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Rules for the Classification and Construction of Sea-Going Ships of Russian Maritime Register of Shipping have
been approved in accordance with the established approval procedure. The date of coming into force of the present
Rules is 1 October 2007.

The Rules are based on the tenth edition taking into account additions and amendments of Notice (2006) and
those developed immediately before publication.

The unified requirements, interpretations and recommendations of the International Association of Classification
Societies (IACS) and the relevant resolutions of the International Maritime Organization (IMO) have been taken into
consideration in the Rules.

The Rules are published in four volumes. General Regulations for the Classification and Other Activity, Part I
"Classification", Part II "Hull", Part III "Equipment, Arrangements and Outfit", Part IV "Stability", Part V
"Subdivision", Part VI " Fire Protection" are included in Volume 1.

Part VII "Machinery Installations", Part VIII "Systems and Piping", Part IX "Machinery", Part X "Boilers, Heat
Exchangers and Pressure Vessels", Part XI "Electrical Equipment", Part XII "Refrigerating Plants", Part XIII
"Materials", Part XIV " Welding", Part XV "Automation", Part XVI "Hull Structure and Strength of Glass-Reinforced
Plastic Ships and Boats" are included in Volume 2.

The text of the Rules in the Russian language published in 2007 shall be considered as the original.

Part XVII "Common Structural Rules for Double Hull Oil Tankers" is included in Volume 3. Common Structural
Rules for Double Hull Oil Tankers of Russian Maritime Register of Shipping have been approved in accordance with
the established approval procedure. The present Rules entered into force 1 April 2006. The Rules contain two parts,
one part that is for information and does not constitute specific requirements and one part giving structural rules for
double hull oil tankers of 150 m and greater. Subjects for information are given in Section 1 "Introduction" and
Section 2 "Rule Principles". Specific rule requirements are given in Sections 3 to 12 and the Appendices. Editorial
amendments to the Rules entered into force 1 April 2006 are included into the electronic version of the Rules as
separate documents:

"Corrigenda 1. Rule Editorials and Clarifications (April 2006)";

"Corrigenda 2. Rule Editorials and Clarifications.

They are also available at the Register internal web site.

In case of contradictions in the texts the English text shall be considered as the original.

Part XVIII "Common Structural Rules for Bulk Carriers" is included in Volume 4. Common Structural Rules for
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approval procedure. The present Rules entered into force 1 April 2006. The Rules contain structural requirements for
the classification of bulk carriers of 90 m in length or greater. The Rules contain 13 chapters. Editorial amendments to
the Rules entered into force 1 April 2006 are included into the electronic version of the Rules as a separate document:
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They are also available at the Register internal web site.

In case of contradictions in the texts the English text shall be considered as the original.
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The present eleventh edition of the Rules, as compared with the previous edition of 2005, contains the
following amendments.

NEW CLASSIFICATION SYMBOLS FOR SHIPS IN THE RS RULES

The distinguishing feature of the present edition of the Rules is the use of Latin alphabet for all the Register
classification symbols instead of formerly applied Cyrillic. At that letters KM, KE and K in the character of
classification remain unchanged.

Rules, edition 2005

Present Rules

KM
KE
K

KM
KE
K

Distinguishing marks added to the character of classification have been changed as follows:
Ice category marks:

Rules, edition 2005 Present Rules
JIJ19 Icebreaker9
JIJI8 Icebreaker8
JUI7 Icebreaker7
JIJ16 Icebreaker6
JY9 Arc9
JY8 Arc8
Jay7 Arc7
JAY6 Arc6
JY5 Arc5
JY4 Arc4
JY3 Ice3
JY2 Ice2
JY1 Icel

Notes. The first four categories are icebreakers (Icebreaker6é — 9), the second six categories are arctic ships (Arc4 — 9), the last three
categories are non-arctic ships (Icel — 3).

Distinguishing marks for restricted areas of navigation:
Roman figures have been substituted by Arabic figures with a letter R placed in front of them (an abbreviation for
«restricted areay), namely:

Rules, edition 2005 Present Rules
1 R1
I R2
II CII R2-RSN
I C1n R3-RSN
I R3
CTOeYHOe Berth-connected ship

Notes. RSN is an abbreviation for «river-sea navigation».




Distinguishing automation marks:

Rules, edition 2005 Present Rules
Al AUT1
A2 AUT2
A3 AUT3
AlK AUTI1-C
A2K AUT2-C
A3K AUT3-C
Al AUTI1-ICS
A2 AUT2-ICS
A3 AUT3-ICS

Note.

AUT is an abbreviation for «automationy;

C is an abbreviation for «computery;

ICS is an abbreviation for «integrated computer systemy.

Distinguishing mark of one-man bridge operated ship:

Rules, edition 2005 Present Rules

OBHM OMBO

Note. OMBO is an abbreviation for «one man bridge operation».

Distinguishing mark for ships carrying equipment for fire fighting aboard other ships:

Rules, edition 2005 Present Rules
m FF1
112 FF2
I11B FF1WS
2B FF2WS
113B FF3WS

Note. FF is an abbreviation for «fire fighting»,
WS is an abbreviation for «water-screen systemp.

Distinguishing mark for ships fitted with a dynamic positioning system:

Rules, edition 2005

Present Rules

JIAHIIO3-1
JIAHIIO3-2
JIAHTIO3-3

DYNPOS-1
DYNPOS-2
DYNPOS-3

Distinguishing mark for availability of main electrical propulsion plant:
EPP is an abbreviation for «electrical propulsion planty.

Note. This mark has been introduced for the first time.

Distinguishing mark of ships’ enhanced survey program:

Rules, edition 2005 Present Rules

(OPI) (ESP)




Distinguishing mark for a ship intended for carriage of refrigerated cargo:

Rules, edition 2005

Present Rules

PED®

REF

(PE®D)

(REF)

Descriptive notation in the class notation:
Descriptive notation is written in English, namely:

Rules, edition 2005

Present Rules

Oykcup
TPYHTOOTBO3HOE
3eMCHapsL
KaTamMapal
KOHTeliHepoBo3
KpaHoOBOe
J1eCOBO3
HABAJIOYHOE
HaKaTHoe
HAJIIBHOE
HAJIMBHOE (BOJA)
HaJIMBHOE (BUHO)
HaILTABHOE
He(dTeHATUBHOE
HedTecOOpHOE
He(TeHaABaJIOUHOE
HedTepy1oHABAI0YHOE
NaccakupceKoe
NacCaKHPCKOe HAKATHOE
NJIABIOK
IIaBKPaH
MOHTOH
pyaoBo3
Pb160JI0BHOE
cOOPILINK JIbSJIBHBIX BOJ
crnacaresib
cHenuaabLHOr0 HA3HAYEHHUS
CyIHO oDecriedeHHs:
cy1oBasi 6ap:ka

Tug
Hopper
Dredger
Catamaran
Container ship
Crane vessel
Timber carrier
Bulk carrier
Ro-ro ship
Tanker
Tanker (water)
Tanker (wine)
Docklift ship
Oil tanker
Oil recovery ship
Oil/bulk carrier
Oil/bulk/ore carrier
Passenger ship
Ro-ro passenger ship
Floating dock
Floating crane
Pontoon
Ore carrier
Fishing vessel
Bilge water removing ship
Salvage ship
Special purpose ship
Supply vessel
Shipborne barge

and so on.

Examples of new class notations of ships of various types and designations:

KM® Icebreaker7 21 AUT2 EPP

KM® Arc4 [1] AUT1-ICS OMBO Oil tanker (> 60 °C) (ESP)

KE % Berth-connected ship Floating hotel

K%R3 Floating crane

KM® Ice3 R2-RSN AUT3 Timber carrier
KM® Arcé6 [1] AUT1 FF1WS Salvage ship

Distinguishing mark for ship’s classed refrigerating plant:

Character of classification:

Rules, edition 2005

Present Rules

X

REF

Note. REF is an abbreviation for «refrigerating.
Distinguishing marks for survey have been remained unchanged.




Distinguishing marks:

Rules, edition 2005 Present Rules Mark meaning
+ PRECOOLING preliminary cooling of cargo
P QUICK FREEZING | capability for cooling or freezing fishery products
H LG maintaining the required mode of liquefied gases carriage in bulk by a gas carrier
r CA availability of gaseous medium control system for refrigerated spaces and/or thermal
containers
K CONTAINERS cargo cooling carried in thermal containers

Note. LG is an abbreviation for «liquefied gas»;
CA is an abbreviation for «controlled atmosphere».

Examples of new class notations for refrigerating plants of various types and designations:

REF ® PRECOOLING

REF ® QUICK FREEZING

REF ® LG

REF ® CA; REF®PRECOOLING CA

REF ® CONTAINERS; REF® CONTAINERS CA

RULES FOR THE CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS

PART VII. MACHINERY INSTALLATIONS

1. Chapter 1.2: the definition of "Machinery spaces of category A" has been specified in compliance with
Regulation 11-1/3.17, SOLAS-74 and IACS UI SC16;

the definition of "Fuel oil unit" has been amended in compliance with IACS UI SC16 (Rev. 1, June 2005).

2. Chapter 2.1: editorial amendments have been made.

3. Chapter 2.3: requirements regarding emergency machinery list values have been specified.

4. Chapter 4.2: requirements for entrance doors, air inlets and openings in oil tankers have been amended
considering IACS UI SC188 (Rev. 1).

5. Chapter 4.3: requirements for fuel oil tanks arrangement have been specified.

6. Para 4.4.7: requirements for installation and assembly of machinery, equipment and arrangements using
polymeric materials have been specified.

7. Chapter 4.5: requirements for means of escape from steering gear spaces have been specified.

8. Para 4.6.2: the reference has been specified.

9. Chapter 5.1: requirements for shafting have been specified (based on the research results).

10. Section 5: IACS UR M68 (Feb. 2005) has been considered — Chapters 5.1, 5.2, 8.1, 8.3, 8.8 have been
amended.

11. Chapter 5.9: requirements for seals of the sterntube have been specified.

12. Chapter 7.2: requirements for AMSS construction have been specified (based on the research results).

13. Chapter 10.2: has been amended in compliance with IACS Recommendations 26-30 (Rev. 1, Nov. 2006) —
requirements for the required minimum of spare parts have been specified.

14. Chapter 11.2: the applicability of requirements for AMSS has been extended.



PART VIII. SYSTEMS AND PIPING

1. Para 1.4.6.2: amendments have been introduced considering IACS UR S27 (Rev. 4, Nov. 2004).

2. A new Chapter 2.5 "Flexible hoses" has been introduced considering UR P2.12 (Jan. 2005).

3. A new Chapter 8.7 "Ballast systems for ballast water exchange at sea" has been introduced considering IACS
UR P5 (May 2004).

4. Para 12.2.4: provisions of IACS UI SC192 (Dec. 2004) have been included.

5. A new Chapter 9.16 "Inert gas system" has been introduced. The requirements contained in this Chapter have
been transferred from Chapter 3.9, Part VI "Fire Protection". In this Chapter para 9.16.12.13 has been revised
considering amendments to IACS UR F20 (Rev. 5, Nov. 2005).

6. Chapter 12.2: para 12.2.2 has been supplemented in compliance with amendments to IACS UI SC99 (Rev. 1,
Nov. 2005);

para 12.2.7 has been supplemented in compliance with amendments to IACS UI SC106 (Rev. 1, Nov. 2005);

the Chapter has been supplemented with the requirements for fire dampers (a new para 12.2.14) in compliance
with TACS UI SC118 (Rev. 1 Nov. 2005).

7. Chapter 12.7: has been supplemented with the requirements for mechanical ventilation in open top container
holds (a new para 12.7.9) in compliance with IACS UI SC110 (Rev. 1, Nov. 2005).

8. Chapter 13.8: para 13.8.1 has been supplemented with a clarification regarding the schemes on Figs 13.8.1-1, b
and 13.8.1-2, b in compliance with IACS UI SC123 (Rev. 3, Dec. 2005).

9. A new Chapter 13.14 "Liquefied gas system for domestic needs" has been introduced.

10. A new Chapter 13.15 "Fuel oil supply system for galley equipment" has been introduced.

11. Section 17: has been revised based on the research results.

12. Chapter 17.2: IACS UR P6 (May 2005) has been included in para 17.2.6.

PART IX. MACHINERY

1. Chapter 1.2: has been amended with regard to IACS UR M10 (Rev. 2, Corr. 1).

2. Chapters 2.1 and 2.2: have been supplemented with the requirements for internal combustion engines with
electronic control systems (based on the research results).

3. Chapter 2.3: has been amended in compliance with IACS UR M9 (Rev. 3, Corr. 1) and M10 (Rev. 2, Corr. 1).

4. Chapter 2.4: new requirements for crankshaft design in way of oil bores and fillets have been introduced in
compliance with IJACS UR M53 (Rev. 1, Dec. 2004) and considering research results.

5. Chapter 2.6: a requirement has been introduced as regards engine overload protection in operation.

6. Chapter 2.9: editorial amendments have been made.

7. Chapter 2.12: the requirement for diesel warning alarms has been specified.

8. Chapter 3.1: requirements for steam turbine design have been specified considering amendments to IACS
UR M16 (Rev. 1, Corr. 1).

9. Chapter 4.2: some factor values have been specified, editorial amendments have been made.

10. Chapter 5.3: requirements for the design of fans have been specified in compliance with IACS UR F29
(Rev. 6, June 2005).

11. Chapter 7.1: requirements for hatch cover drives have been specified.

PART X. BOILERS, HEAT EXCHANGERS AND PRESSURE VESSELS

1. Paras 1.1.1.1, 1.1.1.7 and 3.2.17: editorial amendments have been made.

2. Chapter 3.2: paras 3.2.15, 3.2.16 and 3.2.17 have been amended with regard to requirements for the design of
waste-heat boilers with forced circulation aimed at improving their fire safety, based on research results.

3. Chapter 6.4: para 6.4.5.4.4 has been introduced in order to reduce the number of cross references.



PART XI. ELECTRICAL EQUIPMENT

1. Chapter 1.2: definition "Uninterruptible power system (UPS)" has been introduced.

2. Chapter 2.9: has been amended due to introduction of a new Chapter 19.11 "Ships carrying dangerous goods".

3. Chapter 4.1: has been amended in respect of permissible distribution systems of electrical power based on
research results.

4. Section 5: has been supplemented with a new Chapter 5.11 "Electric drives for oil burner units of boilers and
incinerators".

5. Section 6: has been supplemented with a new Chapter 6.9 "Lighting and illumination means of helidecks".

6. Chapter 7.5: IACS UI SC117 (Rev. 2, Nov. 2005) has been included; the requirements for fire detection system
have been transferred from Part VI "Fire Protection".

7. Chapter 7.10: IACS UI SC180 (Rev. 2, Nov. 2005) has been included.

8. Chapter 7.11: the heading of the Chapter has been amended to read "Alarm of ultimate concentration of
dangerously explosive and noxious gases"; the text of the Chapter has been amended.

9. Section 8: has been supplemented with a new Chapter 8.9 "Residual-current devices (RCD)" based on the
research results.

10. Section 9: IACS UI SC72 (Rev. 1, Nov. 2005) has been included into Chapter 9.3;

a new Chapter 9.7 "Uninterruptible power system (UPS)" has been introduced in compliance with IACS UR E21
(May 2005).

11. Section 15: has been supplemented with a new Chapter 15.4 "Systems utilising heating cables".

12. Chapter 16.8: IACS UI E15 (Rev. 2, Feb. 2006) has been included.

13. Section 17: has been replaced by a new Section based on the research results.

14. Chapter 19.3: IACS UI SC42 (Rev. 1, Nov. 2005) has been included.

15. Section 19: has been supplemented with a new Chapter 19.11 "Ships carrying dangerous goods" considering
IACS UI SC79 (Rev. 2, Sept. 2005).

PART XII. REFRIGERATING PLANTS

1. Para 3.1.1: has been specified.

PART XIII. MATERIALS

1. Chapters 1.1, 1.3, 3.1, 3.3, 3.4, 3.6, 3.7, 3.8: have been amended due to transfer of the main issues of technical
supervision from Part XIII "Materials" of the Rules for the Classification and Construction of Sea-Going Ships to the
Rules for Technical Supervision during Construction of Ships and Manufacture of Materials and Products for Ships.

2. Chapter 1.4: has been revised to unify requirements for marking and identification of materials. IACS UR W11
(Rev. 5, Rev. 6), W7 (Rev. 3), W8 (Rev. 2), W9 (Rev. 2), W10  (Rev. 2) were the basis of the amendments.

3. Paras 3.2.8, 3.3.8, 3.4.8, 3.5.8, 3.8.8, 3.9.8, 3.13.8, 3.14.8, 3.15.8, 3.16.1.9: have been revised due to
unification of requirements for marking and identification of materials in Chapter 1.4.

4. Section 6: para 6.1.3 has been deleted due to transfer of its contents to the Rules for Technical Supervision
during Construction of Ships and Manufacture of Materials and Products for Ships;

para 6.5 has been revised and replaced by a new para 6.5 "Corrosion-resistant coatings".

PART XIV. WELDING

1. Has been amended in compliance with IACS UR W17 (Rev. 3, 2004), W26 (Rev. 1, 2004) and W32 (2005).



PART XV. AUTOMATION

1. Table 2.4.1.5: has been amended due to introduction of aerosol fire extinguishing systems (Chapter 3.11,
Part VI " Fire Protection").

2. Para 4.3.3: has been amended on the research results.

3. Para 6.1.1: has been amended to bring the text in compliance with 2.2.6.3, Part I "Classification".

4. Paras 8.5.4 and 8.5.6: references have been revised.

5. A new Section 9 "Anchoring positioning systems" has been introduced on the basis of the IMO "Code for the
Construction and Equipment of Mobile Offshore Drilling Units, Consolidated Edition, 2001" (IMO Resolution A.649(16)
as amended) and IEC 61892-5, Mobile and Fixed Offshore Units — Electrical Installations, Part 5: Mobile Units.

PART XVI. HULL STRUCTURE AND STRENGTH OF GLASS-REINFORCED PLASTIC SHIPS AND BOATS

1. No amendments have been introduced.
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PART VII. MACHINERY INSTALLATIONS

1 GENERAL

1.1 APPLICATION

1.1.1 The requirements of the present Part of the
Rules apply to ship machinery installations, equip-
ment of machinery spaces, shafting lines, propellers,
machinery condition monitoring systems, spare parts
and active means of the ship’s steering (AMSS) as
defined in 1.2.8, Part III "Equipment, Arrangements
and Outfit".

Machinery installations and machinery space
equipment of ships of gross tonnage less than 500,
unless otherwise indicated, as well as those of berth-
connected ships shall comply with the requirements of
Sections 1 to 4 and 9 of the present Part and Part IX
"Machinery" in so much as applicable and sufficient.

1.1.2 The requirements of the present Part are set
forth proceeding from the condition that the flash
point of fuel oil (refer to 1.2, Part VI "Fire
Protection") used in ships of unrestricted service for
the engines and boilers is not below 60°C and the
flash point of fuel for emergency generator engines,
not below 43 °C.

In ships certified for restricted service within
areas having a climate ensuring that ambient
temperature of spaces where such fuel oil is stored
will not rise to within 10 °C below its flash point may
use fuel oil with flash point not less than 43 °C. In this
case, measures shall be taken to ensure checking and
maintenance of the above condition.

The use of fuel having a flashpoint of less than
43 °C may be permitted for cargo ships only subject
to the approval by the Register of the complete
installation.

Such fuel shall not be stored in any machinery
space.

Crude oil and slops may be used as boiler fuel in
oil tankers. The conditions of such use are stated
under 13.11, Part VIII "Systems and Piping".

1.2 DEFINITIONS AND EXPLANATIONS

1.2.1 Definitions and explanations relating to
general terminology of the Rules are given in Part |
"Classification".

The following definitions, as adopted in the
present Part, are equally applicable for the purpose
of Part VIIT "Systems and Piping" and Part IX
"Machinery".

Auxiliary active means of the ship’s
steering is a propulsion and steering unit ensuring

propulsion and steering of a ship at low speed or steering
of a ship at zero speed when the ship is equipped with
main means of propulsion and steering, and is used
either in combination with the latter or when the main
means of propulsion and steering are inoperative.

Auxiliary machinery is the machinery
necessary for the operation of main engines, supply
of the ship with electric power and other kinds of
energy, as well as functioning of the systems and
arrangements subject to survey by the Register.

Among the essential auxiliary machinery are:

a generating set, which serves as a main source of
electrical power;

steam supply source;

condensate pump and arrangements used for
maintaining vacuum in condensers;

the mechanical air supply for boilers;

an air compressor and receiver for starting or
control purposes;

as well as machinery ensuring operation or
functioning of:

boiler feed water systems;

the fuel oil supply systems for boilers or engines;

the sources of water pressure;

the hydraulic, pneumatic or electrical means for
control in main propulsion machinery including
controllable pitch propellers.

Exit is an opening in bulkhead or deck
provided with closing means and intended for the
passage of persons.

Means of escape comprise the escape
routes leading from the lowest part of the machinery
space floor plates to the exit from that space.

Main active means of the ship’s
steering is a propulsion and steering unit being
part of the propulsion plant.

Main machinery is the machinery being
part of the propulsion plant.

Technical condition diagnosis is a
process of establishing causes for the deviation of
diagnostic parameters when performing condition
monitoring and/or detecting malfunctions, as a rules,
by stripless methods in order to provide maintenance
and repair on the actual condition basis.

Remote control is the changing of the
speed and direction of rotation as well as starting and
stopping of the machinery from a remote position.

Engine room is a machinery space intended
for the main engines and, in the case of ships with
electric propulsion plants, the main generators.

Machinery spaces are all machinery spaces
of category A and all other spaces containing main
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machinery, shafting, boilers, fuel oil units, steam and
internal combustion engines, generators and other
major electrical machinery, fuel oil filling stations,
ventilation and air-conditioning installations, refrige-
rating plants, steering engines, stabilizing equipment
and similar spaces, and trunks to such spaces.

Machinery spaces of category A are
those spaces and trunks to such spaces, which contain:

internal combustion machinery used for main
propulsion; or

internal combustion machinery used for purposes
other than main propulsion where such machinery
has in the aggregate a total power output of not less
than 375 kW; or

oil-fired boilers or fuel oil units.

Local control station is a control station
fitted with controls, indicators, means of commu-
nication (if necessary), located in proximity to, or
directly on, the engine.

Torsional vibration stresses are stres-
ses resulting from the alternating torque, which is
superimposed on the mean torque.

Dead ship condition (as well as
black out) is a condition, under which the main
propulsion plant, boilers and auxiliaries are not in
operation and in restoring the propulsion, no stored
energy for starting the propulsion plant, the main
source of electrical power and other essential auxiliaries
shall be assumed available. It is assumed that means are
available to start the emergency generator at all times.

Equipment comprises all types of filters, heat
exchangers, tanks and other arrangements ensuring
normal operation of a machinery installation.

Common control station is a control
station intended for simultaneous control of two or
several main engines and fitted with indicating instru-
ments, alarm devices and means of communication.

Cargo control room (CCR) is a room
or part thereof where the control, monitoring means
and alarm devices, related to performance of cargo
handling operations are located; and onboard the
tankers, in addition, means for monitoring and alarm
of cargo, ballast, atmosphere parameters of cargo
and ballast tanks and cargo pump rooms as well as
discharge of oil containing and flushing water.

Technical condition prediction is a
process of determining causes for the changes in
control item for the forthcoming time period, based
on the trend of the diagnostic parameter values
during the preceding time period.

Propulsion plant is the totality of machin-
ery and arrangements intended for generating,
converting and transmitting power ensuring propul-
sion of the ship at all specified rates of speed and
comprising propellers, shafting, main gearing and
main machinery.

Rated power means the maximum contin-
uous (not time-limited) power adopted in calculations
under the Rules and stated in documents issued by
the Register.

Rated speed means the speed corresponding
to the rated power.

Technical condition monitoring
system is a complex of inspection facilities and
actuators interacting with the control item on
demand set forth by the appropriate documentation.
The condition monitoring system provides for the
identification of the type of the item technical
condition and systematic observation (tracing) of its
change on the basis of measurement of the controlled
(diagnostic) parameters and comparison of these
values with the set standards.

Fuel oil unit is any equipment used for the
preparation and delivery of fuel oil (heated or
unheated) to boiler, inert gas generator or engine
(including gas turbines) and includes any fuel oil
pumps, separators, filters and heaters at a pressure of
more than 0,18 MPa.

Fuel oil transfer pumps are not considered as fuel
oil units.

Main machinery control room is a
space containing the remote controls of main and
auxiliary machinery, CP-propellers, main and aux-
iliary AMSS, indicating instruments, alarm devices
and means of communication.

Trend in diagnostic parameter
(parameter trend) is a time history of the
diagnostic parameter shown graphically or in other
form (previous history of the parameter change).

1.3 SCOPE OF SURVEYS

1.3.1 General provisions covering the procedure
of classification and surveys during construction and
in service are stated in the General Regulations for
the Classificaiton and Other Activity and in Part I
"Classification".

1.3.2 Survey by the Register, including the
approval of technical documentation according to
3.2.8, Part I "Classification", shall cover the follow-
ing parts and components:

.1 shafting as assembled, including propeller shaft
with liners and waterproof coatings, shaft bearings,
thrust blocks and sterntube bearings, couplings,
sterntube seals;

.2 propellers, inclusive vertical-axis propellers
and jets, steerable propellers, athwartship thrusters
and propulsive systems of active rudders, pitch
control units, oil distribution boxes and control
systems of propellers;
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Table 1.3.2.3
Parts to be supervised
Chap-
ter of
Nos Item Material %}ﬁ
"Mate-
rials"
1 Shafting
1.1 Intermediate, thrust and | Forged steel 3.7
propeller shafts
1.2 Propeller shaft liners Copper alloy 4.1
Corrosion-resistant |, = g
steel £ E &l
S5
O =
1.3 Half-couplings Forged steel 3.7
Cast steel 3.8
1.4 Coupling bolts Forged steel 3.7
1.5 Sterntubes Rolled steel 32
Cast steel 3.8
Forged steel 3.7
Cast iron 39
1.6 Sterntube and strut bushes | Cast steel 3.8
Copper alloy 4.2
Forged steel 3.7
Cast iron 39
3.10
1.7 Lining of sternbush bearing | Non-metallic § E .L;
materials = &‘3"
q] - =
Metal alloys = 2 2
1.8 Thrust block casing Rolled steel 32
Cast steel 3.8
Cast iron 39
2 Propellers
2.1 Solid propellers Cast steel 3.12
Copper alloy 4.2
2.2 Built propellers
2.2.1 | Blades Cast steel 3.12
Copper alloy 4.2
2.2.2 | Boss Cast steel 3.12
Copper alloy 4.2
2.2.3 | Bolts (studs) for securing of | Copper alloy 4.1
blades, hub cones and seals | Forged steel 3.7
2.3 Hub cones Cast steel 3.12
Copper alloy 4.1
4.2
24 CPP sliding shoes in ice | Forged steel 3.7
ships of ice categories Arcd4 | Cast steel 3.8
to Arc9 and icebreakers
2.5 Casings of main AMSS in
ice ships of ice categories
Arc4 to Arc9 and icebreakers

Notes: 1. The materials shall be selected in accordance with 2.4.

2. All shafts (propeller, thrust, intermediate), propeller
blades shall be subjected to non-destructive tests when manu-
factured. The methods, standards and scope of such tests shall be
agreed with the Register.

3. The nomenclature and material of the CPP components:
crank pin rings, sliding shoes (other than those given under item
2.4), push-pull rods; hydraulic cylinders, etc., as well as the AMSS
parts (other than those given under item 2.5) are subject to special
consideration of the Register in each case.

.3 parts indicated in Table 1.3.2.3 and the
corresponding spare parts specified in 10.2.

1.3.3 Subject to survey by the Register is the
assembling of the machinery space equipment and
testing of the following components of the machinery
installation:

.1 main engines with reduction gears and
couplings;

.2 boilers, heat exchangers and pressure vessels;

.3 auxiliary machinery;

.4 control, monitoring and alarm systems of the
machinery installation;

.5 shafting and propellers;

.6 active means of the ship’s steering.

1.3.4 After assembling of machinery, equipment,
systems and piping arrangements on board the ship,
the machinery installation shall be tested in operation
under load according to the program approved by the
Register.
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2 GENERAL REQUIREMENTS

2.1 POWER OF MAIN MACHINERY

2.1.1 The power of main machinery in ice-
breakers shall be consistent with their category
according to 2.2.3, Part I "Classification".

In ships strengthened for navigation in ice of
categories Ice2 to Arc9 the power delivered to the
propeller shaft P,;,, in kW, shall not be less than

Proin = f1f2f3(faA + Py) (2.1.1)

where f; = 1,0 for fixed pitch propellers;

f1 =09 for propulsion plants with controllable pitch
propellers or electric drive;

f> =¢/200+0,675, but not more than 1,1:

¢ =slope of stem (refer to 3.10.1.2, Part I "Hull").

f>» =1,1 for a bulbous stem;
the product ff> shall be taken in all cases not less
than 0,85;

fs =12 B/A , but not less than 1,0;

B = breadth of the ship, m;

A =ship’s displacement to the summer load waterline
(refer to 1.2.1, Part III "Equipment, Arrangements
and Outfit"), t;
calculating P, for ships strengthened for naviga-
tion in ice of Ice2 and Ice3 categories A need not be
taken more than 80000 t;

f4and Py are given in Table 2.1.1.

Irrespective of the results obtained in calculating
shaft power by Formula (2.1.1), it shall not be less
than:

10000 kW for ice category Arc9;

7200 kW for ice category ArcS;

5000 kW for ice category Arc7,

3500 kW for ice category Arc6;

2600 kW for ice category Arc5;

1000 kW for ice category Arcd,

740 kW for ice categories Ice3, Ice2.

In well-grounded cases minimum power values
may be reduced. These cases are subject to special
consideration by the Register.

2.1.2 In icebreakers and ships with ice strengthen-
ing of categories Arcé to Arc9, turbines and internal
combustion engines with mechanical transmission of
power to the propeller may be utilized as main engines,
provided use is made of the devices to protect turbines,

reduction gears of gas-turbine geared sets and diesel-
engine geared sets against the loads exceeding the
design torque determined with regard to operation of
such ships under ice conditions in compliance with the
requirements of 4.2.3.2, Part IX "Machinery".

2.1.3 Propulsion plant shall provide sufficient
astern power to maintain manoeuvring of the ship in
all normal service conditions.

2.1.4 Propulsion plant shall be capable of
maintaining in free route astern at least 70 per cent
of rated ahead speed for a period of at least 30 min.

By the rated ahead speed is meant a speed
corresponding to the maximum continuous power of
the main machinery.

The astern power shall be sufficient to take way
off a ship making a full ahead speed on an agreeable
length, which must be confirmed during trials.

2.1.5 In propulsion plants with reversing gears or
CP-propellers as well as in electric propulsion plants,
precautions shall be taken against possible overload
of main engines in excess of permissible values.

2.1.6 Means shall be provided to ensure that the
machinery may be brought into operation from the
dead ship condition without external aid (refer to
16.2.3, Part VIII "Systems and Piping").

On ships where internal combustion engines are
started by compressed air, the set of equipment for
starting shall ensure the supply of air in quantity
sufficient for the initial start without external aid.

Where the ship is not fitted with an emergency
generator, or an emergency generator does not
comply with the requirements specified under 2.9.4,
Part IX "Machinery", the means for bringing main
and auxiliary machinery into operation shall be such
that the initial charge of starting air or initial
electrical power and any power supplies for engine
operation can be developed on board ship without
external aid. If for this purpose an emergency air
compressor or an electric generator is required, the
machinery shall be powered by a hand-starting ICE
or a hand-operated compressor.

Table 2.1.1
Displacement Value Ice strengthening category
At Ice2 Ice3 Arc4 ArcS Arc6 Arc7 Arc8 Arc9
A < 30000 fa 0,18 0,22 0,26 0,3 0,36 0,42 0,47 0,5
Py, kKW 0 370 740 2200 3100 4000 5300 7500
A>30000 fa 0,11 0,13 0,15 0,2 0,22 0,24 0,25 0,26
Py, kW 2100 3070 4040 5200 7300 9400 11600 14700
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List, motions and trim'-

Table 2.3.1-1

Steady list either way

List either way under

Steady trim by bow or

Dynamic inclination by

Machinery and equipment under static conditions | dynamic conditions stern bow or stern (pitching)
(rolling)
Main and auxiliary machinery 15,0 22,5 5,0* 7,5
Emergency machinery and 22,53 22,53 10,0 10,0

equipment (emergency power
installations, emergency fire pumps
and their devices)

!'Steady list and trim shall be taken into account simultaneously. Rolling and pitching are also to be considered simultaneously.
2 On agreement with the Register, the values of inclinations may be altered depending on the type and dimensions of the ship and its

service conditions as well.

3In gas carriers and chemical tankers emergency power sources shall remian operative when the ship is listed up to 30 deg.
4 Where the length of the ship exceeds 100 m, the static trim by bow or stern may be taken as (500/L)° where L is the length of the

ship, in m, as defined in 1.1.3, Part II "Hull".

The emergency generator and other means
needed to restore the propulsion shall have a capacity
such that the necessary propulsion starting energy is
available within 30 min of black out/dead ship
condition (refer to 1.2).

Emergency generator stored starting energy shall
not be directly used for starting the propulsion plant,
the main source of electrical power and/or other
essential auxiliaries (emergency generator excluded).

For steam ships, the 30 min time limit may be
interpreted as time from black out/dead ship condi-
tion to light-off of the first boiler.

2.1.7 In the event of failure of one or all
turbochargers (refer to 2.5.1, Part IX "Machinery")
the machinery installation with one main internal
combustion engine shall provide the ship speed at
which the steerability of the ship is maintained. The
main engine shall provide not less than 10 per cent of
the rated power.

2.1.8 The power of main machinery in ships of
river-sea navigation shall provide the ahead speed in
load condition of at least 10 knots in calm water.

2.1.9 Supercharged high-speed engines (over
750 rpm), which increased noise level makes direct
local control difficult, may be admitted by the Register
for use as main engines in sea-going ships, if provision
is made for remote control and monitoring so that
constant presence of the attending personnel in the
engine room will not be necessary.

The control and monitoring facilities shall
comply with the requirements of Part XV "Automa-
tion".

2.1.10 In the case of ships with twin hulls, the
failure of the machinery installation of one hull will
not put the machinery installation of the other hull
out of action.

2.1.11 Long run of the propulsion plant at all
specified rates shall not lead to the overload of the
main engine. The substantiation of the main engines
required power is subject to special consideration by
the Register in each particular case.

2.2 NUMBER OF MAIN BOILERS

2.2.1 In general, not less than two main boilers shall
be fitted in ships of unrestricted service. The possibility of
using a steam power plant with one main boiler shall be
considered by the Register in each case.

2.3 ENVIRONMENTAL CONDITIONS

2.3.1 The machinery, equipment and systems
installed in the ship shall remain operative under
environmental conditions stated in Tables 2.3.1-1 and
2.3.1-2, unless provided otherwise in the other parts
of the Rules.

Sea water temperature is assumed to be equal to
32°C. For ships designed for geographically re-
stricted service other temperatures may be adopted
on agreement with the Register.

Table 2.3.1-2
Air temperature

Installed location Temperature range, °C

In enclosed spaces 0to + 45
Machinery or boilers in spaces subject
to temperatures exceeding 45°C and
below 0°C

According to specific
local conditions

On the open deck —25to + 45

Note. For ships intended for geographically restricted
service other temperatures may be adopted on agreement with
the Register.
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2.4 MATERIALS AND WELDING

2.4.1 Materials for the manufacture of parts of
the shaftings and propellers shall comply with the
requirements given in the relevant chapters of
Part XIIT "Materials", as indicated in column 4,
Table 1.3.2.3. The materials used for the components
of shafting stated in item 1.7, Table 1.3.2.3 are chosen
in accordance with the standards. The materials used
for the components of shafting and propellers stated
in items 1.2 to 1.6, 1.8, 2.2.3 and 2.3, Table 1.3.2.3
may also be chosen in accordance with the relevant
standards. In such case, the application of materials
shall be agreed with the Register when examining the
technical documentation.

Materials used for the components (semi-finished
products) indicated in items 1.1, 2.1, 2.2.1 and 2.2.2,
Table 1.3.2.3 shall be surveyed by the Register during
manufacture; survey of materials used for other
components in said Table may be required at the
option of the Register.

2.4.2 Intermediate, thrust and propeller shafts
shall generally be made of steel with tensile strength
R,, between 400 and 800 MPa.

2.4.3 The mechanical properties and chemical
composition of materials used for the manufacture of
propellers shall be in compliance with 3.12 and 4.2,
Part XIII "Materials". Whereas steel of martensitic
grade is permitted for the manufacture of propellers for
ships of all types, steel of austenitic grade is permitted
for the manufacture of propellers for ships without ice
strengthening. The use of grades 1 and 2 steel is subject
to special consideration by the Register.

Copper alloys of Type CU3 and Type CU4 are
admitted for propellers in all ships, except icebreakers
and ships with ice categories Arc7 to Arc9; copper
alloys of Type CU1 and Type CU2 may be used
exclusively for propellers in ships without ice
strengthening and in ships with ice strengthening of
categories Icel to Ice3.

2.4.4 Where it is intended to make shafting and
propellers of alloy steels, including corrosion-resis-
tant and high strength steels, data on chemical

composition, mechanical and special properties,
confirming suitability of the steel for intended
application, shall be submitted to the Register.

2.4.5 Intermediate, thrust and propeller shafts as
well as coupling bolts (studs) may be made of rolled
steel in accordance with 3.7.1, Part XIII "Materials".

2.4.6 Securing and locking items of propeller
blades, hub cones, sterntubes, sternbushes and sealings
shall be made of corrosion-resistant materials.

2.47 Welding procedure and non-destructive
testing of welded joints shall comply with the
requirements of Part XIV "Welding".

2.5 INDICATING INSTRUMENTS

2.5.1 All the indicating instruments, with the
exception of liquid-filled thermometers, shall be
checked by competent bodies.

Pressure gauges fitted on boilers, heat exchan-
gers, pressure vessels and refrigerating plants shall
meet the requirements of 3.3.5 and 6.3.8, Part X
"Boilers, Heat Exchangers and Pressure Vessels" and
7.1, Part XII "Refrigerating Plants", respectively.

2.5.2 The tachometer accuracy shall be within
+2,5 per cent. With restricted speed ranges, the
accuracy shall not be below 2 per cent, and the ranges
shall be marked with bright colour on the scales of
tachometers or in another way.

2.6 APPLICATION OF THE RELIABILITY MEASURES
OF THE MACHINERY INSTALLATIONS

2.6.1 The reliability measures are established and
specified during design and/or order of the machinery
installation components by agreement of the appro-
priate technical documentation between the customer
(shipowner) and the designer or supplier. The specific
list of the reliability measures to be determined shall
be established for each type of products with regard
to the peculiarities of its application, failure effects,
maintenance and repair system adopted.
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3 CONTROL DEVICES AND STATIONS. MEANS OF COMMUNICATION

3.1 CONTROL DEVICES

3.1.1 Main and auxiliary machinery essential for
the propulsion, control and safety of the ship shall be
provided with effective means for its operation and
control. All control systems essential for the propul-
sion, control and safety of the ship shall be
independent or so designed that failure of one of
them does not degrade the performance of another.

