropes, metal nets. They are
transported in wooden boxes or rolls.

5.11. Transportation of pipes

Pipes are available in small, medium and large diameters.

Small diameter pipes.

They are transported in packages (bundles), in boxes.

Medium diameter pipes (steel and cast iron).

They are transported in bundles tied with wire in 4 places. Threaded pipes are
supplied with couplings.

Large diameter pipes.

Used in the construction of main pipelines. Length L = 8-12 m Separation from
boards is placed under the bottom row. They are transported in the holds and on the
deck by a welded joint upward parallel to the Diametrical plane.

A free space of about 1 m is left in the upper part of the hold. On the deck they
are fastened with lashing chains D = 19 mm; steel cable D =22 mm.

5.12. Transportation of reinforced concrete products

Transportation features: variety of forms; fragility of products. Each product
must be marked with mass, support points, loops or holes for slinging. Stacked:

— lightweight concrete, as well as products with a thickness of <200 mm —on a
narrow edge;

— columns, piles, bearings and piers of Power Lines and bridges — horizontally
and on wooden lining;
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— foundation slabs — in several tiers.
Stacking height <2 m.
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6. TECHNOLOGY OF BULK AND GRAIN CARGOES TRANSPORTATION
6.1. Classification and physical properties of bulk cargoes

Bulk cargoes includ a wide range of cargoes transported in bulk without tare:
ore, coal, salt, sugar, grain, fertilizers, construction materials. If the cargo consists of
homogeneous particles of the same shape and mass, these cargoes are subdivided into
bulk flowing cargoes. In accordance with the transport classification, all bulk cargoes
are divided into 2 classes: non-grain and grain bulk cargoes.

The transportation of bulk cargoes is associated with the danger that can be
caused by: shifting of the cargo and a dangerous list of the vessel; liquefaction of
cargo under the influence of vibration and overflowing of cargo to the side; self-
heating and spontaneous combustion of the cargo; increased concentration of
explosive or poisonous gases; damage to the longitudinal and local strength of the
vessel, corrosion of the hull and mechanisms, etc.

The physical composition of any bulk cargo consists of solid particles, water
and air. Basic physical and chemical properties:

— density — mass of a unit of its volume, t/m?,;

— specific loading volume (stowage factor SF) — volume of a unit of mass of
cargo, m3/t;

— shrinkage — the difference between the height of the stack of cargo at its
maximum and minimum compaction;

— moisture — the ratio of the difference in masses before and after drying to the
weight before drying, %. Depending on the content of moisture types, bulk cargoes
are: dry; air dry and humid.

Y

o
o
s

Fig. 1. The angle of natural repospe of the bulk cargo:
a — flowing off cargo from above; b — excavation from the stack; ¢ — removal of the stack’s wall;
d — slope of the vessel

a) b) G) e d) o

%

The most important transport characteristic is flowability, which determines the
degree of mobility and is characterized by the angle of natural repose «. Bulk cargo is
divided into 2 groups: subject to "dry" shifting; subject to shifting when wet (so-
called thixotropic). Cargoes subject to dry shifting are classified into adhesion
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(mmeromue cremienue) and non-adhesion cargoes. Cargoes without adhesion are
divided into 3 groups: with « < 30°, with « = 30-35° and with « > 35°. The criterion
of "dry" non-displacement is « = 35°. Cement, bauxite, clay, coal, scrap metal, ore
have such an angle. These are "conditionally" non-hazardous cargoes by dry
displacement.

Thixotropic cargoes pose a great danger to the vessel. Liquefaction occurs as a
result of moisture "squeezing” from the lower layers of the cargo to the upper ones.

6.2. Dangers associated with the transportation of coal and iron ore

When transporting coal, it is necessary to take into account self-heating and
spontaneous combustion, freezing, and the ability to grind. Wet and freshly mined
coals, as well as coals that contain a large amount of fines and dust, are sujected to
self-heating and ignition. Under the influence of low temperatures, coals can freeze;
in order to avoid this, it is necessary to reduce the moisture content of coal to 5%, at
which the coals practically do not freeze. During cargo works, the coals are subject to
crushing, the amount of fines can be 10-15%. When transporting coal, CH, methane
Is emitted. Ensuring the safe transportation of coal and proper seaworthiness of the
vessel is regulated by the "Rules for the carriage of bulk and bulk flowing cargoes".
According to them:

— vessels must have equipment for extinguishing steam or carbon dioxide
extinguishing, means for temperature control of the stack of the cargo, rescue oxygen
devices;

— all electrical equipment in the cargo spaces of the ship must be reliably
isolated from the cargo;

— holds must be clean, no oiled ropes, tow, chips, burlap and other materials are
allowed.

To prevent spontaneous combustion of cargo, you must:

— not allow loading coal with a temperature of 35°C and above;

— machinery, boiler rooms or other heated bulkheads of cargo spaces should be
insulated from contact with coal;

— to observe the temperature control regime and changes in the temperature of
the cargo during the watch, the readings of the thermometers should be entered in the
Logbook;

— upon detection of an increase in the temperature of the cargo up to 60 °C, it is
necessary to take urgent measures to eliminate the hotbed of self-heating, namely: to
stop air access to the cargo space while using the fire extinguishing equipment
available on the ship.
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It is strictly forbidden to transport coal together with fire hazardous cargo, as
well as cargo that must not be contaminated or are incompatible for other reasons.

Ores with a high sulfur content (pyrite, some types of iron ores) are susceptible
to self-heating and spontaneous combustion. Therefore, when transporting them, one
should be guided by the requirements applicable to the transportation of coal.

Most of the ores are freezing, and lose their free flowing properties at sub-zero
temperatures. This is prevented by:

— freezing of cargo in separate lumps or small pieces;

— periodic flowing of cargo with excavators and grabs;

— flowing the cargo with quicklime, sawdust, sodium chloride and calcium
chloride;

— uniform placing of straw, straw chaff, reeds and peat fines between the cargo
layers;

— lubrication of the floor and walls of wagons and platforms and spraying of
cargo with mineral and coal oils.

In order to avoid damage to the longitudinal strength of the vessel during
loading, it is necessary to load the ore evenly and load the middle holds first, and then
fill all the spaces of the vessel. It is advisable to place ore in the forward hold closer
to the aft bulkhead, and in the aft hold, when the ER is located in the middle part, to
the forward bulkhead. During the voyage, the holds must be ventilated and the
temperature of the cargo in them must be controlled.

6.3. Regulatory documents governing the carriage of non-grain bulk cargoes

IMO developed the Code of Safe Practice for Solid Balk Cargoes, adopted in
London in 1991 with amendments in 1992. The Code is advisory in nature and is now
in its 3rd edition. On the basis of the "Code", SOLAS-74 and others, a system of
safety criteria was developed, including:

The criterion of non-shifting is the limit of the equilibrium state of the bulk
cargo in the conditions of sea transportation; non-liquefaction criterion — the limit of
the state of plasticity of the bulk cargo; stability criterion of a vessel when bulk cargo
liquefies — a set of additional requirements for the stability of a vessel in the case
when cargo is loaded onto the vessel in violation of the criterion of non-liquefaction.
The criterion for the stability of a vessel with a "dry" shifting of a bulk cargo is a set
of additional requirements for the stability of a vessel. In this case, the stability of a
vessel carrying non-grain shifting bulk cargoes, taking into account the correction for
the effect of free surfaces of ship's liquid stores and cargo, but without taking into
account icing, should be such that, under the influence of the conventional heeling
moment My, from the shifting cargo, the angle of the vessel's static heel 65 does not
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exceed 12°, the residual area of the static stability diagram, calculated from the angle
of static heel to the angle of 40° or the pouring angle 6: (whichever is less), was not
less than 0.12 m rad., the metacentric height h under the worst sailing conditions was
not less than 0.7 m.
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Fig. 2. Diagram of static stability of a vessel with bulk cargo, which is dangerous
for dry displacement

The Non-combustible criterion — the limit of the state of non-combustible
cargo.

The criterion for the non-gas content of the atmosphere of cargo spaces is the
limit of the condition of the atmosphere of cargo spaces loaded with bulk cargo that is
non-hazardous with respect to explosion or human health.

Dangerous bulk cargo is presented in classes 4-9. IMO has approved the
compatibility conditions for dangerous bulk cargo.

In addition, IMO has adopted a Code of Safe Practice for Loading and
Unloading Vessels for Carriage of Dry and Bulk Cargoes (BLU Code). The Code
includes 6 sections and 5 appendices.

Chapter VI of the International Convention for the Safety of Life at Sea
SOLAS 74/78 is devoted to the transportation of cargoes. It contains sections:

— A — General provisions;

— B — Special requirements for bulk cargo other than grain;
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— C — Transportation of grain.

Chapter VII describes the requirements for the carriage of Dangerous Goods,
including bulk cargo.

The national legislation includes:

— "Safety rules for the carriage of non-grain bulk cargo (liable to liquefaction
and hazardous chemical properties)".

6.4. Vessels for the carriage of bulk cargo, the procedure
for their loading and unloading

About 3 billion tons of bulk cargo are transported in the world annually. Since
the 50" of the 20" century, bulk carriers vessels began to be built for these purposes.
This type of vessel has a single hull, double bottom, large cargo holds, upper and
lower side tanks. To exclude stowage of cargo, suspended tanks are placed under the
main deck and bilge bevels are performed.

BULK CARGO LOADED IN A TRADITIONAL
TWEENDECK VESSEL:

TRIMMING IS REQUIRFD AND DISCHARQGE 18

DIFFICULY
L’-f;—- _

<ITUSPACE UNFILLED

EDIFFICULT A
/' TO REACH i

LOW DENSITY BULK CARGO L OADED IN A BULK

RULK CARRIEK HOLD CARRIER.
y LITTLE TRIMMING 15 REQUIRED AND ALL
THE CANGO 15 ACCESSIBLE 1 ON GRAR
DISCHANGE

QA
,‘“'TOPSII)I " OR o
W UPPER H i\

HIGH DENSITY BULK CANRGO L OADED IN A
BULK CARRIER!

NO TRIMMING MAY BE 11 QUIRED, BUT THIS
DEPENDS UPON THI PROPERTIES OF THI
CARGO

CANGO 15 ACCESSIBLL 1OR GRAB DISCHANGH

Fig. 3 Stowage of bulk cargoes in the hold of the bulk carrier
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Since the 70th, bulk carriers DW > 200 thousand tons have been built.

Hatchway coefficient kn = 0.6-0.8.

The following types of bulk carriers are distinguished:

— Minibulker......... < 10 thousand tons;

— Handybulker-......10-30 thousand tons;

— Handymax......... 30-50 thousand tons;

— Panamax............ 50-80 thousand tons;

— Capesize............ 100-160 thousand tons.

Bulk carriers of the VLBC type have a DW of 200 thousand tons. The largest
bulk carrier in terms of size was built in 2010.

This is m/v “Vale Brazil”. DW = 402 thousand tons, L = 362 m.

There may be such variants for loading of bulk carriers:

Fig. 6. BE)ck-by-bI:)ck» dfstribution of cargo

Light cargoes are evenly distributed over the holds.

Stowage in every other hold or block-by-block (in 2 or more adjacent holds) is
performed when transporting ore, pigs, scrap metal. In this case, permission from the
Classification Society is required. When unloading, the cargo area can be
conditionally divided into 3 zones:

— The clear space of the hold. "Cream digging" zone;
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— Depth of the hold. Free digging zone;
— Side and bulkhead area. Collection of cargo residues (“trimming”).

6.5. Properties of grain bulk cargoes

All grain cargoes are conventionally divided into 3 groups:

— cereals (rye, wheat, oats, barley, millet, corn, rice;

— beans (peas, French beans, soybeans, peanuts;

— oilseeds (seeds of sunflower, flax, sesame, hemp.

The main distinguishing feature of grain cargo is flowability. The value of the
natural angle of repose o, in addition to external dynamic factors, is greatly
influenced by the degree of moisture of the cargo. With an increase in the moisture
content of the cargo, o grows to certain limits, and then sharply decreases when the

cargo reaches a liquid-fluid state. o for wheat — 16-38°, rye — from 17-38°, barley —
from 16-45°, oats — from 18-54°, peas from 20-35°, flaxseed from 14-34°. At
increased to (> 50°C) grain flowability decreases and it starts to deteriorate. It should

be borne in mind that an increase in t° of moistened grain forms poisonous and
explosive gases, that can cause spontaneous combustion. The main reason for grain
deterioration during transportation is moisture. Therefore, ventilation is performed
with outside air. Cereals goods are not accepted for transportation with a moisture
content of > 15.5% — rye, rice, oats, wheat, corn; 16% — peas, beans, cereals and
compound feed; without Phytosanitary Certificates: seed grain contaminated with
quarantine weeds ; infected with pests of cereals, etc.

Another property is shrinkage and poroing. Grain stowage is less dense if the
loading is done by “jet”, and more dense if it is “rain”.