3.1.2 The starting and reversing arrangements
shall be so designed and placed that each engine can
be started or reversed by one operator.

3.1.3 Proper working direction of control handles
or handwheels shall be clearly indicated by arrows
and relevant inscriptions.

3.1.4 The setting of manoeuvring handle in the
direction from, or to the right of, the operator, or
turning the handwheel clockwise, when controlling
the main engines from the navigating bridge, shall
correspond to the ahead speed direction of the ship.

In the case of control stations, from which only
the stern is visible, such a setting shall correspond to
the direction of astern speed of the ship.

3.1.5 Control arrangements shall be so designed
as to eliminate the possibility of spontaneously
changing the positions prescribed.

3.1.6 The control devices of main engines shall have
an interlocking system to preclude starting of the main
engine, with a mechanical shaft-turning gear engaged.

3.1.7 It is recommended to provide an interlocking
system between the engine-room telegraph and the
reversing and starting arrangements so as to prevent
the engine from running in the direction opposite to the
prescribed one.

3.1.8 The main engine remote control system,
with control from the bridge, shall be designed so as
to provide an alarm in the event of failure. As far as
practicable, the present propeller speed and thrust
direction shall remain unchanged until control is
transferred to a local station. Among other factors,
the loss of power supply (electric, pneumatic or
hydraulic power) shall not substantially affect the
power of main engines or change the direction of
propeller rotation.

3.1.9 The propulsion machinery remote control
system with control from the wheel house shall be
independent from the other order transmission
system; however, one manoeuvring handle for
systems may be accepted.

3.1.10 It shall be possible to control the propul-
sion machinery from the local control station, in the

event of a failure of any unit of the remote control
system.

3.1.11 For ships of river-sea navigation the
duration of reversing (a period of time from the
reversing of a steering control to the beginning of
propeller operation with a thrust opposite in direc-
tion) shall not exceed:

25 s at full speed,

15 s at slow speed,

depending on the ship’s speed.

3.2 CONTROL STATIONS

3.2.1 The bridge control stations of main engines
and propellers, as well as the main machinery control
room, with any type of remote control, shall be
equipped with:

.1 controls for the operation of main engines and
propellers. For installations comprising CP-propellers,
vertical axis and similar type propellers, the navigating
bridge may be equipped with means for remote control
of propellers only. In such case, the alarm for low
pressure of starting air, prescribed by 3.2.1.10, need not
be provided;

.2 shaft speed and direction indicators if a fixed
pitch propeller is installed; shaft speed and blade
position indicators if the controllable pitch propeller
is installed; main engines speed indicator if the
disengaging coupling is provided;

.3 indicating means to show that the main machinery
and remote control systems are ready for operation;

.4 indicating means to show which station is in
control of the main propulsion machinery;

.5 means of communication (refer to 3.3);

.6 main engine emergency stop device, indepen-
dent of the control system.

If disengaging couplings are provided for dis-
connection of main machinery from propellers, it is
permissible that emergency shut-off of these cou-
plings only is effected from the navigating bridge;

.7 device to override the automatic protection
covering full range of parameters except those
parameters which being exceeded, may result in
serious damage, complete failure or explosion;

.8 indication for the override operation, alarms
for activation of protection devices and the emer-
gency stop;

.9 alarm for minimum oil pressure in pitch
control system; overload alarm where the main
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engine operates with a CP-propeller, unless the
recommendation of 6.5.3 is fulfilled;

.10 alarm for low starting air pressure, set at a
level which still permits three starting attempts of
reversible main engines duly prepared for operation.

.11 device to remote shut-off fuel oil supply to
each engine for multi-engine installations in case
where the fuel oil is supplied to all the engines from a
single supply source (refer to 13.8.3.2, Part VIII
"Systems and Piping");

.12 speed repeater.

3.2.2 The control stations on the wings of
navigating bridge shall be equipped with devices of
waterproof construction with controlled illumina-
tion. The control stations provided on the wings of
the navigating bridge need not meet the requirements
of 3.2.1.3, 3.2.1.5, 3.2.1.7 to 3.2.1.10.

3.2.3 The emergency stop devices of main engine
and the overrides of automatic controls shall be so
constructed that inadvertent operation of such
devices is not possible.

3.2.4 For the installations which consist of
several main engines driving a single shafting, there
shall be provided a common control station.

3.2.5 With a remote control system in use,
provision shall also be made for local control of
main engines and propellers. Where, however,
mechnaical linkage is fitted for remote-controlling
the main engine, the local controls may be dispensed
with on agreement with the Register.

3.2.6 Remote control of main machinery and
propellers shall be performed only from one location.
The transfer of control between the navigating bridge
and engine room shall be possible only in the engine
room and the main machinery control room. The
means of transfer shall be so designed as to prevent
the propelling thrust from altering significantly.

Where the control stations are arranged on the
wings of navigating bridge, the remote control of the
main machinery shall be possible from one control
station only. Such control stations may be equipped
with interconnected controls.

3.2.7 Main engines shall be remotely operated
from the wheelhouse by means of a single control
element per propeller. In installations with
CP-propellers, systems with two control elements
may be used.

3.2.8 The sequence of the main engine operation
modes assigned from the wheelhouse, including reversal
from the full ahead speed in case of emergency, shall be
controlled with the time intervals admissible for main
engines. The modes assigned shall be indicated at the
main machinery control room and at the local control
station of the main engine.

3.2.9 Main machinery control rooms of floating
docks shall comprise the following equipment:

.1 controls of the pumps, including the suction
and overboard discharge fittings of ballast system;

.2 recording devices for heel, trim and deflection
control of the dock;

.3 signals indicating the operation of pumps and
the position ("open", "closed") of suction and
discharge valves of the ballast system;

.4 alarms on limit values of list and trim;

.5 water level indicators of ballast compartments;

.6 dock’s communication facilities.

3.2.10 CCR shall be located as far from the
machinery spaces as practicable. Onboard the tan-
kers the CCR shall be arranged according to 2.4.9,
Part VI "Fire Protection".

Furthermore, arrangement of CCR onboard
chemical tankers shall comply with the requirements
of Section 3, Part II "Structure of Chemical Tanker"
of the Rules for the Classification and Construction
of Chemical Tankers, and for gas carriers — the
requirements of Section 9, Part VI "Systems and
Pipelines" of the Rules for the Classification and
Construction of Gas Carriers.

3.2.11 CCR shall be equipped with:

.1 means of communication according to 3.3.2;

.2 control means of:

.2.1 cargo, stripping and ballast pumps;

.2.2 fans servicing cargo area spaces Or cargo
holds;

.2.3 remotely controlled fittings of cargo and
ballast systems;

.2.4 hydraulic system pumps (if provided);

.2.5 inert gas system;

.2.6 pumps and fittings of heeling system (if
provided);

.3 means for monitoring of:

.3.1 pressure in cargo manifolds;

.3.2 pressure in the manifold for vapour emission
system (if provided);

.3.3 temperature in cargo and settling tanks;

.3.4 temperature and pressure of warming med-
ium in the cargo heating system;

3.5 actual value of ship’s heel, trim and draught;

3.6 actual value of level in the cargo and ballast
tanks;

.4 alarm devices on:

4.1 fire alarm;

4.2 exceeding of cargo temperature in cargo
holds;

4.3 high and low levels in cargo, ballast and
settling tanks;

.4.4 extreme high level in cargo tanks;

4.5 exceeding of permissible pressure in cargo
manifolds of vapour emission system (80 per cent of
pressure for actuating of high-velocity devices);

.4.6 exceeding the permissible fuel oil content in
the discharge ballast and flushing water;
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4.7 exceeding the permissible temperature of
pump casing according to 5.2.6, Part IX "Machin-
ery";

.4.8 increasing of gland and bearing temperature
at bulkhead penetrations of pump shafts as per 4.2.5;

4.9 availability of cargo in segregated ballast
tanks (for chemical tankers);

.4.10 increasing of level in the bilgeways of cargo
pump rooms;

.4.11 parameters of inert gas system in compli-
ance with 9.16.7.6, Part VIII "Systems and Piping";

.4.12 status of technical aids stipulated in 3.2.10;

.4.13 low water level in deck water seal (refer to
3.9.16.5, Part VIII "Systems and Piping").

3.2.12 In ships carrying liquid gas in bulk, means
for monitoring and alarm shall be additionally
provided in CCR to meet the requirement of
Part VIII "Instrumentation" of the Rules for the
Classification and Construction of Gas Carriers.

3.2.13 In ships carrying dangerous chemical
cargo in bulk, the signalling shall be additionally
provided in CCR to meet the requirements of 6.6,
Part VIII "Instrumentation" of the Rules for the
Classification and Construction of Chemical Tan-
kers.

3.3 MEANS OF COMMUNICATION

3.3.1 At least two independent means shall be
provided for communicating orders from the navi-
gating bridge to the position in the machinery space
or in the control room, from which the speed and
direction of thrust of the propellers are normally
controlled.

One of these shall be an engine-room telegraph,
which provides visual indication of the orders and
responses both in the machinery spaces and on the
navigating bridge and which is fitted with a sound
signal clearly audible in any part of the engine room
while the machinery is at work, and distinct in tone
from all other signals in the machinery space (refer
also to 7.1, Part XI "Electrical Equipment").

Appropriate means of communication shall be
provided from the navigating bridge at the engine
room to any other position, from which the speed or
direction of thrust of the propellers may be con-
trolled.

A single voice-communication device serving two
control stations located in close proximity is permis-
sible.

3.3.2 Two-way communication shall be provided
between the engine room, auxiliary machinery spaces
and boiler room. Onboard the ships equipped with
CCR, two-way communication between CCR and
navigating bridge, between CCR and the spaces,
where cargo and ballast pumps are located, shall be
additionally provided.

3.3.3 When installing a voice-communication
device, measures shall be taken to ensure clear
audibility, with the machinery at work.

3.3.4 Main machinery control rooms of floating
docks shall have means of communication in
accordance with 19.8, Part XI "Electrical Equip-
ment".

3.3.5 In the case of ships with twin hulls,
provision shall be made for vocal communication
between local control stations of the hulls in addition
to communication between local control stations and
the common control station in the wheelhouse and
the main machinery control room.
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4 MACHINERY SPACES, ARRANGEMENT OF MACHINERY AND EUIPMENT

4.1 GENERAL

4.1.1 Ventilation of machinery spaces shall
comply with the requirements of 12.5, Part VIII
"Systems and Piping".

4.1.2 Machinery spaces with dual-fuel engines
shall be fitted with gas concentration sensors and the
ultimate concentration level alarm system.

4.1.3 The ventilation of machinery spaces shall be
sufficient under normal conditions of ship operation
to prevent accumulation of oil product vapour.

4.2 ARRANGEMENT OF MACHINERY AND EQUIPMENT

4.2.1 Engines, boilers, equipment, pipes and
fittings shall be so arranged as to provide easy access
for servicing and repair; the requirements stated in
4.5.3 shall also be met.

4.2.2 The arrangement of boilers shall be such
that the distance between boilers and fuel tanks is
sufficient for a free circulation of air necessary to
keep the temperature of the fuel in the tanks below its
flash point except as mentioned in 13.3.5, Part VIII
"Systems and Piping".

4.2.3 Where auxiliary boilers are installed in the
same space with the internal combustion engines,
their furnaces shall have metallic screens or other
arrangements to protect the equipment of that space
if flame is accidentally blown out from the furnace.

4.2.4 The auxiliary oil-fired boilers installed on
platforms or on ’tween decks in non-watertight
enclosures shall be protected by oil-tight coamings
at least 200 mm in height.

4.2.5 Driving machinery of the pumps and fans
in the cargo pump rooms of oil tankers, combina-
tion carriers designed for the carriage of oil
products with a flash point 60°C or less and of
oil recovery vessels shall be installed in spaces fitted
with mechanical ventilation and having no exits
leading to the cargo pump rooms.

Driving machinery of the submerged pumps are
allowed to be installed in the open deck, provided
their design and location comply with the require-
ments of 19.2.4.1.4 and 19.2.4.9, Part XI "Electrical
Equipment".

Steam engines with working temperatures not
exceeding 220°C and hydraulic motors may be
installed in cargo pump rooms.

Drive shafts of pumps and fans shall be carried
through bulkheads or decks in gastight sealing glands

supplied with effective lubrication from outside the
pump room. As far as practicable, the construction of
sealing gland shall protect it against being over-
heated.

Those parts of gland, which may come in contact
in case of eventual disalignment of drive shaft, or
damage to the bearings, shall be made of such
materials, which will not initiate sparks.

If bellows are incorporated in the design, they
shall be subjected to test pressure before fitting.

Cargo pumps, ballast pumps and stripping
pumps, installed in cargo pump-rooms, as well as in
ballast pump-rooms where cargo containing equip-
ment is fitted, and driven by shafts passing through
pump-room bulkheads shall be fitted with tempera-
ture sensing devices for bulkhead shaft glands,
bearings and pump cassings.

Alarm shall be initiated in the cargo control
room or the pump control station.

4.2.6 Air compressors shall be installed in such
places where air is least contaminated by vapours of
combustible liquids.

4.2.7 Fuel oil units (refer to 1.2) as well as hydraulic
units containing flammable liquids with working
pressure above 1,5 MPa and not being a part of main
and auxiliary engines, boilers, etc., shall be placed in a
separate rooms with self-closing steel doors.

If it is impracticable to locate the main compo-
nents of such units and systems in a separate space,
special consideration shall be given with regard to
shielding of the components and location, contain-
ment of possible leakages.

4.2.8 Requirements for the arrangement of
emergency diesel-generators are outlined in 9.2,
Part XI "Electrical Equipment".

4.2.9 In oil recovery ships, the internal combus-
tion engines, boilers and equipment containing
sources of ignition as well as relevant air inlets shall
be installed in intrinsically safe spaces (refer to 19.2,
Part XI "Electrical Equipment™).

4.2.10 A blowdown gas caps fitted with gas fuel
leakage detectors shall be installed above the dual-
fuel internal combustion engines (refer to 9.1,
Part IX "Machinery").

4.3 ARRANGEMENT OF FUEL OIL TANKS

4.3.1 In general, fuel oil tanks shall be part of the
ship’s structure and shall be located outside machin-
ery spaces of category A. Where fuel oil tanks, other
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than double bottom tanks, are necessarily located
adjacent to or within machinery spaces of category A,
their surfaces in machinery spaces shall be kept to a
minimum and shall preferably have a common
boundary with the double bottom tanks. Where such
tanks are situated within the boundaries of machinery
spaces of category A, they shall not contain fuel oil
having flash point less than 60 °C. In general, the use
of free standing fuel oil tanks shall be avoided.

Service fuel oil tanks shall comply with the
requirements of 13.8.1, Part VIII "Systems and Piping".

4.3.2 Where the use of free standing fuel oil tanks is
permitted by the Register, they shall be placed in oil-
tight spill trays, and on passenger ships and special
purpose ships carrying more than 50 special personnel,
outside machinery spaces of category A as well.

4.3.3 Fuel oil tanks shall not be located
immediately above the machinery and equipment
with surface temperature under insulation over
220 °C, boilers, internal combustion engines, elec-
trical equipment and, as far as practicable, shall be
arranged far apart therefrom.

4.3.4 The arrangement of fuel oil and lubricating
oil tanks in way of accommodation, service and
refrigerated spaces is permitted, provided they are
separated by cofferdams. Dimensions and structure
of cofferdams — refer to 2.7.5.2, Part 11 "Hull".

On the agreement with the Register and provid-
ing the initiation of special measures, it may be
permitted to separate the above compartments and
spaces from the tanks without cofferdams.

Arrangement of cofferdam manholes in way of
accommodation and service spaces is not permitted.

4.4 INSTALLATION OF MACHINERY AND EQUIPMENT

4.4.1 The machinery and equipment constituting
the propulsion plant shall be installed on strong and
rigid seatings and securely attached thereto. The
construction of the seatings shall comply with the
requirements of 2.11, Part IT "Hull".

4.4.2 Boilers shall be installed on bearers in such
a way that their welded joints do not rest on the
bearer supports.

4.4.3 To prevent shifting of boilers, provision
shall be made for efficient stops and securing for
rough sea; thermal expansion of boiler structures
shall be taken into account.

4.4.4 The main engines, their gears, thrust
bearings of shafts shall be secured to seatings with
fitted bolts throughout or in part. The bolts may be
omitted, if appropriate stops are provided. Where
necessary, fitted bolts shall be used to fasten auxiliary
machinery to seatings.

4.4.5 The bolts securing the main and auxiliary
machinery and shaft bearings to their seatings, end
nuts of shafts as well as bolts connecting the lengths
of shafting shall be fitted with appropriate lockers
against spontaneous loosening.

4.4.6 Where the machinery shall be mounted on
shock absorbers, the design of the latter shall be
approved by the Register.

Shock absorbing fastenings of the machinery and
equipment shall:

maintain vibration-proof insulation properties
when the absorbed machinery and equipment are
operated in the environmental conditions as per the
requirement of 2.3.1;

be resistant to the corrosive mediums, tempera-
ture and various kinds of radiation;

be equipped with the yielding grounding jumper
of sufficient length to prevent radio reception
interference and comply with the requirements of
safety engineering;

eliminate the interference for operation of other
equipment, devices and systems.

4.4.7 Installation of machinery, mechanical
equipment, ship arrangements and their components
on plastic pads or their assembly with the use of
polymeric materials is subject to special consideration
by the Register. Polymeric materials used for the
pads and assembly shall be agreed with the Register.

4.4.8 The machinery with horizontal arrangement
of the shaft shall be installed parallel to the centre line
of the ship. Installing such machinery in any other
direction is permitted if the construction of machin-
ery provides for operation under the conditions
specified in 2.3.

4.4.9 The machinery for driving generators shall
be mounted on the same seatings as the generators.

4.5 MEANS OF ESCAPE FROM MACHINERY SPACES

4.5.1 Means of escape from machinery spaces,
including ladders, corridors, doors and hatches, shall,
if not expressly provided otherwise, provide safe
escape to the lifeboat and liferaft embarkation decks.

4.5.2 All the doors as well as the covers of
companionways and skylights, which may serve as
means of escape from machinery spaces, shall permit
of opening and closing both from inside and outside.
The covers of companionways and skylights shall be
marked, as appropriate, and bear a clear inscription
prohibiting to stow any loads on them.

Lifts shall not be considered as forming one of
the means of escape.

4.5.3 The main and auxiliary machinery shall be
so arranged as to provide passageways from the
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control stations and servicing flats to the means of
escape from the machinery spaces. The width of
passageways shall not be less than 600 mm over the
whole length. In ships of less than 1000 gross tonnage
the width of passageways may be reduced to 500 mm.
The width of passageways along the switchboards
shall comply with the requirements of 4.6.7, Part XI
"Electrical Equipment".

4.5.4 The width of ladders serving as escape
routes and the width of doors providing access to
embarkation decks shall be at least 600 mm. The
width of ladders in ships of less than 1000 gross
tonnage may be reduced to 500 mm.

4.5.5 In a passenger ship, each machinery space
located below the bulkhead deck shall be provided
with at least two means of escape, which shall comply
with the requirements of either 4.5.5.1 or 4.5.5.2, as
follows:

.1 the means of escape shall consist of two sets of
steel ladders as widely separated as possible, leading to
doors (hatches) in the upper part of the space similarly
separated and satisfying the requirements of 4.5.1. One
of these ladders shall be located within a protected
enclosure that satisfies the requirements of 2.1.4.5,
Part VI "Fire Protection", from the lower part of the
space to a safe position outside the space. Self-closing
fire doors of the same fire integrity standards shall be
fitted in the enclosure. The ladder shall be fixed in such
a way that the heat is not transferred into the
enclosure through non-insulated fixing points. The
protected enclosure shall have minimum internal
dimensions of at least 800 x 800 mm, and shall have
emergency lighting provisions;

.2 the means of escape shall consist of one steel
ladder leading to a door (hatch) in the upper part of
the space and satisfying the requirements of 4.5.1 and
additionally, in the lower part of the space and in a
position well separated from the ladder referred to, a
steel door capable of being operated from each side
and which provides access to a safe escape route from
the lower part of the space in accordance with 4.5.1.

4.5.6 Where the machinery spaces in passenger
ships are above the bulkhead deck, two means of escape
shall be provided, which shall be as widely separated as
possible, and the doors (hatches) leading from such
means of escape shall be in a position satisfying the
requirements of 4.5.1. Where such means of escape
require the use of ladders, these shall be of steel.

4.5.7 In passenger ships of less than 1000 gross
tonnage, the Register may dispense with one of the
means of escape from the spaces specified in 4.5.5 and
4.5.6, due regard being paid to the width and
disposition of the upper part of the space. In ships
of 1000 gross tonnage and above, the Register may
dispense with one means of escape from the above
mentioned spaces, including a normally unattended

auxiliary machinery space, so long as the provisions
of 4.5.1 are satisfied, due regard being paid to the
nature of the space and whether persons are normally
absent in that space.

4.5.8 The second means of escape shall be provided
from the steering gear space in passenger ships when
the emergency steering position is located in that space
unless there is a direct access to the open deck.

Note. The local steering position located in the steering
gear space is considered to be an emergency steering position if a
separate emergency steering position is not provided.

4.5.9 In passenger ships, two means of escape
shall be provided from the main machinery control
room enclosure located within the machinery space,
at least one of which will provide continuous fire
shelter to a safe position outside the machinery space.

4.5.10 In a cargo ship, at least two means of
escape shall be provided from each machinery space of
category A, which shall comply with the requirements
of either 4.5.10.1 or 4.5.10.2, as follows:

.1 the means of escape shall consist of two sets of
steel ladders as widely separated as possible leading
to doors (hatches), from which access is provided to
the open deck. One of these means of escape shall be
located within a protected enclosure that satisfies the
requirements of 2.1.4.5, Part VI "Fire Protection",
from the lower part of the space to a safe position
outside the space. Self-closing fire doors of the same
fire integrity standards shall be fitted in the enclosure.
The ladder shall be fixed in such a way that heat is
not transferred into the enclosure through non-
insulated fixing points. The protected enclosure shall
have minimum internal dimensions of at least
800 x 800 mm, and shall have emergency lighting
provisions;

.2 the means of escape shall consist of one steel
ladder leading to a door (hatch) in the upper part of the
space, from which access is provided to the open deck
and, additionally, in the lower part of the space and in a
position well separated from the ladder referred to, a
steel door capable of being operated from each side and
which provides access to a safe escape route from the
lower part of the space to the open deck.

4.5.11 In cargo ships of less than 1000 gross
tonnage, the Register may dispense with one of the
means of escape from machinery spaces of category
A, due regard being paid to the dimension and
disposition of the upper part of the space. In
addition, the means of escape in these ships need
not comply with the requirements for an enclosure
listed in paragraph 4.5.10.1.

4.5.12 From the steering gear space in cargo ships,
the second means of escape shall be provided when the
emergency steering position is located in that space
unless there is a direct access to the open deck.
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Note. The local steering position located in the steering
gear space is considered to be an emergency steering position if a
separate emergency steering position is not provided.

4.5.13 From each machinery space other than
that of category A, at least two escape routes shall be
provided except for spaces that are entered only
occasionally, and for spaces where the maximum
travel distance to the door (hatch) is 5 m or less.

4.5.14 The escape routes from shaft tunnels and pipe
ducts shall be enclosed in watertight trunks carried to
above the bulkhead deck or the uppermost waterline.

Doors from shaft tunnels and pipe ducts leading
in the machinery spaces and cargo pump rooms shall
comply with the requirements of 7.12, Part III
"Equipment, Arrangements and Outfit".

4.5.15 In oil tankers and combination carriers,
one of the escape routes from pipe ducts situated
below the cargo tanks may lead in the cargo pump
room. Exit in the machinery space is not permitted.

4.5.16 The doors and hatch covers of cargo pump
rooms in oil tankers shall be capable of being opened
and closed both from inside and from outside; their
design shall preclude the possibility of sparking.

4.5.17 Escape routes from cargo pump rooms
shall lead directly to the open deck. Exit to other
machinery spaces is not permitted.

4.5.18 If two adjacent machinery spaces commu-
nicate through a door and each of them has only one
means of escape through the casing, these means of
escape shall be located at the opposite sides.

4.6 INSULATION OF HEATED SURFACES

4.6.1 Surfaces of machinery, equipment and
piping with temperatures above 220 °C, which may
be impinged as a result of a fuel system failure, shall
be properly insulated.

4.6.2 The insulating materials and surface of
insulation shall be in accordance with the require-
ments of 2.1.1.5, Part VI "Fire Protection".

4.6.3 Structural measures shall be taken to
prevent any oil that may escape under pressure from
any pump, filter or heater from coming into contact
with heated surfaces.

5 SHAFTING

5.1 GENERAL

5.1.1 Shafting is a solid unit connecting the engine
with the propeller. Optimum location of the shafting
within the ship space shall be provided to ensure
rational combination of loads of the shafting compo-
nents, its supports and the engine. For this a number of
design, scientific, technical and engineering measures
shall be taken which are unified by a concept "Shafting
alignment" and approved by the Register.

5.1.2 The minimum shaft diameters without
allowance for subsequent turning on lathe during
service life shall be determined by formulae given in
this Section. It is assumed that additional stresses
from torsional vibration will not exceed permissible
values stipulated in Section 8.

Tensile strength of the shaft material shall be not
less than 400 MPa and for shafts which may experience
vibratory stresses close to the permissible stresses for
transient operation — not less than 500 MPa.

Alternative calculation methods are permitted.
These methods shall take into account criteria of
static and fatigue strength and include all the relevant
loads under all permissible operating conditions.

The shaft diameters determined for ships of
restricted navigation areas R2 and R3 according to
5.2.1, 5.2.2 and 5.2.3 may be reduced by 5 per cent.

5.1.3 In icebreakers and ships strengthened for
navigation in ice, the propeller shafts shall be
protected from ice effects.

5.1.4 In ships with no obstruction for the propeller
shaft to slip out of the sterntube, means shall be provided
which, in the event of the propeller shaft breaking, will
prevent its slipping out of the sterntube; alternative
arrangements shall be made to preclude flooding of the
engine room, should the propeller shaft be lost.

5.1.5 The area between the sterntube and
propeller boss shall be protected by a strong casing.

5.2 CONSTRUCTION AND DIAMETERS OF SHAFTS

5.2.1 The design diameter of the intermediate
shaft d;,,, in mm, shall not be less than

dint: F\3/P7/n

where

(5.2.1)

F = factor taken depending on the type of machinery
installation as follows:
95 for installations with main machinery of rotary
type or main internal combustion engines fitted with
hydraulic or electromagnetic couplings;
100 for other machinery installations with internal
combustion engines;

P =rated power of intermediate shaft, kW,

n = rated speed of intermediate shaft, rpm.
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5.2.2 The diameter of thrust shaft in external
bearing on a length equal to thrust shaft diameter on
either side of the thrust collar and, where roller thrust
bearings are used, on a length inside the housing of
thrust bearing, shall not be less than 1,1 times the
intermediate shaft diameter determined by Formu-
las (5.2.1), (5.2.4). Beyond the said lengths the
diameter of the thrust shaft may be tapered to that
of the intermediate shaft.

5.2.3 The design diameter of the propeller shaft,
in mm, shall not be less than that determined by the
following formula:

d,= 100k 3/P/n (5.2.3)

where k& = factor assumed as follows proceeding from the shaft
design features:
for the portion of propeller shaft between the propeller
shaft cone base or the aft face of the propeller shaft
flange and the forward edge of the aftermost shaft
bearing, subject to a minimum of 2,5 d,;:

k = 1,22, where the propeller is keyless fitted onto the
propeller shaft taper or is attached to an integral
propeller shaft flange;

k = 1,26, where the propeller is keyed onto the propeller
shaft taper;
for the portion of propeller shaft between the
forward edge of the aftermost shaft bearing, or aft
strut bush, and the forward edge of the forward
sterntube seal k£ = 1,15, for all types of design.

Other terms are as defined in 5.2.1.

On the portion of propeller shaft forward of the
forward edge of the forward sterntube seal the
diameter of the propeller shaft may be tapered to
the actual diameter of the intermediate shaft.

Where surface hardening is used, the diameters of
propeller shafts may be reduced on agreement with
the Register.

5.2.4 The diameter of the shaft made of steel with
tensile strength of more than 400 MPa may be
determined by the following formula:

dyeq=dJ560/(R,,,, + 160)

where d,., =reduced diameter of the shaft, mm;
d = design diameter of the shaft, mm;
R,,,, = tensile strength of the shaft material.

(5.2.4)

In all cases the tensile strength in the formula
shall be assumed not exceeding 760 MPa (for carbon
and carbon-manganese steel)/800 MPa (for alloyed

steel) for intermediate and thrust shafts and 600 MPa
for propeller shaft.

5.2.5 The diameters of shafts in icebreakers and
ships provided with ice strengthening shall exceed the
design diameters by value indicated in Table 5.2.5.

The diameter d of propeller shafts, in mm, for
icebreakers and ships provided with ice strengthening
(except for category Icel) shall, besides, meet the
following condition in way of aft bearings:

d>a’/bs’Ry, [Ren (5.2.5)

where  a =factor equal to:

10,8, with propeller boss diameter equal to, or less
than 0,25D (D is the propeller diameter);
11,5, with propeller boss diameter greater than
0,25D;

b = actual width of expanded cylindrical section of the
blade on the radius of 0,25R for unit-cast propellers
and of 0,35R for CPP, m;

s = maximum thickness of expanded cylindrical section
of the blade on the radii given for b, mm;

R,,, =tensile strength of the blade material, MPa;

R.;r =yield stress of propeller shaft material, MPa.

5.2.6 If the shaft has a central hole, its bore shall
not exceed 0,4 of the design diameter of the shaft.

If considered necessary, the diameter of central hole
may be increased to the value obtained from the formula

d.<(dt—0,97d%d,)"* (5.2.6)

where d,. =diameter of central hole;

d, = actual shaft diameter;
d = design diameter of the shaft without regard for
central hole.

5.2.7 Where the shaft has a radial hole, the shaft
diameter shall be increased over a length of at least
seven diameters of the hole. The hole shall be located
at mid-length of the bossed portion of the shaft, and
its diameter shall not exceed 0,3 of the shaft design
diameter. In all cases, irrespective of the hole
diameter, the diameter of the shaft shall be increased
by not less than 0,1 times the design diameter. The
edges of the hole shall be rounded to a radius not less
than 0,35 times its diameter and the inside surface
shall have a smooth finish. The influence of intersec-
tion between a radial and an eccentric axial bore is
subject to special consideration by the Register.

Table 5.2.5
Increase of shaft diameter, %
Ships with ice categories Icebreakers
Shafts
Icel, Ice2 Ice3 Arcd4 Arc5 Arc6 Arc7 Arc8, Arc9 | Centre shaft | Side shaft

Intermediate and 0 4 8 12 13,5 15 * 18 20
thrust
Propeller 5 8 15 20 25 30 * 45 50

* Subject to special consideration by the Register in each particular case.
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5.2.8 The diameter of a shaft having a long-
itudinal slot shall be increased by at least 0,2 of the
design diameter of that shaft. The slot length shall
not exceed 0,8 and slot width shall be at least 0,1 of
the design shaft diameter. Up to three slots are
permitted, with consideration for their equally-
spaced location.

The bossed portion of the shaft shall be of such
length as to extend beyond the slot for not less than
0,25 of the design diameter of the shaft. The
transition from one diameter to another shall be
smooth. The ends of the slot shall be rounded to a
radius of half the width of the slot and the edges — to
a radius of at least 0,35 times the width; the surface of
the slot shall have a smooth finish.

5.2.9 The diameter of a shaft having a keyway
shall be increased by at least 0,1 of its design
diameter. After a length of not less than 0,2 of the
design diameter from the ends of the keyway, no
increase of the shaft diameter is required.

If the keyway is made on the outboard end of
the propeller shaft, the diameter need not be
increased.

Keyways are not recommended in the shafts with
a barred speed range.

5.2.10 For intermediate shafts, thrust shafts and
inboard end of propeller shafts the coupling flange
shall have a minimum thickness of 0,2 times the
required diameter of the intermediate shaft, or the
thickness of the coupling bolt diameter (refer to
Formula (5.3.2)) calculated for the material having
the same tensile strength as the corresponding shaft,
whichever is the greater.

The thickness of coupling flange of the outboard
end of propeller shaft under the bolt heads shall not
be less than 0,25 times the required diameter of the
shaft at the flange.

5.2.11 The fillet radius at the base of aft flange of
the propeller shaft shall not be less than 0,125 and for
other flanges of shafts — shall not be less than 0,08 of
the required diameter at the flange. The fillet may be
formed by multiradii in such a way that the stress
concentration factor will not be greater than that for
a constant fillet radius.

The fillets shall have a smooth finish and shall
not be recessed in way of nuts and bolt heads.

5.2.12 Fillet radii in the transverse section of the
bottom of the keyway shall not be less than 0,0125 of
the diameter of the shaft, but at least 1 mm.

5.2.13 Where keys are used to fit the propeller on
the propeller shaft cone, the latter shall have a taper
not in excess of 1:12, in case of keyless fitting —
according to 5.4.1.

5.2.14 On the cone base side, the keyways in shaft
cones shall be spoon-shaped, while in propeller shaft
cones they shall be spoon-shaped in addition.

Where the outboard end of a propeller shaft having
the diameter in excess of 100 mm is concerned, the
distance between the cone base and the spoon-shaped
keyway end shall be at least 0,2 of the shaft diameter
required, with the ratio of the keyway depth to the shaft
diameter less than 0,1 and 0,5 at least of the shaft
diameter required, with the ratio of the keyway depth
to the shaft diameter exceeding 0,1.

In coupling shaft cones, the ski-shaped keyway
end shall not extend beyond the cone base.

Where the key is secured by screws in the
keyway, the first screw shall be positioned at least
1/3 of the shaft cone length from the shaft cone base.
The bore length shall not exceed the propeller
diameter. The bore edges shall be rounded off.
Where the shaft has blind axial bores, the bore edges
and end shall also be rounded off. The fillet radius
shall not be less than specified in 5.2.12.

5.2.15 Propeller shafts shall be effectively pro-
tected against exposure to sea water.

5.2.16 Propeller shaft liners shall be made of such
alloys, which possess sufficient corrosion resistance in
sea water.

5.2.17 The thickness s of a bronze liner, in mm,
shall not be less than

5=0,03d, +7,5

where

(5.2.17)

d,’ = diameter of the propeller shaft under the liner, mm.

The thickness of the liner between the bearings
may be reduced to 0,75s.

5.2.18 Continuous liners are recommended to be
used.

Liners consisting of two or more lengths shall be
joined by welding or by other methods approved by
the Register. The butt welded joints of the liner shall
be arranged outside the region of bearings. In case of
non-continuous liners the portion of the shaft
between the liners shall be protected against the
action of sea water by a method approved by the
Register.

5.2.19 To prevent water from reaching the propeller
shaft cone, appropriate sealing shall be provided.

Structural provision shall be made for hydraulic
testing of the sealing.

5.2.20 The liners shall be shrunk on the shaft in
such a way as to provide tight interference between
mating surfaces. The use of pins or other parts for
securing of liners to the shaft is not permitted.

5.3 SHAFT COUPLINGS

5.3.1 The bolts used at the coupling flanges of
shafts shall be all fitted bolts of cylindrical section.
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The possibility of using coupling flanges without
fitted bolts shall be specially considered by the
Register in each case.

5.3.2 The coupling bolt diameter, in mm, shall
not be less than

3
065\/ dmt (llgn;gh+l60) (5.3.2)

where d;,, = diameter of mtermediate shaft determined by For-
mula (5.2.1) taking into account the ice strengthen-
ing requirements under 5.2.5, mm.
If the shaft diameter is increased to account for
torsional vibration, d;,, will be taken as the increased
diameter of intermediate shaft;
R, = tensile strength of the shaft material, MPa;
R,, = tensile strength of the fitted coupling bolt material,
MPa, taken:
Rmsthm <1 7Rm
but not higher thdn "1000 MPa;
i = number of fitted coupling bolts;
D = pitch circle diameter of coupling bolts, mm.

The diameter of bolts, by which the propeller is
secured to the propeller shaft flange, is subject to
special consideration by the Register in each parti-
cular case.

5.4 KEYLESS FITTING OF PROPELLERS AND SHAFT
COUPLINGS

5.4.1 In case of keyless fitted propellers and shaft
couplings, the taper of the shaft cone shall not exceed
1:15. Provided the taper does not exceed 1:50, the shafts

The stoppers of the end nuts shall be secured to
the shaft.

5.4.2 A keyless assembly shall generally be
constructed without a sleeve between the propeller
boss and the shaft.

Constructions with intermediate sleeves are sub-
ject to special consideration by the Register in each
particular case.

5.4.3 When fitting the keyless shrunk assembly, the
axial pull-up of the boss in relation to the shaft or
intermediate sleeve, as soon as the contact area between
mating surfaces is checked after eliminating the clear-
ance, shall be determined by the following formula:

A= 80B \/ 1910PL )2 7 +Dw(ocy—ocw)(te—lm)] i
z

(5.4.3)

where A/ =axial pull-up of the boss in the course of fitting, cm;

B =material and shape factor of the assembly, MPa ',
determi7ned by the formula

B=L(};+1 )Jr_( 1+w?

E, y—1 1 —w?

- vw)~

For assemblies with a steel shaft having no axial
bore, the factor B may be obtained from Table 5.4.3-1
using linear interpolation;
E, =modulus of elasticity of the boss material, MPa;
E,, = modulus of elasticity of shaft material, MPa;
v, = Poisson’s ratio for the boss material;
v,, = Poisson’s ratio for the shaft material; for steel v,, = 0,3;
»y = mean factor of outside boss diameter;
w =mean factor of shaft bore;
D,, = mean outside shaft diameter in way of contact with
the boss or intermediate sleeve (refer to Fig. 5.4.3):
without intermediate sleeve:

; . . D,y = D,y D> = Dyy; D,3 = Dy3;
may be assembled with the couplings without the use of
an end nut or other means of securing the coupling. D,=D,;
Table 5.4.3-1
Factor B x 105, MPa . Steel shaft w = 0, E,, = 2,059 x 10° MPa, »,, = 0,3
Factor Copper alloy boss, v, = 0,34 with E,, MPa Steel boss, v, = 0,3

y with E, = 2,059 x 10°,

0,98x10° | 1,078 x10° [1,176 x 10° [ 1,274x 10° | 1,373x10° | 1,471 x10° | 1,569 x 10° MPa
1,2 6,34 5,79 5,34 4,96 4,63 4,34 4,09 3,18
1,3 4,66 4,26 3,95 3,66 3,43 3,22 3,04 2,38
1,4 3,83 3,52 3,25 3,03 2,83 2,67 2,52 1,98
1,5 3,33 3,07 2,83 2,64 2,48 2,34 2,21 1,74
1,6 3,01 2,77 2,57 2,40 2,24 2,12 2,01 1,59
1,7 2,78 2,48 2,38 2,22 2,09 1,97 1,87 1,49
1,8 2,62 2,38 2,23 2,09 1,97 1,86 1,76 1,41
1,9 2,49 2,29 2,13 1,99 1,88 1,77 1,68 1,35
2,0 2,39 2,20 2,05 1,92 1,80 1,70 1,62 1,29
2,1 2,30 2,13 1,98 1,86 1,74 1,65 1,57 1,25
2,2 2,23 2,06 1,92 1,79 1,69 1,60 1,53 1,22
2,3 2,18 2,01 1,88 1,75 1,65 1,57 1,49 1,19
2.4 2,13 1,97 1,84 1,72 1,62 1,54 1,46 1,17
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Table 54.3-2
Factor L
Ships with ice strengthening Icebreakers
categories
Assembly
Icel, Ice2 Ice3 Arc4 Arc5 Arc6 Arc7 Arc8, Arc9 | Centre shaft| Side shaft
Propeller with shaft 1,05 1,08 1,15 1,20 1,25 1,30 * 1,45 1,50
Coupling with shaft 1,0 1,04 1,08 1,12 1,135 1,15 * 1,18 1,20

* Subject to special consideration by the Register in each particular case.
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with intermediate sleeve:
Dy #D,y; D, 2#Dy»; D,3#D,3;
D, #D,;
D:l + D:2 + D:3

y= Dy + Dyt D,y for the boss;

~ Do1+ Doa+ Do
W=D+ Dyt Dys for the shaft;

D\\":(le +D“.2+D“‘3)/3;

Dy = (Dyl + D}?Z + DJ3)/37

D

, = mean internal boss diameter in way of contact with
the shaft or intermediate sleeve, cm;

h = active length of the shaft cone or sleeve at the contact
with the boss, cm;

z = taper of the boss;

P =power transmitted by the assembly, kW;

n = speed, rpm.

L = factor for ice strengthening according to Table 5.4.3-2;

T =propeller thrust at ahead speed, in kN (where data

For ships provided with ice strengthening, the
value Al shall be chosen as the greater of the results
obtained from calculations for extreme service
temperatures, i.c.:

t, = 35°C for L=1;

t, = 0°C for L>1.

In the absence of ice strengthening the calcula-
tion shall be made solely for the maximum service
temperature ¢, = 35°C for L=1.

5.4.4 When assembling steel couplings and shafts
with cylindrical mating surfaces, the interference fit
shall be determined by the following formula:

SOB\/ 3
AD=""
h

1910PL°, . .,
————)+T 544
(5 (5:44)
where AD = interference fit for D,,, cm.

w

Other terms are as defined in 5.4.3.

5.4.5 For propeller bosses and half-couplings in
keyless assemblies with the shafts, the following
condition shall be met:

AT C
4 [? o, — a)r,]<0.75R,, (5.4.5)

where A = shape factor of the boss determined by the formula
_ 1 1134
Afy2 1\/1+3}, .
The factor 4 may be obtained from Table 5.4.5 by
linear interpolation.
C=Ah,z for assemblies with conical mating surfaces;
C=AD, for assemblies with cylindrical mating surfaces;
Ah, = actual pull-up of the boss in the course of fitting at a
temperature 7,,, cm; Ah. = Ah;
AD,= actual interference fit of the assembly with cylind-

rical mating surfaces, in cm; AD,>AD;
R,y =yield stress of the boss material, MPa.

Other terms are as defined in 5.4.3.

are unavailable, refer to 2.2.2.6, Part III "Equip-
ment, Arrangements and Outfit");

o, = thermal coefficient of linear expansion of the boss
material, 1/°C;
o, = thermal coefficient of linear expansion of the shaft
material, 1/°C;
t, = temperature of the assembly in service conditions, °C;
t,, = temperature of the assembly in the course of fitting, °C
k = 1 for assemblies without intermediate sleeve;

5

Table 54.5
Factor A

y A y A

1,2 6,11 1,9 2,42

1,3 4,48 2,0 2,33

1,4 3,69 2,1 2,26

1,5 3,22 2,2 2,20

1,6 2,92 2,3 2,15

1,7 2,70 2,4 2,11

1.8 2,54

k = 1,1 for assemblies with the use of intermediate sleeve.
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5.5 ARRANGEMENT OF SHAFTING SUPPORTS Table 56.1
Bearing material l/dl, not less than qz, in MPa,
not more than

5.5.1 The number of the shaftline supports, their White metal (babbit) o4 1.0
position along the axis and in the vertical plane as Lignum vitae 4 0,25
. . : 3 3
well as the loads carried shall be determined on the | Rubber or other synthetic 4 0,25

basis of calculation made by a proven procedure
agreed with the Register.

5.5.2 The distance between the reaction forces of
the adjacent shaftline bearings with no concentrated
masses in span shall meet the following condition:

5.5a/d<I<al/d (5.5.2)

where [/ = span length (distance between the reactions of
adjacent supports), m;
d = minimum outside shaft diameter in span, m;
n = shaft speed, in rpm;
A = factor taken equal to:
14 when n<500 rpm
or 300//n when n > 500 rpm;
a = factor for bored shafts taken equal to
b = dy/d = ratio of the bore diameter d, to the outside shaft
diameter d.
Note. Restriction on the minimum length (the left part of
equation (5.5.2) is used for all spans except for that nearest to the
propeller.

Y1+%

5.5.3 It is recommended to seek the minimum
number of shaftline supports and the maximum
possible length of the spans between them.

5.5.4 The lengths of the spans between the shaft
supports shall be checked by the bending vibration
calculation.

5.5.5 The shaftline supports shall be so installed
that the engine or reduction gear components
(bearings, gear wheels) take up loads within the
permissible limits.

5.5.6 The reactions of all shaftline supports shall
be positive.

5.6 SHAFT BEARINGS

5.6.1 The propeller shaft bearing nearest to the
propeller shall meet the requirements of Table 5.6.1.

Those propeller shaft bearings, which are located
forward of the bearing mentioned above, shall meet
the condition

I>R/qd (5.6.1)

where the symbols and values for ¢ are taken from
Table 5.6.1.

5.6.2 The water cooling of sterntube bearings
shall be of forced type (refer to 15.1, Part VIII
"Systems and Piping").

The water supply system shall be provided with a
flow indicator and with alarms for the minimum flow
of water.

water-lubricated materials
approved by the Register
Rubber or other synthetic oil- 24 1,0
or environment-friendly oily
liquid-lubricated materials
approved by the Register

'I = length of bearing; d = design shaft journal diameter in
way of bearing.

2 ¢ = contact pressure taken up by the bearing,
q = R/(Ixd), where R = reaction of support.

3 Length of the bearing may be reduced to twice the design
shaft diameter in way of the aft bearing, provided the results of
the oyerational check are satisfactory.

Length of the bearing may be reduced if the contact
pressure does not exceed 0,8 MPa and if the results of the
operational check are satisfactory. In all cases, the length of the
bearing shall not be less than 1,5 of the actual shaft diameter in
way of the bearing.

Where an open system of seawater lubrication is
applied for the sternbush bearings of ships operating
in shallow waters, and of specialized vessels, such as
wet dredgers, suction dredgers, it is recommended
that an efficient seawater cleaning device (filter,
cyclone filter, etc.) shall be incorporated in the
circulation system of the sternbush bearing, or
sternbush bearings with mud collectors to be washed
subsequently shall be fitted.

The shut-off valve controlling the supply of water
to sterntube bearings shall be fitted on the sterntube
or the after peak bulkhead.

5.6.3 The oil-lubricated sternbush bearings shall
be provided with forced cooling arrangements unless
the after peak tank is permanently filled with water.

Indication of temperature of oil or bearing bush
shall be provided.

5.6.4 If a gravity system of lubrication is used for
sternbush bearings, the lubricating oil tanks shall be
fitted with oil level indicators and low level alarms.

5.7 STERNTUBE SEALING ARRANGEMENTS

5.7.1 Sterntube arrangements shall be fitted with
sterntube sealing arrangements providing the efficient
protection against emergency intrusion of sea water
inside the hull, and the environmental safety of
sterntube arrangement.

5.7.2 The minimum and the maximum permis-
sible volumes of the refrigerant leakage into the
ambient space and inside the hull shall be technically
substantiated.
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5.8 BRAKING DEVICES

5.8.1 The shaftline shall comprise appropriate
braking devices. Such devices may be a brake, a stopping
or a shaft turning gear preventing rotation of the shaft in
the event the main engine goes out of action.

5.9 HYDRAULIC TESTS

5.9.1 Propeller shaft liners and cast sterntubes
shall be hydraulically tested to a pressure of 0,2 MPa

upon completion of machining. Hydraulic tests of
welded and forged-and-welded sterntubes may be
omitted, provided non-destructive tests are carried
out on 100 per cent of welds.

5.9.2 After assembling, the seals of the sterntube
when the closed lubrication system is used shall be
tested for tightness by a pressure head up to the
working level of liquid in gravity tanks. In general,
the test shall be carried out while the propeller shaft is
turning.

6 PROPELLERS

6.1 GENERAL

6.1.1 The requirements of this Section apply to
metal fixed-pitch propellers, both solid and detach-
able-blade propellers, as well as to controllable-pitch
propellers.

6.1.2 The design and size of propellers of the
main active means of the ship’s steering shall meet the
requirements of the present Section.

The design of vertical-axis and jet propellers is
subject to special consideration by the Register.

The scope of requirements for the design and size
of propellers of the auxiliary AMSS may be reduced,
subject to agreement with the Register.

6.2 BLADE THICKNESS

6.2.1 Propeller blade thickness is checked in the
design root section and in the blade section at the radius
r=0,6R where R is propeller radius. The location of the
design root section is adopted as follows:

for solid propellers — at the radius 0,2R where
the propeller boss radius is smaller than 0,2R, and at
the radius 0,25R where the propeller boss radius is

for detachable-blade propellers — at the radius
0,3R, the values of the factors 4 and ¢ being adopted
as in the case of r=0,25R;

for CPP — at the radius 0,35R.

Note. In the design section, the blade thickness is
determined the fillets neglected.

In solid propellers, detachable-blade propellers
and CPP, the maximum thickness s, in mm, of an
expanded cylindrical section shall not be less than

_ 0,14k P m , Dn ,
5=9.8[4 ot c;(m)] (6.2.1)
where 4 = coefficient to be determined from the nomograph in

Fig. 6.2.1 depending on the relative radius r/R of
design section and the pitch ratio H/D at this radius
(for a CP-propeller, take the pitch ratio of the basic
design operating condition);

k = coefficient obtained from Table 6.2.1-1;

P =shaft power at the rated output of the main
propulsion engine, kW;

z = number of blades;

b = width of the expanded cylindrical section of the
blade on the design radius, m;

¢ = 0,6R,,, + 175 MPa, but not more than 570 MPa for steels
and not more than 610 MPa for copper alloys;
R,,,, = tensile strength of blade material, MPa;

n = speed at the rated output, rpm;
¢ = coefficient of centrifugal stresses to be determined
from Table 6.2.1-2;

m = blade rake, mm;
greater than or equal to 0,2R; D = propeller diameter, m.
Table 6.2.1-1
Coefficient k&
Ships Ships with ice strengthening categories Icebreakers
without ice
strengthening | Icel, Ice2 Ice3 Arc4 ArcS Arc6 Arc7 | Arc8, Arc9 | Centre propeller | Side propeller
8 9 10 11,2 12,5 13,2 14 *5 16 16+ 23500
P*

*P = shaft power, kW.

7 per cent.

** Subject to special consideration by the Register in each case.

Notes: 1. If reciprocating engines with less than four cylinders are installed in the ship, & shall be increased by 7 per cent.

2. For reciprocating engines fitted with hydraulic or electromagnetic couplings, kK may be reduced by 5 per cent.

3. For side propellers of ships without ice strengthening and with ice strengthening of categories Icel and Ice2, k may be reduced by
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Fig. 6.2.1
Table 6.2.1-2 Table 6.2.2
Coefficient ¢
Ships Ships with ice strengthening
r/R ¢ without ice categories
0,20 0,50 strengthening -
8%2 8431(5) If:: C;O Arc6 Arc7 grccg, Icebreakers
0,60 0,0035D* 10,005D 10,0055D | 0,006D *x 0,008D

The holes for the items securing the blades of
built-up and CP-propellers shall not reduce the
design root section.

The thickness of propeller blades in ships of
river-sea navigation and in ships of restricted areas of
navigation R2 and R3 may be reduced by 5 per cent.

*D = diameter of the propeller.
** Subject to special consideration by the Register in each
case.

6.2.2 The blade tip thickness at the radius D/2
shall not be less than provided in Table 6.2.2. The
leading and trailing blade edge thickness measured at
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0,05 of the blade width from the edges shall not be
less than 50 per cent of blade tip thickness.

6.2.3 The blade thickness calculated in accor-
dance with 6.2.1 and 6.2.2 may be reduced (e.g. for
blades of particular shape), provided a detailed
strength calculation is submitted for consideration
to the Register.

6.2.4 The thickness of a high-skewed (0 > 25°)
blade with an asymmetrical outline of the normal
projection shall be checked in compliance with the
requirements of 6.2.1. Besides, the blade thickness at
the radius 0,6R at a distance of 0,8 of the width of
section b shall not be less than determined from the
following formula:

sk =0,4s(1 + 0,064,/6—25)

where

(6.2.4)

s = to be determined from Formula (6.2.1) at the radius
0,6R;

0 = angle, in degrees, equal to angle 0, or 0,, whichever is
the greater (refer to Fig. 6.2.4).

0,

02

Fig. 6.2.4:
07 = angle between the radius drawn through
the blade tip and the radius tangent to the mid-chord;
05 = angle between radii drawn through the blade tip and root
section centre of the blade

If smoothness of the blade section profile at the
radius 0,6R under condition of mandatory compli-
ance with the requirements for the minimum thick-
ness close to the trailing edge (on 0,8b) is not
provided, thickness s at the radius 0,6R is increased.

6.2.5 In icebreakers and ships provided with ice
strengthening, the stresses in the most loaded parts of
pitch control gear shall not exceed yield stress of the
material, if the blade is broken in direction of the

weakest section by a force applied along the blade
axis over 2/3 of its length from the boss and laterally
over 2/3 from the blade spindle axis to the leading
edge.

6.3 PROPELLER BOSS AND BLADE
FASTENING PARTS

6.3.1 Fillet radii of the transition from the root of
a blade to the boss shall not be less than 0,04D on the
suction side of the blade and shall not be less than
0,03D on the pressure side.

If the blade has no rake, the fillet radius on both
sides shall be at least 0,03D.

Smooth transition from the blade to the boss
using a variable radius may be permitted.

6.3.2 The propeller boss shall be provided with
holes through which the empty spaces between the
boss and shaft cone are filled with non-corrosive
mass; the latter shall also fill the space inside the
propeller cap.

6.3.3 The diameter of the bolts (studs), by which
the blades are secured to the propeller boss or the
internal diameter of the thread of such bolts (studs),
whichever is less, shall not be less than that
determined by the following formula:

bRy,
dR

m
b

D,=ks (6.3.3)

where £ = 0,33 in case of three bolts in blade flange, at thrust
surface;
0,30 in case of four bolts in blade flange, at thrust surface;
0,28 in case of five bolts in blade flange, at thrust surface;
s = the maximum actual thickness of the blade at design
root section (refer to 6.2.1), mm;
b = width of expanded cylindrical section of the blade at
the design root section, m;
R’”bl: tensile strength of blade material, MPa;
Ry, = tensile strength of bolt/stud material, MPa;
d = diameter of bolt pitch circle; with other arrangement
of bolts, d = 0,85/ where / = the distance between
the most distant bolts, m.

6.3.4 The securing devices of the bolts (studs), by
which the blades are fastened to the detachable-blade
propellers of ice-strengthened ships, shall be recessed
in the blade flange.

6.4 PROPELLER BALANCING

6.4.1 The completely finished propeller shall be
statically balanced.

The extent of balancing shall be checked by a test
load, which when suspended from the tip of every
blade in horizontal position, shall cause the propeller
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to rotate. The mass of the test load shall not be more
than

m<kmp/R (6.4.1)

where m =mass of test load, kg;

m, = mass of propeller, t;
R = propeller radius, m;
k = 0,75 for n<200;
0,5 for 200 < n<500;
0,25 for n>500.
n = rated speed of propeller, rpm.

Where the propeller mass exceeds 10 t, the
coefficient k shall not be greater than 0,5, irrespective
of the propeller speed.

6.5 CONTROLLABLE PITCH PROPELLERS

6.5.1 The hydraulic power system of the con-
trollable pitch propeller shall be supplied by two
pumps of equal capacity, basic and standby, one of
which may be driven from the main engine. The main
engine driven pump shall provide turning of the
blades under any operating mode of the main
engines.

Where more than two pumps are available, their
capacity shall be selected on the assumption that, if
any of the pumps fails, the aggregate capacity of the
rest would be sufficient to ensure the blade turning-
over time not longer than stipulated by 6.5.5.

In ships with two CP-propellers one independent
standby pump may be fitted for both CP-propellers.

6.5.2 The pitch control unit shall be designed so
as to enable turning the blades into ahead speed
position, shall the hydraulic power system fail.

In multi-screw ships, except icebreakers and ships
with ice strengthening of categories Arc5 to Arc9, this
requirement need not be satisfied.

6.5.3 In ships with a CP-propeller, in which the
main engine may become overloaded due to parti-

cular service conditions, it is recommended that
automatic protection against overloading be used
for the main engine.

6.5.4 The hydraulic power system of pitch control
unit shall be constructed according to the require-
ments of Section 7, Part IX "Machinery", and the
pipes shall be tested according to Section 21,
Part VIII "Systems and Piping".

6.5.5 The time required for the blades to be
turned over from full ahead to full astern speed
position with main machinery inoperative shall not
exceed 20 s for CP-propellers up to 2 m in diameter
including, and 30 s for CP-propellers with diameters
over 2 m.

6.5.6 In the gravity lubrication systems of
CP-propellers, the gravity tanks shall be installed
above the deepest load waterline and be provided
with level indicators and low level alarms.

6.6 HYDRAULIC TESTS

6.6.1 The sealings fitted to the cone and flange
casing of the propeller shaft (if such method of
connection with the propeller boss is used) shall be
tested to a pressure of at least 0,2 MPa after the
propeller is fitted in place. If the above sealings are
under pressure of oil from the sterntube or the
propeller boss, they shall be tested in conjunction
with testing of the sterntubes or propeller boss.

6.6.2 After being assembled with the blades the
boss of a CP-propeller shall be tested by internal
pressure equal to a head up to the working level of oil
in gravity tank, or by a pressure created by the
lubricating pump of the boss.

In general, the test shall be made during blade
adjustment.
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7 ACTIVE MEANS OF THE SHIP’S STEERING

7.1 GENERAL

7.1.1 The requirements of this Section apply to
the AMSS as defined in 1.2.8, Part III "Equipment,
Arrangements and Outfit".

7.1.2 Where AMSS is intended for main propul-
sion and steering of a ship, a minimum of two AMSS
shall be provided.

Provision in this case shall be made for control
stations equipped with necessary devices and means
of communication as indicated in 2.5, 3.1 to 3.3.

Where a single AMSS installation is proposed as
the main propulsion and steering, it will be subject to
the special consideration by the Register.

7.1.3 The requirements for installation of
AMSS machinery and equipment, materials and
welding are given in 1.3, 2.4, 4.4,

7.1.4 For AMSS intended for the main propul-
sion and for the dynamic positioning, size and
materials of shafts, couplings, connection bolts,
propellers, gearing as well as electrical equipment
shall meet the requirements of relevant parts and
sections of the Rules.

Moreover, the main AMSS shall comply with the
applicable requirements for the steering gears, set
forth in the relevant sections of the Rules.

When the Rules contain no requirements for
particular components of AMSS possibility of using
them is subject to special consideration by the
Register in each case.

7.1.5 Calculations of the AMSS gearing shall be
made following the procedure outlined in 4.2,
Part IX "Machinery" or by other methods recognized
by the Register. The safety factors of gearing shall
not be less than those specified in 4.2, Part IX "Ma-
chinery". The values of these factors for the
AMSS gearing intended for dynamic positioning
duty shall be taken as for the main AMSS.

7.1.6 The minimum service life of the rolling
bearings shall be at least:

30000 hrs for the main AMSS,

10000 hrs for the AMSS used for dynamic
positioning duty,

5000 hrs for the auxiliary AMSS.

7.1.7 Spaces containing the AMSS machinery
shall be equipped with appropriate ventilating, fire
extinguishing, drainage, heating and lighting arrange-
ments.

7.2 CONSTRUCTION REQUIREMENTS

7.2.1 Steerable propellers shall be capable to be
locked in all angular positions.

7.2.2 Main AMSS shall be provided with an
emergency turning mechanism.

7.2.3 The steerable propeller designed for rever-
sing the thrust by turning the unit shall provide an
acceptable reversing time depending on the purpose
of the ship. The time required for turning the unit
through 180° shall not then exceed 20 s for the units
with a propeller of 2 m and less in diameter and shall
not exceed 30 s for the units with a propeller of more
than 2 m in diameter.

7.2.4 Sealing boxes of a type approved by the
Register shall be installed to prevent sea water from
gaining access to internal parts of the AMSS. For the
main and for the dynamic positioning AMSS such
sealing arrangement shall contain at least two
separate, closely effective sealing elements.

7.2.5 An easy access shall be provided to
component parts of the AMSS to allow their
maintenance within the scope stipulated by the
Service Manual.

7.2.6 Where the design of the main AMSS does
not insure against free rotation of the propeller and
shafting in case of failure of the prime mover,
provision shall be made for a braking device in
accordance with the requirements of 5.7.

On agreement with the Register, braking devices
for the AMSS intended for the dynamic positioning
and for the auxiliary AMSS may be dispensed with.

7.2.77 The strength of the parts of the main
AMSS turning mechanism, casing components and
securing items of the component parts, shafts,
gearings, CPP components shall be so calculated
that they can withstand without damage a load,
which may cause breakdown of the propeller blade.

7.2.8 Main AMSS of icebreakers and ships with
ice categories Arc4 to Arc9 shall be provided with a
device to prevent the ice overload of turning
mechanism.

7.2.9 Strength of the parts of main AMSS turning
mechanism, components for securing to ship’s hull
shall be so calculated that they can withstand
hydrodynamic and ice loads acting upon the propel-
ler, nozzle and AMSS casing without damage. The
procedure for design loads determination shall be
agreed with the Register. It is permitted to determine
hydrodynamic and ice loads on the AMSS compo-
nents according to the results of hydrodynamic tests
and testing of self-propelled models in the ice model
basin according to the procedures approved by the
Register.
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7.3 ALARMS

7.3.1 The AMSS shall be at least provided with
alarms to be operated in the event of the following faults:
.1 overload and emergency stop of prime mover;

.2 power failure in remote control and alarm system;

.3 low level in lubricating oil tank (if provided);

.4 low lubricating oil pressure (if forced lubricat-
ing oil system);

.5 low oil level in hydraulic supply system for
turning steerable propellers and CP-propeller blades;

.6 low oil level in head tank for sealing
arrangements;

.7 high level in bilge wells of the hull and
AMSS spaces.

7.3.2 Individual indication units shall be provided
on the bridge for:

.1 overload of prime mover and servo unit for
turning steerable propellers if no automatic protection is
provided;

.2 frequency of the propeller rotation;

.3 blade turning angle or propeller pitch for
CP-propeller plants;

.4 direction of thrust for fixed propeller plants;

.5 angular position of steerable propeller;

.6 power failure of alarm system.

7.3.3 For auxiliary AMSS the number of para-
meters covered by the alarm system and indicator
units may be reduced subject to agreement with the
Register.

7.4 HYDRAULIC TESTS

7.4.1 Once assembled, the internal parts of the
unit casing shall be subjected to test hydraulic
pressure corresponding to the maximum operational
depth of immersion with an allowance made for the
overpressure of the sealing arrangements.

7.4.2 Once installed, the sealing arrangements
shall be subjected to leak testing by pressure equal to
the height of a liquid column in head tanks at an
operational level.

7.4.3 In addition, it may be necessary to carry out
non-destructive testing of welds on the steerable
propeller components and other welded structures
within the scope of requirements set forth in
Part XIV "Welding".

8 TORSIONAL VIBRATION

8.1 GENERAL

8.1.1 The present Section applies to propulsion
plants with the main engines having a power of not
less than 75 kW when ICE are used and of not less
than 110 kW when using turbo or electric drives, and
to diesel generators as well as to ICE-driven auxiliary
machinery having a primary engine power of not less
than 110 kW.

8.1.2 Torsional vibration calculations shall be
prepared both for the basic variant and for other
variants and conditions possible in the operation of
the installation, as follows:

.1 maximum power take-off and idling speed
(with the propeller blades at zero position) for
installations comprising CP-propellers or vertical
axis propellers;

.2 individual and simultaneous operation of main
engines with a common reduction gear;

.3 reverse gear;

.4 connection of additional power consumers if
their moments of inertia are commensurate with the
inertia moments of the working cylinder;

.5 running with one cylinder missfiring, for
installations containing flexible couplings and reduction
gear; to be assumed not firing is the cylinder the

disconnection of which accounts to the greatest degree
for the increase of stresses and alternating torques;

.6 damper jammed or removed where single main
engine installations are concerned;

.7 flexible coupling blocked due to breakage of its
elastic components (where single main engine in-
stallations are concerned).

8.1.3 For ships of restricted area of naviga-
tion R3, calculations stipulated by 8.1.2.6 and 8.1.2.7
are not necessary.

No calculations shall be submitted if it is
documented that the installation is similar to that
approved earlier or that its mass inertia moments and
torsion stiffness between masses do not differ from
the basic ones by 10 per cent and 5 per cent
accordingly or the calculation may be limited to
determination of the natural frequencies if at this
stage of the calculation it is established that the
differences in the mass inertia moments and torsion
stiffness between masses do not result in change of
the natural frequency of any one of the modes under
consideration by more than 5 per cent.

8.1.4 Torsional vibration calculations shall in-
clude:

.1 details of all the installation components:
particulars of engine, propeller, damper, flexible
coupling, reduction gear, generator, etc.;
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speeds corresponding to the principal long-term
operating conditions specified for operation under
partial loads (half speed, slow speed, dead slow
speed, trawling operation, zero-speed operation for
installations comprising CP-propellers, main diesel
generator conditions, etc.);

layouts of all installation operating conditions
possible;

initial data for the design torsional diagram of
the installation;

.2 natural frequency tables for all basic modes of
vibration having a resonance up to the 12th order
inclusive within the speed range (0 — 1,2)n, with
relative vibration amplitudes of masses and moments,
and with scales of stresses (torques) for all sections of
the system;

.3 for each order of all vibration modes under
consideration:

resonance vibration amplitudes of the first mass
of the system;

resonance stresses (torques) in all the system
components (shafts, reduction gear, couplings, gene-
rators, compression or compression-key joints, etc.)
and temperatures of the rubber components of
flexible couplings as compared to relevant permis-
sible values;

.4 total stresses (torques), where it is necessary to
consider the simultaneous effect of disturbing mo-
ments of several orders, as compared to relevant
permissible values;

.5 stress (torque) curves for the principal sections
of the system with indication of permissible values for
continuous running and rapid passage and of
restricted speed ranges where these are assigned;

.6 conclusions based on the results of calculation.

8.1.5 The alternating torsional stress amplitude is
understood as (Tmax —Tmin)/2 as it can be measured
on a shaft in a relevant condition over a repetitive
cycle.

8.2 PERMISSIBLE STRESSES FOR CRANKSHAFTS

8.2.1 For main engine crankshafts of icebreakers
and of ships with ice categories Arc4 to Arc9 within
the speed range (0,7 — 1,05)n,, and for main engine
crankshafts of other types of ships and the crank-
shafts of engines driving generators and other
auxiliary machinery for essential services within the
speed range (0,9 — 1,05)n,, the total stresses due to
torsional vibration under conditions of continuous
running shall not exceed the values determined by the
following formulas:

when calculating a crankshaft in accordance with
2.4.5, Part IX "Machinery",

Tc=t1tn; (8.2.1-1)
when calculating a crankshaft by another meth-
od,

R, +160

S (8.2.1-2)

.= 10,76 C,s

within speed ranges lower than indicated

T3 — 2(n/n)7 ; (8.2.1-3)
e
or
to= 0,55 R 160 0 13 oy (8.2.1-4)

18

Tc= permissible stresses, MPa;
Ty = the maximum alternating torsional stress determined
during crankshaft calculation from Formula (2.4.5.1),
Part IX "Machinery" for the maximum value of Wp;
R, = tensile strength of shaft material, MPa. When using
materials with the tensile strength above 800 MPa,
R,, =800 MPa shall be adopted for calculation
purposes;
speed under consideration, rpm. For tugs, trawlers
and other ships which main engines run continuously
under conditions of maximum torque at speeds
below the rated speed throughout the speed range,
n=n, shall be adopted and Formulas (8.2.1-1) and
(8.2.1-2) shall be used. For the main diesel gen-
erators of ships with electric propulsion plants, all
the specified values of n, shall, by turn, be adopted as
n, and in each of the ranges (0,9 — 1,05)n,, Formu-
las (8.2.1-3) and (8.2.1-4) shall be used for partial loads;
n, = rated speed, rpm;
C; = 0,35 + 0,93d %% — scale factor;
d = shaft diameter, mm.

where

8.2.2 The total stresses due to torsional vibration
within speed ranges prohibited for continuous run-
ning, but which may only be rapidly passed through
shall not exceed the values determined by the
following formulas:

for the crankshafts of main engines

=210 (8.2.2-1)

for the crankshafts of engines driving generators
or other auxiliary machinery for essential services

T7=>351¢ (8.2.2-2)

where 17 = permissible stresses for speed ranges to be rapidly
passed through, MPa;
¢ = permissible stresses determined by one of

Formulas (8.2.1-1) to (8.2.1-4).

8.3 PERMISSIBLE STRESSES FOR INTERMEDIATE,
THRUST, PROPELLER SHAFTS AND GENERATOR
SHAFTS

8.3.1 Under conditions of continuous running,
the total stresses due to torsional vibration shall not
exceed the values determined by the formulas:
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for the shafts of icebreakers and ships with ice
categories Arc4 to Arc9 within the speed range
(0,7—1,05)n,, and for the shafts of all other ships and
generator shafts within the speed range (0,9 — 1,05)n,

R, +160

te= £138

C.C,: (8.3.1-1)

within speed ranges lower than indicated

R,,+ 160
18

where R,, = tensile strength of the shaft material, MPa. When

using the material with the tensile strength over
800 MPa (for intermediate and thrust shafts of
alloyed steel) and over 600 MPa (for intermediate
and thrust shafts of carbon and carbon-manganese
steel, as well as for propeller shaft) R,,=800 MPa
and R,,=600 MPa shall be assumed in the calcula-
tions accordingly;

C = factor obtained from Table 8.3.1;

for C,, refer to 8.2.1.

To=+ C, C,[3 — 2n/n,)] (8.3.1-2)

Table 8.3.1
Coefficient Cj,

Structural shaft type Cr

with integral coupling flanges
or shrink fit couplings* 1,0

Intermediate shaft, — -
with a radial hole (refer

thrust shaft in 0,50
external thrust[t05.2.7)

bearing outside the | with a taper joint keyway 0,60
area of roller| (refer to 5.2.9)

bearing or the

collar area,|Wwithacylindrical joint keyway 0,45

generator shaft (refer to 5.8.9)

with a longitudinal slot (refer 0,30%*
to 5.2.8)
Thrust shaft in way of the collar or the roller thrust 0.85
bearing (refer to 5.2.2)
Propeller shaft forward sections 0,80
(k= 1,15, refer to 5.2.3)
sections in way of the aft stern-
tube bearing and propeller 0,55

(k=1,22, k=1,26, refer to
5.2.3)

* — when shafts may experience vibratory stresses close to
the permissible stresses for continuous operation, the diameter
increase in the compression joint shall be provided.

** — other C; value may be substantiated and calculated.

8.3.2 The total stresses due to torsional vibration
within speed ranges prohibited for continuous run-
ning, but which may only be rapidly passed through
shall not exceed:

for intermediate, thrust, propeller shafts and
shafts of generators driven by the main engine

o =Ll

N
for the shafts of generators driven by auxiliary

engines, the value determined by Formula (8.2.2-2).

(8.3.2)

8.4 PERMISSIBLE TORQUE IN REDUCTION GEAR

8.4.1 For the case of continuous running or rapid
passage, the alternating torques in any reduction gear
step shall not exceed the permissible values estab-
lished for the operating conditions by the manufac-
turer.

8.4.2 Where the values mentioned under 8.4.1 are
not available, the alternating torque in any reduction
gear step for the case of continuous running shall
satisfy the following conditions:

within the speed range (0,7 — 1,05)n, for the
main propulsion plants of icebreakers and ships with
ice categories Arc4 to Arc9, and within the speed
range (0,9 —1,05)n, for other ships,

Mﬂ/t<Oa3Mnom; (842-1)

within speed ranges lower than indicated, the
permissible value of alternating torque will be
specially considered by the Register in each case,
but, in any case:

Malr< 133Mn0m — M (842-2)

where M,,,, = average torque in the step under consideration at
nominal speed, N/m;
M = average torque at the speed under consideration, N/m.

For the case of rapid passage, the alternating
torque value is subject to special consideration by the
Register in each case.

8.5 PERMISSIBLE TORQUE AND TEMPERATURE
OF FLEXIBLE COUPLINGS

8.5.1 For the case of continuous running or rapid
passage, the alternating torque in a coupling, relevant
stresses in and temperatures of the flexible compo-
nent material due to torsional vibration shall not
exceed the permissible values established for the
operating conditions by the manufacturer.

8.5.2 Where the values mentioned under 8.5.1 are
not available, the torque, stress and temperature
values permissible for continuous running and rapid
passage shall be determined by the procedures
approved by the Register.

8.6 OTHER INSTALLATION COMPONENTS

8.6.1 Under conditions of continuous running,
the total torque (average torque plus alternating
torque) shall not exceed the frictional torque in the
keyless fitting of the propeller and shaft or shafting
couplings.
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8.6.2 Where, for generator rotors, the Manufac-
turer’s permissible values are not available, the
alternating torque shall not exceed twice, in the case
of continuous running, or six times, in the case of
rapid passage, the nominal generator torque.

8.7 TORSIONAL VIBRATION MEASUREMENT

8.7.1 Data obtained from torsional vibration
calculations for machinery installations with the main
engines shall be confirmed by measurements. The
measurements shall cover all the variants and
operation conditions of the installation, for which
calculations were made in accordance with 8.1.2,
except emergency operation conditions listed in
8.1.2.6 and 8.1.2.7.

In well-grounded cases, the Register may require
torsional vibrations to be measured in auxiliary diesel
generators and ICE-driven auxiliary machinery for
essential services.

8.7.2 The results of measurement obtained on the
first ship (unit) of a series apply to all the ships (units)
of that series, provided their engine-shafting-propel-
ler (driven machinery) systems are identical.

8.7.3 The free resonance vibration frequencies
obtained as a result of measurement shall not differ
from the design values by more than 5 per cent.
Otherwise, the calculation shall be corrected accordingly.

8.7.4 The stresses shall be determined proceeding
from the greatest vibration or stress amplitudes
measured in the respective section of the torsiogram
or oscillogram.

When estimating the total stresses due to vibra-
tion of several orders, the registered parameters shall
undergo harmonic analysis.

8.8 RESTRICTED SPEED RANGES

8.8.1 Where the shaft stresses, torques in some
installation components or temperature of the rubber
componenets of flexible couplings arising due to
torsional vibration exceed the relevant permissible
values for continuous running determined in accor-
dance with 8.2.1, 8.3.1, 8.4 to 8.6, restricted speed
ranges are assigned.

8.8.2 No restricted speed ranges are permitted for
the following speeds:

n>=0,7n,. with respect to icebreakers and ships
with ice categories Arc4 to Arc9;

n>0,8n, with respect to other ships;

n=(0,9—1,05)n, with respect to diesel generators
and other auxiliary diesel machinery for essential

services. Where the main diesel generators of ships
with electric propulsion plants are concerned, all the
fixed speed values corresponding to the specified
conditions of partial loading shall alternately be
adopted for #,.

In icebreakers and ships with ice categories
Arc7 to Are9 fitted with a FPP, blade frequency
resonance shall be avoided within the range
(0,5—0,8)n,.

Barred speed range with one cylinder misfiring in
case of one main engine on board the ship shall not
influence the ship’s steerability.

8.8.3 If all the other methods of lowering stresses
(torques) due to torsional vibration prove ineffective,
a vibration damper or antivibrator may be fitted
where the values permitted by 8.2 to 8.6 are exceeded:

in the case of continuous running, within speed
ranges where restricted speed range is not permitted
or undesirable;

in the case of rapid passage, in any point of the
speed range (0—1,2)n,.

8.8.4 The vibration damper or antivibrator shall
ensure lowering of stresses (torques) by not less than
85 per cent of the relevant permissible values at the
resonance to which it is adjusted.

8.8.5 For icebreakers and ships with ice cate-
gories Arc4 to Arc9 within the main engine speed
range (0,7—1,05)n, and for other ships and diesel
generators within the speed range (0,9—1,05)n,,
vibration dampers or antivibrators may be used to
eliminate restricted speed ranges subject to special
consideration by the Register in each case.

8.8.6 A restricted speed range is established
proceeding from the speed range, in which the
stresses (torques, temperature) exceed the permissible
values increased by 0,02 of n,., on both sides (with
regard to tachometer tolerance). The engine shall be
stable in operation at the barred range boundaries.

For calculation purposes, the restricted speed range
borders may be determined by the following formula:

161, (18 — Hypg/11, )10

e <y < 8.
18— npun, > 16 (886

where n,,, = resonance speed, rpm.

For CPP with the possibility of individual pitch
and speed control, both full and zero pitch conditions
shall be considered.

8.8.7 Restricted speed ranges shall be marked off
on the tachometer in accordance with 2.5.2.

Information on restricted speed ranges and their
borders shall be made available on plates fastened at
all the stations, from which the installation may be
controlled.

8.8.8 For the case of remote control of the main
machinery from the wheelhouse, the requirements of
4.2.2.4 , Part XV "Automation" shall be complied with.
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9 VIBRATION OF MACHINERY AND EQUIPMENT. VIBRATION STANDARDS

9.1 GENERAL

9.1.1 This Chapter sets down the limits of
vibration levels (vibration standards) for ships
machinery and equipment.

The standards are intended to determine whether
actual vibration levels in machinery and equipment
installed onboard the ships during construction (after
repair) and ships in service are permissible proceeding
from vibration parameter measurements. The vibra-
tion standards provide three categories of technical
condition of ship machinery and equipment:

A — condition of machinery and equipment after
manufacturing (construction of the ship) or repair at
the commissioning;

B — condition of machinery and equipment
during normal operation;
C — condition of machinery and equipment

when technical maintenance or repair is required.