Fig. 7 Grain loading according to the direct variant "wagon-ship"
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6.6. Regulation of transportation of grain bulk cargoes

The requirements for ensuring the safety of a ship during the carriage of grain
are based on the assumption that there are below-deck voids in every cargo space,
even if it is completely filled. Taking into account the properties of grain cargoes and
types of hazards, a set of rules has been developed that regulate the conditions of
transportation and storage:

— Chapter VI of the International Convention for the Safety of Life at Sea
SOLAS 74/78. Section C — "Transportation of grain".

— "International Grain Code, IGC, (International Code for the Safe Carriage of
Grain in Bulk).

— Rules of the Register of Shipping;

— "Rules for the carriage of food by sea".

On the basis of these documents, every ship carrying grain in bulk must have
on board a “Document of Permit”. It should be issued to each vessel on behalf of the
Ship's Flag Administration if the ship complies with the requirements of the IGC. A
vessel that does not have a “Document of Permit” may be allowed to load grain in
bulk, provided that: the total weight of grain in bulk is Q < 1/3 DW; in all "filled
compartments with trimming” diametrical bulkheads must be installed along the
entire length of the compartments; in partially filled compartments, all free surfaces
of the grain must be leveled and secured in accordance with the recommendations of
the 1GC; throughout the voyage, the metacentric height corrected for free surface
should be 0.3 m.

In accordance with the IGC, all cargo spaces of the vessel are divided into 4
categories according to the nature of their filling with grain:

— "filled compartment with trimming” — a compartment in which the grain,
after loading and trimming, reaches the highest possible level;

— "filled compartment without trimming" — the maximum amount of grain is
immersed in the hatch square, but not trimmed outside the square of the hatch;

— "partially filled compartment” — a compartment loaded in a different way
than indicated in the previous two cases;

— specially adapted.

Stability of ships carrying grain in bulk.

The static stability diagram of a ship with grain is drawn in the same way as the
static stability diagram of a vessel with a bulk cargo, which is dangerous by dry
shifting. Only the residual area of the diagram and the metacentric height have other
values. Stability must meet the requirements:
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1) The angle of static heel Og after the application of the conditional heeling
moment should be < 12° or (for vessels of unlimited navigation area) the angle of the
deck’s entry into the water 0, if it is < 12°,

2) The residual area of the static stability diagram between the curves of the
restoring and heeling arms up to the list angle corresponding to the maximum
difference between the ordinates of the two curves Omax or 40°, or the pouring angle

Or ; depending on which of them <, under all loading conditions should be
<0.075 m-rad;

3) The initial metacentric height after correction for the effect of free surfaces
of liquid cargoes should be > 0.3 m;

4) the stability of a vessel carrying grain should be checked over the entire
range of specific cargo volumes.

Conditional volumetric heeling moment from transverse grain shifting

Ay =
0 Specific gravity x displaysment

Ay =0.81;.

Grain loading, vessel at sea and cargo unloading.

The hold should be ventilated if the ventilation air T is below its t. The hold
cannot be ventilated when t (dew point) of the ventilation air is equal to or more than

the T of the cargo and if the t of the outside air is higher than the t of the cargo. When
the ventilation air is colder than the cargo, the appropriateness of the hold ventilation

is determined depending on the ratio t and t of the outside air, cargo and hold’s air.

Unloading process.

When unloading the cargo, it is necessary: to prevent the vessel from heeling
more than 2°; control the mass of the unloaded cargo based on the drafts readings;
timely carry out ballast operations; monitor the stability and observance of the
longitudinal strength of the ship's hull.

6.7. Transportation of grain in bulk in cargo spaces and methods of securing

In order to prevent the emergency shifting of the cargo, the following methods
are used for the safe transportation of grain:

1. "Free loading", or "no-shift" method of transportation of grain. All but one
of the holds and twin decks, as well as the cargo compartments, are loaded to the
level of the hatch covers. Sometimes you have to take water ballast.

2. A group of methods limiting the flowing of grain cargo. This is achieved
with the help of additional equipment (devices) that reduces the free surface area of
the cargo or dividing the volume containing it into narrower compartments. For
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example, feeders are arranged — volumes of grain fenced off by bulkheads, connected
to the underlying cargo. The free surface may be limited by grain in bags stowed
along the bulkheads of the cargo area. Sometimes the grain is divided by longitudinal
bulkheads (shiftingboards).

3. A group of methods to prevent grain flowing. This is achieved by creating
additional pressure on the surface of the grain. These include:

— bagging, i.e. overloading the grain surface with tiers of bags with grain or
other piece cargo. The platform or separation cloth should be covered with bags of
grain, packed tightly to a height of at least 1/16 of the width of the free surface of the
grain, or 1.2 m, whichever is greater;

— bundling, which is an extensive film or cloth container with a boarding, filled
with grain and placed on top of the main grain cargo (Fig. 8);

—slinging — a semi-rigid blanket made of fabric, boards and steel ropes, located
on the surface of the grain (Fig. 9);

— pneumatic slinging, based on inflated covers.

vf’2<‘

a4
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Fig. 8 Securing grain using the
"pbundling” method

Fig. 9. Securing grain in the hold by the "slinging"
method: 1- lashings; 2 — boards; 3 — tarpaulin;
4 — lanyard
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7. TECHNOLOGY OF DANGEROUS CARGOES TRANSPORTATION
7.1. Classification of dangerous cargoes

Dangerous cargoes or goods (DG) include substances that have dangerous
properties and require special measures during transportation and storage precautions.
The dangerous properties of goods include: explosiveness, flammability,
poisonousness (toxicity), infectiousness, radiation hazard, oxidative effects and
corrosiveness.

Transportation of DG must be carried out in compliance with the requirements
of “International Maritime Dangerous Goods Code" (IMDG Code) IMO. All DG are
divided into 9 classes and subclasses:

Class 1. Explosives. According to the degree of danger, they are divided into 6
subclasses.

Class 2. Gases compressed, liquefied and dissolved under pressure. Divided
into 4 subclasses.

Class 3. Inflammable liquids (IFL). Divided into 3 subclasses.

Class 4. Inflammable substances (ILS). Divided into 3 subclasses.

Class 5. Oxidizing substances (OS) and organic peroxides (OP). Divided into 2
subclasses.

Class 6. Poisonous (PS) and infectious (IS) substances. Divided into 2
subclasses.

Class 7. Radioactive substances (RS). Divided into categories and groups.

Class 8. Caustic and corrosive substances (CS). Divided into 3 subclasses.

Class 9. Other dangerous goods not classified in classes 1-8.

7.2. Regulation of the carriage of dangerous goods

The carriage of dangerous goods is regulated by the following documents:

1) International Maritime Dangerous Goods Code (IMDG Code);

2) International Convention for the Safety of Life at Sea, 1974 (The
International Convention for the Safety of Life at Sea, SOLAS 1974);

3) International Convention for the Prevention of Pollution from Ships,
MARPOL 73/78).

The main document regulating the carriage of dangerous goods by sea is the
IMDG Code, which consists of 2 volumes and an Appendix.

Structure of the IMDG Code.

Volume 1:

Part 1. General provisions, definitions and training of personnel;

Part 2: Classification;
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Part 3: List of dangerous goods (found in 2" volume);

Part 4: Packing and tank provisions;

Part 5: Shipping procedures;

Part 6: Construction and testing of tare;

Part 7: Provisions concerning transport operations.

The Addendum contains the following basic documents:

— Emergency situation procedures for ships carrying DG (The EmS Guide);
— Guide to first aid in cases of dangerous cargo (MFAG);

7.3. Preparation of dangerous goods for carriage

In accordance with the requirements described in chapter 5.2 of the IMDG
Code, each DG must be specially marked (danger signs), which indicates the type and
degree of danger using color labels and symbols.

If the cargo has several types of danger, then signs indicating all types of
danger are applied on the package or container.

The general requirements for DG packing are:

— the packing must be of good quality, be in good condition;

— the inner surface, with which the packaged substance may come in contact,
has not been affected by these substances.

The packaging for the transport of DG is tested by the manufacturer for:

— pressure (hydraulic) in accordance with the established limits for each cargo;

— fall — dropping from a height of 0.8-1.8 m depending on the hazard class;

— static load — stack height up to 8 m;

— tightness;

— limit fluctuations of t —20° + +70° C and of humidity 30—100%;
— interaction with sea water and precipitation, for deck cargo.
On the tare, in addition to marking, hazard signs must be applied.

The stowage of dangerous goods
on a ship, their segregation relatively to
each other is carried out in accordance
with the requirements of the provisions
on stowage and segregation given in part
7 of the 1st volume of the IMDG Code.
There are 5 categories of stowage: A, B,
C,D,E.

When stowage dangerous goods, it
IS necessary to take into account their
properties and the possibility of
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interaction with each other in cases of damage to the package. In order to avoid
dangerous situations, such goods must be stowed relativly to each other in accordance
with the requirements of the provisions on segregation.

There are 4 main provisions for stowage dangerous cargoes relative to each
other:

—away from;

— separate from;

— through one compartment or hold from;

— longitudinally through one intermediate compartment or hold from.

When transporting by sea:

— dangerous cargoes must be properly and safely stowed in accordance with the
properties of the cargo, incompatible cargoes should be transported separately from
each other;

— explosives should be stowed in a separate premises that is securely closed for
the entire duration of the voyage, such cargo is transported separately from
detonators;

— cargoes emitting dangerous vapors must be loaded into well-ventilated cargo
spaces or on deck;

— substances subject to self-heating should not be transported without
precautions to prevent fire.

Cargo documents.

According to the requirements of the IMDG Code, the vessel must have a
Certificate for the carriage of dangerous goods, which indicates which classes of
dangerous goods are allowed for carriage and the requirements for their stowage on
board.

Upon presentation of dangerous goods for transportation, a package of
documents must be presented, which is required for normal categories of cargo. In
addition to them, a Certificate or Declaration must be attached stating that the
presented cargo can be accepted for carriage. The following documents must be
attached to the DG Declaration:

— Application for the carriage of dangerous goods. Served by the shipper to the
carrier;

— Certificate of Compliance with the IMDG Code Rules for the shipment of
dangerous goods. Submitted by the shipper;

— Dangerous Goods Packaging Compliance Certificate;

— Certificate of loading a container with dangerous goods;

— Declaration of loading a vehicle with dangerous goods
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7.4. Preparing a vessel to receive dangerous goods

Requirements for vessels carrying dangerous goods depend on the properties of
the cargo being transported and the dangers they have in relation to the crew, vessel,
jointly carried cargoes and the environment.

The constraction of the cargo hatch covers of the upper and lower decks should
ensure smooth and shockless movement of hatch covers, excluding sparking.

Enclosed cargo premises are recommended to be equipped with stationary
systems for measuring cargo temperature, as well as temperature, relative humidity
and composition space air. In the absence of such systems, other methods of
determining these parameters should be provided.

Before loading dangerous goods, the cargo premises of the vessel should be
cleaned, washed and dried. They check for the presence of battens in the regular
places, the presence of piping sheathing and protruding metal parts in the hold. The
bilge covers are opened, the bilges are cleaned, the drainage system is checked in
operation.

Vessels intended for loading dangerous cargoes must have:

— Certificate of Construction and Equipment Compliance with the requirements
of SOLAS;

— Technological Act establishing the degree of the vessel's fitness for the
carriage of dangerous goods. It is recommended to attach schemes of cargo premises
to the Act.

7.5. Requirements for the training of the crew

When transporting dangerous goods, there is a set of requirements for the
training of the vessel's crew.

The vessel's administration is obliged to conduct:

1) briefing the crew members on how to handle this category of dangerous
goods;

2) provide them with personal protective equipment;

3) members of the emergency party must undergo special training in the
techniques and methods of emergency work with dangerous goods, the use of
protective equipment and the use of control devices.
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8. TECHNOLOGY OF FOOD CARGOES TRANSPORTATION
8.1. Classification of food cargoes

Food cargo includes cargo of plant and animal origin, which require certain
modes of transportation:

— given storage t;

— air exchange in cargo spaces;

— regulation of the gas composition of the air;

— fulfillment of quarantine requirements.

Transportation of food cargoes is accompanied by the presence of certificates:

— Quiality Certificate;

— Phytosanitary Certificate;

— Veterinary Certificate;

— Hygiene Certificate.

In accordance with «Rules for the Carriage of Food by Sea» the class «Food
Cargoy 1s divided into 2 subclasses:

— «Perishabley;

— «Non-perishabley.

Perishable ones require special modes of transportation and storage, for
example, refrigeration, conservation.

Non-perishable ones do not require special modes of transportation and storage
and can retain their food and nutritious properties for a long time.

Also, all food cargoes are divided into 2 types:

— requiring air exchange;

— not requiring air exchange.

According to the temperature regime of transportation they are divided into:

— frozen (—4°C and below);

— chilled (—4°C + +12.5°C);

— not chilled (without observing control t).