The standards determine the upper limits of
Categories 4 and B.

9.1.2 Vibration measurements shall be taken on all
the first ships of a series being built at each shipyard, on
the first ship of modified design, on the single buildings
and on the ships undergone conversion.

Vibration measurements of machinery and equip-
ment shall be taken during construction of the ship
according to the program approved by the Register.
Technical documentation as per the measurement
results shall be submitted according to the require-
ments of 1.5.4, Part IT "Hull".

Vibration measurements of machinery and equip-
ment shall be performed in compliance with the
instructions of 18.7, Part V "Technical Supervision
during Construction of Ships" of the Rules for
Technical Supervision during Construction of Ships
and Manufacture of Materials and Products for Ships.

9.1.3 During construction of the ship (or after
repair) the vibration level of the machinery and
equipment shall not exceed the upper limit of
Category A, determined as to ensure sufficient
margin for changing of vibration level in operation.

Under conditions of long-term service of the ship
the vibration level of the machinery and equipment
shall not exceed the upper limit of Category B,
determined as to ensure vibration strength and
reliability of ship machinery and equipment.

9.1.4 The measurement results shall be compared
with the permissible vibration levels.

Where vibration exceeds the standards, measures
shall be taken to reduce it to permissible level.

9.1.5 Vibration levels of machinery and equip-
ment shall not exceed the standards both when the

ships is lying and at specified ahead speeds under
different loading conditions.

At non-specified rates of speed vibration exceed-
ing established standards may be permitted, when
these rates are not continuous.

9.1.6 Withdrawal from the present standards is in
each case subject to special consideration by the Register.

9.2 STANDARDIZED VIBRATION PARAMETERS

9.2.1 The root-mean square value of vibration rate,
measured in 1/3-octave band, is assumed as the basic vibration
parameter. Measuring of vibration in octave band is allowed.

9.2.2 Alongside with the vibration rate the root-
mean square value of vibration acceleration may also
be a parameter measured.

9.2.3 Vibration parameters are measured in
absolute units or in decibels relatively to standard
limiting values of speed or acceleration being equal to
5x 107>, mmy/s, and 3 x 104, m/sz, accordingly.

9.2.4 When vibration is measured in octave
bands, the permissible values of the parameter
measured may be increased by \/2 =1,41 times
(3 dB) as compared to those stated in 9.3 to 9.8 for
bands with root-mean-square frequency values of 2;
4; 8; 16; 31,5; 63; 125; 250 and 500 Hz.

9.2.5 Measurements of vibration of the machinery
and equipment shall be taken for each of the three inter-
perpendicular direction about the ship axes: vertical,
horizontal-transverse and horizontal-longitudinal. The
points of vibration measuring are indicated in Fig. 9.2.5.

9.3 VIBRATION STANDARDS FOR INTERNAL
COMBUSTION ENGINES

9.3.1 Vibration standards are extended to cover
ICE with 55 kW and above in power and rotation
frequency <3000 min™.

9.3.2 Vibration of internal combustion engines and
units including ICE is considered permissible for Cate-
gories A and B, provided the root-mean-square values of
vibration rate or vibration acceleration do not exceed the
values stated in Table 9.3.2 and shown in Fig. 9.3.2.

9.3.3 Vibration of machinery and devices hung
on ICE shall not exceed the levels given in 9.3.2.

9.3.4 Vibration of turbo-compressors measured on
bearing housings is considered permissible for Categories
A and B, provided the root-mean-square values of
vibration rate or vibration acceleration do not exceed the
values stated in Table 9.3.4 and shown in Fig. 9.3.4.
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Fig. 9.3.2 Vibration standards for internal combustion engines with a piston stroke:
1 — under 30 cm; 2 — 30 to 70 cm; 3 — 71 to 140 cm; 4 — 141 to 240 cm; 5 — over 240 cm.

— — — — Upper limit of Category 4;

9.4 VIBRATION STANDARDS FOR MAIN GEARED
TURBINES AND THRUST BEARINGS

9.4.1 The running vibration of 15000 to 3000 kW
horse power main geared turbines measured on the
bearing housings is considered permissible for Categories
A and B, provided the root-mean-square values of

Upper limit of Category B

vibration rate or vibration acceleration do not exceed the
values stated in Table 9.4.1 and shown in Fig. 9.4.1.
9.4.2 For main geared turbines of less than 15000 kW
power the vibration standards are 3 dB lower than the
values stated in Table 9.4.1 and shown in Fig. 9.4.1.
9.4.3 Vibration of thrust bearings shall not
exceed the standards given in 9.4.1 and 9.4.2.



Table 9.3.2
Vibration standards for internal combustion engines
Root-mean square frequencies Engines with piston stroke, cm
of 1/3-octave bands, Hz
under 30 30 to 70 71 to 140 141 to 240 over 240
Permissible values of vibration rate
Category 4 Category B Category 4 Category B Category 4 Category B Category 4 Category B Category 4 Category B
mm/s | dB [mm/s| dB [mm/s| dB |mm/s| dB |mm/s| dB |mm/s| dB |mm/s| dB |mm/s| dB |mm/s| dB | mm/s| dB
1,6 4 98 5,6 101 4 98 5,6 101 98 5,6 101 98 5,6 101 4 98 5,6 101
2 4 98 5,6 101 4 98 5,6 101 98 5,6 101 98 5,6 101 4,5 99 6,3 102
2,5 4 98 5,6 101 4 98 5,6 101 98 5,6 101 4,6 99 6,3 102 5,6 101 8,0 104
32 4 98 5,6 101 4 98 5,6 101 4,5 99 6,3 102 5,6 101 8,0 104 7,1 103 10 106
4 4 98 5,6 101 4,5 99 6,3 102 5,6 101 8,0 104 7,1 103 10 106 8,9 105 12,5 108
5 4,5 99 6,3 102 5,6 101 8,0 104 7,1 103 10 106 8,9 105 12,5 108 11 107 16 110
6,3 5,6 101 8,0 104 7,1 103 10 106 8,9 105 12,5 108 11 107 16 110 14 109 20 112
8 7,1 103 10 106 8,9 105 12,5 108 11 107 16 110 14 109 20 112 16 110 22 113
10 8,9 105 12,5 108 11 107 16 110 14 109 20 112 16 110 22 113 16 110 22 113
12,5 11 107 16 110 14 109 20 112 16 110 22 113 16 110 22 113 16 110 22 113
16 14 109 20 112 16 110 22 113 16 110 22 113 16 110 22 113 16 110 22 113
20 16 110 22 113 16 110 22 113 16 110 22 113 16 110 22 113 16 110 22 113
25 16 110 22 113 16 110 22 113 16 110 22 113 16 110 22 113 12,5 108 18 111
31,5 16 110 22 113 16 110 22 113 16 110 22 113 12,5 108 18 111 10 106 14 109
40 16 110 22 113 16 110 22 113 12,5 108 18 111 10 106 14 109 8 104 11 107
50 16 110 22 113 12,5 108 18 111 10 106 14 109 8 104 11 107 6,3 102 8,9 105
63 12,5 108 18 111 10 106 14 109 8 104 11 107 6,3 102 8,9 105 5 100 7,1 103
80 10 106 14 109 8 104 11 107 6,3 102 8,9 105 5 100 7,1 103 4 98 5,6 101
100 8 104 11 107 6,3 102 8,9 105 5 100 7,1 103 4 98 5,6 101 32 96 4,5 99
125 6,3 102 8,9 105 5 100 7,1 103 4 98 5,6 101 3,2 96 4,5 99 2,5 94 3,6 97
160 5 100 7,1 103 4 98 5,6 101 3,2 96 4,5 99 2,5 94 3,6 97 2 92 2,8 95
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Table 9.34
Vibration standards for turbo-compressors of internal combustion engines
Root-mean square frequencies Engine turbo-compressors with piston stroke, cm
of 1/3-octave bands, Hz
under 30 30 to 70 71 to 140 141 to 240 over 240
Permissible values of vibration rate
Category 4 Category B Category 4 Category B Category 4 Category B Category 4 Category B Category 4 Category B
mm/s | dB [mm/s| dB [mm/s| dB |mm/s| dB |mm/s| dB |mm/s| dB |mm/s| dB |mm/s| dB |mm/s| dB | mm/s| dB
1,6 4 98 5,6 101 4 98 5,6 101 4 98 5,6 101 4 98 5,6 101 4 98 5,6 101
2 4 98 5,6 101 4 98 5,6 101 4 98 5,6 101 4 98 5,6 101 4,5 99 6,3 102
2,5 4 98 5,6 101 4 98 5,6 101 4 98 5,6 101 4,5 99 6,3 102 5,6 101 8,0 104
32 4 98 5,6 101 4 98 5,6 101 4,5 99 6,3 102 5,6 101 8,0 104 7,1 103 10 106
4 4 98 5,6 101 4,5 99 6,3 102 5,6 101 8,0 104 7,1 103 10 106 8,9 105 12,5 108
5 4,5 99 6,3 102 5,6 101 8,0 104 7,1 103 10 106 8,9 105 12,5 108 11 107 16 110
6,3 5,6 101 8,0 104 7,1 103 10 106 8,9 105 12,5 108 11 107 16 110 14 109 20 112
8 7,1 103 10 106 8,9 105 12,5 108 11 107 16 110 14 109 20 112 16 110 22 113
10 8,9 105 12,5 108 11 107 16 110 14 109 20 112 16 110 22 113 16 110 22 113
12,5 11 107 16 110 14 109 20 112 16 110 22 113 16 110 22 113 16 110 22 113
16 14 109 20 112 16 110 22 113 16 110 22 113 16 110 22 113 16 110 22 113
20 16 110 20 112 16 110 22 113 16 110 22 113 16 110 22 113 16 110 22 113
25 16 110 20 112 16 110 22 113 16 110 22 113 16 110 22 113 16 110 22 113
31,5 16 110 20 112 16 110 22 113 16 110 22 113 16 110 22 113 16 110 22 113
40 16 110 20 112 16 110 22 113 16 110 22 113 16 110 22 113 16 110 22 113
50 16 110 20 112 16 110 22 113 16 110 22 113 16 110 22 113 16 110 22 113
63 12,5 108 18 111 12,5 108 18 111 12,5 108 18 111 12,5 108 18 111 12,5 108 18 111
80 10 106 14 109 10 106 14 109 10 106 14 109 10 106 14 109 10 106 14 109
100 8 104 11 107 8 104 11 107 8 104 11 107 8 104 11 107 8 104 11 107
125 6,3 102 8,9 105 6,3 102 8,9 105 6,3 102 8,9 105 6,3 102 8,9 105 6,3 102 8,9 105
160 5 100 7,1 103 5 100 7,1 103 5 100 7,1 103 5 100 7,1 103 5 100 7,1 103
200 4,1 98 5,8 101 4,1 98 5,8 101 4,1 98 5,8 101 4,1 98 5,8 101 4,1 98 5.8 101
250 3,3 96 4,5 99 33 96 4,5 99 3.3 96 4,5 99 33 96 4,5 99 33 96 4,5 99
320 2,6 94 3,7 97 2,6 94 3,7 97 2,6 94 3,7 97 2,6 94 3,7 97 2,6 94 3,7 97
400 2,1 92 2,9 95 2,1 92 29 95 2,1 92 2,9 95 2,1 92 2,9 95 2,1 92 2,9 95
500 1,7 91 2,3 93 1,7 91 23 93 1,7 91 2,3 93 1,7 91 23 93 1,7 91 2,3 93
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Fig. 9.3.4 Vibration standards for turbo-compressors of internal combustion engines:
for 1, 2, 3, 4 and 5 — refer to Fig. 9.3.2;
— — — — Upper limit of Category 4; —— Upper limit of Category B
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Fig. 9.4.1 Vibration standards for main steam geared turbines of 15000 to 30000 kW capacity and thrust bearings:
—_——— Upper limit of Category 4; —— Upper limit of Category B



Table 94.1

Vibration standards for main geared turbines, thrust bearings, boilers, heat exchangers, ICE-driven generators, shaft-generators, turbo-drives, turbo-generators and piston compressors

Root-mean square frequencies | Main geared turbines and trust| Boilers and heat exchangers | ICE-driven generators, turbo- Piston compressors
of 1/3-octave bands, Hz bearings drives and turbo-generators'
Permissible values of vibration rate
Category 4 Category B Category 4 Category B Category 4 Category B Category 4 Category B
mm/s | dB | mm/s| dB |mm/s| dB |[mm/s| dB |mm/s| dB |mm/s| dB |mm/s| dB | mm/s | dB
1,6 1,5 90 2,5 94 3,5 97 5,6 101 1 86 1,6 90 2 92 3,2 96
2 1,9 92 3,1 96 3,5 97 5,6 101 1,3 88 1,9 92 2,5 94 4 98
2,5 2.4 94 3.8 98 3,5 97 5,6 101 1,5 90 2.4 94 3,1 96 5,1 100
32 3 96 4.8 100 44 99 7,1 103 1,9 92 3 96 4 98 6,4 102
4 3,7 97 6 102 5,6 101 8,9 105 2,3 93 3,7 97 5 100 38 104
5 4,6 99 7,5 104 7 103 11 107 2,9 95 4,6 99 6,2 102 10 106
6,3 5,7 101 9,3 105 8,8 105 14 109 3,6 97 5,7 101 7,9 104 12,5 108
8 7 103 11,5 107 10 106 16 110 4,5 99 7,1 103 10 106 16 110
10 8,8 105 14,5 109 10 106 16 110 5,6 101 8,9 105 10 106 16 110
12,5 11 107 18 111 10 106 16 110 7 103 11 107 10 106 16 110
16 11 107 18 111 10 106 16 110 7 103 11 107 10 106 16 110
20 11 107 18 111 10 106 16 110 7 103 11 107 10 106 16 110
25 11 107 18 111 10 106 16 110 7 103 11 107 10 106 16 110
31,5 11 107 18 111 10 106 16 110 7 103 11 107 10 106 16 110
40 11 107 18 111 10 106 16 110 7 103 11 107 10 106 16 110
50 8,8 105 14,5 109 8 104 12,5 108 7 103 11 107 10 106 16 110
63 7 103 11,5 107 6,3 102 10 106 7 103 11 107 79 104 12,5 108
80 5,7 101 9,3 105 52 100 8 104 7 103 11 107 6,2 102 10 106
100 4,6 99 7,5 104 — — — — 5,6 101 8,9 105 5 100 8 104
125 — — — — — — — — 4,5 99 7,1 103 4 98 6,4 102
160 — — — — — — — — 3,6 97 5,7 101 3,1 96 5,1 100
200 — — — — — — — — 29 95 4,6 99 2,5 94 4 98
250 — — — — — — — — 23 93 3,7 97 2 92 3,2 96
320 — — — — — — — — 1,9 92 3 96 1,6 90 2,5 94
400 — — — — — — — — — — — — 1,3 88 2,1 92
500 — — — — — — — — — — — — 1 86 1,6 90
! Refer t0 9.5.4.
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9.5 VIBRATION STANDARDS FOR AUXILIARY
MACHINERY OF ROTARY TYPE

9.5.1 Vibration of vertical pumps with the
capacity of 15 to 75 kW, including their electric
drive, is assumed permissible for Categories A and B,
when the root-mean square values of vibration rate
and vibration acceleration do not exceed the values
stated in Table 9.5.1 and in Fig. 9.5.1.

For pumps having the capacity of 2 to 15 kW the
vibration standards for Categories 4 and B are
assumed being 3 dB lower compared with the
vibration standards for the pumps hewing the
capacity of 15 to 75 kW, and for the pumps with
the capacity of 75 to 300 kW such standards shall be
raised by 2 dB. Vibration standards for horizontal
pumps for the above mentioned capacity range are
assumed being 2 dB lower.

9.5.2 Vibration of centrifugal separators is assumed
permissible for Categories 4 and B, when the root-
mean square values of vibration rate and vibration
acceleration do not exceed the values stated in
Table 9.5.1 and in Fig. 9.5.2.

9.5.3 Vibration of fans and gas blowers of the
inert gas systems is assumed permissible for Categor-
ies A and B, when the root-mean square values of
vibration rate and vibration acceleration do not
exceed the values stated in Table 9.5.1 and in
Fig. 9.5.3.

9.5.4 Vibration of turbo-drives, turbo-generators
and generators of diesel-generators with the capacity
of 1000 to 2000 kW, measured on the bearing
housings, is assumed permissible for Categories A4
and B, when the root-mean square values of vibration
rate and vibration acceleration do not exceed the
values stated in Table 9.4.1 and in Fig. 9.5.4.

For the turbo-drives, turbo-generators and gen-
erators of diesel-generators with the capacity under
1000 kW the vibration standards for Categories A4
and B are by 4 dB lower than the values stated in
Table 9.4.1 and in Fig. 9.5.4.

Table 9.5.1
Vibration standards for pumps, centrifugal separators and fans
Root-mean square frequencies Pumps with the capacity Centrifugal separators Fans
of 1/3-octave bands, Hz of 15 to 75 kW
Permissible values of vibration rate
Category 4 Category B Category 4 Category B Category 4 Category B
mm/s | dB | mm/s| dB |[|mm/s| dB |mm/s| dB | mm/s| dB | mm/s| dB
1,6 1 86 1 86 1 86 1,3 88 1 86 1,3 88
2 1 86 1,2 88 1 86 1,6 90 1 86 1,6 90
2,5 1,1 87 1.4 89 1,3 88 2 92 1,3 88 2 92
3,2 1.4 89 2 92 1,6 90 2,5 94 1,6 90 2,5 94
4 1,7 91 2,5 94 2 92 32 96 2 92 32 96
5 2,2 93 3,3 96 2,5 94 4 98 2,6 94 4 98
6,3 2,7 95 4 98 3,2 96 5 100 33 96 5 100
8 3,5 97 5 100 4 98 6,4 102 4,1 98 6,4 102
10 4,3 99 6,3 102 5 100 8 104 52 100 8 104
12,5 5,5 101 8 104 5 100 8 104 6,7 103 10,3 106
16 7 103 10 106 5 100 8 104 8,5 105 13 108
20 7 103 10 106 5 100 8 104 8,5 105 13 108
25 7 103 10 106 5 100 8 104 8,5 105 13 108
31,5 7 103 10 106 5 100 8 104 8,5 105 13 108
40 7 103 10 106 5 100 8 104 8,5 105 13 108
50 7 103 10 106 5 100 8 104 8,5 105 13 108
63 7 103 10 106 5 100 8 104 6,7 103 10,3 106
80 5,5 101 8 104 5 100 8 104 5,2 100 8 104
100 4,3 99 6,3 102 5 100 8 104 4,1 98 6,4 102
125 3,5 97 5 100 4 98 6,4 102 33 96 5 100
160 2,7 95 4 98 3,2 96 5 100 2,6 94 4 98
200 2,2 93 3,3 96 2,5 94 4 98 2 92 3,2 96
250 1,7 91 2,5 94 2 92 32 96 1,6 90 2,5 94
320 1.4 89 2 92 1,6 90 2,5 94 1,3 88 2 92
400 — — — — 1,3 88 2 92 1 86 1,6 90
500 — — — — 1 86 1,6 90 1 86 1,3 88
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Fig. 9.5.1 Vibration standards for pumps with the capacity of 15 to 75 kW:
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Fig. 9.5.4 Vibration standards for ICE-driven generators, shaft-generators, turbo-drives and turbo-generators of 1000 to 2000 kW capacity:
— — — — Upper limit of Category 4; —— Upper limit of Category B
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9.6 VIBRATION STANDARDS FOR PISTON AIR
COMPRESSORS

9.6.1 Vibration of piston air compressors is
assumed permissible for Categories 4 and B, when
the root-mean square values of vibration rate and
vibration acceleration do not exceed the values stated in
Table 9.4.1 and in Fig. 9.6.1. When the compressor is
mounted on the shock-absorbers, the vibration stan-
dards shall be raised by 4 dB.

9.7 VIBRATION STANDARDS FOR BOILERS AND HEAT
EXCHANGERS

9.7.1 Vibration of boilers and heat exchangers is
assumed permissible for Categories 4 and B, when
the root-mean square values of vibration rate and
vibration acceleration do not exceed the values stated
in Table 9.4.1 and in Fig. 9.7.1.

9.7.2 Vibration standards for auxiliary machinery
and equipments, not covered by 9.5 and 9.6, shall be
chosen based on 9.7.1.

9.8 VIBRATION STANDARDS FOR GEARED GAS
TURBINES

9.8.1 Vibration of 250 to 25000 kW main geared
gas turbines measured on the gas turbine supports and
reduction gear bearings is considered permissible,
provided the root-mean square values of vibration
rate and vibration acceleration do not exceed the
values stated in Table 9.8.1 and shown in Fig. 9.8.1-1.

Points of vibration measuring are shown in
Fig. 9.8.1-2.

9.8.2 Vibration standards for auxiliary gas
turbines of less than 250 kW power shall be subject
to special consideration by the Register and shall be
submitted by the gas turbine manufacturer.

9.8.3 Vibration of gas-turbine-driven servo-ma-
chinery and devices shall not exceed the levels given
in 9.8.1 and 9.8.2.

9.8.4 The gas turbine manufacturer may deviate
from the above standards, provided convincing data
are available that the gas turbines are capable of
operating under different vibration levels.
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Fig. 9.6.1 Vibration standards for piston compressors:

— — — — Upper limit of Category A4;

Upper limit of Category B
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Fig. 9.7.1 Vibration standards for boilers, auxiliary machinery and equipment:
Upper limit of Category B

— — — — Upper limit of Category A4;

Table 9.8.1
Vibration standards for geared gas turbines
Root-mean bands, Hz Root-mean bands, Hz
square square
frequencies | Permissible values of Category A frequencies | Permissible values of Category A
of 1/3- of 1/3-
octa/ve vibration rate mmy/s dB octa/ve vibration rate mm/s dB
1,6 1,6 90 29 96 125 8 104 16,5 110
2 1.8 91 35 97 160 8 104 16,5 110
2,5 2,2 93 4,3 98 200 8 104 16,5 110
3,2 2,7 95 53 100 250 8 104 16,5 110
4 3,2 96 7,0 103 320 8 104 16,5 110
5 4 98 105 400 8 104 16,5 110
6,3 5 100 11 107 500 8 104 16,5 110
8 6,7 103 13 108 640 6,5 102 12,5 108
10 8 104 16,5 110 800 4.8 100 10 106
12,5 8 104 16,5 110 1000 4 98 8 104
16 8 104 16,5 110 1280 3 96 7 103
20 8 104 16,5 110 1600 2,6 94 5 100
25 8 104 16,5 110 2000 2,1 92 3,9 98
31,5 8 104 16,5 110 2560 1,8 91 3 96
40 8 104 16,5 110 3200 1,5 90 2,4 95
50 8 104 16,5 110 4000 1 86 2 92
63 8 104 16,5 110 5120 — — 1,7 91
80 8 104 16,5 110 6400 — — 1,4 89
100 8 104 16,5 110 8000 — — 1 86
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Fig. 9.8.1-1
Vibration standards for geared gas turbines
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Fig. 9.8.1-2 Points of vibration measuring
(the points and directions of vibration measurement
are shown by arrows)

10 SPARE PARTS

10.1 GENERAL

10.1.1 The lists of spare parts given in this Section
specify the minimum amount of spare parts to the
equipment supervised by the Register and essential to
the propulsion and safety of the ship.

10.1.2 The nomenclature and the amount of
spare parts for icebreakers and ships equipped with
machinery of the types other than those indicated in
10.2 shall, in each case, be submitted for considera-
tion to the Register with regard to the manufacturers’
recommendations. The availability of other spare
parts on board the ship in addition to those specified
in the Tables 10.2.1 to 10.2.8 is up to the shipowner’s
discretion.

10.1.3 Each ship shall be supplied with a set of
appropriate tools and appliances necessary for
dismantling and assembling of the machinery in
service conditions.

10.1.4 Each ship shall be supplied with a set of
flexible joints of every type and size used in the ship’s
systems and machinery.

10.1.5 The spare parts shall be properly secured
in easily accessible places, marked and efficiently
protected against corrosion. When using spare parts,
it is recommended to replenish them at the earliest
opportunity.

10.1.6 If the number of spare parts determined
according to the list given below is a fraction, then to
define the amount of spares, the nearest greatest
whole number shall be taken.

10.1.7 For ships assigned to restricted navigation
areas R2, R3, R2-RSN, R3-RSN and for floating
docks, the required minimum of spare parts is not
regulated.

For the definitions of restricted areas of naviga-
tion, refer to 2.2.5.1, Part I "Classification".
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10.2 REQUIRED MINIMUM OF SPARE PARTS
Table 10.2-1

Internal combustion engines

Symbols:
O — required;
R — recommended.

Nos.

Spare parts

Main engines of ships considered|
with regard to navigation
area "~

unrestricted restricted R1

Supply of
spare parts

Auxiliary engines of ships
considered with regard to
navigation area'>*

unrestricted | restricted R1

Supply of
spare parts

3.1

4.1

4.2

4.3

4.4

4.5°

5.1

5.2

6.1

6.2

10
10.1

Main bearings or shells of each
type and size fitted, complete with
shims, studs (bolts) and nuts

Cylinder liner complete with
valves, joint rings and gaskets

Cylinder cover, complete with
valves, joint rings and gaskets
Cylinder cover bolts and nuts

Cylinder valves

Exhaust valves, complete with
casings, seats, springs and other
fittings, per cylinder

Air inlet valves, complete with
casings, seats, springs and other
fittings, per cylinder

Starting air valve, complete with
casing, seats, springs and other
fittings

Overpressure sentinel valve, com-
plete

Fuel valves of each type and size fitted,
complete with all fittings, per engine

Connecting rod bearings
Connecting-rod bearings or shells of
each type and size fitted, complete with
shims, bolts and nuts, per cylinder
Top end bearings or shells of each
type and size fitted, complete with
shims, bolts and nuts, per cylinder

Pistons

Crosshead type: piston of each
type and size fitted, complete
with piston rod, stuffing box,
skirt, rings, studs and nuts

Trunk type: piston of each type
and size fitted, complete with skirt,
rings, gudgeon pin, connecting
rod, studs and nuts

Piston rings, per cylinder

Telescopic cooling pipes of pistons
with packings and other fittings,
per cylinder

Largest size lubricator, complete
with drive

Fuel pumps

Fuel pump complete or, if parts are
replaceable on board, a complete set
of parts for one pump (plunger,
sleeve, valves, springs, etc.)

1 set

1/2 set per cover

1 set 1 set

1 set

1 set 1/4 set

1 set

1 set

Ditto

1 set

Ditto

(0]

1 set

Joint rings and gaskets only, 1 set

Joint rings and gaskets only, 1 set

1 set 1 set

1 set

1/2 set 1/4 set

1 set

1 set

Ditto

1 set

Ditto
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Nos. Spare parts Main engines of ships considered Auxiliary engines of ships
with regard for navigation area'>*| Supply of considered with regard for Supply of
navigation area "™’
spare parts spare parts|
unrestricted restricted R1 unrestricted restricted R1
10.2 | High pressure fuel pipe of each 1 — O 1 — P
size and shape fitted, complete
with unions
11° | Scavenge blowers including turbo-
chargers
11.1 | Rotors, rotor shafts, bearings, 1 set — P _ —
gear wheels, nozzle devices, seal
parts, suction and discharge valves
(proceeding from the type of
supercharger)

For an installation comprising several engines of the same type, spare parts stock intended for one engine is sufficient. By engines
of the same type, engines are meant the identical parts of which are interchangeable.

2 For a thrust bearing built in main engine, see the requirements of item 1 of Table 10.2-4.

* The necessity of stocking further spares such as gear wheels, camshaft drive chains shall be determined by the shipowner with
regard to the recommendations of engine manufacturers.

4 For emergency engines, spare parts are not compulsory.

3> For engines with one or two fuel valves per cylinder: one set of complete fuel valves for an engine.

For engines with three or more fuel valves per cylinder: two complete fuel valves per cylinder, and for the rest of the fuel valves, all

parts except the bodies.

¢ Locking devices shall be provided for the case of turbocharger being damaged. Spare parts may not be provided when the
possibility of the internal combustion engine of this type operation without one turbocharger was demonstrated during the type tests
with the satisfactory maneuvering characteristics retained.

Note. For internal combustion engines with electronic control systems spare parts shall be supplied based on the
recommendations of designer or manufacturer of the internal combustion engine.

Table 10.2-2 Talbzle 10.2-3
Steam turbines (main and auxiliary) Gears and couplings of main machinery
Nos. Spare parts Number of spare parts|Supply of| |Nos- Spare parts Number of spare parts| Supply
on board depending on| spare on board .dep.endlng on| of spare
the navigation area | parts the navigation area | parts
unrest- | restricted unrestricted| restricted
ricted R1 R1
1 | Carbon sealing rings for 1 set P 1 | Plain bearing bushes of 1 set per bearing (0]

gears and couplings of

each type and size of gland )
each type and size fitted

2 | Strainer baskets, inserts and 1 set for filter P )
other detachable parts for 2 | Pads of thrust block with 1 set (¢}

liners or adjusting rings of
each type and size fitted,
with assorted liners for

oil filters of special design,
each type and size

Note. When the installation consists of several turbines of one face of thrust
the same type, the recommended minimum is assumed for one
turbine only. 3 | Roller type bearings of Ditto (@)
each type and size fitted,
if used

! Spare parts are necessary for the case of eventual replacement
at sea by the crew.

2 When several gears and couplings of the same type are used,
spare parts are required for one gear or coupling accordingly (by
gears and couplings of the same type, those gears and couplings
are meant the identical parts of which are interchangeable).
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Table 10.2-4 3 . Table 10.2-5
Shafting, propellers and active means of the ship’s steering Auxiliary machinery
Nos. Spare parts Number of spare parts | Supply Nos. Spare parts Number of spare parts| Supply
on board depending on| of spare on board .dep.endmg on| of spare
the navigation area parts the navigation area parts
unrestricted | restricted unrestricted | restricted
R1 R1
R 1 | Piston pumps
1 Shafting .
1.1 | Thrust block of shaftline 11 Valyes with seats and I set o P
springs, each type and
ize fitted
1.11| Pads for ahead face of size litte .
N?idtschzi atyegéi tdhcreu(s)t I set © 1.2] Piston rings of each type Ditto 1 set P
block, where used and sue fitted
2 | Centrifugal pumps
i 1
1.1.2| Inner and outer race Ditto (6] 21 Bearflvritgsdofeach type and P
with rollers where roller stz hitte 1
thrust bearings are used 2.2| Rotor seals of each type P
and size fitted
1.2 | Coupling bolts with nuts 1 coupling set P 3 | Rotary pumps (screw and
for flanges and shaft gear ‘pumps) 1
couplings, cach type 3.1 Bearmgs of each type and
and size fitted size fitted 1 P
2 Propellers 3.2 Rotor. seals of each type
2.1'| Detachable propeller | 2 per — (0] and size fitted P
: 4 | Compressors
blades complete with | propeller . .
securing items (for 4.1| Suction and delivery 1/2 set P
icebreakers and ships with v.alves, ea.lch typ © and
ice categories Arcd (o Arc9 size fitted in one unit
only) 4.2] Piston rings of each type 1 set P
Y and size fitted in one
2.2'[ CP-propeller blades Ditto — (0] piston
complete with securing
items (for icebreakers and Table 10.2-6
ships with ice categories Ship equipment and deck machinery
Arcd to Arc9 only)
Nos. Spare parts Number of spare parts| Supply
2.3 | Spare parts for arran- [ On o 0 on board Idep‘ending on| of spare
gements of CP-|agreement the navigation area parts
propellers, propulsion | with the unrestricted | restricted
units, vertical axis | Register R1
propellers and servicing
systems except those Hydraulic steering gears
mentioned in items 3 1 | Cylinder plunger seals, 1 set (0]
and 4 sealing rings for pumps of
each type and size fitted
' Detachable blades are necessary for the case of eventual
replacement by the crew when afloat. 2' [ valve springs of each 1 o)
type and size fitted
3! | Safety and non-return 1 — (0]
valves of each type and
size fitted
4 | Ball or roller bearings 1 set for 1 pump (0]
5 | Special pipe connections 1 set (0]
of steering gear

! The list of spare parts as per items 2 and 3 is drawn up on
agreement with the Register.
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Table 10.2-7

Steam boilers, thermal fluid boilers, pressure vessels
and heat exchangers

Gas turbines (main and auxiliary)

Table 10.2-8

Nos. Spare parts Number of spare parts | Supply of
on board depending on [spare parts|
the navigation area
unrestricted | restricted
R1
1 | Steam boilers (main and

1.1
1.2

1.3

1.5

1.6

1.7

1.8

2.1

2.2

2.3

auxiliary for essential
services), thermal fluid
boilers

Springs of safety valves

Water gauge glasses,
complete

Oil fuel burners, comp-
lete, each type and size
fitted

Fuel atomizers
complete with washers

Tube plugs of each
diameter fitted, inclu-
ding superheater plugs

Boiler pressure gauge of
each type and size fitted
Metal gaskets of special
type for superheater
and economizer fittings

Gaskets for manholes
and other openings,
each type and size fitted

Pressure vessels and
heat exchangers

Level gauge glasses of
each type and size fitted

Gaskets and glands of
special type for covers,
manholes, openings
and fittings of each
type and size fitted
Plugs for heat
exchanger tubes

1 per boiler

Ditto

_"_

For 4 per cent of tubes
(but not more than 20 pcs)

1 set of boiler unit

1 set for 1 boiler

1 set

1 set for 1 heat exchanger
(pressure vessel)

For 5 per cent of tubes

0}

Nos. Spare parts' Number of spare parts Supply
on board depending on| of spare parts
the navigation area
unrestricted|restricted R1
1 | Flame tubes 1 set per engine (6]
2 | Main burners Ditto (6]
3 | Auxiliary burners —"— (0]
4 |[Ignition —" (0]
arrangements,
complete
5 | Plasma igniters —"— (0]
or ignition plugs
6 | Spare parts for | 1 set per each burner (6]

burners

! Additional spare parts as well as replaceable units (gas-
turbine-driven servo-machinery), the lifetime of which is less than
the lifetime of the gas turbine, before shop repair shall be
supplied by the gas turbine manufacturer on approval by the

Register.

! For boilers with automated burning units, the list of spare
parts as per items 3 and 4 is drawn up on agreement with the
Register.
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11 MACHINERY TECHNICAL CONDITION MONITORING SYSTEMS

11.1 GENERAL

11.1.1 The requirements of this Section apply to
the machinery technical condition monitoring sys-
tems, which have been approved by the Register as
the classification survey items on the basis of the
Planned Maintenance Scheme (PMS) (refer to 2.7,
Part IT "Survey Procedure and Scope" of the Rules
for the Classification Surveys of Ships in Service) and
condition control (CC).

11.1.2 Data of the machinery technical condition
monitoring are intended for use:

by the Register Inspectorate when carrying out
surveys on the basis of PMS and CC;

by the ship crew to establish the terms for
performing the machinery maintenance operations,
i.e. providing maintenance on the "condition" basis;

by the Shipowner to assess the technical condi-
tion and to manage maintenance of ships, to schedule
terms and scope of their repairs.

11.1.3 The composition of the equipment of the
technical condition monitoring system, controlled
parameters and frequency of their measurements,
standards of the control item technical condition
shall be approved by the Register when the survey
system on the basis of PMS and CC is implemented
on board the ship.

11.1.4 The organisational and normative and
methodical principles of implementing technical condi-
tion monitoring systems on board the ship, submitting
control data and assessment data of the technical
condition of the control item are set out in 2.7, Part 11
"Survey Procedure and Scope" of the Rules for the
Classification Surveys of Ships in Service.

11.2 CONTROL ITEMS AND PARAMETERS

11.2.1 The technical condition monitoring system
may cover the following equipment:

main diesel engine, including turbocharger;

main turbine;

AMSS;

reduction gear;

shafting;

sterntube gear;

auxiliary diesel generators (turbogenerators);

systems maintaining operation of the main diesel
engine (compressed air, fuel oil, lubricating oil and
cooling);

steering gear.

11.2.2 On agreement with the Register, the ship
may be equipped with the technical condition
monitoring systems exercising control over:

the working process and wear of the cylinder and
piston assembly of the main diesel engine;

the working process of the turbine;

the lubricating oil condition;

the vibration condition of the machinery;

the shock pulses of the roller bearings;

the electric values of the electrical equipment.

11.2.3 The conditions for acceptance of the
technical condition monitoring results when carrying
out surveys of the PMS and CC items are as follows:

the diagnostic parameters define the technical
condition of the controlled item and are approved by
the Register;

the limiting values of the diagnostic parameters
have been determined on the basis of the require-
ments of the controlled item manufacturers and/or
the Register;

the parameters used for the technical condition
prediction shall be brought to standard conditions.
The measured parameter values are brought to the
standard conditions in accordance with 2.2.7, Part IX
"Machinery";

the results of measurements, trend analysis and
prediction of parameters shall be kept in a form
accessible for the Surveyor: in the tabular form, in the
form of graphs on paper media or, preferably, on the
PC media;

the frequency of the diagnostic parameter mea-
surements shall provide reliability of determination
of the control item technical condition;

the measuring instruments used in the technical
condition monitoring systems shall have appropriate
documents on verification by a competent authority.

11.3 GENERAL REQUIREMENTS FOR TECHNICAL
CONDITION MONITORING SYSTEMS

11.3.1 The technical condition monitoring sys-
tems may be constructed on the basis of built-in
(fixed) condition monitoring systems, portable cont-
rol facilities or may combine both.

11.3.2 The built-in technical condition monitoring
systems of the main engines, as a rule, shall be
integrated structurally with the centralized monitoring
systems and be capable of using the data obtained from
the sensors of the centralized control system. Technical
condition monitoring system integrated with the
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centralized control system shall not affect the centra-
lized monitoring functions.

11.3.3 The technical condition monitoring system
integrated with the centralized control system shall
incorporate the technical condition diagnosis functions
with the aim to perform the maintenance and repair of
the control item on the actual condition basis.

11.3.4 The built-in monitoring systems and their
elements shall meet the requirements imposed on the
ship automation systems (refer to Section 2, Part XV
"Automation").

The built-in monitoring systems installed on
board the ships under construction or while in service
shall be approved by the Register.

The built-in monitoring systems installed on
board the ships are subject to the technical super-
vision with respect to:

check for functioning;

selection of cable cross-section;

protection, insulation and earthing means;

zero influence exerted by these systems on the
operation of the equipment related to the items of the
technical supervision of the Register.

Failures in the operation of the built-in monitor-
ing system shall not adversely affect the operation of
the equipment.

11.3.5 The portable control facilities and proce-
dures for their application may be provided on board
the ships under construction (or in service) after
agreement with the Register. The basis for the
agreement is the attestation thereof and conclusion
(on the basis of examination of the necessary
materials and/or carrying out of tests) of a competent
organization regarding techniques and means for
diagnosis of the ship facilities.

11.3.6 The technical condition monitoring system
shall provide for recording the diagnostic parameter
values, their trend analysis, prediction of the control
item technical condition. The condition prediction is
performed on the basis of the previous history of
diagnostic parameters with sufficient number of their
measurements.