By common origin, they are divided into:

— fruits and vegetables — vegetables and fruits of the temperate zone;

— subtropical zone;

— tropical zone;

— meat cargoes (meat, smoked meats, bacon, lard, corned beef, poultry, game,
rabbits, offal);

— fish cargoes (frozen fish; fish products);

— egg cargoes (fresh eggs, egg white, yolk, melange);

— fats (kitchen; melted butter; margarines);

— dairy (butter; milk; sour cream; cottage cheese);
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— canned products:

— meat, dairy, vegetable, fish, fruit and berry in metal cans and bottles;
— sour, pickled and salted vegetables in barrels;
— grain cargoes and cargoes under quarantine control.

According to the community of transportation, cargoes are divided into:

— after industrial processing (their biological activity is suppressed — ferments
are destroyed);

— without industrial processing (they have the vital activity of microorganisms
— bacteria and mould). The greatest activity at t = +10 + +25°C; at t = 0°C and below
— many cease their activities.

The influence of the environment is:

— t environment;

— air humidity;

— the gas composition of the air;

— light;

— the intensity of the air flow.

Depending on the t environment, fermental processes — at 0°C they slow down,
they can be neglected;

— at +50°C weaken;

— at +70°C the property of catalysts is lost.

Influence of relative humidity :

— at low ¢ < 80% — fruit withering;

— deterioration in taste;

— loss of resistance to air microorganisms;

— at high humidity ¢ > 90%

— favorable environment for the activity of microorganisms;

— condensation on the surface of the cargo.

—at @ = 80 + 90% — optimum humidity.

Oxygen content O3:

Normal oxygen content ensures the safety of those foods capable of gas
exchange with the environment, absorbing O, and emitting CO., ethylene, heat and
water. This gas exchange is called aerobic.

At a reduced oxygen content, O, is taken away from the substances that make
up the product, destroying primarily acids. This gas exchange is called anaerobic. In
this case, oxidation products are released — alcohols, acetaldehydes. Dying off of
tissue of fruit and their premature withering occurs.

Carbon dioxide content CO3:

An increased content of CO; increases the internal respiration of fruits, which
leads to an increase in the release of ethylene.
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CO; content should be < 1%, but shippers often require 0.1 + 0.3%. Control
over the content of CO; is carried out 2 times a day. If the CO, content changes even
by 0.1 %, the cargo of the fruits is checked and those that begin to ripen are removed.

Influence of light.

Light affects the rate of ripening processes. In the dark, the ripening processes
are slowed down. The sun rays especially affect frozen fruits.

The intensity of the air flow.

Some food cargoes require increased ventilation, some require minimal
ventilation, for example, frozen meat (otherwise it will dry out).

8.2. Methods for the safe transportation of food cargoes on various types of
vessels

Modern vessels can be conditionally divided into the following types:

— refrigerated vessels with battery cooling system for cargo spaces;

— refrigerated vessels with an air cooling system for cargo spaces;

— «ventilated» vessels (with natural forced, mechanical ventilation systems;
with air conditioning systems ACS);

— transporting food goods in refrigerated containers or insulated containers.
Refrigerated vessels with a battery cooling system transport meat, oils, various fats,
fish products frozen or cooled to —25°C. Air-cooled refrigerated vessels transport
fruits and vegetables. The safety of goods is achieved by reducing t (while vital
processes are reduced to min). Emission of gases — min, therefore the inflow of fresh
air — min. The ventilating plant operates in the hold air recirculation mode, capacity
> 4 volumes/hour. Various ventilation systems are used on fruit carriers:

— horizontal;

— longitudinal;

— horizontal transverse;

— circular horizontal longitudinal;

— vertical ascending (or descending).

Refrigerated vessels provide high-quality transportation of fruits and
vegetables, but from an economic point of view, it is more profitable to transport over
short and medium distances on ordinary universal vessels equipped with a reliable
ventilation system. Excessive ventilation is undesirable, as it leads to increased gas
emission from the fruit. A 10-multiple exchange per hour is considered optimal.

The directions of transportation of fruits are mainly South-North. In this case,
the t of air and sea water decreases, and the cargo is insignificant. The hull of the
vessel cools faster than the mass of the cargo, and the supplied air causes severe
sweating and damping of the cargo. This requires «drying» of the supplied air, which

84



is achieved by using ACS. In recent years, technologies for transportation in
refrigerated containers have been introduced. Only containers with an autonomous
refrigeration unit are allowed on deck.

8.3. Preparation of food cargoes for transportation and their specific properties

Food cargoes are transported in a serviceable tare — new, dry, clean, free of
foreign odors.

Food products are specially processed:

— conservation;

— cold treatment;

— sealing;

— sterilization;

— salting;

— fermentation.

The following packaging is used:

— troughs (for berries and some types of fruits);

— boxes-cells (for vegetables and melons);

—wooden boxes and half boxes (for potatoes, vegetables, fruits);

— cardboard boxes (for fruit).

As an exception, potatoes may be transported in bags.

Meat in the form of carcasses is transported wrapped in materials made of light
fabric — coarse calico, gauze, plastic wrap.

Fig. 1. Reloading of carcasses from refrigerated wagons to pallets
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Meat is a cargo with high water content (50+75 %). There are 3 known t ranges
for meat transportation:

—0.5 + —1.5°C — chilled meat;

—12 +—13°C — frozen meat;

—18 +-30°C — deep frozen meat.

The most valuable is chilled meat (cell juice is stored in its cells). At t <-2°C,
the meat freezes.

It is easier to transport frozen and heavily frozen meat. It is recommended to
freeze meat to t = —18°C by an accelerated method for 16-24 hours, while large ice
crystals do not form in the cells. Frozen meat is stored for up to 1.5 years. It is kept
without noticeable deterioration of properties for 15-17 days.

Sub-products (offal) — heads, tongues, brains, kidneys, hearts, livers, stomachs
— are transported in boxes and cases.

Smoked meat products are transported in:

— boxes with openings to ensure free air circulation;

— barrels with filling of free space with melted food fat.

Food fats are:

—animal, including butter. They are divided into:

— raw (from internal fat of cattle, sheep, pigs);
— melted (by melting raw animal fat).

Food fats are packed in:

—wooden barrels;

—wooden and cardboard boxes weighing 30 Kkg;

— cans weighing up to 10 kg.

— combined fats (margarine, hydro fat, coconut oil) are transported in barrels
weighing up to 150 kg; wooden boxes weighing up to 50 kg.

— vegetable oils (sunflower, mustard, cottonseed, corn, soybean, olive
(Provencal), coconut, cocoa butter) are transported:

— in bulk in deep tanks of cargo ships;

— in barrels;

— in metal cans;

— in bottles.

Fish products include:

— fish frozen and chilled. The optimal storage term is 10-12 days. During
transportation t = —18°C. Little or no ventilation is needed, as it leads to evaporation.

— dried fish is transported in cardboard boxes weighing 27, 30, 33 kg.

— salted fish is transported in wooden barrels;

— canned fish is transported in metal tare;

— technical fats of fish and sea animals in tanks and barrels.
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Dairy products:

— butter. It is transported in wooden, plywood and cardboard boxes and barrels;

— cheeses. They are transported in wooden boxes or drums.

Egg products:

— fresh eggs. They are transported in wooden boxes, between the rows — safety
pads;

— frozen or dried egg products. No ventilation is required when transporting
them.

Fruit and vegetable cargoes. These include fruits and vegetables. They are
transported in cardboard, wooden boxes or bags.

8.4. Preparing the vessel for receiving food cargo

The holds are pre-cooled in 48 hours.

The holds are cleaned, washed and dried. Devices for remote control of t,
humidity, CO, contents are checked. A refrigeration unit is prepared (the density of
the freon, the filling level is checked). A supply and exhaust ventilation system is
prepared. Preparation of refrigerated holds includes work on removing the snow coat
from the cooling coils, followed by removing moisture from the hold and drying it.
Refrigerated holds are cooled before loading. The temperature should be brought
below the optimal mode of transportation:

— for refrigerated cargo at 2-3°C;

— for bananas and pineapples at 5-6°C;

— for frozen cargo at 6-7°C.

The separation is preloaded to cool it.

Washing and deodorization of holds. The holds are treated with deodorant
agents:

— 1% potassium permanganate;

— 10% ammonia solution;

— 5% solution of copper sulfate;

— 6% hydrogen peroxide solution;

— 5% formalin solution.

Ozonation of holds is in progress.

8.5. Reception and stowage of food cargoes

Before the start of loading, you need to obtain from the shipper: a Quality
Certificate; Phytosanitary or Veterinary Certificate.
The carrier conducts a preliminary inspection, measures t pulp of frozen meat,
fruits.
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During precipitation, cargo operations are prohibited. In the hold, the cargo is
packed in such a way as to ensure:

— uniform flow of cold and fresh air to each cargo piece;

— immobility of both the entire stack and individual cargo items;

— maximum use of cargo capacity;

— safety and non-contamination of tare.

When transporting meat, boxes with frozen products are stowed close to each
other; chilled — with spaces between rows and tiers.

It is impossible to load pork and mutton in the same room for destinations in
the ports of the Near and the Middle East.

On fruit carriers, deck gratings or bars are installed in the direction of the air
flow.

Separation is done with boards or nets. Separating materials that impede air
movement (tarpaulins, mats) are not recommended.

When transporting on non-refrigerated vessels, all metal parts of the plating
must be insulated with wood. If the decks do not have grating, beams are laid before
loading, followed by planking. Free spaces of 20-30 cm are left between the cargo
stacks and the side.

If the transportation of food cargoes is carried out in consolidated lots, then the
possibility of compatibility is determined according to special tables.

8.6. Transportation of grain cargoes in tare

Grain cargoes includes:

— grain cargoes of all types — wheat, rye, oats, barley, millet, corn, buckwheat,
hemp, rice, cotton seeds, beans and oilseeds, coffee grains, cocoa beans;

— compound feed and bran (cakes and meal), flour and cereals of all kinds;

— nuts (peanuts, cashews, almonds).

Grain goods are packed in cloth bags, clean, dry, without foreign odors. To
isolate from contact with metal parts, the floor and sides are covered with a clean, dry
separation material.

Bags are stacked from bulkheads to the center by methods:

— «bag on bag» — provides reliable circulation;

— «in a half-bag» — provides more denser stowage.

Flour and cereals are susceptible to odors. Optimum humidity ¢ = 60 + 75%.

Beans — French beans, peas, soybeans — are self-heating.

Corn — is capable to release a lot of moisture. It cannot be transported with
other hygroscopic goods.
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Rice can be grinded, polished and crushed. It is capable of both giving and
receiving moisture. Weight loss from evaporation is 2-3%. A ventilation system is
required due to the device of longitudinal, transverse and vertical channels.

8.7. Transportation of coffee beans and cocoa beans

The fruits of coffee and cocoa are processed — the grains are freed from the
pulp and shell of the fruit, fermented by lactic acid fermentation, and then dried. In
storage warehouses, after the completion of drying, the moisture content of coffee
should not be > 6%, cocoa beans — 8%. Air humidity ¢ = 78% corresponds to this
state.

The color of the grains at the break should be chocolate brown. The grains
should be free of moldy and musty odor. The taste of cocoa beans is buttery-nutty,
neither bitter nor sour. Before loading, coffee and cocoa are fumigated in the
warehouse. The vessels for carriage are twin-deck, equipped with a forced ventilation
system or ACS. The stack is insulated from the transverse bulkheads with kraft paper.
It is necessary to arrange 2 longitudinal and 1-2 transverse channels in the cargo pile.
Stacking height < 25 tiers. There must be > 300 mm between the top load tier and the
ceiling of the upper deck. On top, the stack is covered with 2—3 layers of kraft paper
or plastic wrap.

8.8. Transportation of spices, tea, sugar, salt, flour and confectionery

Spices include: bay leaf, basil, sweet savory, saffron, cloves, nutmeg, cumin,
pepper, mustard, vanilla, barberry, cinnamon, ginger and others. They give off odors
and are themselves sensitive to odors. Cannot be shipped together, even related ones
such as red and black pepper. Requires secure packaging. Not only humid air is
harmful to spices, but also dry (aromatic substances sublimate).

Spices are transported in:

— linen-jute bags (cloves, mustard, pepper, chicory, cumin);

— in fabric wrappers, pressed bales, bales (bay leaf);

— in cardboard, plywood or wooden boxes (basil, vanilla, cardamom).

Tea are loose (long tea) and tiled — black and green. Tea easily picks up
moisture and odors, so it should not be transported in new containers, as varnishes
and paints give off odors. Tea is dusty, susceptible to the activity of microorganisms,
and can be affected by pests. Tea is accepted for transportation in:

— paper bags, usually with a polyethylene liner;

— in plywood boxes lined with foil and parchment;

— in cardboard boxes (packaged, tiled).

Sugar can be:
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— granulated sugar, transported in fabric or synthetic bags with a polyethylene
liner;

— refined sugar;

— raw sugar. Has a light brown colour. Under certain conditions, with increased
moisture content, it is prone to fermentation with the absorption of O, and the release
of CO,. Able to shrink, reducing the volume by 5%.