11.3.7 The requirements for computers used in
the technical condition monitoring systems are
similar to the requirements of Section 7, Part XV
"Automation".

11.3.8 The basic values of the diagnostic para-
meters used as initial (reference) data during the
technical condition monitoring shall be obtained
under the specific conditions of draught and the ship
speed (at sea) and under operating conditions of the
main engines and auxiliaries.

The basic data may be obtained on acceptance
trials or on maiden voyage for a newbuilding or on
another operational voyage under steady operating
modes of the control items agreed with the Register.

11.4 TECHNICAL DOCUMENTATION

11.4.1 The following types of documentation on
the technical condition monitoring system shall be
submitted to the Register for review and approval:

.1 functional description with indication of the
technical data and operating conditions (no approval
stamp 1is affixed);

.2 methodological guidelines (instructions) for
making measurements and control data processing
(no approval stamp is affixed);

.3 test program for the built-in monitoring
systems.

11.5 REQUIREMENTS FOR WORKING LUBRICATING OIL
PARAMETERS

11.5.1 The requirements for the controlled para-
meters of working lubricating oils shall be consistent
with the type of equipment to be surveyed. Oil grades
and methods of oil sampling for analysis shall be
indicated for each machinery. The oil sampling
location shall be clearly described.

11.5.2 The range of the characteristics and
rejected parameter values of the oils to be analyzed
are established by a developer of the monitoring
system and agreed with the Register.

11.5.3 The oil sample shall be analyzed by a
recognized shore-based laboratory. On board the
ships the ship rapid analysis attested by a competent
organisation shall be used (refer to 11.3.5).

11.5.4 The results of the oil analysis are
submitted according to 11.2.3.

11.6 REQUIREMENTS FOR CONTROL OF THE DIESEL
ENGINE WORKING PROCESS PARAMETERS

11.6.1 The requirements apply to the equipment
for measuring pressure in the engine cylinder and fuel
supply parameters.

11.6.2 To process the measurement results of the
working process parameters, use is also made of the
parameters measured in the alarm system. In this
case, interference shall not be introduced into the
operation of the alarm system.

11.6.3 The Register shall be given specifications of
sensors, measuring equipment and measurement results
processing program (including list of calculated para-
meters and method of presentation thereof).

11.6.4 The electronic unit used for measurement
of the working process parameters shall have
dynamic characteristics providing for the measure-
ment of the maximum gas pressure in cylinder.
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11.6.5 Measurement of the pressure in cylinder
and fuel supply parameters with the use of the sensors
presented is allowed to be made not on all cylinders
simultaneously, but for all that the steady operating
conditions of the diesel engine shall be maintained.

11.6.6 The equipment for measurement, processing
and presentation of the cylinder pressure curve (indicator
diagram) and the fuel supply characteristics shall provide
for the analysis thereof with a resolution of not less than
one degree of the crankshaft rotation.

11.6.7 The indicator diagram processing program
shall calculate for each cylinder:

mean indicated pressure;

cylinder indicated power;

maximum cylinder combustion pressure;

maximum compression pressure;

pressure on compression line at point 12° before
the top dead centre (TDC);

pressure on expansion line at point 36° after the TDC;

the crankshaft rotation angle corresponding to
the maximum combustion pressure;

ignition advance angle.

11.6.8 The fuel supply parameters processing
program shall determine:

fuel injection beginning;

fuel injection time angle;

maximum fuel pressure.

11.6.9 The processing program shall provide for
comparison of the loading in cylinders.

Permissible deviations of the working process
parameters from the average over the cylinders:

mean indicated pressure — not more than
+2,5 per cent;

maximum combustion pressure — not more than
+3,5 per cent;

compression end pressure — +2.,5 per cent.

The cited values of the combustion pressure in
any cylinder shall not be less than 85 per cent of the
value obtained on basic tests.

The results of basic tests are considered to mean
the results of the acceptance tests of the diesel engine
on board or special tests on operational voyage (refer
to 11.3.8).

11.6.10 The measurement data shall be submitted
according to 11.2.3.

11.7 REQUIREMENTS FOR CONTROL OF WEAR
PARAMETERS OF THE ENGINE CYLINDER AND PISTON
ASSEMBLY

11.7.1 The parameter, which defines the engine
cylinder and piston assembly condition (its wear), is
the tightness of the combustion chamber.

11.7.2 The tightness of the combustion chamber
is measured by a special instrument: pneumoindica-

tor, which is a flow-metering device set at a particular
cylinder diameter.

11.7.3 The methods for determination of the
cylinder tightness and the standards for the cylinder
and piston assembly condition shall be presented by
the system developer.

11.7.4 The results shall be submitted according to 11.2.3.

11.8 REQUIREMENTS FOR CONTROL OF VIBRATION
PARAMETERS

11.8.1 The items of vibration condition monitor-
ing on board the ship are machinery of rotary type
listed in 11.2.1 as well as piston compressors.

11.8.2 For the purpose of the machinery vibra-
tion condition monitoring, use shall be made of the
following equipment, which provides for the mea-
surement and processing of the vibration parameters:
root-mean-square values of vibration rate or vibra-
tion acceleration in 1/3-octave band and in octave
band, and the data analysis in temporal area:

vibrometers-analyzers;

vibration diagnosis systems performing measure-
ment, processing, storage and spectrum analysis of
the vibration parameters.

11.8.3 The basic requirements for the equipment
used in the vibration condition monitoring system:

the housing of the vibrometer-analyzer shall
correspond to the IP54 protection type (refer to
2.4.4.2, Part XI "Electrical Equipment");

frequency range — not less than 4 to 16000 Hz;

dynamic range — not less than 70 dB.

Special requirements for the vibration diagnosis
systems:

the possibility of operating according to a process
chart, which ensures performance of at least one
complete measurement of the vibration parameters
on all the monitoring system objects;

the possibility of transferring data to computer.

11.8.4 The composition of the vibration condi-
tion monitoring equipment and organization of the
performance thereof shall be agreed upon with the
Register when the PMS and CC based survey system
is being implemented on board the ship.

11.8.5 When performing the vibration condition
monitoring, consideration shall be given to the provi-
sions of 18.7, Part V "Technical Supervision during
Construction of Ships" of the Rules for Technical
Supervision  during Construction of Ships and
Manufacture of Materials and Products for Ships.

11.8.6 The requirements for the installation and
attachment of the vibration pickup on the controlled
item shall be provided. The preference shall be given
to attachment of the pickup by a pin (screw). To
realize such attachment method, pins shall be fitted
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beforehand at all measurement points. The vibration
pickups may be installed on a magnet. Where the
vibration pickups cannot be installed using a pin or
magnet, manual vibration pickups may be used.

11.8.7 For each machinery, points and directions
for measuring vibration parameters shall be indicated.
The manufacturers’ recommendations shall be used.

Where no such recommendations are available, type
lay-out diagrams of the machinery vibration measure-
ment points shall be taken as a guide (refer to 9.2.5).

For the vibration condition monitoring, measure-
ment may be restricted to one or two directions on
one most loaded machinery bearing.

Note. For units consisting of a machinery and its driving
unit (pump and electric motor, fan and electric motor),
measurements are made on one machinery bearing and one
motor bearing on the coupling side. When exercising control of
the separator vibration condition, measurements shall be made in
two radial directions on both motor bearings and in three
directions on the separator bowl bearing.

11.8.8 Standardization of the condition on the basis
of the controlled parameter vibration levels shall be
displayed in the documentation of the technical condi-
tion monitoring system submitted to the Register for
review (refer to 11.4.1). It is necessary to use the
recommendations of the control item manufacturer or to
be guided by the Register standards (refer to Section 9).

11.8.9 The results shall be submitted according to
11.2.3.

11.9 REQUIREMENTS FOR CONTROL OF THE SHOCK
PULSE

11.9.1 The condition of the roller bearings is
assessed by a shock pulse method. The controlled
machinery manufacturer, developer or supplier of the
technical condition monitoring system may propose
another method of roller bearing condition assess-
ment. In this case, the proposed method shall be
approved by the Register.

11.9.2 For the bearing condition control by shock
pulse method, special instruments are used: shock pulse
meters and/or roller bearing condition indicators, which
shall meet the following basic requirements:

.1 range of controlled bearings:

internal diameter — 50 to 1000 mm;

speed — 10 to 30000 min';

dynamic range — not less than 90 dB;

.2 as regards dust- and water tightness, the
instrument housing shall correspond to IP54 protection
type (refer to 2.4.4.2, Part XI "Electrical Equipment");

.3 instrument for control of the roller bearing condition
may be combined with the vibrometer (refer to 11.8.2).

11.9.3 The instrument for control of the roller
bearing condition shall be fitted with a built-in
calibrator to verify precision of readings.

11.9.4 The measurement methods shall make it
possible to separate the values of shock pulses arising
due to the roller bearing against the background of
the signals from other sources. The methods shall
establish positions for other measurements to be
made on the bearing housing on the basis of the
maximum shock pulse value or contemplate special
devices — measuring bolts, where there is no direct
access to the bearing housing.

11.9.5 The shock pulse standards defining lubri-
cation condition and roller bearing damages shall be
presented by the manufacturer of the technical
condition monitoring system.

11.9.6 The results of control shall be submitted
according to 11.2.3.

11.10 REQUIREMENTS FOR THE TREND ANALYSIS
OF THE DIAGNOSTIC PARAMETERS
AND FOR THE TECHNICAL CONDITION PREDICTION

11.10.1 The processing program for the diagnos-
tic parameters measured by the built-in condition
monitoring systems shall contemplate a trend analy-
sis and prediction of the parameter changing. The
trend analysis of the diagnostic parameters measured
by the portable control facilities shall be made after
each last measurement.

11.10.2 The parameter trend is based on the
measurements made during the period between
special surveys with a frequency not less than
4 to 5 measurements at approximately equal time
intervals.

11.10.3 The controlled item condition is predicted
for the forthcoming time period between annual
surveys. The prediction is made either on the basis of
the past history of the parameters defining condition
or on the basis of the known rate of the parameter
change. On completion of the measurement, the
prediction shall be adjusted.

11.10.4 Based on the prediction results, the
frequency of the condition control may be changed.
If the prediction results indicates that the limiting
values of the controlled parameters can be attained,
the intervals between the measurements shall be
reduced, the causes of the condition degradation
established and the maintenance planned.

11.10.5 If the item condition is described by the
several independent parameters, prediction shall be
made for each parameter. In this case, maintenance
becomes necessary when any of the parameters to be
predicted reaches the limiting value.

11.10.6 The monitoring system shall be accom-
panied by the prediction procedure. Along with that,
the Register shall be given data confirming reliability
of the procedure.



PART VIII. SYSTEMS AND PIPING

1 GENERAL

1.1 APPLICATION

1.1.1 The requirements of the present Part of the
Rules apply to the following pumping and piping
arrangements used in ships:

.1 bilge and drain;

.2 ballast, heel and trim;

.3 special systems of tankers and combination
carriers;

.4 liquefied gas;

.5 toxic media;

.6 steam and blow-down pipelines;

.7 feed water and condensate;

.8 fuel oil;

.9 lubricating oil;

.10 water cooling;

.11 compressed air;

.12 air, venting, overflow and sounding pipes;

.13 exhaust gas;

.14 ventilation;

.15 open-ended steam pipes from safety valves;

.16 cleaning and washing of tanks;

.17 hydraulic drives;

.18 containing organic coolants.

Special requirements for systems other than stated
above are set out in the relevant Parts of the Rules.

Pumping and piping of berth-connected ships
shall comply with the requirements of the present
Part in so much as applicable and sufficient unless
expressly provided otherwise below.

1.1.2 The fuel oil used in ships shall comply with
the requirements of 1.1.2, Part VII "Machinery
Installations".

1.1.3 Machinery and other clements of the
systems indicated in 1.1.1 shall remain operative
under environmental conditions set out in 2.3,
Part VII "Machinery Installations".

1.1.4 Pumps, fans, compressors and their electric
drives used in systems covered by the requirements of
the present Part shall also comply with the require-
ments of Part IX "Machinery" and Part XI "Elec-
trical Equipment".

1.2 DEFINITIONS AND EXPLANATIONS

1.2.1 In the present Part the following definitions
have been adopted.

Fittings are stop, regulating and safety
devices, intended for motion control, consumption
distribution and regulation and other parameters of
the conveying medium by means of entire or partial
opening or closing of flow section.

Pipeline fire resistance is the ability of
pipeline to maintain strength and functional proper-
ties within the set period of time at flame exposure.

System is a combination of pipelines, machin-
ery, apparatus, devices, appliances and reservoirs,
intended for performance of certain functions pro-
viding ship’s operation.

Pipeline is a combination of pipes, fittings,
formed components, pipe joints, any internal and
external linings, insulation coatings, fastening ele-
ments and components for protection of pipes,
intended for conveying of liquid, gaseous and
compound media, as well as for transmission of
pressure and sound waves.

Essential pipeline is a pipeline, which
damage may result in a combustible medium spillage
in the machinery spaces, flooding, toxic media
leakage, failure of system ensuring the operation of
main and auxiliary engines, loss of run or control.

Pipelines formed components are
bends, t-pieces, bulkhead and deck penetrations and
other elements of pipelines, intended for pipelines
branching, changing of conveying medium direction
and ensuring of hull structures tightness.

1.3 SCOPE OF SURVEYS

1.3.1 General provisions relating to classification
procedure, surveys during construction and in
service, as well as requirements for technical doc-
umentation submitted to the Register for considera-
tion and approval, are set forth in General
Regulations for the Classification and Other Activity
and in Part I "Classification".

1.3.2 Proceeding from the type and characteristics of
the conveyed medium pipes are subdivided into three
classes as indicated in Fig. 1.3.2 and Table 1.3.2. Test
categories, types of joints, welding procedure and heat
treatment are determined proceeding from the pipe class.

1.3.3 Class I and Class II pipes, pipelines fittings,
side and bottom fittings, remote-controlled fittings,
venting fittings, air pipe covers, flexible joints
(including expansion joints), as well as the valves on
the forepeak bulkhead, are subject to survey by the
Register during manufacture.

1.4 PROTECTION AND INSULATION OF PIPING

1.4.1 Constructional measures on corrosion
protection.

1.4.1.1 In order to reduce the corrosion and
erosion wear of ship sea water pipelines during their
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Table 1.3.2
Piping system for Class 1 Class 11 Class 111
(p > prort > 1) (p<prorit<t)

Toxic and corrosive media
Inflammable media heated above flash point or
having flash point below 60°C?, liquefied gases

Without special safeguards
Without special safeguards'

Steam* p > L6ort > 300
Organic coolants* p > 1L6ort > 300
Fuel oil, lubricating oil and hydraulic oil* p > 1,6 ort > 300
Other media*>° p > 4,0o0r¢ > 300

' | With special safeguards'~ —

With special safeguards' —

< 0,7and t < 170
< 0,7and ¢t < 150
< 0,7 and ¢t < 60
< 1,6 and ¢t < 200

Any pressure and V4
temperature combination V4
except the values indicated p
for Classes I and III P

2 Not applicable to ammonia and other toxic media.
3 Cargo oil pipes belong to Class I1I.
4 p = design pressure, MPa;
t = design temperature, °C (refer to 2.3.1).
3 Including water, air, gases, non-flammable hydraulic fluids.

pipes may be used.

! Safeguard for reducing leakage possibility and limiting its consequences at the Register satisfaction.

® For open-ended pipes (drains, overflows, vents, exhaust gas lines, boiler escape pipes) irrespective of the temperature, Class I11

PzA Class 1

Class I1

P1

Pressure, p, in M Pa

Class ITT

—
15} 2 Lo
Temperature, t, in °C

Fig. 1.3.2

design and installation, the following shall be taken
into account:

.1 a number of detachable joints shall be kept to a
minimum. Detachable joints shall be located in places
accessible for inspection, maintenance and repair;

.2 a number of shut-off devices on pipelines shall be
kept to a minimum provided the system is functioning
properly. Fittings shall be located in places accessible
for inspection, maintenance and repair;

.3 pipelines shall have the minimum number of
bends. The radii of pipe bends shall be at least
2,5 times of their external diameter. Where the use of
bends with less radii is required, the special fittings
shall be applied;

.4 the use of welded bends made of segments for
pipes of the nominal diameter less than 200 mm is not
allowed. A number of segments for the 90° bend shall
not be less than three. The use of bent or welded
fittings for manufacturing of side or kingston valve
branch pipes is not permitted (refer to 4.3.2.10);

.5 the use of tee-pipes, branch pipes, nipples,
welded-on pieces and other components shall not
result in reduction of open flow area of the main in
the places of their installation;

.6 the average design flow velocity determined
according to Formula (1.4.1.1.6) shall not exceed the
values specified in Table 1.4.1.1.6.

Table 1.4.1.1.6

Permissible average flow
velocity, in m/s

Pipe material

Steel including galvanized, nodular

graphite iron 2,5
Copper 0,9
Aluminium brass 2,0
Copper-nickel alloys:

CuNi 5 Fe 2,0
CuNi 10 Fe 2,5
CuNi 30 Fe 35

Titanium alloys 10,0

Notes: 1. For pipelines of over 50 mm diameter with
shaped elements having the rounding radii in the places of
conjuctions with the main being equal to 0,15 diameter of the
latter and more, bent with the bending radius in excess of
2,5 external diameters and without welded turns and throttle
membranes, the flow velocity may be 30 per cent higher than
specified in the Table.

2. In low-activity systems (drenching, water screen, fire
sprinkling, ballast, heel, trim) the permissible values of a flow
velocity, regardless of the design and technological version of the
applied piping components, may be 30 per cent higher than
specified in the Table.

3. In systems with titanium pipes and fittings of other
materials, when permissible velocities are determined, the
decisive components are those made of other materials, and the
permissible velocities are subject to special consideration by the
Register in each case.

The compliance of the average flow velocity
V wean I the above sections of pipelines as well as in
kingston connecting channels with these require-
ments shall be confirmed by the calculation according
to the formula

Vinean=354Q/d* (1.4.1.1.6)

Q= permissible the maximum consumption at the design
section, in m3/h;
d = the internal diameter of a pipeline, in mm.

where

1.4.2 Protection against general equal corrosion.

1.4.2.1 Steel pipes of sea water, as well as air and
sounding pipes of ballast tanks, shall be protected
against corrosion upon completion of bending and
welding work by a method approved by the Register.
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The following methods may be used as such
protection:

.1 zinc coating applied by a hot method. The
minimum thickness of zinc coating layer shall not be
less than 50p. Depending on the purpose of piping,
the Register may require increasing of the coating
thickness;

.2 zinc-filled paint coatings of not less than 120p
in thickness;

.3 effective paint protective coatings (epoxy or
equal thereto in water-resisting property).

When selecting the coating type, consideration
shall be given to its resistance to the medium
conveyed by the system in accordance with the
operating conditions of the pipeline.

Aluminium coatings of pipelines are allowed in
ballast tanks, in cargo inerted tanks, as well as in
hazardous areas on the open deck provided their
protection of the accidental impacts. Application of
zinc or other metal coating does not relieve of
measures for protection of pipelines against contact
corrosion.

1.4.3 Protection against contact corrosion.

1.4.3.1 One of the following methods to protect
against contact corrosion shall be used when pipes
made of different metals are joined in sea water
systems: application of protective coating on internal
pipelines surfaces, electrical insulation, cathodic protec-
tion, use of "sacrificial" branch pipes (refer to 1.4.3.5).

1.4.3.2 The protective water proofing coating
(polymeric, paintwork or of other type approved by
the Register) is applied to contacting metals surfaces
washed by sea water at the length of at least 5 pipe
diameters from a contact point (but more than 1 m is
not required). The planar oxidation may be used for
titanium alloys instead of a water proofing. It is
recommended to use coatings along with other methods
of protection against contact corrosion.

1.4.3.3 Electrical disconnection of different metals is
effected by means of fitting electric insulating joints. In
this case the following requirements shall be fulfilled:

.1 to protect heat exchangers, other equipment and
pipes hooked up to them against contact corrosion, one
electric insulating joint at the contact place of different

metals and another one at a distance of at least
5 nominal those pipes diameters shall be fitted;

.2 to protect pipes and fittings connected to them,
bellows-shaped expansion joints and other similar
pipeline components made of different metals against
contact corrosion, electric insulating joints shall be
fitted at both sides of those components;

.3 to protect interconnected pipes made of
different materials against contact corrosion, the
pipe made of any above pipe material and having a
length of at least 5 nominal those pipes diameters
shall be fitted between pipes using electric insulating
joints at both ends;

.4 to protect hull structures from contact with
bottom and side fittings of nonferrous metal alloys,
electric insulating joints shall be fitted at both ends of
the bottom and side fittings, and also on the very pipe
and its branch pipes at a distance of at least
S nominal pipe diameters if the pipe and the ship
hull materials form an electric pair. Bottom, side and
pipeline fittings shall be electrically insulated from all
types of joints (control, heating, blow-off, etc
pipelines), which may form a metal contact between
the fittings and the ship hull. Where side and bottom
fittings are provided with the second shut-off fittings
made of the same metal, they shall be electrically
insulated as a unified structure;

.5 pipes with two or more electric insulating joints
shall be insulated from hangers;

.6 the structure of an electric insulating joint shall
be approved by the Register, have the tightness
required, be tested by hydraulic pressure in accor-
dance with 21.2 and have an electrical resistance in a
dry condition (prior to system filling) not less than
10 kOhm and not less than 1 kOhm following the
system filling and hydraulic tests.

1.4.3.4 A cathodic protection shall be applied
where sea water system components made of metals
specified in Table 1.4.3.4 are in contact.

1.4.3.4.1 Protectors shall be fitted immediately
between the surfaces of mating different metals.
Where it is impossible, they may be fitted on the
surface protected as close to the pipe contact place as
possible (at least one diameter).

Table 1.4.34
Metal combination Material subjected Protector
to corrosion material
Carbon, low-alloy steel, cast iron Copper, brass, bronze, copper-nickel alloys, | Carbon, low-alloy steel, cast iron | Zinc alloy

Copper, brass, bronze, copper-nickel alloys
class, titanium alloys
Copper, brass

Bronze, copper-nickel alloys

Corrosion-resistant steel
Corrosion-resistant steel of austenitic class

Titanium alloy

Brass

corrosion-resistant steel, titanium alloys
Corrosion-resistant steel of austenitic

Corrosion-resistant non-austenitc steel
Corrosion-resistant non-austenitic steel
Corrosion-resistant non-austenitic steel

Bronze, copper, copper-nickel alloys

Copper, brass, bronze, copper- Carbon steel
nickel alloys

Copper, brass

Any material specified may be
subjected to corrosion
Corrosion-resistant steel

Any material specified may be
subjected to corrosion

Brass

Carbon steel
Carbon steel

Carbon steel
Carbon steel

Carbon steel
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1.4.3.4.2 In pipelines with fittings and pipes of
different metals, protectors shall be fitted behind each
valve along a flow. For permanently closed valves and
in sections with changing flow motion direction,
protectors shall be fitted at both valve sides.

1.4.3.4.3 A corrosion-resistant steel, tin brass and
manganese bronze, aluminium bronze may be used in
sea water if only a cathodic protection is provided.

1.4.3.4.4 When fitting protectors, the reliable
electrical contact of a protector with an article
protected shall be provided.

1.4.3.4.5 The protector design shall permit its
replacement, which is effected after the protector life
cycle expires. In this case, joints tightness shall not be
broken.

1.4.3.4.6 The protector service period shall be at
least 2,5 years (at least 3 years for protection of
kingston and side branch pipes) and shall be
determined according to the formula

M

T=4A4 S

T = protector service period, in years;

M =mass of a protector working metal, in kg;

S = area of protected surface, in m?; the protected pipe
surface therewith is assumed equal to an internal
surface area of 5 internal diameters long;

A = coefficient equal to 0,75 for zinc protector and to
1,71 for steel one.

(1.4.3.4.6)

where

1.4.3.4.7 In addition to the materials specified in
Table 1.4.3.3, aluminium alloys may be used as the
material for protectors. However, the application of
aluminium protectors is, in each case, subject to
special consideration by the Register.

1.4.3.5 Where other methods of protection
against contact corrosion can not be used, it is
permitted to apply "sacrificial" branch pipes.

1.4.3.5.1 The "sacrificial" branch pipe is the
thick-walled cylindrical section of a carbon steel pipe
intended for displacement of a contact zone of
pipelines components made of nonferrous metals
and alloys from essential steel structures and equip-
ment. The "sacrificial” branch pipe shall not be
internally coated.

1.4.3.5.2 "Sacrificial" branch pipes shall be
machined of forgings or rolled products. The length
of a "sacrificial" branch pipe shall be at least 1,5 of
the internal pipe diameter. The sealing flange surface
of the "sacrificial" branch pipe being in contact with
a different metal shall be protected against contact
corrosion by facing or by another approved method
of cladding metal on the contacting item.

1.4.3.5.3 The wear margin of a "sacrificial"
branch pipe wall shall provide a pipeline service
period of at least 10 years on a basis of the total wall
corrosion rate of 1,5 mm/year.

1.4.3.5.4 The "sacrificial" branch pipe shall be
located in place accessible for inspection and

replacement. The spare "sacrificial" branch pipe shall
be on the ship.

1.4.3.5.5 Dismantling, inspection of contact surfaces
and measurements of "sacrificial" branch pipe wall
thicknesses shall be carried out at least once in 5 years.

1.4.4 Protection against excessive pressure.

1.4.4.1 Pipelines, in which pressure in excess of
the design pressure is possible, shall be equipped with
safety devices so that the pressure would not exceed
the design value for the pipes.

The liquid diversion from relief valves of pumps
transferring flammable liquids shall be effected into
the suction side of the pump or to the suction
pipeline. This requirement does not apply to cen-
trifugal pumps.

1.4.4.2 Where provision is made for a reducing
valve on the pipeline, a pressure gauge and a safety
valve shall be installed after the reducing valve.

An arrangement for by-passing the reducing
valve is allowed for use.

1.4.5 Insulation of piping.

Insulation of piping shall comply with 4.6,
Part VII "Machinery Installations" and 8.2, Part XII
"Refrigerating Plants".

1.4.6 Protection against green sea forces.

1.4.6.1 The requirements of 1.4.6 are applicable
to all ship types of sea-going service of length 80 m or
more, where the height of the exposed deck over the
forward 0,25L is less than 0,1L or 22 m above the
summer load waterline, whichever is the lesser.

1.4.6.2 Air pipes of tanks, ventilator pipes and
their closing devices located within the forward
quarter length shall have strength sufficient to resist
green sea forces at open sea. The requirements of
1.4.6 do not apply to cargo tank venting systems.

1.4.6.3 Applied loading.

1.4.6.3.1 The wave pressure P, kN/m?, acting on
air pipes, ventilator pipes and their closing devices
may be determined by the formula

P =0,5pV>C,C,C, (1.4.6.3.1)
where p = density of sea water (1,025 t/m?);

V' = velocity of water infrusion over the fore deck

(13,5 m/sec);
C, = shape coefficient, which is assumed:

0,5 — for pipes;
1,3 — for air pipes or ventilator heads;
0,8 — for an air pipe or ventilator head of cylindrical
form with its axis in the vertical direction;
slamming coefficient, which is assumed 3,2;
protection coefficient, which is assumed:
0,7 — for pipes and ventilator heads located
immediately behind a breakwater or forecastle,
1,0 — elsewhere and immediately behind a bulwark.

D
([

1.4.6.3.2 Forces acting in horizontal direction on
the pipes and their closing devices may be determined
by Formula (1.4.6.3.1) using the largest projected
area of each component.
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1.4.6.4 Strength requirements.

1.4.6.4.1 Bending stresses and loads in air and
ventilator pipes shall be determined at critical
positions: at penetration pieces, at weld or flange
connections, at toes of supporting brackets. Bending
stresses shall not exceed 0,8, where o, is the yield
stress or proof stress of steel at 0,2 per cent
elongation at room temperature. Irrespective of
corrosion protection, a corrosion addition to the
net section of 2 mm shall be then applied.

1.4.6.4.2 For standard pipes of 760 mm height
closed by heads of not more than the tabulated
projected area, pipe thicknesses and bracket heights
are specified in Table 1.4.6.4.2. Where brackets are
required, three or more radial brackets shall be fitted.

Brackets shall be of gross thickness 8 mm or
more, of minimum length not less than 100 mm, and
height according to Table 1.4.6.4.2 but shall not
extend over the joint flange for the head. Bracket toes
at the deck shall be suitably supported.

1.4.6.4.3 For other configurations, loads and
means of support shall be determined in accordance
with 1.4.6.3 and 1.4.6.4. Brackets, where fitted, shall
be of suitable thickness and length according to their

height. Pipe thickness shall not be taken less than as
indicated in 10.1.4.

1.4.6.4.4 For standard ventilators of 900 mm
height, pipe thicknesses and bracket heights are
specified in Table 1.4.6.4.4. Brackets, where required
shall be as specified in 1.4.6.4.2.

1.4.6.4.5 For ventilators of height greater than
900 mm, brackets or alternative means of support are
subject to special consideration by the Register in
each case.

1.4.6.4.6 All component parts and connections of
the air pipe or ventilator shall be capable of
withstanding the loads defined in 1.4.6.3.

1.4.6.5 Rotating type mushroom ventilator heads
are not permitted for installation in the areas defined
in 1.4.6.2.

1.5 WELDING AND NON-DESTRUCTIVE TESTING
OF WELDS

1.5.1 Welding and non-destructive testing of
welds in pipes shall be effected in compliance with
2.5 and 3, Part XIV "Welding".

Table 1.4.6.4.2

760 mm air pipe thickness and bracket standards

Nominal pipe diameter, mm | Minimum pipe thickness, mm |Maximum projection area of head, cm?|  Height of bracket, mm
50A 6,0 — 520
65A 6,0 — 480
80A 6,3 — 460
100A 7,0 — 380
125A 7,8 — 300
150A 8,5 — 300
175A 8,5 — 300
200A 8,5' 1900 300?
250A 8,5! 2500 300°
300A 8,5! 3200 300°
350A 8,5! 3800 300°
400A 8,5’ 4500 3007
! Brackets shall be fitted where the pipe thickness is less than 10,5 mm, or where the tabulated projected head area is exceeded.
2 For other air pipe heights, the relevant requirements of 1.4.6.4.3 shall be applied.

Table 1.4.6.4.4

900 mm ventilator pipe thickness and bracket standards

Minimum projection area of head, cm? Height of bracket', mm

460
380
300

55 —
880
1200
2000

2700
3300
4000

Nominal pipe diameter, mm Minimum pipe thickness, mm
80A 6,3
100A 7,0
150A 8.5
175A 8,5
200A 8,5
250A 8,5
300A 8,5
350A 8,5
400A 8,5
500A 8,5
! For other ventilator heights the relevant requirements of 1.4.6.4.5 shall be applied.
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1.6 MACHINERY, APPARATUS AND CONTROL
DEVICES

1.6.1 Pumps, fans, compressors and the electric drives
used in systems covered by the requirements of the present
Part shall also comply with the requirements of Part IX
"Machinery" and Part XI "Electrical Equipment".

1.6.2 Control and monitoring devices of piping
systems shall comply with the requirements of
Part XV "Automation".

1.6.3 Heat exchangers and pressure vessels used
in ships systems shall comply with the requirements
of Part X "Boilers, Heat Exchangers and Pressure
Vessels".

2 METAL PIPING

2.1 MATERIAL, MANUFACTURE AND APPLICATION

2.1.1 The materials, used for pipes and fittings, as
well as the methods of testing the materials shall
comply with the requirements of Part XIII "Materials".

The fuel oil pipes shall be manufactured of steel
or other material meeting the Register requirements
as to its strength and fire-resistance. These require-
ments apply to lubricating oil pipes in machinery
spaces and to pipes conveying other flammable oil
products including hydraulic and thermal liquids if
they are in spaces with sources of ignition.

2.1.2 In general, pipes and fittings of carbon steel
and carbon-manganese steel shall be used for media
with temperature not exceeding 400 °C, of low-alloy
steel — with temperature not exceeding 500 °C.

These steels may be admitted for temperatures
higher than the above mentioned, if their mechanical
properties and the average stress to produce rupture
in 100 000 hours at the design temperature comply
with the effective standards and are guaranteed by
the steel maker as suitable for high temperature
service.

Pipes and fittings for media with temperature
above 500 °C shall be manufactured of alloy steel.
Exhaust gas pipes are excluded from this require-
ment.

2.1.3 Copper and copper alloy pipes shall be
seamless drawn pipes or other type approved by the
Register.

Copper pipes for Classes I and II shall be
seamless.

Pipes and fittings of copper and copper alloys
shall generally be used for media having temperature
not in excess of 200 °C, and those of copper-nickel
alloys, for temperature not over 300 °C. Bronze
fittings may be admitted for media having tempera-
tures up to 260 °C.

2.1.4 Grey cast iron may be admitted for pipes
and fittings of piping in Class III used at ambient
temperature not lower than — 15 °C. In this case, the
ultimate strength of the grey cast iron shall not be less
than 200 MPa, and that of the fitting casings and

shaped components — not less than 300 MPa. Apart
from cargo pipelines, the permissible working pres-
sure in the pipelines of grey cast iron shall not exceed
1 MPa and for steam pipelines — 0,3 MPa.

Pipes and fittings of grey cast iron may be also
used for cargo lines with pressures up to 1,6 MPa on
the weather deck, inside cargo and slop tanks, except
for the manifolds, their valves and fittings for
connection to the cargo hoses.

The grey cast iron shall not be used for:

.1 pipes and fittings handling media with
temperatures above 220 °C;

.2 pipes and fittings subject to water hammer,
excessive strains and vibration;

.3 pipes directly connected to the shell plating;

.4 fittings fitted directly on the shell plating and
collision bulkhead;

.5 valves under static head, fitted directly on fuel
and lubricating oil tanks, unless protected against
mechanical damage by a method approved by the
Register;

.6 fire smothering systems;

.7 ballast lines inside cargo and slop tanks.

2.1.5 Spheroidal or nodular graphite cast iron may
be admitted for pipes and fittings of piping in Classes 11
and III including ballast, bilge and cargo lines, if the
elongation of this cast iron is not less than 12 per cent.
Where the elongation is less than that required, the area
of application of the pipes and fittings of spheroidal or
nodular graphite cast iron shall be the same as specified
in 2.1.4 for the grey cast iron.

The working temperature for piping components
made of spheroidal graphite cast iron of perlitic or
ferritic-perlitic structure shall not exceed 300 °C and
for the cast iron of ferritic structure 350 °C.

The impact toughness of the spheroidal graphite
cast iron for pipes and fittings used at the temperature
lower than — 15 °C shall not be less than 20 J/cm?.

Ship side-and-bottom fittings as well as the valves
and fittings referred to in 4.3.2.4, 4.3.2.6 to 4.3.2.7 and
the valves on the collision bulkhead, fuel and lube oil
tanks may be admitted to be of spheroidal graphite cast
iron of fully ferritic structure in accordance with
Table 3.9.3.1, Part XIII "Materials".
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2.1.6 Pipes up to 50 mm in diameter and fittings
of ductile cast iron of ferritic structure with elonga-
tion more than 12 per cent may be used for services
mentioned in 2.1.5 at the working temperature not
lower than — 15 °C and not higher than 350 °C and
under working pressure up to 2 MPa.

The area of application of pipes and fittings made of
ductile cast iron with elongation less than 12 per cent
shall be the same as specified in 2.1.4 for products
made of grey cast iron.

2.1.7 The application of pipes and other pipeline
components made of aluminium alloys in systems
mentioned under 1.1.1 is subject to special considera-
tion of the Register.

2.1.8 The plugs and threaded portion of deck
bushes of sounding pipes, terminating on the open
decks, shall be of bronze or brass. The use of other
materials shall be specially considered by the
Register.

2.1.9 Sight-glasses on fuel oil and oil pipes shall
be refractory.

2.2 RADII OF PIPE BENDS, HEAT TREATMENT
AFTER BENDING

2.2.1 The inner radius of pipe bend of the boiler
blow off pipes shall be at least 3,5 d; (d; =pipe inside
diameter).

The inner radius of bend of the steel and copper
pipes subjected to a pressure exceeding 0,49 MPa or a
working medium temperature exceeding 60 °C, as
well as bending radius of pipes with allowance for
thermal expansion, shall be at least 2,5d (d=pipe
outside diameter).

On agreement with the Register, bending to a
lesser radius may be permitted, provided no thinning
of pipe wall below the values stated in 2.3 would
occur during the bending.

2.2.2 Hot bending of stell pipes shall be generally
carried out in the temperature range 1000 to 850 °C;
however, the temperature may decrease to 750 °C
during the bending process.

For pipes, the bending of which is carried out
within this temperature range, the following applies:

.1 for C, C-Mn and C-Mo steels, no subsequent
heat treatment is required;

.2 for 1 Cr — 0,5 Mo steel with a wall thickness
greater than 8 mm, a subsequent stress relieving heat
treatment in the temperature range 620 to 680 °C is
required;

3 for 2,25 Cr — 1 Mo and 0,5 Cr — 0,5 Mo —
0,25 V steels of all thickness, a subsequent stress
relieving heat treatment in the temperature range 650
to 720 °C is required except for pipes with a wall
thickness <8 mm, diameter <100 mm and the

maximum service temperature up to 450 °C, for which
no subsequent heat treatment may be carried out.

2.2.3 When the hot bending is carried out outside
the temperature range stated in 2.2.2, a subsequent
new heat treatment in accordance with Table 2.2.3 is
generally required.

Table 2.2.3

Heat-treatment and
temperature (°C)

Type of steel

Cand C— Mn Normalizing 880 to 940
0,3 Mo Normalizing 900 to 940
1 Cr — 0,5 Mo Normalizing 900 to 960

Tempering 640 to 720
2,25 Cr— 1 Mo Normalizing 900 to 960
Tempering 650 to 780
0,5Cr—0,5Mo — 0,25V Normalizing 930 to 980
Tempering 670 to 720

2.2.4 After cold bending when r=4d, a complete
heat treatment in accordance with Table 2.2.3 is
generally required in any case, a stress relieving heat
treatment is required for 0,3 Mo steel with a wall
thickness =15 mm at 580 to 640 °C, 1 Cr — 0,5 Mo
steel with a wall thickness >8 mm at 620 to 680 °C and
for 2,25 Cr — 1 Mo and 0,5 Cr — 0,5Mo — 0,25V
steel with a wall thickness >8 mm, diameter > 100 mm
and service temperature above 450 °C at 650 to 720 °C.

2.2.5 Copper and copper-alloy pipes, except for
the pipes of measuring instruments, shall be annealed
before hydraulic testing.

2.2.6 Preheating before welding and postweld
heat treatment shall be effected in accordance with
2.5.5 to 2.5.7, Part XIV "Welding".