Salt is transported in bulk, in bags, in plywood boxes. The main properties of
salt are similar to sugar. They are:

— hygroscopicity;

— tendency to shrinkage;

— ability to lumping.

When transporting salt, the corrosive processes of the metal structures of the
hull are activated, therefore, they must be whitewashed with lime mortar before
loading.

Macaroni is transported in boxes weighing 30 kg. Can be affected by foreign
odors. Macaroni should be white with a yellowish tint, free from bitterness, odor and
mold.

Flour confectionery:

— biscuits and cakes — are transported in ordinary boxes;

— ship’s biscuits — in a sealed tare for long-term storage.

Molasses (aqueous glucose solution). Depending on the amount of dissolved
sugars, it can be: caramel, boiled, glucose. It is transported either in bulk on tankers
or in barrels. The barrels have 2 plugs, one of them for the release of gases as a result
of fermentation. Due to the likelihood of spillage, the barrels are placed in the lower
part of the hold.

Honey is transported in:

— glass jars;

— plastic boxes;

— wooden barrels.

Tare with honey should not be placed near warm bulkheads and pipes.

Starch is a processed product of potatoes, rice, wheat and corn. It is
hygroscopic, easily absorbs moisture, and therefore rots.

Confectionery — hygroscopic, easily absorbs odors.

At t > recommended, the sugar content crystallizes;

at t < recommended, products delaminate and crumble;

at t > 25°C white colour appears on chocolate products.
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[maold]

[si:s]

[ 'keetalist]

[fru:t 'widorm]

[ €01 li:n]
[ea'roubik]

[ &nea’ roubik]

[ oksi'derfan]
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WORDS AND EXPRESSIONS

TPY30BO€ MOMEIICHUE
TUTHCHA

MATATEIIbHBIE CBOWCTBA
MOPOKEHHBIN
OXJIAKCHHBIN
(GPYKTOBO-OBOIIHEIE TPY3bI
OeKoH

IITTUT, TOIJIEHOE CaJio
COJIOHHHA

JIOMAIITHSIS TITHITA

JTNYb

KPOJIUK

CyOIPOTyKTHI

O€JIOK (SIMYHBIN )
YKENITOK (SIMYHBIN )
MEJIaHX (SIMYHBIN )
MaprapuH

MOJIOYHAS IPOAYKITUS
CMETaHa

TBOpPOT

O0aHka, — KOHCEPB||0B, -bI
TUIOJIOBO-ATOHAS TIPOA-SI
KBAIlICHbI
MapUHOBAHHbBIN
COJIEHBIN

OOIIIHOCTD

dbepmeHT
MUKPOOPTaHU3M
OaxTepu||s1, -u

TUIECEHb

peKpamarb, -Cs
KaTajan3aTop

yBsimaHue (GpyKTOB
ATHUIICH

a’pPOOHBIN
aHa’POOHBIN
OKHUCJICHUE
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alcohol
acetaldehyde
tissue of fruits

premature withering

to ripe, -n

condition, -al, ally

ventilating plant
capacity
ascending
descending
profit, -able
optimal

in recent years
9-multiple
trough
box-cell
melons
cardboard box
carcass

coarse calico
gauze

plastic wrap
reloading
melted food fat
soybean
cocoa

storage term
plywood

pad

cooling coils
potassium
permanganate
ammonium
copper sulfate

hydrogen peroxide

formalin
uniform
Immobile, -ity
contamination

["eelkahvl]

['tifu: v fru:ts]

[, premoa 'tjvo ‘'widarin]
[raip, -en]
[kan'drfon, -al, ‘ali]
['ventilertiy pla:nt]
[ko'paesiti]
[o'sendin]
[dr'sendin]
['profit, -'abl]
['pptimal]

[1n ‘ri:snt jioz]

[ 'maltipl]

[trof]

[boks-sel]
['melonz]

[ ' ka:dbo:d boks]

[ 'ka:kos]

[ko:s "keelikou]
[90:2]

['pleestik rep]

[ ri:'lovdn]
['meltid fu:d feet]

[ 'soibin]

['kovkoo

[ 'storidz t3:m]
['platwod]

[ped]
[ 'ku:lim Koilz]

[pa‘taesiom p3:'mangan

it]

[o'movnjom]

['kopa ‘salfert]

[ hardridzon pa’'roksard
['fo:moalin]

[‘ju:niform]

[, 1mou ' b|fail, -1liti]
[kon taemi'nerfan]
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aJIKOT'0JIb

areTaabaCT U I

TKaHb JI0/10B (MSIKOTB)
MPEXKICBPEMEH. YBSIJAHNE
3pETh, CO3PEBATH, 3PEIIbII
yCIJIOBUE, YCIIOBH||bI, ~HO
BEHTWJISILIMOH. YCTAaHOBKA
MPOU3BOAUTEIBHOCTD
BOCXOJISAIIUN
HUCXOASIITUN

BBIT0J1a, BHITOTHBIN
ONTUMAaJIbHBIN

B TIOCJICTHHE TOIbI
9-kpaTHbIii

JIOTOK

SIUK-KJIETKA

OaxueBbIe

KapTOHHBIN SIIUK
Kapkac, Tylla

0135

MapJis

MJIACTUKOBAs yIAaKOBKa
neperpyska (rpysa)
TOIUICHBIN MUIEBOM KU
cos

Kakao

CPOK XpaHEHUS

danepa

MsITKast POKJIaJIKa
3MEEBHUK
MapraHOBO-KUCIIbIA KaJlui

aMMUaK

MEIHBIA KyIOpocC
MIEPEKUCH BOJOPOIA
dbopmanuu
€AMHOOOPa3HBIHI
HETOIBYIKH|[BIi, -OCTh
3arpsi3HeHHE, 3apaKEHUE
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pork
beef
mutton

Near, the Middle East

grating
plating
wheat
rye
oat
barley
millet
corn
buckwheat
hemp
rice grinded

— polished

— crushed
cotton seeds
beans and oilseeds
coffee grains
cocoa beans
compound feed
bran (cakes, meal)
cereals
peanuts
cashew
almond
French beans
peas
soybeans
hygroscopic
fruits

lactic acid fermentation

chocolate brown
mold|| -y

must|| -y
buttery-nutty
kraft paper

to insulate

[po:k]

[bi:f]

[‘'matn]

[nror ‘midl i:st]
[ greitin]

[ plertm]

[wi:t]

[rai]

[out]

['ba:li]

['milit]

[ko:n]

[ bakwi:t]
[hemp]

[rais 'graindid]
['polyi]

[kraJi]

[ 'kotn si:dz]
[bi:nz o1lsi:dz]
['kofi greinz]
['kovkou binz]
[ kpmpaond fi:d]
breen (kerks mi:1)]
['s1orialz]

[ 'pi:nats]

[kee' [u:]
['a:mond]
[frent bi:ns]
[pi:z]

[ 'sotbi:nz]

[ haigrou'skoupik]
[fru:ts]

['leektik "aesid

[ 'fokalit bravn]
['mouldi]

[ 'masti]

[ 'batari-"nati]
[kraft ‘peipa]
['1nsjolert]
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CBHHHWHA
TOBSIAMHA

OapaHuHa

bmvxanii, Cpeguuii Boctok
penreTka

OOIIIMBKa

TIICHUITA

POXB

OBEC

STYMEHB

poCco

KyKypy3a

rpeunxa

KOHOTLIS

puc nuM@oBaHHbBIN

— TOJMPOBAaHHBIN

— JpoOeHbIi
XJIOIIKOBOE CEMsI
0000BBIE U MACTUYHbBIE
Ko(eitHbIe 3epHa
Kakao-000b1
KOMOHMKOpMa

OTpyOH (3KMBIX, IIIPOT)
KPYTIbI

apaxuc

KEIIBIO

MUHJATb

dacoib

ropox

cost B 6o0ax
TUTPOCKOITAYHBIN

TUTOTBI

MOJIOYHO-KHCIIOE OpOKEHHE
IOKOJIaJTHO-KOPUYHEBBIN
TUIeC||eHb, ~HeBETbIN
3aTXJ||0CTh, -bIi
MACJISTHUCTO-OPEXOBBIN
kpadT-Oymara
W30JIMPOBAThH
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spices

bay leaf

basil

sweet savory
saffron

clove

nutmeg

cumin

vanilla

barberry
cinnamon

ginger

pressed bale
bale

loose (long tea)
tiled tea

varnish

foil

parchment
granulated sugar
refined sugar
raw sugar

prone to

to shrink, -age
ability to lumping
to whitewash
lime

mortar

macaroni
yellowish tint
bitterness

flour confectionery
biscuit

cake

ship’s biscuits
molasses (aqueous
glucose solution)
caramel

plug

[ 'sparsiz]

[ber i:f]

[ baezl]

[swi:t "se1vari]
['seefran]
[klauv]
['natmeg]
['kamin]
[Va'nila]

[ 'ba:bori]
['stnaman]
['dgindso]
[prest beil
[berl]

[lu:s (loy ti2)]
[tarld ti:]

[ 'va:nif]

[forl]

[ pa:fmont]
['greenjulertid '[uQgs]
[ri'faind ' [ugo]
[ro: "fuga]
[proun tu:]
[[rmk, -e1ds]
[o'brl1ti tu: "lampy]
['wartwo|]
[laim]

['mo:ta]

[ maeko rouni]
['jelovtf tint]

[ 'brtonis]
['flavo kon' fekfnori]
[ 'biskit]

[kerk]

[/ips 'biskits]

[mov'leesiz (‘erkwios

‘glukous sa'lu:fan)]
[ 'keeromel]

[plag]
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NPSTHOCTHU

JIABPOBBIU JINCT
0a3uIIuK

JTYIIUCTBIN 4abep
madpan

TBO3JIMKA

MYCKaTHBIN Opex

TMUH

BaHWJIb

6apOapuc

KopuIia

UMOUPDH

KHIa

TIOK

pacchIniHOM (6aiiXoBbIif) yai
TUIMTOYHBIN Yail

JaK

donbra

nepraMexHT
caxap-TieCoK
caxap-paduHan
caxap-ChIpel|
CKJIOHHBIU K

JlaBaTh yCaJKy, ycajaka
CIIOCOOHOCTD K CJIC)KHBAHUIO
OCHUTH

U3BECTh

pacTBop

MaKapOHBI
YKEJITOBATBIN OTTEHOK
ropeds, 3100a

MYYHbIE KOHAUTEPCKUE
Ne4YeHbe, OUCKBUT, CyXaph
TIPSTHUK

rajeThl

natoka (BOJHBIN
pPacTBOP TIIIOKO3bI)
KapaMelb

npoOka



likelihood (probability) [ 'laiklithud] BEPOSITHOCTD

honey [ 'hani] MeT
jar [dza:] KyBIIMH, OaHKa
starch [sta:4] KpaxMma
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9. TECHNOLOGY OF LIQUID CARGOES TRANSPORTATION
9.1. Classification. Physical and chemical properties of liquid cargoes

Liquid cargoes include:

— crude oil and oil products;

— oils; molasses;

— water;

— WIne;

— wine alcohol;

— Syrup;

— chemical cargo;

— liguefied gas.

Oil and oil products account for 95% of the volume of liquid cargoes
transported. Let's consider their classification and properties.

Generally:

— light oil products (gasoline, kerosene, diesel fuel);

— dark oil products (crude oil, fuel oil, motor fuel, tar and others).

By the danger of explosion and fire:

— flammable substances;

— medium flammable;

— hardly flammable.

By flash point:

— especially dangerous, t flash <-18°C;

— constantly dangerous, t flash from —18°C to +23°C,;

— dangerous at high temperature, t flash from +23°C to +61°C.

In addition to the flash point t, there are:

— flammability t;

— t self-ignition;

— t solidification;

— density — ratio of liquid mass to its volume;

— dynamic, kinematic, conventional viscosity.

Dangerous charges of static electricity can form in oil and oil products when:

— movement through pipelines at a speed of > 1 m/s;

— a freely falling jet of cargo;

— blowing with compressed air or steam from cargo hoses.

The composition of some grades of oil includes a dangerous gas — hydrogen
sulfide H,S. The shipper is obliged to notify the Master of this in writing.
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9.2. Classification and design features of oil tankers, chemical tankers,
gas carriers, combined type

Oil tankers.
Classification of tankers:

— up to 5 thousand t DW — low-tonnage;
— up to 30 thousand t — medium tonnage;

— > 30 thousand t — large tonnage.
In more detail by DW they are classified:

— 30-70 thousand t — Supertanker;
— 80 thousand t — Panamax;

— 150-00 thousand t — VLCC;

— 300-800 thousand t — ULCC;

— 1 million t — Mega tanker.

Prior to the entry into force of MARPOL 73/78, there was an increase in cargo
carrying capacity (cargo deadweight) — this is due to a decrease in transportation
costs. The largest tanker was “Seawise Giant” (renamed “Happy Giant”) with a net
cargo deadweight of 568 thousand tons. L xBxD xd =458 mx69 mx30 mx24.6 m.
SPP is a steam-gas turbine with a capacity of 50 thousand hp. It entered operation in
1981, in 1986 it was sunk in the Strait of Hormuz by Iragi Air Force planes, in 1988
it was raised from the bottom. In 2004 under the name “Knock Nevis” it was
converted into FSO — a complex for the storage of oil products in Dubai, then in
Qatar.

The world's widest tanker was built in 1978 in Sweden and was called
“Nanny”. B =79.0 m.

In the world tanker building, in addition to the growth in size,

— they eliminated the dry cargo hold (it was on tankers built in the 50™);

— the middle superstructure was eliminated (it became a wheelhouse) and a
bridge;

— the length L of cargo tanks increased, therefore, the number of transverse
bulkheads (and the mass of the hull) decreased;

— the productivity of cargo pumps increased to 9 thousand m3hour.

The growth of striving for gigantism was stopped by a series of disasters and
the MARPOL Convention 73/78.

In 1978, the m/t “Amaco Cadiz” crashed. 223 thousand tons of oil spilled into
the sea in the Bay of Biscay near the resorts of France. Under requirements of
MARPOL, the number of cargo tanks was increased on vessels DW > 150 thousand
tons.
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In 1999, the m/t "Erica" with a cargo of 30 thousand tons of oil perished in the
Bay of Biscay. Tankers without double bottom and double sides were withdrawn
from operation.

In 2002, off the coast of Spain, the tanker “Prestige” received a crack in the
bottom 50 m long with 77 thousand tons of fuel oil on board. 65 thousand tons were
poured into the sea. Cleaning the sea and shores costs $12 billion. The damage to the
ecosystem is impossible to assess.

Chemical tankers.

Depending on the degree of aggressiveness and hazard of the transported
chemical goods on chemical carriers, additional structural protection of 3 levels is
provided.

On the vessels with the 1% degree cargo tanks should be located at least > 1/5 B
to the sides. On these vessels, the height of the double bottom H > 1/5 B of the vessel.

On the vessels with the 2" degree — not closer than 76 cm to the outer plating.

On the vessels with the 3" degree — not limited.

All chemical tankers must have a two-compartment standard of unsinkability,
that is, if 2 adjacent compartments are damaged, stay afloat.

The maximum capacity of cargo tanks, depending on the degree of structural
protection, is also regulated.

On the 1%t degree chemical carriers, the volume is 1250 m?;

On the 2" degree, the volume is 3000 m?;

On the 3" degree — not limited.

Gas tankers.

Divided into groups:

— LNG (liquefied natural gas). They transport liquefied natural gas methane;

— LPG (liquefied petroleum gas) They transport liquefied petroleum gases
associated with oil production (propane, butane);

— transporting ammonia.

Gases are transported when:

—normal t and high pressure;
— low t and normal pressure;
— cooling and slightly increased pressure.

Liquefied gas carriers are structurally:
— pressure (gas under pressure);

— semi-refrigerated (gas at low t and high pressure);
— refrigerated (gas in deep cooling).

Natural gas at t = —161.6°C turns into a liquid state.
Tanks on gas carriers are:
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— inserted (their thickness is 72 mm);

— membrane type (membrane thickness 0.5-1.2 mm)

Recently, floating plants for the production of LNG began to come into
operation. Raw materials are delivered on board directly from wells, processed into
liquefied gas, and loaded onto LNG carriers for delivery to shore. For example, the
largest such plant, “Prelude”, is anchored, without its own power plant, 200 km off
the coast of Australia in the Timor Sea due to a prohibition on “Shell” from building
onshore processing plants. The vessel was built in 2013 in South Korea. Its
DW = 600 thousand t, the total gas storage capacity = 463 thousand m?,

Combined type vessels.

They are being built due to the long length of ballast crossings.

There are:

— oil-ore carriers (OB, Oil-Bulk). Oil is transported in the tanks located on the
sides, and ore is transported in the holds, between the tanks;

— oil-bulk-ore carriers (OBO, Oil-Bulk-Ore). In cargo spaces, ore and oil are
transported in turn.

9.3. Preparation of tankers for oil transportation. Tanks cleaning

Before starting tank cleaning, you need to determine the content of oxygen and
hydrogen sulphide H.S in the tanks and, depending on this, determine the washing
strategy. It can be:

— preliminary ventilation of tanks;

— using an inert gas system;

— washing without using an inert gas system.

There are ways to wash tanks:

— manual;

— mechanical with the help of washing machines;

— chemical with the use of detergents;

— combined.

If the tanker transports light oil products, tanks are first steamed with live
steam, then washed with hot water with caustic soda, after which residues from the
bottom are removed.

If the tanker is delivered for the carriage of food cargo, then, for example, after
the transportation of leaded gasoline, it must make at least 2 voyages with diesel fuel
or kerosene.

Tank washing is carried out in a closed cycle with collection of washing water
in holding tanks (Slop Tanks). Washing is carried out both with stationary and
portable washing machines under a pressure of 7-12 kg/cm?.
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Tank washing in a closed cycle is carried out in 2 ways:

— without preliminary filling of water in Slop Tanks;

— with a preliminary filling of water in the Slop Tanks.

The wash water is preliminarily filled into one of the Slop Tanks, where it is
heated in coil-pipes to a certain temperature and supplied to the cargo tank. Waste
water is fed to another Slop Tank, where it settles, flows into another Slop Tank and
Is used for the next cycle.

After washing the tanks, it is necessary to bring the oxygen content O, to 21%
by ventilation and then take out the residues. After washing with seawater, the tanks
are rinsed with fresh water for 10-15 minutes and the tanks are inerted.

SOLAS-74 contains recommendations for washing tanks with crude oil. Before
arriving at the port of unloading, the vessel is obliged to obtain the consent of the
terminal. For high-quality washing with crude oil, the following conditions must be
met:

— oil should not have a high viscosity;

—t of oil must be at least 10°C >t of the pour point;

— the trim of the vessel should be > 3 m;

— the pressure in the washing machines should be 7-12 kg/cm?.

The process of washing with crude oil is no different from washing tanks with
water. In this case, the system of inert gases must constantly operate, ensuring the
level of O3 in tanks < 8% of the volume.

Requirements for tank washing are given in the International Convention
MARPOL 73/78. It is allowed to dump not more than 30 liters of oil products into the
sea at a distance of 1 mile at a speed of not more than 4 knots. The amount of oil
dumped into the sea should not exceed 1/30 000 of the amount of cargo transported
on the voyage.

Some companies practice transporting crude oil in tanks on top of leftovers
from previous voyages.

9.4. Tanker inert gas system

In accordance with the requirements of the SOLAS-74 Convention and its
Supplements, on all new tankers DW > 20,000 tons, inert gas systems (SIG) must be
installed and used.

The SOLAS-74 Convention requires the O, concentration produced by the SIG
plant to be < 5% by volume and the O, concentration in the cargo space to be < 8%.

The inert gas produced by the SIG plant contains such components as a
percentage of the volume:

— nitrogen Ny — 77%;
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— carbon dioxide CO; — 14%;

— oxygen Oz — 3%;

— atomized water H,O — 5%;

— sulfur dioxide HS — 0.3%;

— carbon monoxide CO — 0.7%.

After production by the SIG plant, the inert gas enters the scrubber (gas
purifier), and then either each tank or the cargo line.

The inert gas system SIG is used only:

— when unloading oil products;

— when washing tanks with crude oil.

When loading, the SIG is not used.

9.5. Carrying out cargo operations

Loading.
Performed when the vessel is moored at the berth, mono-buoy or supply vessel.
Loading at the berth is carried out by means of standers or hoses. The

maximum loading rate Q max in m%h is limited to
Qmax = 3.14 d 2 Pmax/4,

where d is the diameter of the ship's cargo pipes in inches;

Pmax — maximum working pressure in kg/cm?.

The terminal is responsible for the quality of the shore connections.

During loading, SIG are not used.

On Fig. 1 shown variant of tanker mooring. The numbers in yellow circles
represent the order of delivery to the berth and fastening of ship's mooring lines. The
numbers of the ship's mooring winches are shown in the yellow squares. This
diagram shows a specific version of tanker mooring with a stem against the current,
in which the bow mooring lines were fed and fastened first: springs (1 and 2), breast
lines (3 and 4) and fore-and-aft (5, 6 and 7), and then aft mooring lines: breast lines
(8 and 9) and spring (10).

Loading a tanker through a mono-buoy or a supply vessel, ridden at mooring
anchors, do not differ from each other. In both cases, the tanker approaches them and
Is moored by the bow. From the stern of the tanker, a mooring line is placed on the
tug, which holds the vessel in one direction and prevents the tanker from approaching
the mono-buoy (supply vessel).

Unloading.

After mooring, the cargo on board is counted by measuring the voids and
temperature in each tank. Tanker mooring should be carried out with operating SIG
switched to pay out gas into the atmosphere.
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Fig. 2. Loading the tanker at the buoy terminal
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molasses

syrup

gasolene

kerosene

diesel fuel

crude oil

fuel oil

tar

Ship’s Power Plant (SPP)
flammability
self-ignition
solidification

cargo carrying capacity
deadweight cargo
capacity (DWCC)
cargo deadweight
wheelhouse

to strive

methane

propane

butane

membrane

oil-ore carriers (OB)
oil-bulk-ore carriers
(OBO)

inert gas system (SIG)
detergent

to steam

live steam

caustic soda
residues

leaded gasolene
coil-pipes

consent

stem

to ride at mooring
(dump) anchor
voids

to pay out

[mav'leesiz]
['strop]

[ 'gaesaliin]

[ kerasin]
["di:zal fjual]
[kru:d orl]
[fjual o1l]

[ta:]

[Jips 'pave pla:nt]
[ flema’brliti]
[self 1g'nifon]
[solidifi 'ketfon]

[ 'ka:gou 'kerim ko paesiti]

[ded *weit'ka:gou
ko' peesiti]

['ka:gou ded *weit]
['wi:lhavs]

[straiv]

['mi:Bein]

[ proupein]

[ 'bju:tein]
['membrein]

[o1l 5: "'keer1oz]

[01l balk-o: 'keerraz]

[1'n3:t gaes "sistim]
[dr't3:dz0nt]
[stim]

[lorv sti:m]

[ 'ko:stik ‘sauds]

[ rezidju.z]

['ledid 'geesulin]
[ko1l-paips]
[kon'sent]

[stem]

[rard &t ‘'muorm damp

‘eenka]
[vordz ]
[per avt]
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WORDS AND EXPRESSIONS

Mesacca, naToka
CUpOTI

OCH3UH

KEPOCHH

JTU3EIIHOE TOTLIUBO
cbipast He(Th

MasyT

TYAPOH, AETOTh

Coy

BOCIUTAMCHCHHE
CaMOBO3TOpaHue
3aCThIBAaHUE, OTBEPJICHUE
qucTas /1

YHCTas
Ipy3010IbEMHOCTH T/
qucTas /1

pyJyieBast pyOka
n00UBaThCS, CTAPATHCSA
MeTaH

poraxH

OyTaH

MeMmOpaHa
HedTepyaoBo3sl (OB)
He(TeHABaJIOUHUKHU
(OBO)

cUCTeMa MHEPTH. Ta30B
MOIOIIIEE CPEICTBO
POIapuBaTh, map
«OCTPBI» Map
KayCTHUYeCKas coaa
OCTaTKH
STUJIMPOBAHHBIN OCH3UH
3MEEBHK

coriacue

dbopIiTeBeHb

CTOATH Ha MEPTBOM SIKOPE

MyCTOTBI
CTpPaBJIMBATH (JABJICHUE)
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ADDITIONAL WORDS AND EXPRESSIONS (for Practical Work)

specific gravity
volume expansion
objective

relative density

to omit

height

homogeneous
consumables/ supplies

[spr'sifik "graeviti]
['voljom 1ks panfon]
[ob'dzektiv]

[ 'relotiv 'densiti]

[o'mit]

[hart]

[havmo'dzi:nias]
[kon'sju:mablz/ so'plaiz]

104

YIEJIbHBIN BEC
pacuiupeHue oobema

1enb

OTHOCHUTEJIbHAS TNIOTHOCTh
npeHeOperarhb

BBICOTA

OJIHOPOJHBIN

pacxozbl
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10. TECHNOLOGY OF TIMBER CARGOES TRANSPORTATION
10.1. Regulation of transportation of timber cargoes

The peculiarity of transportation of timber (or wood) cargoes on sea vessels is
that 30-35% of them are transported on deck. Metacentric height h = 0.1-0.2 m and
may be insufficient.

Transportation is regulated by the following rules:

International:

— Code of Safe Practice for Ships Carrying Timber Deck Cargo, 2011;

— International Convention on Load Lines, 1966.

National:

— Rules of the Register of Shipping in terms of vessel stability and freeboard
assignment;

— Rules for the Safety of Sea Transportation of Timber Cargoes.