2.3 METAL PIPE WALL THICKNESS

2.3.1 The wall thickness of metal pipes (except cast
iron pipes) operating under the internal pressure shall
correspond to the greater of the values determined from
Table 2.3.8 or by the following formula:

S = So+b+C
1—(a/100)

where: Sy = dp/Q2coe +p);

Sy = theoretical wall thickness, mm;

d = outside diameter of the pipe, mm;

p = design pressure determined in accordance with 2.3.2, MPa;

¢ = weld efficiency factor taken in accordance with 2.3.3;

b = allowance for a reduction of pipe wall thickness because
of bending taken in accordance with 2.3.4, mm;

o = permissible (normal) stress determined in accordance
with 2.3.5 to 2.3.7, MPa;

¢ = corrosion addition taken in accordance with
Table 2.3.1-1 for steel pipes and Table 2.3.1-2 for
pipes of nonferrous metals, mm;

2.3.1)



Part VIII. Systems and Piping

75

Table 2.3.1-1
Allowance c¢ for corrosion for steel pipes

Working medium, piping service ¢, mm
Superheated steam 0,3
Saturated steam 0,8
Heating steam coils for water and fuel oil products | 2,0
in tanks and cargo tanks
Feed water in open circuit systems 1,5
Feed water in closed circuit systems 0,5
Blow-down of boilers 1,5
Compressed air 1,0
Hydraulic oil systems 0,3
Lubricating oil 0,3
Fuel oil 1,0
Cargo pipelines 2,0
Liquefied gas 0,3
Refrigerant piping 0,3
Fresh water 0,8
Sea water 3,0

Notes: 1. On agreement with the Register, the allowance
for corrosion may be reduced for pipes protected against
corrosion by special coatings, linings, etc.

2. Where pipes of steel with sufficient corrosion resistance
are used, the allowance for corrosion may be reduced to zero.

3. For pipes passing through tanks and on the open decks
the table values shall be increased by the allowance for the
influence of the external medium, which is assumed for the
appropriate medium in accordance with the present Table.

Table 2.3.1-2
Allowance c¢ for corrosion for pipes of nonferrous metals
and alloys
Pipe material ¢, mm
Copper, brass, copper-tin alloys and similar 0,8
alloys, except those with lead content
Copper-nickel alloys (with Ni content>10 %) 0,5

Note. Where pipes of special alloys with sufficient
corrosion resistance are used, the allowance for corrosion may
be reduced to zero.

a = negative manufacturing tolerance for pipe wall
thickness, % (when pipes without negative allowance
are used, a=0).

2.3.2 The design pressure, on the basis of which
pipe strength calculations are made, shall be assumed
equal to the maximum working pressure of the system.
Where safety relief valves are fitted, the design pressure
shall be their highest set pressure. Pipelines and
components of piping systems not protected by safety
valves or may be disconnected from their safety valves,
shall be calculated for the maximum possible pressure
at the outlet of the pumps connected.

For pipelines containing heated fuel oil, the design
pressure shall be taken according to Table 2.3.2.

Table 2.3.2
Determination of design pressure for fuel oil systems

'Working pressure P,
MPa

Working temperature 7, °C

No more than 60 More than 60

0,3MPa or P, (the | 0,3MPa or P, (the

greater of two values) | greater of two values)
P 1,4MPa or P,,,, (the

greater value)

No more than 0,7

More than 0,7

For pipelines of steering gear the design pressure
shall be assumed in compliance with 6.2.8.1, Part IX
"Machinery".

In particular cases not provided by the Rules the design
pressure is subject to special consideration by the Register.

2.3.3 The strength factor ¢ in strength calcula-
tions shall be taken as 1 for seamless pipes and
approved welded pipes, which are considered to be
equal to seamless pipes.

For other welded pipes the strength factor ¢ is
subject to special consideration by the Register in
each case.

2.3.4 The allowance for an actual reduction of
pipe wall thickness because of bending shall be
chosen in such a way that the stresses in the bent
part of the pipe because of internal pressure do not
exceed the permissible stresses.

Where precise values of thickness reduction while
bending are not known, the allowance b, mm, may be
obtained by the formula

b=0.4Sod/R (2.3.4)

where R = mean radius of pipe bend, mm.

2.3.5 In strength calculations the permissible
stresses are taken considering the following proper-
ties of material and working conditions:

R,,20 = ultimate resistance at room temperature,
MPa;

R.;); = the minimum yield strength at the design
temperature, MPa;

Ry = conventional yield strength at the design
temperature, MPa;

R,lno/? 000 — yltimate long-term strength for
100 000 hours at the design temperature, MPa;

Ry =1 per cent of creep limit for
100 000 hours at the design temperature, MPa.

The design temperature ¢ for determining permis-
sible stresses is taken as the maximum temperature of the
medium inside the pipes. In particular cases the design
temperature is specially considered by the Register.

2.3.5.1 For carbon or alloy steel pipes the
permissible design stresses are chosen equal to the
lowest of the following values:

Rii20/2,7; Roryi/1.8 or Rooy/1.8; Riny % /1.8;
Rpi%"/1.0.

The possibility of safety factor reduction shall be
a matter of special consideration by the Register in
each case.

When the design temperature is not included in the
creep limit of the material, the permissible stresses on
the creep limit are not compulsory for examination.

2.3.5.2 The permissible stresses for high-alloyed
steels are subject to special consideration by the
Register in each case.
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2.3.5.3 For copper and copper alloys pipes the
permissible stresses shall be determined in accordance
with Table 2.3.5.3.

2.3.5.4 The permissible stresses for aluminium and
titanium pipes in the strength calculations are assumed
equal to the minimum of the following values:

Ry20/4,0; Roa/1,6; Ry 7%°/1,6.

When the design temperature is not included in the
creep limit of the material, the permissible stresses on
the creep limit are not compulsory for examination.

2.3.6 Steam pipes with an external diameter of
80 mm and over for superheated steam at a
temperature of 350 °C and over shall be calculated
for stresses caused by thermal expansion, and flanged
joints — for strength and tightness.

The calculations of stresses in pipes because of
thermal expansion shall comply with the require-
ments of 18.3.

2.3.7 The wall thickness t,,;,, in mm, of cast iron
pipeline components shall not be less than that
obtained from the formula

tmin =Kk(0,5+0,001D,,,,,,) (2.3.7)
where D,,,,, =nominal diameter, in mm;
k = factor taken equal to:
9 — for pipes;

14 — for T-joints and valve bodies;
12 — for joints.

Moreover, the wall thickness of cast iron pipes
and fittings under internal pressure shall not be less
than that obtained from Formula (2.3.1), and the
allowance for a reduction of pipe wall thickness
because of bending in this case is b = 0;

weld efficiency factor ¢ taken equal to:

1 — for pipes and couplings;

0,4 — for bends, T-joints and four-way unions;

0,25 — for fitting bodies;

permissible stress o determined with regard to
2.1.4.3, 2.1.4.6, and 2.1.5.5, Part X "Boilers, Heat
Exchangers and Pressure Vessels";

corrosion addition ¢ due to sea water is:

4 mm — for cast iron of ferritic and ferritic-
perlitic structure;

3 mm — for cast iron of perlitic structure;

for media with low corrosivity, corrosion addi-
tion ¢ may be reduced on agreement with the
Register.

2.3.8 The wall thickness of steel, copper, copper
and titanium alloys pipes shall not be less than
indicated in Table 2.3.8.

2.4 PIPE JOINTS

2.4.1 Use of welded, flanged, threaded and
mechanical joints, made in accordance with the
standards approved by the Register, is allowed.

2.4.2 Welded joints.

2.4.2.1 Welded butt joints may be accomplished
with or without special provisions for full root
penetration. Welded butt joints of full penetration
type with special provisions for root side quality, for
instance, performed with the use of double-sided
welds, backing strap or other equivalent methods, are
allowed for piping of any class and diameter.

Welded butt joints of full penetration type
without special provisions for root side quality are
allowed for Class II and III pipelines without
diameter restrictions.

2.4.2.2 Slip-on and socket welded joints shall
have sleeves and sockets of adequate dimensions,
meeting the requirements of the standards approved
by the Register. Slip-on sleeve and faucet welded
joints may be used for Class III pipelines regardless
of pipe diameter.

In some cases such joints may be used for Class I
and II pipelines with outside diameter up to 88,9 mm
except the pipelines conveying toxic or corrosive
media and for operation under heavy fatigue loads,
excessive corrosion and erosion.

2.4.2.3 Welding and non-destructive testing shall
be carried out in accordance with 2.5 and 3.2,
Part XIV "Welding".

2.4.3 Flange connections.

2.4.3.1 Dimensions and shape of flanges and
connecting bolts shall comply with the standards
approved by the Register.

Table 2.3.5.3
Permissible stresses G,,,,, for pipes of copper and copper alloys
Pipe material Heat Minimum tensile Gperm» MPa, at working medium temperature, °C
treatment strength, MPa
50 | 75 1 100 | 125 | 150 | 175 | 200 | 225 [ 250 | 275 | 300
Copper Annealing 220 41 | 41 | 40 40 34 27 19 — | — 1 — | —
Aluminium brass Ditto 320 78 | 78 | 78 78 78 51 25 — =1 — 1| —
Copper-nickel Ditto 270 69 | 69 | 68 66 64 62 59 56 | 52| 48 | 44
95/5 and 90/10 5,3
Copper-nickel 70/30 Ditto 360 81 | 719 | 77 76 74 72 70 68 | 66 | 64 | 62

Notes: 1. Intermediate values shall be determined by linear interpolation.
2. For materials, which are not included in the Table, the permissible stresses will be subject to special consideration by the Register

in each case.
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Table 2.3.8
Minimum wall thickness of metal pipes, mm
External Pipes
diameter,
mm Steel Copper | Copper | Corro- | Tita-
alloys | sion- | nium-
Pipes of | Venting, | Sea water Bilge, air, Pipings of CO, fire resistant| based
systems | overflow |pipes (bilge,| overflow and extinguishing system steel | alloys
other than and ballast, sounding pipes
stated in | sounding cooling passing through
columns | pipes of | water, fire | ballast and fuel
3 —7 | structural | extingui- tanks; ballast ¢ - -
. . . rom cylinders to| from starting
tanks, shing pipes passing .
starting valves valves to
except for | systems, through fuel disch
. ischarge
those etc.) tanks; fuel pipings nozzles
stated in passing through
column 5 ballast tanks (refer
of the also to 9.2.3)
Table and
in 10.1.4.

1 2 3 4 5 6 7 8 9 10 11
<8 1,0 — — — — — — — 1,0 0,7
8,0 1,2 — — — — — 1,0 0,8 1,0 0,8
10,2 1,6 — — — — — 1,0 0,8 1,0 0,8
12,0 1,6 — — — — — 1,2 1,0 1,0 1,0
13,5 1,8 — — — — — 1,2 1,0 1,0 1,0
16,0 1,8 — — — — — 1,2 1,0 1,0 1,0
17,2 1,8 — — — — — 1,2 1,0 1,0 1,0
19,3 1,8 — — — — — 1,2 1,0 1,0 1,0
20,0 2,0 — — — — — 1,2 1,0 1,0 1,0

21,3 2,0 — 3,2 — 3,2 2,6 1,2 1,0 1,6 1,0
25,0 2,0 — 3,2 — 3,2 2,6 1,5 1,2 1,6 1,0
26,9 2,0 — 3,2 — 3,2 2,6 1,5 1,2 1,6 1,0
30,0 2,0 — 3,2 — 4,0 3,2 1,5 1,2 1,6 1,0
33,7 2,0 — 3,2 — 4,0 32 1,5 1,2 1,6 1,0
38,0 2,0 4,5 3,6 6,3 4,0 32 1,5 1,2 1,6 1,0
42,4 2,0 4,5 3,6 6,3 4,0 32 1,5 1,2 1,6 1,0
44,5 2,0 4,5 3,6 6,3 4,0 3,2 1,5 1,2 1,6 1,0
48,3 2,3 4,5 3,6 6,3 4,0 3,2 2,0 1,5 1,6 1,5
51,0 2,3 4,5 4,0 6,3 4,5 3,6 2,0 1,5 1,6 1,5
54,0 2,3 4,5 4,0 6,3 4,5 3,6 2,0 1,5 1,6 1,5
57,0 23 4,5 4,0 6,3 4,5 3,6 2,0 1,5 1,6 1,5
60,3 23 4,5 4,0 6,3 4,5 3,6 2,0 1,5 2,0 1,5
63,5 23 4,5 4,0 6,3 5,0 3,6 2,0 1,5 2,0 1,5
70,0 2,6 4,5 4,0 6,3 5,0 3,6 2,0 1,5 2,0 1,5
76,1 2,6 4,5 4,5 6,3 5,0 3,6 2,0 1,5 2,0 1,5
82,5 2,6 4,5 4,5 6,3 5,6 4,0 2,0 1,5 2,0 1,5
88,9 2,9 4,5 4,5 7,1 5,6 4,0 2,5 2,0 2,0 2,0
101,6 2,9 4,5 4,5 7,1 6,3 4,0 2,5 2,0 2,0 2,0
108,0 2,9 4,5 4,5 7,1 7,1 4,5 2,5 2,0 2,0 2,0
114,3 3.2 4,5 4,5 8,0 7,1 4,5 2,5 2,0 23 2,0
127,0 3,2 4,5 4,5 8,0 8,0 4,5 2,5 2,0 2,3 2,0
133,0 3,6 4,5 4,5 8,0 8,0 5,0 3,0 2,5 2,3 2,0
139,7 3,6 4,5 4,5 8,0 8,0 5,0 3,0 2,5 2,3 2,0
152,4 4,0 4,5 4,5 8,8 8,8 5,6 3,0 2,5 23 2,0
159,0 4,0 4,5 4,5 8,8 8,8 5,6 3,0 2,5 23 2,0
168,3 4,0 4,5 4,5 8,8 8,8 5,6 3,0 2,5 23 2,0
177.8 4,5 5,0 5,0 8,8 — — 3,0 2,5 2,3 2,0
193,7 4,5 5,4 5,4 8,8 — — 3,5 3,0 2,5
219,1 4,5 5,9 5,9 8,8 — — 3,5 3,0 2,5
244,5 5,0 6,3 6,3 8,8 — — 3,5 3,0 2,5
267,0 5,0 6,3 6,3 8.8 — — 3,5 3,0 2,5
273,0 5,0 6,3 6,3 8.8 — — 4,0 3,5 3,0
298,5 5,6 6,3 6,3 8.8 — — 4,0 3,5 3,0
3239 5,6 6,3 6,3 8,8 — — 4,0 3,5 3,0
355,6 5,6 6,3 6,3 8,8 — — 4,0 3,5 3,0
368,0 5,6 6,3 6,3 8,8 — — 4,0 3,5 3,0
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Table 2.3.8 — continued

1 2 3 4 5 6 7 8 9 10 11
406.4 6.3 6.3 6,3 8.8 — — 4,0 35 2.3 3,0
419,0 6.3 6.3 6,3 8.8 — — 4,0 3,5 2,6 3,0
4572 6.3 6.3 6.3 8,8 — — 4,0 3,5 2,6 3,0
508,0 — — — — — 45 4,0 2,6 3,5

Notes: 1. For pipes with thicknesses and diameters indicated in the Table, the nearest values specified in national and international

standards may be accepted on agreement with the Register.

2. For the tabulated values no allowance need be made for negative manufacturing tolerance and reduction in thickness due to

bending.

3. For the pipes with diameters greater than 450 mm, the minimum thickness shall be taken in accordance with the standards agreed
upon with the Register; the minimum thickness value shall not be taken less than that specified for pipes with diameter of 450 mm.
4. The minimum internal diameters of drain, sounding, air and overflow pipes shall be accepted in compliance with 7.2.3, 10.1.12,

10.2.8 and 10.4.7 accordingly.

5. For pipes protected against corrosion by special coatings, linings, etc., the minimum wall thicknesses of pipes, listed in columns 3,

4 and 5, may be reduced by an amount of not more than 1 mm.

6. For sounding pipes, the thicknesses stated in colns 3 and 5 apply to the parts, which are outside the tanks, for which these pipes are

intended.

7. For threaded pipes, the wall thickness shown is the minimum thickness at the bottom of the thread.
8. The thicknesses stated in columns 6 and 7 apply to the pipes, which are galvanized on the inside.
9. The minimum wall thicknesses of bilge and ballast lines passing through cargo tanks, as well as cargo lines will be subject to special

consideration by the Register in each case.
10. The Table is not applicable to the exhaust gas piping.

11. For low pressure carbon dioxide system the wall thickness of pipes on a length from tank to discharge nozzles shall be the same as

in column 7.

12. Wall thickness of scuppers and discharge pipes shall not be less than stated in 4.3.2.
13. Wall thickness of ballast and air pipes passing through cargo tanks shall comply with the requirements of Table 9.10.1.

The applied seals shall be compatible with the
conveyed medium at the design pressure and tempera-
ture. For non-standard joints the strength dimensions
of flanges and connecting bolts shall be subjected to
special consideration by the Register in each case.

Flange connections shall be chosen in accordance
with the national or international standards approved
by the Register, depending on the medium being
conveyed, design pressure and temperature, external
and cycling loads, as well as the pipeline location.

A a4

8 8

[4 A

”1

E

"In tapered threaded connection of type D the outside

diameter of pipe thread shall not be less than the pipe outside
diameter. The pipe shall be flared after the flange is fitted.

Fig. 2.4.3.2

2.4.3.2 Connection of flanges and pipes shall be
made in accordance with Fig. 2.4.3.2.

Other types of joints may be accepted by the
Register upon the special consideration.

2.4.3.3 Choice of flange and pipe joints type
depending on pipeline class shall be conducted in
accordance with Table 2.4.3.3.

Table 2433
Class of Toxic, Fuel oil, Steam  |Other media'
piping | corrosive and | lubricating
combustible oil,
media, combustible
liquefied gas® |hydraulic oil
I A4, B° A, B A4, B A, B
11 A, B C A, B, C |4, B C D4, B C, D
o
111 — A,B,C |4,B,C,D| A,B,C, D,
E®

! Including water, air, gases, non-combustible hydraulic oil.

2 When design temperature exceeds 400 °C — only type A.

3 When design pressure is over 1 MPa — only type A.

4 Types C3, D and E (refer to Fig. 2.4.3.2) shall not be used
when design temperature exceeds 250 °C.

5> Type B — only for pipes with outside diameter of
154,4 mm and lower.

© For Type E the flanging technology shall be approved by
the Register.

2.4.4 Tapered threaded connections.

2.4.4.1 Threaded connections shall be accomp-
lished in compliance with the requirements of the
approved national or international standards. Such
connections shall not be applied in systems conveying
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toxic and flammable media or media causing severe
corrosive or erosive wear, as well as in conditions
with heavy fatigue loads.

The threaded slip-on joints with taper thread may
be applied in Class I pipelines with the diameter up to
33,7 mm and Class II and III pipelines with the
diameter up to 60,3 mm.

Joints with parallel thread may be applied in
Class III pipelines with the diameter up to 60,3 mm.

In particular cases, sizes in excess of those
mentioned above may be accepted by the Register
after special consideration if in compliance with the
national or international standards.

2.4.4.2 Application of threaded connections in
CO, fire-extinguishing systems is allowed only inside
the spaces to be protected and in CO, cylinders room.

2.4.5 Mechanical joints.

2.4.5.1 The present requirements are applicable
to compression couplings, pipe unions and slip-on
joints shown in Table 2.4.5.1. Application of such
joints may be also accepted by the Register.

Due to the great variations in design and
configuration of mechanical joints, no specific
recommendations regarding the check calculation of
their strength are given.

Type approval of the mechanical joints shall be
based on the results of testing of their specimens.

2.4.5.2 Mechanical joints, their application and
pressure ratings shall be approved by the Register.
The approval shall be based on the type tests in
accordance with a program approved by the Register.

2.4.5.3 Where the application of mechanical
joints results in reduction in pipe wall thickness due
to the use of bite type rings or other structural
elements, this shall be taken into account in
determining the minimum wall thickness of the pipe.

2.4.5.4 Construction of mechanical joints shall
prevent the possibility of tightness failure affected by
pressure pulsation, piping vibration, temperature
variation and other similar adverse effects occurring
during operation on board.

2.4.5.5 Material of mechanical joints shall be
compatible with the piping material and media being
conveyed.

2.4.5.6 Mechanical joints shall withstand a test
pressure not less than 4 times the design pressure.

For design pressures of 20 MPa and above, the
required test pressure may be reduced on agreement
with the Register.

2.4.5.7 Mechanical joints listed in Table 2.4.5.13
intended for use in systems conveying flammable
media and in essential purpose systems shall be of fire
resistant type.

Examples of mechanical joints

Table 2.4.5.1

Pipe unions

Welded and
brazed types

Compression couplings

Swage type
Press type
AR
— et
\\‘\\‘\:\‘("‘:““"'l:'“':\f‘:“:‘““““
Bite type

Flared type

Slip-on joints
Grip type (& )\
\ V
Machine
grooved
type \x \'L

2\

1
&

1

Ji
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Table 2.4.5.1 — continued

Slip type

2.4.5.8 Mechanical joints, which in the event of
damage could cause fire or flooding, shall not be used
in piping sections directly connected to the sea
openings or tanks containing flammable fluids.

2.4.5.9 The mechanical joints shall be designed to
withstand internal and external pressure as applicable
and where used in suction lines shall be capable of
operating under vacuum.

2.4.5.10 The number of mechanical joints in oil
systems shall be kept to a minimum. Application of
standard flanged joints shall be preferred.

2.4.5.11 Piping, in which a mechanical joint is
fitted, shall be adequately adjusted, aligned and
supported. Supports or hangers shall not be used
for alignment of piping at the point of connection.

2.4.5.12 Slip-on joints shall not be used in
pipelines in cargo holds, tanks, and other spaces,
which are not easily accessible, unless approved by
the Register.

Application of these joints inside tanks may be
permitted only for the same media that is in the
tanks.

Usage of slip-on joints as the main means of pipe
connection is not permitted. They shall be used only
in cases where compensation of lateral pipe deforma-
tion is necessary.

2.4.5.13 Application of mechanical joints and
their acceptable use for each service is indicated in
Table 2.4.5.13-1; dependence upon the class of
piping, piping dimensions, working pressure and
temperature is indicated in Table 2.4.5.13-2.

2.4.5.14 Mechanical joints shall be tested in
accordance with a program approved by the Register,
which shall include at least the following:

.1 leakage test;

.2 vibration test;

.3 fire endurance test (where necessary);

.4 pressure pulsation test (where necessary);

.5 vacuum test (where necessary);

.6 burst pressure test;

.7 pull-out test (where necessary);

.8 assembly test (where necessary).

The scope and nature of the tests shall be
specified depending on the type of joint and the
purpose of piping.

2.4.5.15 The installation of mechanical joints
shall be in accordance with the manufacturer’s
assembly instructions. Where special tools and
gauges are required for installation of the joints,
these shall be supplied by the manufacturer.

2.5 FLEXIBLE HOSES

251 Flexible hose assembly is a short
length of metallic or non-metallic hose normally with
prefabricated end fittings ready for installation.

2.5.2 Application.

2.5.2.1 The requirements 2.5.3 to 2.5.6 apply to
flexible hoses of metallic or non-metallic material
intended for permanent connection between a fixed
piping system and items of machinery. The require-
ments may also be applied to temporary connected
flexible hoses or hoses of portable equipment.

2.5.2.2 Flexible hose assemblies may be accepted
for use in fuel oil, lubricating, hydraulic and thermal
oil systems (cold portions), fresh water and sea water
cooling systems, bilge and ballast systems, and
Class III steam systems where they comply with
2.5.3 to 2.5.6. Flexible hoses in high-pressure fuel oil
injection systems shall not be accepted.

2.5.2.3 The present requirements are not applic-
able to hoses of water fire main system.

2.5.3 Design and construction.

2.5.3.1 Flexible hoses shall be designed and
constructed in accordance with the approved stan-
dards. Flexible hoses constructed of rubber or
plastics materials and intended for use in bilge,
ballast, compressed air, fuel oil, lubricating, hydrau-
lic and thermal oil systems shall incorporate a single
or double closely woven integral wire braid or other
suitable material reinforcement.

Where rubber or plastics materials hoses shall be
used in oil supply lines to burners, the hoses shall
have external wire braid protection in addition to the
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Application of mechanical joints depending on the pipeline service

Table 2.4.5.13-1

Nos. Systems Kind of connections
Pipe unions Compression couplings' Slip-on joints
Flammable fluids (flash point <60 °C)
1 | Cargo oil lines + + 42
2 | Crude oil washing lines + + +2
3 Vent lines + + 43
Inert gas
4 | Water seal effluent lines + + +
5 | Scrubber effluent lines + + +
6 Main lines + + 125
7 | Distribution lines + + +2
Flammable fluids (flash point >60 °C)
8 | Cargo oil lines + + 42
9 Fuel oil lines + + 435
10 | Lubricating oil lines + + +35
11 | Hydraulic oil + + +35
12 | Thermal oil + + 435
Sea water
13 | Bilge lines + + 46
14 | Water fire main and water spray + + +3
15 | Foam system + + 43
16 | Sprinkler system + + +3
17 | Ballast system + + +6
18 | Cooling water system + + +0
19 | Tank cleaning services + + +
20 | Non-essential systems + + +
Fresh water
21 | Cooling water system + + +6
22 | Condensate return + + +6
23 | Non-essential system + + +
Sanitary/drains/scuppers
24 | Deck drains (internal) + + +4
25 | Sanitary drains + + +
26 | Scuppers and discharge (overboard) + + —
Sounding/vent
27 | Water tanks/cofferdams + + +
28 | Fuel oil tanks (flash point >60 °C) + + 435
Miscellaneous
29 | Starting/control air® + + _
30 | Service air (non-essential) + + +
31 | Brine + 4 +
32 | CO, system6 + + _
33 | Steam + + _
Symbols:
+ application is allowed;
— application is not allowed.
"If compression couplings include any components, which readily deteriorate in case of fire, they shall be also of approved fire
resistant type as required for slip-on joints.
In pump rooms and open decks — only approved fire resistant types.
3 Approved fire resistant types.
4 Above upper deck only.
5 Not inside machinery spaces of category A or accommodation spaces. May be accepted in other machinery spaces, provided the
joints are located in easily visible and accessible positions.
® Inside machinery spaces of category A — only approved fire resistant types.
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Table 2.4.5.13-2

Application of mechanical joints depending upon the class of piping

Types of joints

Classes of piping systems

+ application is allowed;
— application is not allowed.

1 11 111
Pipe unions
Welded and brazed type + (outside diameter <60,3 mm)|[+ (outside diameter <60,3 mm) +
Compression couplings
Swage type + + +
Bite type, flared type + (outside diameter <60,3 mm)[+ (outside diameter <60,3 mm) +
Press type — — +
Slip-on joints
Machine grooved type + + +
Grip type — + +
Slip type — + +
Symbols:

integral reinforcement. Flexible hoses for use in
steam systems shall be of metallic construction.

2.5.3.2 Flexible hoses shall be complete with
approved end fittings. Except the flange connections,
the end connections shall comply with the applicable
requirements of 2.4.5 and each type of hose/fitting
combination shall be subject to prototype testing.

2.5.3.3 The use of hose clamps and similar types of
end attachments is not acceptable for flexible hoses in
piping systems for steam, flammable media, starting air
systems or for seca water systems where failure may
result in flooding (e.g. when they are connected directly
to side openings). In other piping systems, the use of
hose clamps may be accepted where the working
pressure is less than 0,5 MPa and provided there are
double clamps at each end connection.

2.5.3.4 Flexible hose assemblies intended for
installation in piping systems where pressure pulses
or high levels of vibration are expected to occur in
service, shall be designed for the maximum expected
impulse peak pressure and forces due to vibration.
The tests required by 2.5.5 shall take into considera-
tion the maximum anticipated in-service pressures,
vibration frequencies and forces due to installation.

2.5.3.5 Flexible hose assemblies constructed of
non-metallic materials intended for installation in
piping systems for flammable media and sea water
systems where failure may result in flooding (e.g.
when they are connected directly to side openings),
shall be of fire-resistant type. Fire resistance shall be
demonstrated by testing in accordance with the
requirements of 2.5.5.6.

2.5.3.6 Flexible hose assemblies shall be selected
for the intended location and application taking into
consideration ambient conditions, compatibility with
the conveyed fluids under working pressure and

temperature conditions consistent with the manufac-
turer’s instructions.

2.5.4 Installation.

2.5.4.1 In general, flexible hoses shall be limited
to a length necessary to provide for relative move-
ment between fixed and flexibly mounted items of
machinery equipment or piping.

2.5.4.2 Flexible hose assemblies shall not be installed
where they may be subjected to torsion deformation
(twisting) under normal operation conditions.

2.5.4.3 The number of flexible hoses in piping
systems shall be kept to minimum and shall be
limited for the purpose stated in 2.5.2.

2.5.4.4 Where flexible hoses are intended to be
used in piping systems conveying flammable fluids
that are in close proximity of heated surfaces the risk
of ignition due to failure of the hose assembly shall be
mitigated by the use of screens or other similar
protection to the satisfaction of the Register.

2.5.4.5 Flexible hoses shall be installed in clearly
visible and readily accessible locations.

2.5.4.6 The installation of flexible hose assemblies
shall be in accordance with the manufacturer’s
instructions and use limitations with particular
attention to the following:

orientation (with consideration for allowable
movement in service);

end connection support (where necessary);

avoidance of hose contact that could cause
rubbing and abrasion;

minimum bend radii.

2.5.5 Tests.

2.5.5.1 Acceptance of flexible hose assemblies is
subject to satisfactory prototype testing. Prototype
test programmes for flexible hose assemblies shall be
submitted by the manufacturer and shall be suffi-
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ciently detailed to demonstrate performance in
accordance with the specified standards.

2.5.5.2 The tests shall be carried out on different
nominal diameters of hose type complete with end
fittings and shall incorporate tests in accordance with
2.5.5.3 to 2.5.5.6. Other standards may be accepted
when agreed by the Register.

2.5.5.3 Each flexible hose assembly shall be tested
by test pressure equal to 1,5 times the design pressure
during 5 min. No residual deformations and damages
are accepted.

2.5.5.4 All flexible hose assemblies shall be tested
by burst pressure equal to four times the design
pressure. Residual deformations without visible
damages or leaks are accepted.

2.5.5.5 Pressure impulse tests shall be carried out
during prototype tests for flexible hose assemblies
intended for installation in systems where pressure
impulses are expected. Pressure impulse tests shall be

carried out to ISO 6802, ISO 6803, ISO 10380 or
equivalent.

2.5.5.6 Fire resistance tests shall be carried out
during prototype tests of flexible hose assemblies
referred to in 2.5.3.5. The tests are carried out to
ISO 15540 and ISO 15541 or equivalent.

2.5.6 Marking.

2.5.6.1 Flexible hoses shall be permanently
marked by the manufacturer with the following
details:

hose manufacturer’s name or trademark;

date of manufacture (month/year);

designation type reference;

nominal diameter;

pressure rating;

temperature rating.

Where a flexible hose assembly is made up of
items from different manufacturers, the components
shall be clearly identified.

3 PLASTIC PIPING

3.1 DEFINITIONS

3.1.1 For the purpose of the present Section, the
following definitions have been adopted.

Nominal pressure is the maximum per-
missible working pressure as defined in 6.8.2.3,
Part XIIT "Materials".

Fire resistance is the ability of plastic
pipeline to maintain strength and integrity (i.c. ability
to operate to its designated purpose) within the set
period of time under flame exposure.

Plastic materials are thermoplastic (ther-
moplasts) and thermosetting (thermosets) materials
with or without reinforcement, such as polyvi-
nylchloride (PVC) and fibre reinforced plastic (FRP).

Design pressure is the maximum working
pressure expected under operating conditions or the
maximum pressure setting of the pressure-relief valve
or pressure relieving device, if fitted.

Joint is the connection of pipes by glueing,
application of binding bands, welding, etc.

Piping/piping system is a combination
of plastic pipes, formed components, pipe joints and
any internal or external coatings or linings necessi-
tated by operating conditions.

Formed components are bends, elbows,
connecting branches, etc. made of plastic.

3.2 SCOPE OF APPLICATION. GENERAL REQUIREMENTS

3.2.1 The present requirements apply to all
pipelines made from plastics.

3.2.2 The requirements are not applied to flexible
non-metal joints, rubber hose, as well as to mechani-
cal unions used in systems with metal pipes.

3.2.3 General requirements to plastic pipes and
fittings are stated in 6.8, Part XIII "Materials".

3.3 REQUIREMENTS FOR PIPING DEPENDING
ON THEIR PURPOSE AND LOCATION

3.3.1 Fire-resistance.

3.3.1.1 Pipes and formed components, integrity
of which has significant influence on ship’s safety,
shall meet the requirements of fire-resistance.

3.3.1.2 Depending on pipeline ability to maintain
integrity during fire-resistance tests according to the
procedure stated in Annexes 1 and 2 to IMO resolu-
tion A.753(18), three degrees of fire-resistance are specified:

L1 for pipelines withstanding fire-resistance test
in dry condition during 1 hour;

L2 for pipelines withstanding fire-resistance test
in dry condition during 30 min;

L3 for pipelines withstanding the fire-resistance
test in filled condition during 30 min.

Plastic pipelines scope of application depending
on fire-resistance degree, location and media con-
veyed is given in Table 3.3.1.2.
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Table 3.3.1.2
Application of plastic pipelines
Nos Medium to be Location
conveyed Piping systems AlB|lc|D|E|F|lca|lHuH]|IT1|[J]|K
1 | Liquid cargoes with | Cargo — | — | L1 — | — O — 0| o —|Le
flash point Crude oil tank washing — | — | L1 — | — O — 0| o —|Lre
<60 °C Exhaust gas — | — 11— — (0} — 10| o — +
2 Inert gas Pipeline from hydraulic lock — | — 1 o — — | o 0! 0! 0! — (0]
Pipeline from purifier o'| o — | = =1 —=1]1—=10"]0 — (6]
Main pipe olo|luu|—|—|—|—|—]o0]—|Lt®
Distribution pipelines — — L1 — (0] — — O — | L1?
3 | Flammable liquids Cargo + + L1 + + 1 o]0 o — | L1
with flash point Fuel oil + + L1 + + |- o O (0] Ll | LI
>60 °C Oil + + L1 + + — | — 1 — (0] L1 L1
Hydraulic + + L1 + + O (0] O (0] L1 L1
4 | Sea water Drainage L7 | L1”| LI + + — O O O — | L1
Drain pipelines of internal spaces | L1* | L1* | — | L1* | O — (¢) O (0] O (0]
Sanitary drains (internal) O O — O (0] — (0] O (0] O (0]
Drainage from weather decks oflo¥|lo¥ oo o (0] O o |o¥| o
Firemain system and water L1 L1 Ll + — — — O (0] + L1
spraying
Foam fire-extinguishing L1 | L1 L1 + — | — O O L1 L1
Sprinkling L1 | L1 | L3 + — | — | — O O L3 | L3
Ballast L3|Lw|w||+|[o°lo]of|o]|L]|L
Essential purpose cooling systems | L3 | L3 | — | — | — | — | — O (0] — | L2
Non-essential purpose cooling systems O O O O (0] — (0] O (0] O (0]
Crude oil tank washing — | — | L3 | — — (0] — O (6] — | L3?
5 | Fresh water Essential purpose cooling systems | L3 | L3 | — | — | — | — (0] O (¢) L3 | L3
Condensate return system L3 | L3 | L3 (0} O — | — | — (0] O (0]
Non-essential purpose systems (0] O O (0] — (0] O (0] O (0]
6 | Other media Air, sounding and overflow
pipes: water tanks and dry O O (6] O o |o®| o O (0] O (0]
compartments
Flammable liquids,
T j1asn > 60 °C + + + + + |+ o ]o”| o + +
Pneumatic control systems |||l —]J o]l o] o |Lr|Lr
Air pipes for domestic needs O O O — (@) O (@) O (0]
Brine (0] (0] — (0] (0] — _ — (0] (0] (0]
Low pressure steam ||l |o | o O (0] O (0] o | o
Symbols and abbreviations:
A - machinery spaces of category A;
B - other machinery spaces;
C - cargo pumps rooms, including accesses and trunks;
D - cargo spaces of roll-on/roll-off ships;
E - dry cargo rooms and trunks;
F - cargo tanks and trunks;
G - fuel oil tanks and trunks;
H - ballast tanks and trunks;
I - cofferdams, dry compartments, etc;
J - accommodation, service spaces and control stations;
K - weather decks;
L1 - fire-resistance test in dry condition during 60 min;
L2 - fire-resistance test in dry condition during 30 min;
L3 - fire-resistance test in filled condition during 30 min;
O - fire-resistance test is not required;
— - not applicable;
+ - only metal materials with fusion point above 925 °C.
! From the side the valves with remote control located outside of the room shall be provided.
F or cargo tanks the remotely closing valves shall be provided.
When cargo tanks contain flammable liquids with flash temperature > 60 °C, "O" may be used instead of "-" or "+".
For drainage pipelines servicing only the particular space "O" may be used instead of "L1".
> When control functions are not foreseen, "O" may be used instead of "L1".
For pipeline between engine room and deck hydraulic lock "O" may be used instead of "L1".
For passenger ships "+" shall be used instead of "L1".
8 Scupper holes of weather decks in the positions 1 and 2 according to Regulation 13 of the International Convention on Load Line,
1966, shall be "+", if they are not provided with the appropriate blanking means.
For essential purposes, such as heating of cargo tanks and ship’s typhon, "+" shall be used instead of "O".
- tead F?{'g}pkers where the requirements of item 3(f), Regulation 13F, Annex I, MARPOL-73/78 shall be met, "-" shall be used
instead o
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3.3.2 Flame spreading, flame-retardant coatings.

3.3.2.1 All pipes, with the exception of pipes
located on weather decks, in tanks, in cofferdams,
void spaces, pipelines tunnels, etc. shall obtain
characteristic of slow spreading of flame on the
surface, not exceeding the average values fixed in
IMO resolution A.653(16) and determined according
to the procedure given in Annex 3 to IMO resolution
A.753(18) considering the changes arising from
curved surface of pipes or specified by other
standards approved by the Register.

3.3.2.2 When fire-retardant coatings are applied
to provide the required degree of fire-resistance they
shall comply with the requirements of 6.8, Part XIII
"Materials".

3.3.2.3 Fire-retardant coatings in junctions shall
be applied after conducting of hydraulic tests of the
system in compliance with pipe manufacturer re-
commendations according to the procedure approved
by the Register in each case.

3.3.2.4 Fire-retardant coatings shall be used
according to the approved recommendations of the
manufacturer.

3.4 INSTALLATION REQUIREMENTS

3.4.1 Supports.

3.4.1.1 Choice of supports and distances between
them shall be determined depending on permissible
stresses and maximum allowable pipe swag.

Distances between supports shall not exceed the
values recommended by the manufacturer.

In selection of supports and distances between
them pipes sizes, mechanical and physical properties
of pipe material, mass of pipes and liquid containing
in them, external pressure, working temperature,
influence of heat expansion, load of outer forces,
axial forces, hydraulic impact, vibration, which may
occur in the system, shall be taken into consideration.
Allowance shall be made for the possible simulta-
neous effect of the above mentioned loads.