Physical properties of wood include:

mass of moisture in wood

— moisture (W). This is the ratio , %.
mass of absolutely dry wood

Two forms of moisture are known:

— bound (hygroscopic). It is stored in cells;

— free (capillary). It remains in the intercellular spaces.

—swelling (o) — an increase in the volume of wood and its linear dimensions;

— shrinkage (B) — a process opposite to swelling (due to a decrease in moisture);
volume of internal voids

volume of wood in an absolutely dry state ’

— density (p) — mass of natural wood per unit volume.
Wood defects are the main grade-forming factor.
Wood defects include:

— cracks;

— knots;

— curvature;

— wormhole:

— rot;

— blue.

— porosity (P). This is the ratio

10.2. Types and nomenclature of timber cargoes

Timber (wood) cargoes includes:
— Saw-timber (boards, trim boards, beams, bars. Saw-tmber is subdivided into
edged and unedged):
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a) a four-edged bar;

b) a three-edged bar;
c) a two-edged bar;

d) an edged sleeper;
e) an unedged sleeper;
f) a slab.

Fig.1. Subdivision of saw-timber

— The saw logs (round logs). It is subdivided by assortments into:

—short (L <2 m);

—medium (L = 2.0 +~ 6.5 m);

—long (L>6.5m).
Pulpwood and props predominate among short-sized round timber.
Pulpwood is scraps from spruce, pine, fir, larch, cedar, birch. L=1-+3 m.

Props are mine stanchions. L=0.9+3.0m; D =6.3 + 25 cm.
By the type of disbarking saw logs are:
— clean disbarking (complete removal of bark, bust);
— coarse disbarking (bark is removed completely, the bast layer remains).
— Cut and chopped wood (these are bars, sleepers, firewood);
— Technological chips. Carried in bulk;
— Plywood.
The classification of saw-timber according to the terminology of foreign buyers
Is known:
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Name Species Cross-section, cm Lenath. m
of assortments P thickness | width gth,
Dills Pine, spruce 510 | >23 >25
boards
Battens —,, - 5-10 20-40 >2.5
Boards — = <5 > 10 >25
Ends o <5 > 10 -
trims
Sketlings o 5.0-7.5 | 7.5-14 -
trims
Baguettes Pine, spruce laths | 7.5-15 | 7.5-2.5 —

10.3. Measurement of timber cargoes quantity

Export saw-timber — quantity measured in m3. For this, there are special tables,
where the volume of the 1 unit depends on the length, width, thickness.

Sawlogs. The unit of volume is m3. Sawlogs accounting is carried out:

— in a dense measure (dense m® — a unit of measurement of clean wood,
excluding voids);

— in a store measure (storage m?, stock meter® — a unit of measurement of clean
wood, taking into account voids).

To convert the storage meters® to dense m3, the full wood content coefficients
Kiw are used

_volume of dence mass of wood

™ total volume of the stack
To resolve the outlines of loading, the following is taken into account:

— volumetric mass of wood y — mass of a unit of volume in a dense (store)
measure

Q
==, t/m?
LY

— specific gravity SG (loading volume)

W,
u=—2= md,

Q

where Wi is the bale cargo capacity of the vessel, m?;
Q is the mass of the cargo, t.

The amount of cargo received is corrected by the stowage density coefficient
Vv
kds = .

Wbc ’
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where Vg is volume of timber in a dense measure;
Wiy is the bale cargo capacity of the vessel.

10.4. Marking of timber cargoes

Saw-timber marking.

All boards are marked if width B > 75 mm; thickness 6 > 16 mm; length
L>1m.

In addition, they are marked individually from 2 ends, if B> 100 mm;
c>22 mm.

When shipping saw-timber tied in packages, except for cargo piece marking,
packages are marked on the top and side planes at a distance of 100-150 mm from
the edge. Red paint is applied to a stamp containing

— Bill of Lading number;

— lot (consignement) number;

— section dimensions in mm;

— length in m.

Sawlogs marking.

All logs are marked individually if D > 14 cm. The exception is sawlogs length

L <2 m and firewood length L <3 m.
Marking of sleepers and bars.
They are marked on one of the ends.

10.5. Unitization of timber cargoes

Saw-timber is unitized if it has the same width B and thickness c. Different
lengths L of a single unit in the package are allowed.

The packages must have a rectangular cross-section. A ledged section is also
allowed.

Packages are provided with gaskets.

Packages are tied with tapes (chains for sawlogs) which are valid for one
occasion or reusable.

10.6. Preparing the vessel for timber transportation

Timber is transported on the vessels:

— universal;

— specialized timber carriers, conventional and package carriers;
— Ro-Ro carriers.
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Fig.2. Specialized timber carrier

If transported by timber carrier, a timber freeboard mark is applied on board.

The suitability of the vessel for timber transportation is determined by the
vessel's commission.

If the vessel is sailing in within the winter seasonal mark, vessels are equipped
with a double-bottom tank heating system.

When transporting sawlogs, dry cleaning of holds is performed.

When transporting saw-timber, cargo spaces are washed, dried and ventilated.

Accepting of the bunker is carried out before loading the timber, in extreme
cases — before loading on deck.

By the time the loading is completed, all tanks should be pressed in.

Ballast is pumped out only from those tanks that, according to the Stability
Information, should be drained.

The presence of free surface is allowed only in tanks of washing and drinking
water.

When loading well-dried saw-timber, the maximum amount of ballast is
accepted. Even then, the allowable draft is not always fully utilized.

10.7. Loading and stowage timber in holds

Saw-timber.
When loading, under the first layer of cargo, gaskets 13-16 mm thick are
placed in the direction across the vessel or diagonally to the DP of the vessel. For the
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convenience of unloading, each B/L log is stowed from side to side (wing to wing)
and marked with paint of a certain color.

The sleepers are impregnated with antiseptics — coal, creosote or shale oils.
Before loading, all vessel constructions inside the hold are whitewashed with a thick
layer of slaked lime. A layer of sawdust 10 mm thick is laid on the floor.

Sawlogs.

Heavy types of sawlogs are loaded into the hold — larch, birch.

Loading of timber is carried out under the supervision of the vessel's
administration.

Fig. 3. Stowage of packaged timber Fig. 4. Stowage of sawlogs loose in the hold
in the hold

10.8. Loading and stowage of timber on deck

The timber deck caravan must be supported by the side posts (stencils). They
are either metal beams, or logs cut at the end for installation in the nests on the deck
in the bulwark area, or stacked together 3—4 boards.

For fastening, lashing strength of 133 kN is used, which are constantly
tightened during voyage. The information is entered into the Ship's Log. For
emergency return of the caravan at sea in a storm in case of loss of the screw
propeller, the ends of the lashings are attached to the verb-hook.
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Footpathes Footpathes
on the aft deck on the tore deck
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Wire lashings (distance Wire lashings (distance
between them < 3 m) between them < 3 m)

1.5 m from the end

Final lashings at a distance <2 m
0.6 m from the end from the superstructure)

Fig. 5. Schematic diagram of stowage of timber deck cargo
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Fig. 6. Securing the saw logs caravan on the upper deck
1 — side posts; 2 — lanyard (turn-buckle) with a verb-hook; 3 — long link chain; 4 — wire rope; 5 —
fastening the post to the bulwark; 6 — wire rope attachment point; 7 — tie

10.9. Stability requirements for vessels carrying timber cargoes

Stability should always be positive and calculated taking into account:
— increase in the weight of timber due to wetting, icing;
— changes in consumable supplies;
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— influence of free surfaces in tanks;

— weight of water accumulated between logs.

Before going to sea, the vessel should not have a list; have sufficient stability.

The height of the deck caravan H is limited by the following factors:

— the need for visibility;

— to maintain the required level of stability;

— any part of the caravan should not protrude beyond the ship's hull and be
exposed to the slams of the head sea waves;

— the weight of the deck cargo should not exceed the permissible deck load.

The inclination method can be used to check the accuracy of calculating the
metacentric height h. To do this:

— the weight m of the selected package is measured with a dynamometer;

— the vessel's crane (boom) moves the draft to a distance b from the vessel's DP
(the fore-and-aft centerline) and position it on a vertical at a height corresponding to
the upper level of the caravan;

— using a high-precision inclinometer (liquid) determine the inclination angle ®

on each side and determine the average © ay;

/

m @P‘g
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B
b

/
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Fig. 7. Using method of calculating of inclination angle ®

— knowing the displacement tonnage of the vessel A, calculate the initial

metacentric height h,

h =57.3M82
A-©
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where inclination angle (list) ® is counted in radians.
Also, choosing the minimum admissible value h from the Stability Information,
we calculate the inclination angle ® at which loading should be stopped
m-b

®=57.3 :
0
For approximate preliminary calculations of the height of the deck caravan of
the wood, one sometimes uses the expression
H=0.75 (B - D),
where B — width of the vessel, m;
D — depth from the keel to the main deck, m.
There is another empirical criterion for safe loading with timber cargo B > 2d,
that is, the doubled draft of the vessel should be less than its width.

Additional requirements for the stability of the timber carrier: if the specific
gravity of timber cargo U is not known, U = 2.3 m3/t.

The corrected metacentric height h' is taken:
h'> 0.1 m for the full load and the weight of the supplies P; = 100%.
h'>0.05 m for full load and P, = 10%.
h'>0.15 m for an empty vessel and P, = 100 % and P, = 10%.

In the absence of data on the wetting of the cargo, it is recommended in the

calculations to increase its

peculiarity
wood, timber, am. lumber

mass by 10%.

WORDS AND EXPRESSIONS

[pr kju:lr'errti]
[wod, ‘timba, '1amba]

0COOEHHOCTD
aec (MaTepuan)

timber-carrier [ - 'keerio] JIECOBO3

board, plank [bo:d, plenk] J0CKa
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crack [kraek] TpEIIuHa

knot [not] CY4YOK
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wormhole ['w3:mhovl] YepBOTOYHMHA
rot [rot] THWIb, THUCHUE
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nomenclature

bar

sleeper

slab

saw log
saw-timber
pulpwood

props

spruce

pine

fir

larch

cedar

birch

stanchion, prop
bark, disbarking
bust

cut and chopped wood
firewood
technological chips
plywood
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[props]
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[pain]
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114

CHUHEBa

HOMEHKJIaTypa

opyc

nmnania -0

mex. TOpObLIb, TUTUTA
OpeBHO MUJIOBOYHOE
nuIoMaTepUabl
OaaHCHhI

TIPOTICHI

eJlb

COCHa

TUXTa

JUCTBECHHUIIA

KeJIp

oepesa

CTOMKA

KOpa, OKOPKa JPEBECUHBI
ny06 (cioit Kpyriioro jeca)
TE€CAHbI U KOJIOTBIN JIEC
JpoBa
TEXHOJIOTUYECKasl I1Iera
danepa

ouon. BUI, IOpOJa
o0Ope3ku

OareTsl

pemarhb

KodDpUIMeHT

MOJIHOAPEBECHOCTHU
KO2(DPUIIUECHT MOTHOTHI
YKIIaKU

IJIOCKOCTH (TIaKeTa)

Kpaii (rmakera)
NaKeTUPOBAHUE TPY30B
ycTyn (B mrabene), -9aThlid
MPOKJIAIKA

pa30BbIA

MHOTOKPATHBIN
MPUTOJTHOCTh
MPOIIUT||bIBATH, ~AaHHBIN


https://tophonetics.com/ru/
https://tophonetics.com/ru/

to whitewash|| -ed
shale

slaked lime
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sawdust

floor
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screw propeller
verb-hook

lanyard, turn-buckle
tie

to protrude
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slam of the head sea wave
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11. TECHNOLOGY OF ENLARGED CARGO UNITS (ECU)
TRANSPORTATION

11.1. Means of Consolidation of Cargoes in Marine Transport

In accordance with the "Rules for the carriage of general cargo", the following
classification of mobile equipment and means of consolidation of cargoes has been
adopted:

— self-propelled vehicles — these are cars and trucks, tractors, excavators, lifting
and transport, building, road, agricultural and other wheeled and caterpillar self-
propelled vehicles;

| — trailers — high— and low-bed platforms with axes in front
and behind, used for the transportation of cargoes along the
main roads;

— semi-trailers — high-frame platforms used for the
transportation of goods along the main roads;

— roll trailers — low-loader semitrailers without brakes
and signal lights, connected to a tractor with a special
device (gooseneck), used for transportation and storage
of cargoes in the port territory;

— containers;

— pallets;

— flats — cargo platforms with end stanchions of folding or removable types.
Sometimes referred to as a collapsible container;

— bolsters — cargo platforms without side stanchions with corner fittings;

Any enlarged cargo units (ECU) can be called a “unit”. For example, this term
can be used in official correspondence.

ECU are used in transport and technological systems (TTS) in sea going
transport.
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11.2. Transport and technological systems in sea going transport

TTS is a complex of coordinated and interrelated technical, technological,
economic, organizational and commercial-legal measures that allow, with maximum
effect and the least labor costs, to ensure the transportation of certain types and
groups of cargoes in specific directions from the shipper to the consignee.

The components of any TTS are cargo, fleet and ports.

The development of progressive TTS is focused on expanding the use of such
intensive technologies as container, Ro-Ro, transportation in heavy modules (block-
packages, adapters, lighters), on carrying out cargo handling with multi-tiered
stowage of cargo items (containers, lighters), on increasing the volume of cargo
operations on the roads conditions.

Today, more than 90 thousand ships of a total deadweight of 1.97 billion tons
are operated in the world. It is predicted that the ships of the future will have
increased reliability, safety, environmental friendliness, comfort, will be handled and
serviced in the ports of a new look — in smaller territories, directly "“from the wheels."

11.3. Types of containers, their classification

Containers can be classified according to the following factors:

— by designation:

— universal;

— specialized,;

— by construction:

— indoor and outdoor;

— waterproof and hermetically unsealed;

— metal and from polymer materials;

— in terms of gross and net weight:

— low-tonnage (weight up to 2.5-3 tons);

— medium tonnage (up to 10 tons);

— large-capacity (> 10 t);

— by the sphere of circulation:

— international;

— trunk lines;

— in-plant.

The International Organization for Standardization (ISO) organized the
Technical Committee TC-104 "Freight containers”, which established the main
parameters and scope of containers.
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Standard Hard-top Open-top
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Fig.1. The main types of large-capacity containers

For containers of the “1” series, a single cross-section of 2438x2438 mm is
established. This corresponds to the dimensions of 2 pallets 12001200 mm in width,
and 2 in height of the container. A deviation from these values is allowed in height.
Most companies widely use containers with a height of 9' (2743 mm), 9.5' (2896 mm)
and more. The limiting factor for the introduction of such containers is the size of the
rolling stock of railways and road transport.

In world shipping, each container must meet the construction and technical
condition of the requirements of the International Convention for Safe Containers
(CSC-72). According to them, the container is subject to certification by the country's
administrative body, which issues a certificate "On Approval for Safety.” The initial
validity period of the Certificate is 5 years, subsequent re-certification — every 2
years. According to the Rules for the manufacture of containers of the Register, the
container must withstand stacking in 6 tiers.

If the container carries out the transportation of goods under the customs seal,
then by construction it must comply with the 1972 Customs Convention and have a
plate with the inscription "Approved for carriage under customs stamps and seals."

The construction of the universal containers is standard. They have steel
frames. Fittings are welded to the corners of the end frames from the beams. The
frame is sheathed with 2 mm thick sheet steel with corrugation. The floor is wooden
in the form of a flooring made of antiseptic grooved boards 35 mm thick. The
thresholds are covered with steel sheets. The container doors are 2-leaf, open at an
angle of 270°.
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Header Extension Plate
Corrugated Roof

Alternative: Flat Roof — -

Top End Rail
End Wall

(made of plywood) -
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Locking
Bars

(edged with gaskets)  Door Sill

Fig. 2. Structural elements of a large-capacity container

Containers are also produced from Al, water-resistant plywood, reinforced

plastic.
Specialized containers include:
— containers with a removable roof;
— open (can be covered with a tent);

— tank containers (for powdery cargo, liquid cargo and gases), for liquid

chemicals (with plating inside), heated (for oils);
— isothermal (including vacuum thermal insulation);

— refrigerated (autonomous with mounted diesel-generators or connected to an

external power source).

Fig. 3. ISO tank-containers Fig. 4. Reefer container High Cube
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11.4. Container vessels

A container vessel is a 1-deck cargo vessel with holds’ dimensions that are

suitable to the dimensions of standard containers.
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Fig. 5. Container vessel

Container vessels are classified:
— ocean-going (mainline);
— feeder.

T

Fig. 6. Feeder container vessel
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The holds of container vessels are box-shaped, formed by transverse watertight
bulkheads and bulkheads of side tanks. Each hold is divided into cells (bays) by
means of movable vertical guide stanchions, set to the size of the containers.
Pontoon-type covers allow convenient stowage of containers on the deck and must
withstand the breaking moment of a stack of containers installed on them. The
absence of a cargo device and the shifted superstructure free up the entire deck for
storing containers.

To protect containers from sea waves, some ships build an elongated forecastle
and a special bow chock plate.

The most difficult problem is stability assurance under different loading
options. When operating over long distances, large changes in ship's stores occur,
which requires taking of a large amount of ballast. To store fuel and water, not only
double bottom tanks are used, but also side tanks. The location of the fuel and ballast
tanks in the area of the second bottom is staggered, which allows the vessel to be
trimmed under any operating conditions. The total capacity of ballast tanks is 20-40
% DW.

Feeder container vessels have capacity of up to 1,000 containers. They serve
the smaller ports of the region, which determines the construction of ships with aft
ramps and deck cranes.

For cargo operations, shore container loaders/ handlers with a retractable
console are used, on which a spreader is suspended. The grips of the spreader, when
applied to the container, unfold in the fitting holes and the slinging / unslinging takes
place.

The starting point in the history of container shipping is considered to be 1956,
when the first container vessel "ldeal X", converted from an old oil tanker, departed
from Newark to Houston with 58 35'containers. The American Malcolm McLean is
considered to be the inventor of the container. The first container ships with a cell
system with a capacity of 800 TEU appeared in the early 70s. Currently, ships with a
container capacity of 24,000 TEU are being built at the shipyards of South Korea.

11.5. Securing containers on vessels

Fastening means are:

— rigid guides-limiters. They are made of a steel angle profile with dimensions
of 120 x 165 or 100 x 100 mm. The rails are bolted or welded to the deck, which
allows you to change the length of the cells;

— embedded devices. There are 3 types:

— centering (double and single cones and pyramids, upper brackets);
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— manual rotary locks. Their part is a shaped pin with conical hammer-shaped
heads, which, when turned, grip the container by the corner fittings;

— semi-automatic spring locks. These are konlocks, twistlocks, the elements of
which unfold and grip containers under the pressure of the weight of the container.

— lashing braces. There are 3 types:

— bar. The most convenient and safe. They are made of separate links
L =1200 mm;

— chain. Used on non-specialized vessels;

— cable. The same as chain.

Fig. 7. Set of standard container lashings /fasteners

The choice of fastening schemes for the vessel is not precisely regulated, it
depends on the construction type, the number of tiers. Usually variants of fastening
schemes are attached by the shipyard-builders in the form of Appendices to the
"Information on stability".

11.6. Lighter carrier transport and technological system

The creation of the lighter carrier TTS dates back to the end of the 50s. The
basis was the desire to ensure the independence of shipping from ports and their
technical equipment.
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The lighter is used as a unit of enlargement in the lighter carrier TTS. The
lighter is a rectangular metal container. Its hold is equipped with a lockable hatch,
smooth vertical walls and a flat bottom. They are adapted for transportation on carrier
vessels called lighter carriers, as well as for towing on inland waterways without
additional devices. Lighters differ from pushed barges in smaller dimensions, lack of
a streamlined bow and specific devices. But lighters cannot be used on the high seas
and installed at the head of a pushed caravan.

When choosing the parameters of the lighters, we proceeded from the
dimensions of the river barges of the served region. In all cases, B lighter = B river
barge, and L lighter = 1/2 or 1/4 of its length. The parameters of the main types of
lighters are given in tab.1.

Type of lighter and barge LxBxH m L\:\?i:‘;ega"r"ge;:q:‘t DW, t
(Rhli_ntsblz_a'rge) 18,8 x9,5x3,9 460 376
(Amerisceaar;?Jejmbo”) 29,7 x 10,7 x 5,2 1000 810
(Danube I?Iii\t/ljrope—ll“) 38,3 x11,0x5.3 1300 1100
african blzfgkeo) 24,0 x9,5 4,1 800 720
(Brit?siks;rge) 17,0 4,7 x3,6 175 140

The constructive type of lighter carrier vessels depends on 3 factors:

— lighter parameters;

— type of lifting device;

— the purpose of the lighter carrier is oceans-going or feeder.

Let's consider the main types of lighter carriers.

1. LASH type lighter carriers (lighter aboard ship) — vessels with a cellular
construction of holds. A gantry crane with a lifting capacity of 510 t moves along the
upper deck. The tug brings the lighter into the aft cutout located between 2 consoles,
then it is moored, slinged and lifted aboard the vessel. The crane places it in the
appropriate cell. LASH-type lighter carriers can transport containers, as well as grain
in a non-lighter version. Lighters in the hold are installed in 3-4 tiers, on the deck in 2
tiers. The LASH system was introduced in 1969 with the put into operation of the
“Acadia Forest” lighter carrier. This system included the “Aleksey Kosygin” lighter
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carrier built in 1983 with a capacity of 82 LASH lighters (BLASCO has 3 vessels of
this type — “Indira Gandhi”, “Le Zuan”, and “Che Guevara”.

Lateral view
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Fig. 8. LASH type lighter carrier

2. Lighter carriers of the Sea-Bee type have a loading device in the form of a
synchro-lift. Raised to a specific deck 2 lighters are transported to a specific place.
Special platform adapters allow you to take containers on board without re-equipment
of vessels. In 1978 vessels of the “Julius Fuchik™ series were built. The vessel is
constructed to receive 26 DM type lighters or 52 LASH type lighters or 1552
containers. Operated in the Danube Co.
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3. Lighter carriers of the Bako type (barge container).

It is designed to carry 12 Bako-type lighters in the hold and 500 containers on
the upper deck in 3 tiers. Lighters are loaded into the hold by docking through the
bow cargo port.

4. Lighter carriers of the Bakat type (barge aboard catamaran). Firstly, 3
LASH-type lighters are taken on board in the submerged position and 10 Bakat-type
lighters to the upper deck with the help of a lift.

It is necessary to mention the first lighter carrier with a nuclear power plant
"Sevmorput"”. Built at the Kerch plant "Zaliv" in 1988. The vessel is capable of taking
on board 74 LASH-type lighters or 1336 containers.

In ports, specialized loading complexes include:

— mooring devices for mooring container ships;

— forming roads (serves for the formation of lighter caravans, as well as for
short-term lighters stay);

— storage and settling basin (intended for the accumulation of lighters);

— cargo area for handling lighters.

11.7. Features of Ro-Ro TTS and its elements

Ro-Ro TTS has a higher operational flexibility than container and lighter
carriers. The name comes from the English. “To roll on-to roll off”, which implies the
loading of ships by the roll-on method. It is distinguished by the ability to conduct
cargo operations at any non-specialized berths, a lower cost of a cargo device
compared to cellular container vessels, a lesser dependence of the size of cargo
spaces on the size of cargo than that of cellular vessels, the ability to transport
cargoes with a very high specific cargo capacity.

The whole variety of ro-ro vessels is divided into groups:

— Oocean cargo ro-ro vessels;

— feeder ro-ro vessels;

— car-passenger and rail-road ferries;

— car carriers;

— combined vessels;

— multipurpose vessels.

The number next to the word “Ro” means the capacity of cargo spaces in m?,
for example, “Ro-30" means that the capacity of cargo spaces is 30 thousand m?®.
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Fig. 9. Ro-Ro vessel

Cargo complexes of vessels with horizontal handling.

The device for entering (leaving) a ship includes two elements:

— connecting bridge (ramp);

— housing closing device.

Freight ramps.

Cargo ramps can be divided according to the following criteria:

— at the place of installation (bow, side, stern);

— by construction (straight lines or located in the diametrical plane, angular,

rotary);
—according to the permissible load (light, medium, for heavy loads).

Fig. 10. Ro-Ro aft ramp

Panduses and ramps.
Panduses (fixed ramps) are stationary ramps between two decks located at

different levels.
Ramps are elevating inclined walkways located between two decks.
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Cargo lifts.

Fig.11. Types of freight lifts:
a) lever (“scissors"); b) L-shaped

Securing equipment on Ro-RO vessels is shown in accordance with the
diagrams in Fig. 12.

Fig.12. A set of means of securing cargo on Ro-Ro vessels

11.8. Requirements for the safety of Ro-Ro vessels

Fire safety.

Ro-ro cargo spaces must be equipped with fire detection means, fire alarms, an
inert CO? fire extinguishing system, any other gas or foam extinguishing system that
can provide equivalent protection.

The smoke detection system for Ro-Ro is not always effective, therefore
systems based on the measurement of air ionization are used.
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Television systems are used to monitor the condition of cargo spaces. Ro-Ro
garage decks are exempt from the installation of fire bulkheads every 40 m, a water
curtain system is adopted as an equivalent. Most Ro-Ro are equipped with carbon
dioxide extinguishing stations, allowing the use of high expansion foam systems. The
decks should have special passages along the entire length of the vessel — for the
possibility of extinguishing a fire and for monitoring the fastening of vehicles.

Waterproof.

Since the ro-ro vessels do not have a division of cargo spaces into
compartments in the longitudinal direction, the ingress of water into the interior leads
to the formation of large free surfaces of the liquid, loss of stability and buoyancy.