3.4.1.2 The load from pipe weight shall be equally
distributed over the entire load-bearing face of the
support. Measures shall be taken to minimize pipe
wearing in the points of their junction with the supports.

3.4.1.3 Components of system having significant
mass, such as valves, compensators, etc. shall be
fitted with separate supports.

3.4.2 Heat expansion compensation.

3.4.2.1 When assembling of plastic pipelines the
compensation tolerance for relative displacement
between piping and steel structures with regard to
difference in heat expansion ratio and ship’s hull
deformation shall be provided.

3.4.2.2 When calculating heat expansions the
working temperature of system and the temperature,
at which assembling is carried out, shall be taken into
account.

3.4.3 Environmental stresses.

3.4.3.1 In pipe laying, where necessary, allowance
shall be made for periodically involved concentrated
loads. At least, the force generating by the load of
one person of 100 kg in the middle of span of any
pipe with the outer diameter over 100 mm shall be
taken into consideration.

3.4.3.2 To ensure the appropriate rigidity of
piping, including pipelines with open ends, the
Register may require to increase the wall thickness
in comparison with thickness specified on the basis of
strength control.

3.4.3.3 When necessary, pipes shall be protected
from mechanical damage.

3.4.4 Installation of electrically conducting pipes.

3.4.4.1 In systems of liquids transmission with
electrical conductivity less than 1000 pico-siemens per
meter (PS/m), such as raffinates, distillates, the
electrically conductive pipes shall be used.

3.4.4.2 Regardless of the liquids transmitted the
plastic pipes passing through explosive areas shall be
electrically conductive.

Resistance in any point of pipeline system as
relative to earth shall not exceed 10® Ohm. Pipes and
formed components having electrically conducted
layers shall preferably be of equal conductivity.

Such pipes shall be sufficiently protected from
damage by electric discharge caused by difference in
the electrical conductivity of layers.

3.4.4.3 After installation earth connection shall
be checked. Earthing wires shall be accessible for
examination.

3.5 PLASTIC PIPES JOINTS

3.5.1 Strength of joints.

3.5.1.1 Strength of joints shall not be less than
strength of a pipeline where they are mounted.

3.5.1.2 Pipes may be connected with the use of
glued, welded, flanged and other connections.

3.5.1.3 Glues used for pipes joints shall keep
tightness of joints in the whole pressure and
temperature range.

3.5.1.4 Tightening of joints shall be carried out in
compliance with the instructions of the manufac-
turer.

3.5.2 Testing of joints quality.

3.5.2.1 For the inspection of pipe joint quality it
is necessary in accordance with the accepted proce-
dure to prepare test assemblies, which shall include at
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least one joint of pipe with pipe and pipe with formed
component.

3.5.2.2 Following joint setting, a test connection
shall be subjected to a hydraulic pressure test during
at least 1 hour at the pressure 2,5 times exceeding the
design one. Leakage and breaks of joint are not
allowed. Tests shall be arranged in such a way that
joints are loaded both in longitudinal and transverse
directions.

3.5.2.3 When selecting pipes for test specimen the
following shall be taken into consideration:

when the maximum outer diameter of joint
assembly is less than 200 mm, the test assembly shall
incorporate a pipe with the maximum diameter;

when the maximum outer diameter of joint
assembly is over 200 mm, the outer diameter of test
joint assembly shall be 200 mm or shall be equal to
25 per cent of the maximum diameter of the
coupling, whatever is greater.

3.6 PLASTIC PIPING LAYING

3.6.1 Where plastic pipes pass through watertight
bulkheads and decks, "A" and "B" class divisions the
requirements of 5.1 shall be met.

3.7 INSPECTION DURING THE INSTALLATION

3.7.1 Installation shall be carried out in accor-
dance with the instructions of the manufacturer.

3.7.2 The method of pipe connection (junction)
shall be developed and approved prior to the
installation.

3.7.3 Surveys and tests stated in the present
Section of the Rules shall precede the approval of the
method.

3.7.4 Personnel involved in the works shall be
properly qualified and attested.

3.7.5 In the method of joints connection the
following shall be reflected: the applied materials,
tools and accessories, the requirements on prepara-
tion of joints, temperature conditions, the require-
ments on dimensions and tolerances, as well as the
acceptance criteria upon the work and testing
completion.

3.7.6 Any alterations in the method resulting in
change of physical and mechanical properties of the
joint call for its repeated consideration and re-
approval.

3.8 TESTING OF PIPING AFTER INSTALLATION
ABOARD THE SHIP

3.8.1 After installation the pipeline system of
essential purpose shall be hydraulically tested with
pressure at least 1,5 times higher than the design
pressure.

3.8.2 The pipeline system of non-essential pur-
pose may be tested for tightness with the working
pressure.

3.8.3 For clectrically conductive pipes the avail-
ability of grounding shall be checked and the spot
check of resistance shall be carried out.
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4 FITTINGS

4.1 CONSTRUCTION, MARKING, ARRANGEMENT
AND INSTALLATION OF FITTINGS

4.1.1 Construction.

4.1.1.1 The covers of valves with internal
diameter more than 32 mm shall be secured to valve
bodies by bolts or studs.

Threaded covers may be used for the valves
having internal diameter up to 32 mm inclusive, if
reliable stops are fitted on these covers.

The nut of plug in a cock shall be well locked to
prevent loosening while handling the cock.

4.1.1.2 Valves with remote control except those
mentioned under 4.1.1.4 shall be arranged for local
manual operation independent of the remote operat-
ing mechanism.

In the case of valves, which are provided with
remote control according to requirements of the
present Rules, operating of the valves by local
manual means shall not render the remote control
system inoperable.

If the valves are provided with remote control,
they shall be so constructed that in case of failure of
the remote control system, the valves remain, or
automatically return, in a position that will not bring
the ship in dangerous situation.

4.1.1.3 Compressed air shall not be used in remote
control systems to operate actuators inside cargo tanks.

4.1.1.4 Where the valves inside cargo tanks are
remote-controlled by means of a hydraulic system, they
shall be also operable with the aid of a hand pump,
which can be connected to the hydraulic system in
positions where the pipes are laid down to each valve,
or to a separate pipe laid directly to the valve actuator.

4.1.1.5 The supply tank of the hydraulic remote
control system of the valves inside cargo tanks shall
be located as high as practicable above the level of the
top of cargo tanks, and all supply pipes shall enter
the cargo tanks through the highest part of the cargo
tanks.

The supply tank shall also have an air pipe laid to
a safe position on the open deck and fitted with a
flame-arresting gauze at the open end.

This tank shall be fitted with a low level audible
and visual alarm.

4.1.2 Marking of fittings.

4.1.2.1 The shut-off fittings shall be provided
with conspicuous nameplates fixed in place and
bearing clear inscriptions to show the purpose of
fittings.

4.1.2.2 At the control stations, the remote-
controled valves shall have identification plates, as
well as position indicators "open" and "closed".

Where the remote control is used only to close
the valves, the indicators need not be fitted.

4.1.3 Installation of fittings.

4.1.3.1 The fittings arranged on watertight bulk-
heads shall be secured to welded pads by studs, or
alternatively the fittings may be welded to bulkhead
pieces.

The stud holes shall not be through holes.

4.1.3.2 The valve chests and the hand-controlled
valves shall be fitted in places where they are at all times
readily accessible in normal operating conditions.

Where the valves of the fuel oil system are
installed in the machinery space, the valve control
gear shall be fitted above the plating.

4.1.3.3 The measuring instruments of fuel oil and
lubricating oil systems shall be provided with valves or
cocks to shut the instruments off from piping.
Thermometer sensors shall be fitted in compact sleeves.

4.2 FILTERS

4.2.1 The design and construction of filters shall
facilitate cleaning.

4.2.2 Filters shall be provided with a device to
indicate the absence of pressure therein before they
are opened.

The tubes of such devices shall be directed to
trays so that spillages are not sprayed around.

4.2.3 For filters forming part of systems with a
combustible working medium, an interlock is recom-
mended so that they cannot be opened when under
pressure and that the working medium cannot be
supplied therein when opened.

4.2.4 Filters shall be so arranged that they are
readily accessible for maintenance.

Filters and strainers forming part of systems with
a combustible working medium shall be located as far
away as practicable from sources of ignition.

4.2.5 The pipelines used to supply and carry away
fuel oil in/from the filters shall be equipped with shut-
off valves or cocks.

4.2.6 Filters on seawater suction mains shall
comply with 15.3.1.

4.3 SEA CHESTS AND ICE BOXES.
BOTTOM AND SIDE FITTINGS.
OPENINGS IN SHELL PLATING

4.3.1 Sea chests and ice boxes.
4.3.1.1 Number and arrangement of sea chests
for the cooling water system shall comply with 15.2.1.
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In ships with the ice strengthening of categories Arc4
and Arc5 one of the sea chests shall function as an ice
box. In icebreakers and ships with Arcé to Arc9 ice
categories, at least two sea chests shall be ice boxes.

In icebreakers and ships with the ice strengthen-
ing or categories Arc4 to Arc9 the ice box design shall
allow for an effective separation of ice and removal of
air from the ice box to ensure reliable operation of
the sea-water system.

Sea inlet valves shall be secured directly to sea
chests or ice boxes.

4.3.1.2 In icebreakers and ships strengthened for
ice navigation, provision shall be made for the
heating of the sea chests and ice boxes as well as of
the ship side valves and fittings above the load
waterline. For this purpose:

cooling water recirculation shall be used for ice
boxes and sea chests;

ship side valves and fittings shall be supplied with
heating medium through a non-return shut-off valve.
The heating arrangements shall be so designed as to
prevent the side valves and fittings and shell plating
from being damaged under the influence of lowest
temperatures.

On agreement with the Register other methods of
side fittings heating may be used.

For ice boxes the recirculated water pipes shall be
laid to the upper and lower part of the box, and the
total sectional area of these pipes shall not be less
than the area of the cooling water discharge pipe.

For sea chests, the diameter of the water
recirculating pipe shall not be less than 0,85 of the
discharge pipe diameter.

4.3.1.3 Provision shall be made for the access into
these boxes via detachable gratings or manholes. If a
manhole is provided in the ice box it shall be located
above the deepest load line.

4.3.2 Openings in shell plating. Bottom and side
fittings.

4.3.2.1 The number of openings in shell plating
shall be kept to a minimum. Therefore, whereover
possible, discharge pipes shall be connected to
common discharges.

4.3.2.2 The location of sea inlet and discharge
openings in ship sides shall be such as to prevent:

.1 sewage, ash and other wastes being sucked by
sea water pumps;

.2 sewage and discharge water penetrating into the
ship spaces through side scuttles as well as any discharge
of water into lifeboats and liferafts when lowered.

Where it is impracticable to comply with the
requirements of 4.3.2.2.2, discharge openings shall be
fitted with appropriate arrangements to prevent the
ingress of water into ship spaces, lifeboats and liferafts.

4.3.2.3 All the openings in ship side for sea chests
and ice boxes shall be fitted with gratings. Instead of

gratings, holes or slots in shell plating are permissible.
The net area through the gratings or slots shall not be
less than 2,5 times the area of the valve connected to the
sea inlet. The diameter of holes and the width of slots in
ratings or shell plating shall be about 20 mm. The
gratings of the sea chests shall be provided with a steam
or compressed air connection for clearing purposes. For
ice boxes, clearing arrangements are not compulsory.

Clearing pipes shall be provided with screw-down
non-return valves. The pressure of steam or compressed
air in the clearing system shall not exceed 0,5 MPa.

4.3.2.4 The overboard discharges from enclosed
spaces below the freeboard deck or from enclosed
superstructures and deckhouses on the freeboard deck
shall be fitted with accessible means for preventing
water from passing inboard. Discharges from piping,
which have, or may have, open ends within the
mentioned spaces shall comply with the requirements
of 3.2.11, Load Line Rules for Sea-Going Ships.

4.3.2.5 In ships of less than 24 m in length,
openings in shell plating of spaces on and below the
freeboard deck may have one hand-controlled non-
return shut-off valve.

In floating docks, each discharge of pipes from
spaces below the margin line, which have inboard
ends in those spaces, shall have a non-return valve
with a positive means of closing from a readily
accessible position above the safety deck.

4.3.2.6 The scuppers and overboard discharge
pipes from open decks and spaces not specified in
4.3.2.4 either 450 mm below the freeboard deck or
less than 600 mm above the summer load waterline
shall be fitted with non-return valves (dampers) at the
outer shell. In this case, the wall thickness of scuppers
and discharge pipes shall not be less than stated in
column 3 of Table 2.3.8.

No valves may be provided if the wall thickness
of pipes below the freeboard deck and in spaces
within enclosed superstructures is less than:

7 mm for d<80 mm,

10 mm for d=180 mm,

12,5 mm for d>220 m,

where d = external diameter of pipes.

Intermediate sizes shall be determined by linear
interpolation.

In open superstructures and deckhouses, over-
board scuppers shall be provided.

In spaces intended for the carriage of motor vehicles
with fuel in their tanks, overboard scupper pipes shall be
provided to prevent accumulation of water during the
operation of the water spraying system.

In floating docks, the overboard scuppers and
discharge pipes below the margin line from spaces
above the margin line and open decks shall have non-
return valves at the outer shell. The valves may be
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omitted where the pipe thickness below the margin
line is not less than that of the outer shell plating,
however, it need not exceed 12 mm.

4.3.2.7 In machinery spaces, the inlets and dis-
charges in the outer shell of the cooling water piping of
the main and auxiliary engines and systems shall have
readily accessible valves or sluice valves locally
controlled. The valve controls shall be fitted with an
indicator to show whether the valve is open or closed.

The discharge valves at the shell shall be of the
non-return shut-off type.

4.3.2.8 The driving means for operating bottom
and side inlet fittings shall be located in readily
accessible places and shall be fitted with an arrange-
ment indicating whether the valve is open or shut.

In passenger ships, these means shall be located
above the floor level of the engine room.

4.3.2.9 In periodically unattended machinery
spaces, the control gear of inlet and outlet valves of
the sea-water system that lie below the waterline and
the control gear of the ejector drainage system shall be
so arranged that they are accessible and there is enough
time to activate them while the space is being flooded.

If the level, to which a space can be flooded with
the ship in the fully loaded condition, is above the
controls, provision shall be made to operate them
from a position above this level.

Machinery spaces fully automated in respect of
control of sea water inlet and outlet valves of systems
and main and auxiliary machinery pipelines shall be
regarded equal to attended machinery spaces on
condition that the provision is made of arrangements,
activating when the space is being flooded.

4.3.2.10 Bottom and side fittings shall be
attached to welded pads.

The fittings may be also installed on distance
pieces welded to the shell plating, provided they are
straight, rigid enough and have the minimum length
and cathodic protection against contact corrosion.
Distance pieces shall be located in readily accessible
places for maintenance and for measuring of shell
plating thickness under service conditions. The use of
flanged joins of D and E types (refer to 2.4.3.2) is not
permitted. The design of connections shall be
submitted to the Register for approval.

The wall thickness of a distance piece is
determined according to 2.2.5.4, Part II "Hull".

The stud holes shall not penectrate the shell
plating and shall be only within the welded pads.

4.3.2.11 Side fittings below the bulkhead deck,
bottom fittings or gaskets shall have no components,
the material of which would readily deteriorate in the
event of fire.

4.3.2.12 The spindles and closing parts of bottom
and side fittings shall be manufactured of corrosion-
resistant materials.

4.3.2.13 The shell openings from garbage chutes
of spaces located below the freeboard deck shall be
provided with closing devices for preventing water
from passing inboard. The closing devices shall meet
the requirements of 3.2.11.1 of the Load Line Rules
for Sea-Going Ships.

4.4 AIR PIPE AUTOMATIC CLOSING DEVICES

4.4.1 Air pipe automatic closing devices shall be
self-draining have reliable attachments, and shall also:
.1 prevent the free entry of water into the tanks;

.2 allow the passage of air or liquid to prevent
excessive pressure or vacuum coming on the tank.

4.4.2 Air pipe automatic closing device shall be
constructed to allow inspection of the inside of the
casing, as well as changing the seals.

4.4.3 Efficient float seating arrangements shall be
provided for the closures. Besides seating arrange-
ments other means shall be provided to prevent the
float from contacting the inner chamber in its normal
state and to prevent the float damage from the water
impact in case the tank is overfilled.

4.4.4 The clear area through an air pipe
automatic closing device in the open position shall
be at least equal to the area of the inlet.

4.4.5 Air pipe automatic closing devices shall be
so suitable for use at inclinations up to 40°.

4.4.6 In the case of air pipe automatic closing
devices of the float type, suitable guides shall be
provided to ensure unobstructed operation under all
working conditions of heel and trim.

4.4.7 The maximum allowable tolerances for wall
thickness of floats shall not exceed 10 per cent of
thickness.

4.4.8 Casings of air pipe automatic closing
devices shall be of approved metallic materials with
minimum wall thickness of 6 mm adequately
protected against corrosion. The thickness of the
zinc coating to be applied by the hot method shall be
70 to 100 microns.

4.4.9 For areas susceptible to erosion due to the
ballast water impact when the tank is being overfilled,
(e.g. the inner chamber area above the air pipe, overlap
of +10° either side) an additional harder coating shall
be applied. This shall be an aluminum bearing epoxy,
or other equivalent, coating, applied over zinc.

4.4.10 Elements of closures made of non-metallic
materials shall be compatible with the media carried
in the tank and suitable for operating at ambient
temperatures between —25 °C and +85 °C.

4.4.11 Air pipe automatic closing devices shall be
type approved and the minimum test requirements
shall be in compliance with 21.4.
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5 PIPING LAYING

5.1 PIPING LAYING THROUGH WATERTIGHT
AND FIRE-RESISTING STRUCTURES

5.1.1 The number of pipelines passing through
the watertight bulkheads shall be kept to a minimum.

Pipelines passing through main watertight bulk-
heads, shall, as a rule, be situated at a distance from
the ship’s side of at least one-fifth of the ship’s
breadth (refer to 7.3.5).

Where this requirement is impracticable, mea-
sures shall be taken to prevent the spread of sea water
beyond the damaged compartment into other water-
tight compartments and tanks in case of damage to
the ship’s hull and deterioration of pipes.

5.1.2 In passenger ships and special-purpose ships
the collision bulkhead shall not be pierced below the
bulkhead deck by more than one pipe for dealing
with the contents of the forepeak.

Where the fore peak is divided by a longitudinal
bulkhead into watertight compartments, two suction
pipes are allowed to be laid through the collision
bulkhead, i.e. one for each compartment.

Each pipe passing through the collision bulkhead
shall be fitted with a screw-down valve directly at the
collision bulkhead inside the forepeak operable from
a readily accessible place from the bulkhead deck.

The requirements for cargo ships as regards
pipelines passing through the collision bulkhead may
be, upon agreement with the Register, extended to
special-purpose ships not more than 50 m in length.

5.1.3 Each pipe passing through the collision
bulkhead of cargo ships shall be fitted with a screw-
down valve directly at the collision bulkhead inside
the forepeak.

This valve may be fitted on the after side of the
collision bulkhead, provided that it is not located in a
cargo space.

Valve controls shall be operated from the
position above the bulkhead deck for the ships
having a mark of subdivision in the class notation
and above the freeboard deck for all other ships.

The screw-down valve may not be fitted on the
pipes passing through the collision bulkhead above
the bulkhead deck or freeboard deck.

5.1.4 Where pipelines pass through watertight
bulkheads, decks and other watertight structures,
there shall be used appropriate bulkhead (sleeves),
welded pads and other details to ensure the integrity
of the structure concerned.

The holes for studs shall not penetrate through
the plating of watertight structure and shall be kept
within the welded pads.

Gaskets made of lead or a material, which will be
readily deteriorated in the event of fire, shall not be
used.

Sockets attached by welding to watertight decks
and bulkheads shall have the wall thickness, as a
minimum, 1,5 mm greater than that of pipes
connected to the sockets.

5.1.5 Where plastic pipes pass through watertight
bulkheads and decks forming boundaries of water-
tight compartments, valves capable of being operated
from above the bulkhead deck shall be fitted.

The valves shall be of steel or another material
equivalent to steel in fire resistance.

This requirement does not apply to ballast pipes
laid within the double bottom.

5.1.6 Where it is necessary to carry pipes through
fire-resisting divisions, the requirements of 2.1.2.2,
Part VI "Fire Protection" shall be complied with.

5.1.7 Where plastic pipe passes through a division
of the main vertical fire zone, provision shall be made
for bulkhead steel sleeve and valve that may be closed
from either side of the bulkhead. The valves shall be
of steel or another material equivalent to steel in fire
resistance.

5.2 PIPING LAYING IN TANKS

5.2.1 Bilge pipes, drinking water and feed water
pipes shall not be laid through fuel oil and lubricating
oil storage tanks, nor shall fuel oil and lubricating oil
pipes pass through drinking water and boiler feed
water tanks, unless the pipes are laid in oiltight ducts
forming part of the tank structure.

Sea water and lubricating oil piping, with no
ducts as well as air, overflow and sounding pipes may
pass through the fuel storage tanks, if these pipes are
of seamless type and have no detachable joints inside
the storage tanks; where detachable joints cannot be
avoided, they shall be flanged with oilproof gaskets
placed between them.

5.2.2 Where the pipes passing through the tanks
are not carried in ducts and thermal expansion shall
be considered, pipe bends shall be arranged inside the
tank.

Where pipes are laid in ducts, it is recommended
that thermal compensators be arranged outside the
duct.

5.2.3 The pipes laid in oil tankers shall comply
with the requirements of 9.2.
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5.3 PIPING LAYING IN CARGO HOLDS AND OTHER
SPACES

5.3.1 Pipes shall be secured in a way as not to
interfere with the stresses from thermal expansion,
undue deformation of ship structure and vibration.

5.3.2 Pipes passing through cargo holds, chain
lockers and other spaces, in which they are subject to
mechanical damage, shall be adequately protected.

5.3.3 Fuel, steam and water pipes as well as
pressure pipes of the hydraulic drives shall not, as a
rule, be carried in dry cargo holds. Bilge pipes are
excluded from this requirement.

In exceptional cases, which are subject to special
consideration by the Register, these pipes may be
allowed, provided they are laid in special ducts or not
in ducts where the pipes employed are of increased
thickness and protected by strong steel casings.

5.3.4 Steam pipes shall not be laid in paint room,
lantern room or other spaces intended for the
carriage of readily flammable materials.

5.3.5 Pipes conveying fuel oil shall not be laid
through the accommodation and service spaces as
well as under the coating, with the exception of fuel
pipe of the emergency diesel-generator and the filling
pipes, which are allowed to be laid through sanitary
spaces, provided the pipes used have a thickness of
not less than 5 mm and no detachable joints are
employed.

5.3.6 Pipes having considerable longitudinal
extension and conveying hot media shall have
thermal compensators or as many bends as will
provide adequate self-compensation of the pipeline.

Thermal compensators are fitted in order to take
up the axial and transverse displacements and shall
not be used to correct misalignment of the pipes.
Pipelines shall have appropriate supports. Brackets
and hangers shall not be used to produce forces that
provide alignment of the pipes or elements.

The radii of bends shall be in compliance with
2.2.1.

5.3.7 The pipes of all the systems and the vent
ducts shall, where necessary, be fitted with arrange-
ments for blow-down of the working medium or
draining of liquid, if any.

Appropriate structural measures shall be taken to
protect ship’s hull and equipment from adverse effect
of the agents discharged.

5.3.8 The pipes of fire fighting system shall be
laid in conformity with the requirements of 3.1.4.1,
Part VI "Fire Protection".

5.3.9 Group I and II refrigerant piping laying
through accommodation and service spaces shall be
carried out in compliance with 6.2.8, Part XII
"Refrigerating Plants".

5.4 PIPING LAYING IN REFRIGERATED CARGO SPACES

5.4.1 It is recommended that no pipes be laid
through refrigerated cargo spaces, unless they are
intended to serve these spaces. Where laying of such
pipes cannot be avoided, they shall be carefully
insulated. This requirement equally applies to air and
sounding pipes. In these spaces the pipes shall not
have sections, in which water may collect and freeze.

5.5 PIPING LAYING IN THE VICINITY OF ELECTRICAL
AND RADIO EQUIPMENT

5.5.1 Pressure pipes are not permitted to be laid
above and behind the main and emergency switch-
boards as well as the control panels of essential
machinery and equipment.

Such pipes may be carried at a distance not less
than 500 mm from the fronts and sides of these
switchboards and control panels, provided that at a
distance less than 1500 mm from switchboards and
control panels no detachable joints are used or the
flanged joints have protective casings.

5.5.2 Laying of pipes through special electrical
spaces (refer to 1.2, Part XI "Electrical Equipment")
and also through accumulator battery rooms is not
allowed, with the exception of fire smothering pipes,
compressed air pipes and the pipes serving the
electrical equipment installed in these spaces.

5.5.3 Laying of pipes through the space contain-
ing the gyrocompass is not allowed, with the
exception of cooling pipes for gyrocompass.

5.5.4 Laying of pipes through the radioroom is
not allowed.

5.6 PIPING LAYING IN UNATTENDED MACHINERY
SPACES

5.6.1 Class I pipes conveying fuel oil and
lubricating oil shall have welded joints. Detachable
joints are permitted to be used, but their number shall
be kept to a minimum; if considered necessary,
protective casings shall be provided in places where
detachable joints are fitted.

5.7 PIPING LAYING IN SHIPS WITH TWIN HULLS

5.7.1 When routed along the common upper
deck, the pipes connecting identical systems of both
hulls shall be provided with compensators where
necessary and protected against damage.

Damage to these pipes shall not involve failure of
the systems connected by them.
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6 SHIP’S HOSES

6.1 CONSTRUCTION OF HOSES

6.1.1 The requirements of the present Section
cover ship’s hoses for taking over and transfer of
liquid cargo, fuel oil, lubricating oil, bilge and dirty
ballast waters and transfer of cargo vapors.

6.1.2 Only the hoses as finished items consisting of
sleeves and end components (branch pipes with flanges,
nipples or other joints) may be used in ships. The hoses
shall have type approval of the Register, the manu-
facturer of sleeves shall be recognized by the Register.

6.1.3 As a rule, a hose sleeve shall be made of
rubber, reinforced with fabric, textile cord or cord
from steel wire. In addition, the hose sleeve can be
reinforced with one or several layers of wire coil,
rings or by other means. Application of other
materials and structures shall be specially considered
by the Register in each case.

Sleeve material shall be resistant to the conveying
medium within the whole range of temperatures, for this
purpose special coating of the inner surface is allowed.

The outer surface shall be resistant to wear,
attrition, exposure to sun rays, atmosphere and
impermeable for sea water and cargo. The outer
surface may be coated with polyurethane or other
material, which affords buoyancy. Such coating shall
display the similar properties in reference to external
actions.

Construction and material of sleeves and hoses
intended for transfer of liquefied gases is subject to
special consideration by the Register in each case.

6.1.4 End components shall be connected to the
hose sleeve mechanically or chemically. Connection
of sleeves with end components by means of clamps is
permitted only by agreement with the Register.

6.1.5 When welding is used in the structure of end
components, such welding shall be performed by
certified welders and is subject to 100 per cent check
by methods of non-destructive inspection.

6.1.6 The material of end components and
flanges shall exclude the possibility of spark forma-
tion during interaction with ship’s hull. Surfaces of
end components shall be protected from corrosion
influence of sea water and medium conveyed.

6.1.7 The hose is assumed to be floating when its
buoyancy reserve is at least 20 per cent, provided the
hose is completely immersed in sea water and
completely filled with it. The hose buoyancy reserve
is calculated as follows:

—(W,+
K:M %« 100%

(6.1.7)
Wh + Ww

where K = buoyancy reserve, %;

B =weight of sea water displaced by the hose at its
complete immersion, including weight of sea water
displaced by materials ensuring buoyancy and
weight of sea water inside the hose, kg;

W, = weight of sea water inside the hose, kg;
W, =weight of empty hose in air, including weight of
materials ensuring buoyancy, kg.

Materials applied for provision of buoyancy shall
be properly secured.

6.1.8 Floating hoses shall be orange-colored or
marked with orange strip in the shape of spiral. The
width of strip is 100 mm, the pitch of spiral is 450 mm.
The strip is fixed to the facing in the process of curing.

6.1.9 For the transfer of cargo at sea from one ship
to another and during the cargo operations with the use
of offset point berths, as a rule, the floating hoses shall
be used; in the hose lines the quick-action device for
emergency disconnection shall be provided.

The structure of such device shall be specially
considered by the Register in each case. In the hose
lines equipped with quick-action device of emergency
disconnection the allowance shall be made for
hydraulic impact which may occur when the device
is actuated and, if necessary, the flow velocity of
liquid shall be decreased.

The hoses of the devices for cargo and bunkering
operations shall be a matter of special consideration
by the Register in each case.

6.1.10 On both ends of a hose the following shall
be clearly marked. In hose documentation the
following shall be indicated:

name of the manufacturer or trade mark;

serial number of the hose according to the
manufacturer’s data;

month and year of production;

allowable working pressure;

indication of electrical conductivity.

6.1.11 Hoses shall be stored on ship in the place
shielded from direct sun rays, with allowance for the
minimum bending radius and in accordance with the
recommendations of the hose manufacturer. Provi-
sion shall be made for design means for discharge and
removal of cargo remains from the hoses shall be
provided. Measures for prevention of wearing
through of the hoses while handling and operation
shall be taken.

6.1.12 For cargo vapor discharge, hoses with the
allowable nominal pressure of at least 0,2 MPa and
vacuum of at least 0,014 MPa shall be used.
Disruptive pressure of the hose shall not be less than
5 times working pressure of the hose. The last meter
from each end of the hose shall be painted in
compliance with Fig. 6.1.12 and marked with the
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Fig. 6.1.12 Marking of cargo vapor discharge hose

sign "vapors" made in black letters with the height
not less than 50 mm. Each flange shall have an
additional bore on the line of coupling bolts enabling
to connect the flange to vapor discharge connector
branch pipe (refer to Fig. 9.9.11-1). In the system for
vapor to shore discharge only electrically conductive
hoses shall be used.

6.2 TESTING OF HOSES

6.2.1 Each sleeve type used for manufacture of
hoses shall be subjected to type tests according to
6.2.2 to 6.2.5, 6.2.7, 6.2.8. Each hose type shall be
type tested according to 6.2.2, 6.2.6, 6.2.7, 6.2.8. The
type tests of hoses may be combined with the type
tests of sleeves. After manufacture, each hose shall be
tested in accordance with 6.2.6.

6.2.2 Allowable working pressure P,, is deter-
mined as follows:

Pw = Pbul‘st/K (622)

where P, = pressure, at which the break of hose or end
connection tightness occurs;
K = coefficient assumed equal to:
4 for transfer of crude oil and oily products, bilge and
polluted ballast water;
5 for transfer of chemical cargoes, liquefied gases and
cargo vapours.

Allowable working pressure of the hose shall not
be less than 1,0 MPa, with exception of the hoses
specified in 6.1.12.

When conducting the burst pressure tests, the
testing of samples with the length not less than
10 nominal diameters but at least 1 m may be
allowed.

6.2.3 Sleeves for cargo and fuel oil hoses of ice-
class ships shall be subjected to cold endurance type
tests. For this purpose samples of the hoses shall be
kept at the temperature of —40 °C during 4 hours. In
4 hours the sample shall be tested for elasticity by
means of bending for 180° two times in the opposite

directions around the adapter with a diameter of R,
where R is a minimum bending radius; whereupon a
visual examination is carried out. After freezing and
bending no cracks shall appear on the internal and
external surfaces of the sample. Where necessary, the
sample may be cut along the axis for the internal
surface inspection.

On agreement with the Register, another method
for freeze resistance test with allowance made for
special structural features may be accepted.

6.2.4 The sleeves of hoses intended for operation
under ambient pressure conditions shall be vacuum
tested with negative pressure of 85 kPa during 10 min.
After the tests the hose shall be examined and rejected
where deformation or flattening is found.

6.2.5 The samples manufactured as strip test
pieces in accordance with the procedure approved by
the Register (Fig. 6.2.5) are subject to adhesion test of
all the rubber sleeve layers. The adhesion strength of
rubber contact faces is determined as a ratio of the
mean force F originated at detachment, divided by
the strip width and shall be at least 3 N/mm.

Fig. 6.2.5

6.2.6 Each hose after manufacturing shall be
subjected to the following tests:

.1 determination of weight. After weighing, the
hose weight shall be recorded in the certificate. For
floating hoses, the buoyancy reserve shall be defined
according to 6.1.7.
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.2 hydrostatic tests by pressure of 1,5 times the
working pressure.

.3 electrotechnical tests including:

measuring of resistance between flanges of hoses
lacking electrical conductivity (the resistance shall not be
less than 25000 Ohm and not more than 10® Ohm);

conductivity test for electrically conductive hoses
with the voltage of 4,5 V and a bulb for testing.

6.2.7 The cargo hoses of oil tankers and hoses for
taking on fuel and oil shall undergo type tests at normal

temperature for 15 cycles of pressure rise from zero up to
1,5 times the maximum allowable working pressure.
After 15 cycles the sample shall be subjected to strength
test by burst pressure according to 6.2.2.

6.2.8 Cargo hoses for transfer of chemical cargoes
and liquefied gases shall undergo type tests at normal
temperature for 200 cycles of pressure rise from zero up
to twice the maximum allowable working pressure.
After 200 cycles the sample shall be subjected to
strength test by burst pressure according to 6.2.2.

7 BILGE SYSTEM

7.1 PUMPS

7.1.1 Each self-propelled ship shall be provided
with at least two power bilge pumps.

Independent ballast (except for segregated ballast),
sanitary or general service pumps of sufficient capacity
may be accepted as power bilge pumps, and in ships of
91,5 m in length and less, in special purpose ships
having not more than 50 special personnel on board,
one of the bilge pumps may be a main engine driven
pump, as well as a water or steam ejector, provided the
steam boiler is always in operation.

If fire pumps are used as bilge pumps, the
requirement of 3.2.3.2, Part VI "Fire Protection"
shall be met.

In cargo ships of less than 500 gross tonnage
navigating in restricted areas R2, R2-RSN, R3 and R3-
RSN, one of the pumps may be driven from the main
engine and the other may be an ejector or a hand pump.

In special purpose ships, and all other ships
receiving a subdivision mark 2] and over in their class
notation (refer to Part V "Subdivision"), the number
and arrangement of bilge pumps shall be specially
considered by the Register in each case.

7.1.2 Passenger ships, special purpose ships
carrying more than 50 special personnel shall have
at least three power pumps connected to the bilge
main; one of these pumps may be driven from the
main engine.

Where the subdivision index R determined from
the formula in 2.2.2 and 6.2.2.2.3, Part V "Subdivi-
sion", is equal to or greater than 0,5, at least four
such pumps shall be provided.

Independent ballast, sanitary or general service
pumps of sufficient capacity may be used as power
bilge pumps.

Where in ships intended for the carriage of motor
transport a pressure water-spraying system is in-
stalled, the Register may require the bilge pumps to
be increased in capacity or number.

7.1.3 Centrifugal bilge pumps shall be of the self-
priming type, or alternatively the system shall be
provided with vacuum arrangement.

It is recommended that one of the bilge pumps
installed be of the reciprocating type.

7.1.4 In passenger ships 91,5 m and over in length
or having the subdivision index R in excess of 0,5 and
in special purpose ships (carrying more than 50 spe-
cial personnel) 91,5 m and over in length and having
the subdivision index R in excess of 0,5 (refer to 2.2.2
and 6.2.2.2.3, Part V "Subdivision"), the arrangement
of bilge pumps shall be such that at least one pump
will be available for use in all ordinary circumstances
in which the ship may be flooded. This requirement is
considered satisfied if one of the pumps is a pump of
a reliable submersible type having a source of power
situated above the bulkhead deck, or the pumps and
their sources of power are so disposed in different
watertight compartments that under any condition of
flooding, anticipated for the given ship, at least one
pump in an undamaged compartment will be avail-
able in operative state.

7.1.5 1t is recommended that in passenger ships
and special purpose ships not specified in 7.1.4 and in
ships having a subdivision mark in the class notation
the bilge pumps, wherever practicable, be placed in
different watertight compartments with the system so
arranged that requirements of 7.3.6 are met.

7.1.6 Each bilge pump required in 7.1.1 and 7.1.2
shall have a capacity @, in m>/h, not less than that
determined from the formula

Q=5.65x10""xd}

where

(7.1.6)

d; is inner diameter of the main determined in
accordance with 7.2.1, mm.

The bilge pump may be replaced by two pumps
with a total capacity not less than that specified above.
For passenger ships, each bilge pump shall have a
capacity determined on the assumption that the rated
speed of water through the internal diameter required
in 7.2.1 shall not be less than 2 m/s.
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7.1.7 For drainage of non-propelled ships having no
power-driven machinery, at least two hand pumps of
reciprocating type shall be installed, and these shall have
a total capacity not less than specified in Table 7.1.7.

Table 7.1.7
0,8 LBD", m® Total pump capacity, m>/h
Up to 100 1,11:107
101 — 600 2,22-10°3
601 — 1100 2,72-10°2
1101 — 1800 3,3410°2

"For definitions of L, B, D (length, breadth and depth, m),
refer to Part IV "Stability".

In each case D is measured up to the bulkhead
deck only.

In a ship having an enclosed cargo space on the
bulkhead deck, which is drained in accordance with
7.6.12.2 and which extends for the full length of the
ship, D shall be measured to the next deck above the
bulkhead deck.

Where the enclosed cargo spaces cover a lesser
length, D shall be taken as the depth to the bulkhead
deck plus /h/L where /[ and & shalltal length and
height of enclosed cargo spaces, respectively.

The pumps shall be arranged above the bulkhead
deck and shall have a sufficient suction head.

In non-propelled ships provided with power
sources, it is recommended that power pumps shall
be fitted, the number and capacity of which shall
comply with the requirements for the hand pumps.

7.1.8 In ships with twin hulls, provision shall be
made for an independent bilge system for each hull,
which shall comply with the requirements of the
Chapter.

7.1.9 In berth-connected ships, at least two bilge
pumps shall be installed, power-driven and having
each a capacity not less than 11,0 m’/h whereas the
design water speed in the branch bilge suctions shall
not be less than 2 m/s under normal service
conditions.

The pumps shall ensure drainage of any space
below the bulkhead deck, and their drives shall be so
arranged along the ship length that at least one of the
pumps installed in an intact compartment could
drain a flooded space.

7.1.10 Ships with distinguishing marks FF1,
FF1WS, FF2, FF2WS in the class notation shall have
bilge pumping arrangements for pumping water out
of flooded compartments of ships in distress.

Used as such arrangements may be pumps (fixed
and/or portable) and ejectors.

The type, number and capacity of the pumps
shall be specified by the designer and agreed upon
with the Register.