The ingress of water into the hull of a ro-ro vessel can occur for the following
reasons: through open or loosely closed side air ports, through drain scuppers, as a
result of damage to water tanks or ship lines. Interior doors, panduses and ramps are a
major challenge. Despite the lack of requirements, projects with watertight bulkheads
prevail in shipbuilding practice. Waterproof ro-ro vessels’ doors are: hinged; sliding
with manual and mechanical drive. The most acceptable hinged doors of the "valve"
type, opening over the entire width of the hold. The doors must be closed when the
vessel 1s heeled up to 15 ° to any side.

Ventilation of ro-ro vessels.

A large number of air intakes are located on the upper deck along the sides,
which carries a potential danger of water penetration into the vessel in emergency
situations. The ventilation system of longitudinal and transverse channels should
provide for automatic plugs to prevent water from entering the vessel.

Based on IMO recommendations, closed cargo spaces intended for the
transport of wheeled vehicles should provide > 6 times air exchange / hour. During
loading and unloading operations with forklift trucks, the air exchange rate should be
> 20 air changes per hour; on flights when transporting equipment with fuel in tanks
> 10 air changes per hour.

The ventilation system must be separate for each cargo space and ensure fast
closure of the ducts in all weather conditions. Ventilation shafts, ducts and dampers
must be made of steel.

11.9. Features of the ferry TTS

The ferry TTS implements the principle of regular transportation of land
vehicles and passengers across water obstacles.

Ferry — a seagoing vessel designed for scheduled transportation of land
vehicles, passengers, as well as partially enlarged cargo units, overloaded by the
rolling method.
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Recently, it has been customary to classify ferries only as those rolling-type
vessels that have cabins for > 12 passengers who pay their fare, in contrast to such
vessels with passenger seats only for persons accompanying cargo (drivers,
conductors, refrigerated section mechanics).

Ferries can be classified as follows:

— car ferries;

— train ferries;

— multi-purpose ferries.
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Fig. 13. Car-passenger ferry: a) side view; b) passenger premises; c) garage deck
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Fig. 14. Railway ferry: a) cargo deck; b) cross section of cargo spaces
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Ferry services originated as early as 1904 in Russia on Lake Baikal and in 1928
across the English Channel between the ports of Dover and Dunkerk. At the end
points, cars were then overloaded with cranes. The main trends in the development of
sea ferry services are:

— the introduction of new lines;

—an increase in the number of shipments on lines already in operation;

— changes in the structure of ferry shipping: relatively slow development, and
in some cases the displacement of rail ferry transportation by automobile and
passenger;

— change of the operating mode of ferry lines — transformation of seasonal lines
into year-round ones;

— an increase in the length of ferry routes and the emergence of more and more
lines of medium (100-300 km) and long (> 300 km) length. Now in some parts of the
world there are lines with a length of > 1000 km.

— an alternative to ferry services in the form of bridges and tunnels. The
competition between them should take into account:

Bridges:

— cheaper than a tunnel;

— the throughput is higher than the tunnel;

— more emergency, given the seismicity;

— less comfortable, especially in winter;

— getting into the water of oil, fuel oil, paper, bags and other, that is,
environmentally more dirty.

Tunnels:

— do not depend on weather conditions;

— it is easier than on a bridge to lay cables, power lines, water pipelines, gas
and oil pipelines;

— more fire hazardous;

— less vulnerable to terrorists;

— more habitable for wild animals.

The construction of tunnels through the Bering and the Straits of Gibraltar, a
number of bridge crossings will lead to the creation of a transplanetary transport
supersystem, the connection of energy systems, communication cables and product
pipelines of the continents into a single network, and will transform the economy of
the adjacent territories.
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WORDS AND EXPRESSIONS

Enlarged Cargo [m'la:dzd 'ka:goov YKPYIIHEHHAsI TPy30Bast
Unit (ECU) jumnit] enununna (YI'E)

excavator ['ekskoverta] 9KCKaBaToOP

caterpillar [ 'keetopila] I'YCEHUYHBIH

self-propelled vehicle  [self-pra’peld "vi:ikl] CaMOXOJIHOE CPEJICTBO
trailer [tre1ls] IPHULIETT

axes, muoxc. om axIs [(eksiz] ocH

gooseneck ['gu:snek] I'y3HeK (KpIOK Ha TPaKTOpe)
flat [flet ] ¢uer (co cTolikaMu Ha TOPIIE)
end stanchion [end 'sta:nfn] TOpIICBas CTOMKA

folding ['fouldn] CKJIQTHOU

removable [r1' mu:vabl] CHEMHBIN

collapsible [ka'leepsabl] CKJIQTHOU

bolster [ 'boulsta] 6oncTep (TutomaaKa)
component [kom'pavnant] COCTaBHasl 4acTh

to sheath [1:0] mexH. OOITNBATh

corrugate [ koru'gert] ropupoBaHHBIH

grooved board [gru:vd bo:d ] IIMTYHTOBAaHHAS JTOCKA
thresholds door sealing ['Oref hovldz do: 'si:lig] ymroTHeHHE TOpoOTa ABEpH
plating [ 'plettm] OOIIMBKA

door hinge [do: hindz] JIBEpHAS TTCTIIS

131


https://tophonetics.com/ru/
https://tophonetics.com/ru/

sealing
reinforced plastic
tent, canopy
mounted

bow chock plate
to be stagger
retractable
spreader

to suspend

grip

to unfold
slinging

cell

rigid guides-limiters

embedded devices
rotary locks

pin

spring lock

lashing brace

bar

rectangular

smooth
streamlined

gantry crane

cutout

cargo port
submerged position
roads (outter, inner)
vulnerable
habitable

[ 'si:lm]

[ ri;mn’'fo:st ‘plaestik]
[tent, 'kaenopi]

[ ' maovntid]

[bav ok plert]
['steego]
[r1'treektabl]
['spreda]

[sas pend]

[grip]

[anfould]

['slig]

[sel]

[ 'ridsid gardz-limitaz]

[1m "bedid dri'vaisiz]
[ 'routari loks]

[pmn]

[sprim lok]

['lae[in brers]

[ba:]

[rek tengjola]
[smu:d]
['stri:mlaind]
['geentri krein]

[ 'kataot]

[ 'ka:gou po:t]
[sab'ms3:dzd pa’zifan]
[roudz]

['valnarabl]

[ haebitabl]

YIUIOTHEHUE
apMUpOBaHHAA IIaCTMAcCCa
TEHT, HaBeC

HaBECHOU

OTOOMHBIN KO3BIpEK (Ha Oake)
B [IIaXMATHOM TOPSIKE
BBIJIBUKHOM, BTATUBAIOIIUAMCS
Cripeiep KOHTEUHEPHBIN
BeIllaTh, MMOJIBEIINBATh
rpy303axBaT

pPa3BEpPHYTHCS

3aCTpOIKa

A4erKa

YKECTKHE HaIpaBJISIIOIIHE-
OTpaHUYUTETU

3aKJIaJIHbIE YCTPOKCTBA
MTOBOPOTHBIN 3aMOK
mMTUQT, MTHIPb
NPYKMHHBIN 3aMOK
HaWTOB-OTTSKKA

Opycok

IPSAMOYTOJIbHBIN

TJIagKuN

oOTekaeMoi (HhopMbI
KO3JIOBOM KpaH

BEIpE3 (B 60pTY)

JaumnopT

MPUTOILIEHHOE MOJ0KEHUE
peia (BHELIHU, BHY TPEHHU )
YSA3BUMBIN

O0OUTaEMBIit

ADDITIONAL WORDS AND EXPRESSIONS (for Practical Work)

to protrude
to be flush
stack
gasket

[pra’tru:d]
[tu: bi: fla[f]
[stek]
['gaeskit]
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stiffener

transverse set
bulwark

alley

Cross section
permissible load
actually/ in fact load
row

tier

['str:fona]
['treenzvs:s Set]
[ 'bulwak]
["eeli]

[kros ‘sekfan]

[pa ' misabl lowd]

["aekfvali/ 1n faekt lovd]

£2]6)

[‘tao]
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nonepeyHslii Habop
¢danbmdopt, 6acTHOH, BaJ
npoxoJ (Ha CyJiHe)
MIOTIEPEYHOE CEUCHHE
JIOMyCTUMAas Harpy3Ka
dakTuyeckKas Harpyska
psn

Apyc
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QUESTIONS OF THE EXAMS, DISCIPLINE "TECHNOLOGY OF
CARGOES TRANSPORTATION"

CLASSIFICATION OF CARGOES AND THEIR CHARACTERISTICS
1. Classification and tariff nomenclature of cargoes
2. Compatibility of cargoes for sea transportation
3. Transport characteristics of cargoes
4. Linear and volumetric-mass characteristics of cargo
TARE, PACKING AND MARKING OF CARGOES
5. Tare, types and requirements for tare
6. Cargoes packing
7. Marking of goods
ENSURING CARGO SAFETY DURING SEA TRANSPORTATION
8. Reasons of damage to cargoes
9. Reasons for the shortage of cargoes
10. Registration of cases of unsafe transportation of goods
11. Regulatory grounds for safe and secure transportation of cargoes on sea

REGULATION OF HEAT EXCHANGE OF CARGOES WITH THE

ENVIRONMENT

12. Fluctuations of environmental parameters during sea transportation

13. Air properties and determination of its parameters

14. Determination of the dew point in various ways

15. Regulation of temperature and humidity in the holds

16. Ventilation technique when passage from a cold to a warm area

17. Ventilation technique when passage from a warm to a cold area

18. Technological means of ventilation of cargo spaces
TECHNOLOGY OF GENERAL CARGO TRANSPORTATION

19. Classification of general cargoes

20. Preparation the vessel for loading cargoes

21. Separation of goods

22. Transportation of boxed cargoes

23. Transportation of bagged cargoes

24. Transportation of cargoes in pressed bales and bales

25. Transportation of barreled cargoes

26. Transportation of cotton and other fibrous cargoes

27. Transportation of paper and cellulose

28. Transportation of rubber and rubber products

29. Transportation of light industry products

30. Transportation of metals and hardware
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31. Transportation of sheet and coil steel

32. Transportation of pipes

33. Transportation of reinforced concrete products
TECHNOLOGY OF TIMBER CARGOES TRANSPORTATION

34. Regulation of transportation of timber cargoes

35. Types and nomenclature of timber cargoes

36. Measuring the amount of timber cargoes

37. Marking of timber cargoes

38. Unitization of timber cargoes

39. Preparation of the vessel for the transportation of timber

40. Loading and stowage timber in holds

41. Loading and stowage timber on deck

42. Requirements for stability of ships carrying timber cargoes
FOOD CARGOES TRANSPORTATION TECHNOLOGY

43. Classification of food cargoes

44. Preparation of food cargo for transportation and their specific properties

45. Preparation of the vessel for the acceptance of food cargo

46. Transportation of grain cargoes in tare

47. Transportation of coffee beans and cocoa beans

48. Transportation of spices, tea, sugar, salt, flour and confectionery
DANGEROUS GOODS TRANSPORTATION TECHNOLOGY

49. Classification of dangerous goods

50. International regulation of the carriage of dangerous goods by sea

51. Preparation of dangerous goods for transportation

52. Preparation of the vessel for the carriage of dangerous goods
BULK CARGOES TRANSPORTATION TECHNOLOGY

53. Classification and physical properties of bulk cargoes

54, Transportation of coal and iron ore

55. Normative documents regulating the transportation of non-grain bulk

cargoes

56. Vessels for the carriage of bulk cargoes and the procedures of their loading

57. Grain bulk cargoes and documents regulating their transportation

58. Transportation of grain cargoes and their securing
TECHNOLOGY OF LIQUID CARGOES TRANSPORTATION

59. Physical and chemical properties of liquid cargoes

60. Classification and nomenclature of liquid cargoes

61. Classification and constructions features of tankers

62. Washing and cleaning of cargo tanks of a tanker

63. Tanker inert gas systems

135



64.
65.

Tankers for transportation of chemical cargoes
Transportation of liquefied gas

CARGO TRANSPORTATION IN ENLARGED CARGO UNITS (ECU)

66.
67.
68.
69.
70.
71,
72,
73.
74,
75.

TTS transportation of ECU by sea

Types of containers, their classification

Vessels for container transportation

Securing containers on ships

Lighter carrier TTS, advantages and disadvantages

Peculiarities of Ro-Ro TTS and Advantages of Ro-Ro carriers

Means of enlargement of cargoes transported by Ro-Ro carriers

Cargo complexes of Ro-Ro carriers — ramps, lifts, panduses and ramps
Requirements for ventilation and watertightness of Ro-Ro carriers
Features of the ferry TTS, characteristics of ferries

REGULATION OF LOAD LINE AND FREEBOARD

76.

Regulation of the freeboard height. International Convention on Load Line-

1966

77,
78.

Cargo (Stowage) Plan of the vessel and general requirements for it
Calculation of the Cargo Plan of the vessel
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