7.2 PIPING DIAMETERS

7.2.1 The internal diameter ¢, in mm, of the
main bilge line and that of bilge suctions directly
connected to the pump, except in 7.2.3, shall be
determined by the formula

dy=1,68 JL(B+ D) + 25. (7.2.1-1)

In vessels of dredging fleet having hopper spaces,
the diameter of the bilge main and the direct bilge
suctions directly connected to the pump may be
obtained from the formula

dy=1,68 \/L(B+D) —I;(b+D) +25

where

(7.2.1-2)

l; = length of hopper space, m;
b = mean width of hopper space, m;
for L, B, D, refer to 7.1.7.

In cargo ships of less than 500 gross tonnage
navigating in restricted areas R2, R2-RSN, R3 and
R3-RSN, the internal diameter of the bilge main and
of direct bilge suctions directly connected to the
pump may be obtained from the formula

dy=1,5 JL(B+D) + 25 (7.2.1-3)

7.2.2 The internal diameter d;, in mm, of the
branch bilge suctions connected to the bilge main,
and that of the hand pump suction, shall be
determined by the formula

dy=2,15 JIB+D) + 25 (7.2.2-1)

where [/ = length of hopper space, as measured at its bottom, m;
for B, D, refer to 7.1.7. In the case of ships with twin hulls, B is
assumed to be the breadth of one hull.

In cargo ships of less than 500 gross tonnage
navigating in restricted areas R2, R2-RSN, R3 and
R3-RSN, the internal diameter of branch bilge
suctions connected to the bilge main and the diameter
of the hand pump suction may be obtained from the
formula

d,=2,0/I[(B+ D) + 25. (7.2.2-2)

7.2.3 The internal diameter of the main bilge line
and bilge suctions determined from Formulae (7.2.1-1,
7.2.2-1) shall not be less than 50 mm, and the internal
diameter determined from Formulae (7.2.1-3, 7.2.2-2)
shall not be less than 40 mm. The internal diameter of
the pipes directly connected to the pump shall not, in
any case, be less than the bilge pump suction
diameter.

7.2.4 The cross-sectional area of the pipe, connec-
ting the distribution chest with the bilge main shall
not be less than the total cross-sectional area of two
largest branch bilge suctions connected to that chest,
but it need not be greater than the sectional area of
the bilge main.
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7.2.5 In oil tankers and other ships, in which the
bilge pumps are intended for draining only the engine
room, the cross-sectional area of the bilge main shall
not be less than twice the cross-sectional area of the
branch suction, the diameter of which is determined
by Formula (7.2.2-1).

7.2.6 The diameter of the emergency bilge suction
in the engine room shall be determined in compliance
with 7.3.8.

7.3 PIPING LAYING

7.3.1 The bilge lines and their branch suctions
shall be so arranged as to enable any watertight
compartment to be drained by one of the pumps
required in 7.1.1 and 7.1.2. This requirement does not
apply to the spaces of ammonia refrigerating
machinery, the peaks, the pump rooms and coffer-
dams of oil tankers, drained by individual pumps, as
well as to the tanks intended only for storage of
liquids.

Drainage of spaces not connected to the bilge
system shall be carried out by the drain pipes laid to
the drained spaces or by hand pumps, compliance
with the requirements of 7.12.2 shall also be
provided.

7.3.2 The system shall be arranged so as to prevent
the possibility of sea water passing inside the ship, or
from one watertight compartment into another, in
case of pipe break or any other pipe damage in any
other compartment because of collision or grounding.
For this purpose the suction valves of the drainage
pipes open ends, connected directly to the chests, shall
be of screw-down non-return type. In case the only
general pipeline system for all pumps is available, the
provision shall be made for the possibility to control
the required valves servicing suction branch pipes
from the places above the bulkhead deck. Other
equivalent arrangements are allowed.

7.3.3 The arrangement of the bilge pipes shall be
such as to ensure the possibility of draining the
engine rooms through the suctions directly connected
to the pump, the other compartments being simulta-
neously drained by other pumps.

7.3.4 The arrangement of the bilge pipes shall be
such as to enable one of the pumps to be operated in
case the rest of pumps are inoperative or are used for
other purposes.

7.3.5 The bilge suction pipes, where they are at
any part situated nearer to the ship’s side than one-
fifth of the breadth of the ship (measured at right
angles to the centre line at the level of the deepest
subdivision load line), as well as when passing in duct
keel or within double bottom, shall have non-return

valves fitted to their branch suctions in each water-
tight compartment.

7.3.6 In passenger ships of more than 91,5 m in
length, special purpose ships having more than
50 special personnel on board and in passenger ships
having the subdivision index R greater than 0,5, all
the distribution chests, cocks and valves associated
with the bilge pumping system shall be so arranged
that in the event of flooding one of the bilge pumps
may be operative on any flooded compartment.
Moreover, damage of a pump or its pipe connecting
to the bilge main outboard of a line drawn at one-
fifth of the breadth of the ship shall not put the bilge
system out of action.

Where there is only one system of pipes common
to all the pumps, the necessary cocks and valves for
controlling the bilge suctions shall be fitted with
means enabling them to be controlled from above the
bulkhead deck.

In the places of their installation they shall be
provided with the controls with clear indication of
their purpose and also means for indicating whether
they are open or closed.

Where, in addition to the main bilge pumping
system, an emergency bilge pumping system is provided,
it shall be independent of the main system and shall be so
arranged that a pump is capable of operating on any
compartment under flooding conditions. In this case,
only the cocks and valves required for controlling the
emergency system need be suited for being operated
from above the bulkhead deck, while the pump and
associated suction pipes shall be situated farther from the
ship’s side than one-fifth of the breadth of the ship.

7.3.7 In general, the bilge pipes shall be laid
outside the double bottom. Where it is necessary to
lay these pipes through the tanks for storage of fuel
oil, lubricating oil, boiler feed water and drinking
water, the pipes shall meet the requirements of 5.2.1.

Where the pipe is laid within the double bottom,
the bilge suctions in each watertight compartment
shall be fitted with non-return valves.

7.3.8 Oily-water separating and filtering equip-
ment shall be used for purification of water before
discharging overboard. The installation and opera-
tion of such equipment shall not interfere with
normal working of the bilge and ballast systems
indicated in 13.1.2.

7.4 DRAINAGE OF MACHINERY SPACES

7.4.1 Where the engines and boilers are located in
the same compartment and the double bottom
extends either the full length forming bilges at the
wings, or the full length and breadth of the
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compartment, it will be necessary to provide two
bilge suctions at each side near the bulkheads in the
compartment, one of which shall be connected
directly to an independent bilge pump.

7.4.2 Where the engines and boilers are located in
the same compartment with no double bottom, and
the rise of floors is not less than 5°, two bilge suctions
shall be provided, one of which shall be direct-
connected to an independent bilge pump; where the
rise of floor is less than 5°, additional bilge suctions
connected to the bilge main shall be provided, one at
each side.

7.4.3 Where the engines and boilers, as well as the
auxiliaries or electric propulsion motors, are located in
separate watertight compartments, the number and
position of bilge suctions therein shall be adopted as set
forth in 7.6. In ships having in the class notation a mark
of subdivision, each of these compartments shall be
fitted with an additional bilge suction direct-connected
to an independent bilge pump.

In passenger ships each of the independent power
bilge pumps, located in machinery spaces, shall have
direct suctions in these spaces. More than two such
suctions are not required for these spaces. Where two
or more such suctions are fitted, at least one of them
shall be located on the port and the other on the
starboard side. Bilge pumps not associated with each
other, located in other spaces may have direct
suctions in these spaces.

7.4.4 Where the machinery space is situated at the
after end of the ship, bilge suctions shall be fitted in
the forward wings of the space. On agreement with
the Register, one or two suctions shall be provided
depending on the shape of the aft end.

7.4.5 Suctions for bilge drainage of machinery
spaces and tunnels shall be fitted with readily
accessible mud boxes. The pipes between the mud
boxes and bilges shall be as straight as practicable.
The lower ends of these pipes need not be fitted with
strum boxes. Mud boxes shall have covers that may
be easily opened.

In small ships, instead of the mud boxes, strum
boxes may be used, provided they are accessible for
cleaning.

7.4.6 In all self-propelled ships provision shall be
made for emergency bilge drainage of the engine
rooms, in addition to the suctions required by 7.4.1 to
7.4.4. For this purpose any of the main circulating
pumps in steam ships, and the cooling pump of
maximum capacity in motor ships, shall be fitted with
direct suction pipe at the drainage level of the engine
room and fitted with non-return stop valve. The
diameter of this direct suction shall be at least two-
thirds of that of the pump suction in steam ships, and
shall be of the same size as the suction branch of the
pump in motor ships.

No strum boxes or strainers shall be fitted on the
suction for emergency bilge drainage.

Where the pumps specified above are not suitable
for operation as bilge pumps, a direct emergency
bilge suction shall be laid from the drainage level of
the engine room to the largest available power pump,
which is not a bilge pump. The capacity of this pump
shall exceed that required in 7.1.6 by an amount
satisfactory to the Register. The diameter of the
emergency bilge suction shall not be less than that of
the pump suction branch.

The spindles of the screw-down non-return valves
fitted to the suction branches shall extend above the
engine room floor plates to a sufficient height and
shall have nameplate "For emergency use only".

The use of fire pumps for emergency bilge
drainage of engine rooms shall be in compliance with
3.2.3.2, Part VI "Fire Protection".

In cargo ships of less than 500 gross tonnage
navigating in restricted areas R2, R2-RSN, R3 and
R3-RSN which have no independent pump of a
capacity exceeding that of the bilge pump, the
emergency drainage system of machinery spaces
may be operated by an attached sea-water cooling
pump.

7.4.7 Where there is a double bottom, the
machinery spaces shall be fitted with bilge wells of
a capacity not less than 0,2 m>.

7.4.8 Additional bilge suctions shall be laid in the
log and echo sounder trunks, and also to the double-
bottom bilge wells under the machinery and in other
places, which may accumulate water.

7.4.9 In ships having an electric propulsion plant,
the arrangements shall be such that the bilge wells
under the propulsion motors are properly drained
and automatic alarms are fitted to give warning at
excess of permissible level in the wells.

Automatic drainage of bilge wells is recom-
mended to be used.

7.4.10 The space of ammonia refrigerating
machi-nery shall have an independent bilge system.
Where a water spraying system is provided in this
space, the capacity of the bilge pump shall be
sufficient for the water consumption during the
operation of that system. The discharge pipe of the
bilge system shall be laid directly overboard.

The space for freon refrigerating machinery may
be drained through the bilge main of the ship.

7.5 DRAINAGE OF TUNNELS

7.5.1 Each shaft tunnel and each accessible pipe
tunnel shall be drained by a bilge suction situated in
the after part of the tunnel.
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Where required, additional suctions shall be
provided in the fore part of the tunnel. The bilge
suctions of the shaft tunnel shall be made in
compliance with the requirements set forth in 7.4.5.

7.6 DRAINAGE OF CARGO SPACES

7.6.1 Each cargo space, where the double bottom
forms bilges at the wings, shall have at least one bilge
suction in the after part of the hold at each side of the
ship.

7.6.2 Where the inner bottom plating extends the
full breadth of the space, bilge wells shall be arranged
in the after part of the hold, one at each side.

The capacity of the wells shall comply with the
requirements of 7.4.7.

7.6.3 In spaces where the inner bottom plating
has an inverse camber, provision shall be made also
for suctions at the centre line, in addition to the
suctions situated at the wings. Where a bilge well
extends over the entire breadth of the space and the
inverse camber exceeds 5°, one branch suction may
be laid to this well.

7.6.4 Where manholes for access to bilge wells are
provided, they shall be arranged as near to the
suction strums as practicable.

7.6.5 Where there is no double bottom and the
rise of floor in the space exceeds 5°, one bilge suction
may be fitted near the centre line. If the rise of floor is
less than 5°, at least two suctions shall be fitted, one
at each side of the hold.

7.6.6 Where the length of a hold exceeds 35 m,
the bilge suctions shall be fitted in the fore and after
parts of this hold, with the requirements of 7.6.1 to
7.6.5 being complied with.

7.6.7 At narrow ends of cargo spaces, one bilge
suction may be allowed.

7.6.8 The drain pipes from spaces located below
the bulkhead deck and communicating with the cargo
space in the same compartment may be laid into the
wells of that hold.

Drainage into the wells of cargo spaces from
spaces located in other watertight compartments
below the bulkhead deck is not permitted.

The requirements for drainage into the bilges of
refrigerated cargo spaces are given in 7.8.

7.6.9 Where a ceiling or removable covers is fitted
over the bilges or wells in cargo spaces, provision shall
be made for free access of water into the bilges or wells.

7.6.10 Branch bilge suctions shall be fitted with
strum boxes or strainers having perforations
8 to 10 mm in diameter. The total area of these
perforations shall not be less than twice the clear area
of the given suction pipe.

The strum boxes and strainers shall be remova-
ble, or provision shall be made for cleaning them
without having to disassemble the suction.

7.6.11 In bulk carrier cargo spaces the bilge
system shall be so designed that its operability may
not be affected when bulk cargo is carried.

7.6.12 For the drainage of enclosed cargo spaces
located on the bulkhead deck of a passenger or cargo
ship that is assigned a subdivision distinguishing
mark in its class notation, and on the freeboard deck
of other cargo ships, the arrangements specified
under 7.6.12.1 and 7.6.12.2 shall be provided.

7.6.12.1 Where the freeboard up to the bulkhead
deck or the freeboard deck height is such that the
deck edge is immersed when the ship heels more than
5°, the drainage shall be by means of scuppers
discharging directly overboard.

The scuppers and drain pipes shall be arranged
and fitted according to 4.3.2.6.

7.6.12.2 Where the freeboard is such that the edge
of the deck is immersed when the ship heels 5° or less,
the drainage of the enclosed cargo spaces on this deck
shall be laid to suitable spaces of adequate capacity
having a high water level alarm and suitable
arrangements for discharge overboard. In such cases
it shall be ensured that:

.1 the number, size and disposition of the
scuppers are such as to prevent unreasonable
accumulation of free water;

.2 the above-mentioned pumping arrangements
for the drainage of cargo spaces provide water
drainage with any fixed water fire-extinguishing
systems, including spraying systems, that are re-
quired, respectively, for passenger and cargo ships.

The bilge system (refer to 7.1) shall have a capacity
not less than 125 per cent of the total capacity of the
water fire main and water-spraying system pumps with
due regard for the required number of fire nozzles;

.3 valves of the drainage arrangements shall be
controlled from a position outside the space pro-
tected, located nearby the water-spraying system
controls. Bilge wells shall have sufficient capacity
and be arranged in the vicinity of the side plating not
more than 40 m apart in each watertight compart-
ment. Water contaminated with petrol or other
dangerous substances shall not be drained to
machinery spaces or other spaces containing sources
of ignition;

.4 where the enclosed cargo space is protected by
a fire smothering system the deck scuppers are fitted
with means to prevent the escape of the gas.

7.6.13 The bilge system of cargo holds with
weathertight hatch covers above the superstructure
deck outside the positions 1 and 2 (refer to 7.1.4,
Part 11T "Equipment, Arrangements and Outfit" of
the present Rules and 3.2.1 of the Load Line Rules
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for Sea-Going Ships) shall have the pumps of an
increased capacity with regard to additional water
ingress due to:

.1 the stable amount of precipitation equal to
100 mm/h, which penetrate through the total area of
gaps between closures sections;

.2 the consumption of water by a sprinkler system
(if fitted), whichever is greater.

The internal diameter of a bilge main shall be
increased in compliance with an increased pump
capacity.

Each cargo hold shall be fitted with an alarm on
a limiting water level in bilge wells.

7.6.14 On container ships, holds fitted with
weathertight closures and intended for carrigate of
dangerous cargoes shall be considered as open-type
container holds in accordance with paragraphs 10
and 11 of MSC/Circ.608/Rev.1.

7.7 DRAINAGE OF CARGO PUMP SPACES OF OIL
TANKERS

7.7.1 The cargo pump rooms of oil tankers shall
be drained by separate pumps or ejectors arranged in
these rooms. Stripping pumps may be used as bilge
pumps, provided non-return shut-off valves are fitted
at the open ends of the bilge suctions and a shut-off
valve is arranged on a pipe connecting the valve box
and the stripping pump.

The pump rooms in oil tankers of up to 500 gross
tonnage may be drained by hand pumps.

Construction of the pumps shall preclude the
possibility of spark formation to a maximum.

Arrangement of the driving machinery of the
pumps shall meet the requirements of 4.2.5, Part VII
"Machinery Installations".

The cargo pump rooms shall be provided with a
visual and audible high bilge water level alarm to give
warning to the cargo control station and navigating
bridge.

7.8 DRAINAGE OF REFRIGERATED
CARGO SPACES

7.8.1 Provision shall be made for drainage of
water from all the spaces, trays, chutes and other
places, which may accumulate water.

7.8.2 Drain pipes from non-refrigerated spaces
shall not be laid into the bilges of refrigerated spaces.

7.8.3 Each drain pipe of refrigerated cargo spaces
shall be fitted with a liquid sealed trap or with
another equivalent arrangement. The head of liquid
shall be such that the arrangement will work
effectively under any conditions of service.

The liquid sealed traps shall be placed in
accessible positions outside the insulation. Where
drain pipes from the 'tween-deck spaces and the hold
are laid into a common bilge well, non-return valves
shall be fitted to the open ends of the drains from the
hold.

7.8.4 No shut-off valves shall be fitted on the
drains from refrigerated spaces.

7.9 DRAINAGE OF FORWARD SPACES OF BULK
CARRIERS

7.9.1 The present requirements apply to the means
for draining and pumping ballast tanks forward of the
collision bulkhead, and bilges of dry spaces, any part of
which extends forward of the foremost cargo hold,
except the enclosed spaces the volume of which does
not exceed 0,1 per cent of the ship maximum
displacement volume and the chain lockers.

7.9.2 The means for draining and pumping
ballast tanks forward of the collision bulkhead, and
bilges of dry spaces, any part of which extends
forward of the cargo hold, shall be capable of being
brought in operation from the navigating bridge or
propulsion machinery control position or from a
readily accessible enclosed space, the location of
which is accessible from the navigating bridge or
propulsion machinery control position without tra-
versing exposed freeboard or superstructure decks. A
pipe trunk or other similar means of access shall not
be taken as being a "readily accessible enclosed
space".

7.9.3 The drainage arrangements shall be such
that when they are in operation, other systems
essential for the safety of the ship including fire-
fighting and bilge systems remain available and ready
for immediate use.

The systems for normal operation of electric power
supplies, propulsion and steering shall not been affected
by the operation of bilge systems.

It shall be also possible to immediately start fire
pumps and have a readily available supply of water
and to be able to configure and use bilge system for
any compartment.

7.9.4 The drainage arrangements shall be such
that any accumulated water can be drained directly
by a pump or eductor. The drainage arrangements
shall be designed to remove water at a rate of not less
than 320-A, m’/h, where A is the cross-sectional area
in m? of the largest air or venting pipe leading from
the exposed deck to the space that is required to be
drainaged.

7.9.5 Bilge wells shall be provided with gratings
or strainers that will prevent blockage of the bilge
system with debris.
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7.9.6 Where pipes serving tanks or bilges men-
tioned in 7.9.2 pierce the collision bulkhead, as an
alternative to the valve control specified in 5.1.3,
valve operation by means of remotely operated
actuators may be accepted, provided that the location
of such valve controls complies with 7.9.2.

7.9.7 Where the piping of closed spaces bilge system
is connected to the piping arrangements for the
drainage of water ballast tanks, two non-return valves
shall be provided to prevent the ingress of water into
dry spaces from the water ballast tanks. One of these
non-return valves shall be fitted with shut-off isolation
arrangement. The non-return valves shall be located in
readily accessible positions. The valve control position
shall meet the requirements of 7.9.2.

Moreover, the valve shall comply with the
requirements of 4.1.1.2 and 4.1.2.2.

7.9.8 Any dry spaces or cofferdams other than
chain lockers, the volume of which does not exceed
0,1 per cent of the ship maximum displacement
volume, fully or partly located forward of the
foremost cargo hold, shall be fitted with water level
detectors giving audible and visual alarms at a water
level of 0,1 m above the deck.

7.9.9 The cargo spaces of bulk carriers shall be
provided with alarms complying with the require-
ments of 2.4, Part XV "Automation", located on the
navigating bridge, as well as 7.10, Part XI "Electrical
Equipment".

The visual signals of each cargo space shall be
clearly distinguishable.

The alarm system detectors shall be positioned at
two levels:

at a height of 0,5 m above the inner bottom;

at a height of 15 per cent of the depth of cargo
space but not more than 2 m above the inner bottom.

For cargo holds, which are used for water ballast,
an alarm-overriding device may be installed to be
activated when ballast is loaded thereinto.

The water ballast tanks forward of the collision
bulkhead shall be provided with detectors giving an
audible and visual alarms when the liquid in the tank
reaches a level not exceeding 10 per cent of the tank
capacity. An alarm overriding device may be installed
to be activated when the tank is in use.

7.10 DRAINAGE OF COFFERDAMS

7.10.1 Cofferdams filled with water shall be
provided with drainage means. The location of
branch suctions shall comply with the requirements
of 7.6. In oil tankers and combination carriers, the
filled cofferdams adjoining cargo tanks or slop tanks
shall have automatic drain arrangements.

7.11 FORE AND AFT PEAK DRAINAGE

7.11.1 Where the peaks are not used as water
ballast or other tanks, they may be drained by their
own hand pumps or water ejectors.

For draining of fore compartments in oil tankers,
other than cargo compartments, provision shall be
made for a separate pump or ejector, which may also
be used for filling and draining of the tanks intended
only for water ballast.

7.12 DRAINAGE OF OTHER SPACES

7.12.1 Drainage of the chain lockers and boats-
wain’s stores may be carried out by means of hand
pumps, water ejectors or other means.

7.12.2 Drainage of the steering engine rooms and
other compartments situated above the after peak
may be carried out by hand pumps or water ejectors,
as well as through drain pipes laid into the bilges of
shaft tunnel or engine room. The drain pipes shall be
fitted with readily accessible self-closing valves and
shall be of not less than 39 mm in inner diameter.

In passenger ships, drain pipes shall not be used
for drainage of the above-mentioned spaces.

7.12.3 Drain pipes shall not be laid into the bilges of
the engine rooms and shaft tunnels from the spaces situa-
ted in other watertight compartments below the bulkhead
decks (with the exception of cases specified by 7.12.2).

Drain pipes from these spaces may be laid into
the engine rooms and shaft tunnels only if terminat-
ing in closed drain tanks.

Where several watertight compartments have a
common drain tank, the drain pipes from these
compartments shall be fitted with non-return valves
to prevent the passage of water from one compart-
ment into another in the event of flooding.

The drain tank may be discharged through the
bilge main, provided a non-return valve is fitted on
the branch suction or the distribution chest.

7.12.4 Drain pipes from enclosed superstructures
and deckhouses may be laid into the bilges (wells) of
the engine room or the holds.

In ships having in the class notation a mark of
subdivision, these pipes shall be fitted with valves
controllable from a place above the bulkhead deck to
prevent penetration of water in the above-mentioned
spaces shall the engine room or hold become flooded.

7.12.5 Drain pipes for drainage of storerooms for
explosives shall be fitted with valves controllable
from locations outside these rooms.

7.12.6 Drainage facilities in way of helidecks shall
be constructed of steel and shall lead directly over-
board independent of any other system. Drainage
shall not fall onto any part of the ship.
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7.13 DRAINAGE OF FLOATING
DOCK COMPARTMENTS

7.13.1 Machinery spaces and dry compartments
shall be provided with draining means. The require-
ments of this Section, except 7.3.2 and 7.3.9, are not
applicable to the drainage system of floating docks.

7.14 DRAINAGE OF CARGO SPACES INTENDED
FOR THE CARRIAGE OF DANGEROUS CARGO

7.14.1 Closed cargo spaces intended for the
carriage of flammable liquids with flash point below
23 °C or toxic liquids of subclass 6.1 mentioned in
7.2.4 and Table 7.2.4-3, Part VI "Fire Protection"
shall be equipped with self-contained fixed drainage
system located outside the engine room.

7.14.2 The internal diameter of the main bilge line
and that of the bilge suctions directly connected to the
pump shall be determined from Formula (7.2.1-1).

7.14.3 In spaces intended for the carriage of
dangerous goods, the drainage and pumping arrange-
ments shall be such as to prevent the build-up of free
surfaces of water when fire-extinguishing systems are
used.

The capacity of drainage system shall not be less
than 1,25 times the combined capacity of both the
water spraying system pumps and fire hose nozzles,
the required number of which is stated in 7.2.5.2,
Part VI "Fire Protection".

The drainage system valves shall be operable
from outside the protected space at a position in the
vicinity of the extinguishing system controls.

Bilge wells shall be of sufficient holding capacity
and shall be arranged at a distance of not more than
40 m from each other in each watertight compart-
ment.

7.14.4 The Register may permit the use of the
ship’s main drainage system for the drainage of such
spaces, if the design prevents accidental pumping of
flammable or toxic liquids through the pipelines and
pumps of the engine room through installation of a
blank flange or a locked up shut-off valve.

7.14.5 The capacity of the independent main
drainage system connected with the general ship
system shall be at least 10 m?/h when one space is
drained and at least 25 m®/h when two or more
spaces are drained.

7.14.6 Cargo spaces may be drained by gravity
overboard or into a closed drainage tank situated
outside the engine room. The tank shall have an air
pipe carried to the safe position on the open deck.

7.14.7 Cargo spaces are permitted to be drained
into bilge wells of the underlaying spaces if these
spaces satisfy the requirements imposed upon similar
cargo spaces.

7.14.8 Container ships of open type shall be fitted
with self-contained fixed hold drain system located
outside the engine room.

8 BALLAST, HEEL AND TRIM SYSTEMS

8.1 PUMPS

8.1.1 The ballast system shall be served by at least
one pump. The capacity of the ballast pump shall be
such as to ensure the speed of water of not less than
2 m/s, with the suction pipe diameter taken from
Formula (8.2.1) as for the largest ballast tank.

For each hull of a ship with twin hulls, an
independent ballast system shall be provided.

8.1.2 General service pumps of sufficient capa-
city, as well as a bilge, fire or standby cooling pump,
may be used for ballasting (refer to 8.1.3).

Fire pumps may be permitted subject to com-
pliance with 3.2.3.2 and 3.2.3.4, Part VI "Fire
Protection".

8.1.3 Where the fuel oil tanks are generally used as
ballast tanks, the standby cooling pump or a fire pump
shall not be used for ballasting, nor shall the ballast
pump be used as fire pump or standby cooling pump.

8.1.4 The pumps used for pumping out ballast
water from the double-bottom tanks shall be of self-
priming type and comply with 5.2.4, Part IX
"Machinery".

8.1.5 In passenger ships, ballast tanks shall not,
generally, be intended for the carriage of fuel oil.
Possible relaxations from this requirement, shall be
specially considered by the Register in each case
(refer also to 13.1.2).

8.1.6 In oil tankers emergency ballast discharge
by stripper and cargo pumps is allowed, provided the
requirements of 9.10.2 are complied with.

8.2 PIPING DIAMETERS

8.2.1 The internal diameter d;, in mm, of the
ballast pipes for separate tanks shall be determined
by the formula
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di=18 v (8.2.1)

where v = ballast tank capacity, m>.

The diameter may be adopted by the nearest
standard size.

8.2.2 The diameter of the ballast main shall not
be less than the maximum diameter of the suction
determined by Formula (8.2.1).

8.3 PIPING LAYING

8.3.1 The arrangement of the suctions shall be
such as to ensure pumping of the water from any of
the ballast tanks, whether the ship is on even keel or
listed 5°.

8.3.2 In icebreakers and ships with ice strengthe-
ning of Arcd to Arc9 categories, the fore and after
peaks, as well as structural wing tanks for water
ballast, located above the waterline and in way of
cargo holds, shall be provided with heating arrange-
ments. The double-bottom tanks in way of cargo
holds, intended for water ballast, are recommended
to be fitted with heating coils.

8.3.3 The suction and discharge pipes of segre-
gated ballast tanks shall not communicate with sea
chests and pipelines servicing cargo tanks.

8.4 BALLAST SYSTEM OF FLOATING DOCKS

8.4.1 The ballast system shall be so designed that
at least two pumps are available at any ballast
compartment.

8.4.2 In floating docks intended for service under
negative temperatures, the pumps and fittings shall
be located in warmed spaces of the dock or shall be
provided with local heating.

8.4.3 If the fittings of the ballast system are
controlled from a power source, then the sea inlet and
discharge valves at side shall have manual emergency
driving means laid to above the safety deck. In this
case, the distributing valves are recommended to be
fitted with a device automatically closing them, shall
supply from the power source by interrupted.

8.5 HEEL AND TRIM SYSTEMS

8.5.1 The heel and trim systems shall be in
compliance with 8.3.2 and 8.3.3.

8.6 BALLAST SYSTEM OF BULK CARRIERS

8.6.1 Each water ballast tank forward of the
collision bulkhead shall be provided with a water
level detector giving audible and visual alarms when
the liquid in the tank reaches a level not exceeding
10 per cent of the tank capacity.

8.6.2 On bulk carriers, the means for draining
and pumping ballast tanks forward of the collision
bulkhead shall comply with 7.9.

8.7 BALLAST SYSTEMS FOR BALLAST WATER
EXCHANGE AT SEA

The requirements of this Chapter are mandatory
for ships having the Ballast Water Management Plan.

8.7.1 Permissible methods of ballast water
exchange at sea:

refill method is a process, by which a ballast tank
or hold is first emptied of at least 95 per cent of its
volume and then refilled with replacement ballast
water;

flow-through method is a process, by which
replacement ballast water is pumped through the
ballast tank or hold allowing the water to overflow or
flow through other arrangements. At least 3 times the
tank or hold volume shall be pumped through the
tank or hold;

dilution method is a process, by which replace-
ment ballast water is filled in the ballast tank or hold
through the tank top with simultaneous discharge of
the same water quantity and maintaining a constant
level in the tank or hold. At least 3 times the tank or
hold volume shall be pumped through the tank or
hold.

8.7.2 Ballast water system shall provide pumping
in and out any ballast tank and hold under any
environmental conditions permitted by the Ballast
Water Management Plan.

8.7.3 Where the flow-through method of water
ballast exchange is used, overpressure in the tank or
hold more than designed pressure shall be avoided.

8.7.4 Every ballast tank or hold shall be provided
with shut-off valves for pumping in and/or out.

8.7.5 To ensure that the movement of ballast
water only takes place as required, shut-off valves for
the ballast tanks or holds shall be permanently
closed, except the water ballast handling. In general,
the shut-off valves shall be of self-closing spring type
or equivalent.

8.7.6 The relative positions of ballast water intake
and discharge openings shall be such as to preclude as
far as practicable the possibility of contamination of
replacement ballast water by water being pumped out.



Part VIII. Systems and Piping

103

8.7.7 The ballast system intended for ballast
water exchange shall be served by at least two pumps.
Where the ship’s Ballast Water Management Plan
permits the use of the refill method, each pump shall
be capable of providing ballast water exchange of the
largest ballast water tank or group of tanks as per the
ship’s Ballast Water Management Plan within three
hours.

8.7.8 Ballast water exchange of cargo holds used
for the carriage of water ballast may require an
extended period of time but not more than 24 hours
by one pump.

8.7.9 The ballast system design shall permit the
ballast water exchange operations with the minimum
number of operational modes.

8.7.10 The internal arrangements of ballast tanks
as well as ballast water piping inlet and outlet
arrangements shall permit the complete ballast water
exchange and the cleaning of any sediments.

8.7.11 Design of sea suction line strainers shall be
such as to permit cleaning of strainers without
interrupting of water ballast handling.

8.7.12 Ballast pumps and all valves to be
operated during ballast water exchange shall be
provided with a means of remote control from a
central ballast control station. Furthermore, the
ballast pumps shall be provided with a means of
local control.

8.7.13 A manually operated independent means
of control of all valves required for ballast water
exchange shall also be provided for emergency
operation in the event of main centralized remote
control failure. Where the valves are located inside
tanks or other hardly accessible spaces, the manually
operated independent means of control may be
achieved by connections to the control lines of
individual valves.

8.7.14 The central ballast control station shall
include the following:

a valve position indicating system;

a current tank level indicating system;

a draught indicating system;

a means of communication between the central
ballast control station and those spaces containing
the means of local control for the ballast pumps and
the manually operated independent means of control.

8.7.15 The centralized remote control system
shall be arranged so that the failure of any one of
the control system components will not cause the loss
of operation to the pumps or valves or other systems.

8.7.16 Design of ballast tanks shall permit, when
necessary, taking samples of the ballast water and
sediments. Fitting of tank hatch in addition to
conventional manhole is recommended for this
purpose. Spaces straight below any tank opening
shall be kept free of obstructions that could impede
taking samples or free access.

8.7.17 The capability of the ballast water system
to provide ballast water exchange by the flow-
through method without the risk of overpressure in
the ballast tanks shall be demonstrated by calcula-
tions and testing on board.

8.7.18 The flow-through method with water
flowing over the upper deck is not permitted. The
use of collecting pipes, internal overflow pipes or
interconnecting pipe/trunk arrangements between
tanks may be allowed to avoid water flowing over
the upper deck.

8.7.19 Where dilution method is used, the
following arrangements shall be provided:

special arrangements automatically maintaining
the constant ballast water level. These arrangements
shall provide for a manual emergency stop of the
ballast pump in case of valve failure or incorrect
control actions.

high and low water level alarms in tanks where
the ballast water level will significantly change
affecting the safety of the ship during water ballast
handling.
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9 SYSTEMS SPECIAL TO TANKERS AND COMBINATION CARRIERS

9.1 APPLICATION

9.1.1 The requirements of the present Section
apply to ships with the descriptive notation "Qil
tanker". For the ships with the descriptive notation
"Oil tanker (>60 °C)" and "Bilge water removing
ship", compliance with 9.2.1 to 9.2.8, 9.3.1 to 9.3.3,
9.3.5,9.3.6,9.4.1,9.44,94.5,9.5.1, 9.5.2, 9.5.6, 9.6,
9.711t09.7.3,9.7.5,9.7.7,9.7.9,9.7.13, 9.7.15, 9.7.17,
9.10.1, 9.10.2 is mandatory. Compliance with the
other paragraphs of the Section is recommended for
the above ships.

9.2 GENERAL REQUIREMENTS FOR PIPING
IN CARGO AREA

9.2.1 Remote-controlled valves shall comply with
the requirements of 4.1.1.2 to 4.1.1.4.

9.2.2 The spindles used to operate the valves
placed inside the cargo tanks shall be carried to the
open deck in gastight sealing glands. Replacement of
the sealing shall be made from the open deck. The
drives shall have arrangements showing whether the
valve is open or closed. The drive shall be constructed
as to prevent accumulation of oil residues in them.
Where the rubbing parts of the valve drives pass
inside cargo tanks and cofferdams, as well as on the
cargo deck, precautions shall be such as to preclude
spark formation.

9.2.3 In enclosed spaces inside the cargo area, the
temperature of steam or heating medium shall not
exceed 220 °C.

9.2.4 The pipe flanges and fastening pieces
intended for hose connections from shore installa-
tions shall be made of materials precluding spark
formation.

9.2.5 The piping on deck and in cargo tanks shall
be efficiently secured and fitted with thermal com-
pensators. Where thermal expansion is compensated
by pipe bends, the radii of pipe bends shall comply
with the requirements of 2.2.

9.2.6 All the pipe lengths interconnected by
flanges shall have reliable electric connections. At
one place minimum, electric connection to the hull
shall be made (similar to the requirements of 2.5,
Part XI "Electrical Equipment").

9.2.7 To prevent the passage of flame into cargo
holds, in the structures of fittings, cargo pipes and
venting arrangements and in the covers of cargo
tanks, use of materials, which easily lose their
properties under the effect of heat, is not permitted.

9.2.8 In combination carriers, provision shall be
made for devices in the form of blank flange to isolate
slop tanks from cargo tanks.

9.2.9 All piping on board, through which commu-
nication between liquid-free spaces of cargo tanks is
possible, shall be equipped with a flame arrester.

9.2.10 To keep cargo spills within the cargo area,
provision shall be made for a permanent continuous
coaming on the upper deck, of at least 300 mm in
height and extending from side to side.

9.3 CARGO OIL SYSTEM

9.3.1 Cargo piping shall not pass through the
tanks not intended for cargo storage and shall not be
connected to other tanks or piping including the fuel
oil pipes of the propulsion plant.

Cofferdams shall have no connections to cargo
tanks. No by-pass valves are permitted in cofferdams.

The piping, by means of which hazardous mixing
of different types of cargo or watering of cargo can
take place, shall have a double number of shut-off
valves.

9.3.2 The terminations of the filling pipes of
cargo tanks shall be laid, as far as practicable, as near
to the tank bottom as possible, but not nearer than
1/4 of the pipe inner diameter.

9.3.3 The slop tanks of oil tankers shall be generally
served by independent piping systems. Where such
systems are not provided, all the suction and discharge
pipes of slop tanks shall be equipped with spectacle
flanges or other blocking arrangements.

9.3.4 In combination carriers, reliable means
shall be provided for isolating the piping connecting
the pump with the slop tanks.

The means of isolation shall consist of a valve
followed by a spectacle flange or a spool piece with
appropriate blank flanges. This arrangement shall be
located adjacent to the slop tanks, but where this is
unreasonable or impracticable, it may be located
within the pump-room directly after the piping
penetrates the bulkhead.

9.3.5 In combination carriers where the ship is in
the dry cargo mode, a permanently installed system
shall be provided for discharging the contents of the
slop tanks directly to the open deck. This system shall
generally have no connection to other systems. Its
connection to other systems by means of spool pieces
shall be subject to special consideration by the
Register in each case.
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The manifold for slop tank contents installed on
the open deck shall be equipped with a shut-off valve
and a blank flange.

9.3.6 Where cargo hoses are connected to cargo
manifolds, provision shall be made for a tray, in
which cargo oil residues would accumulate.

9.3.7 Irrespective of purpose, piping laid through
dangerous zones and intended for hose connection
from shore or from another ship, shall be provided
with the following facilities to ensure intrinsical
safety:

.1 insulating flange connections or nonconduct-
ing pipe lengths;

.2 insulating mats, pads and railing to prevent the
contact between the metal components of hoses and
the hull.

The measured resistance between the metal
components of hoses and the hull shall not be less
than 25 kOhm.

9.4 CARGO PUMPS

9.4.1 Cargo pumps and cargo stripping pumps
shall serve only their direct purpose except as
provided for in 7.7.1 and 9.10.2. These pumps shall
not have any connections to tanks other than cargo
tanks.

Cargo pumps and cargo stripping pumps shall be
either installed in a separate space or they shall be
submersible pumps.

9.4.2 The arrangement of driving machinery of
cargo pumps and cargo stripping pumps shall comply
with the requirements of 4.2.5, Part VII "Machinery
Installations".

9.4.3 The design of pumps, fittings and pump
drives shall be such as to preclude spark formation to
maximum extent possible. Structural measures shall
be taken to limit the zero delivery time of submersible
cargo pumps.

9.4.4 Devices shall be provided to stop cargo
pumps and cargo stripping pumps from the top flat
of the pump room at main deck level or from a
readily accessible location on deck.

Where a central cargo control station is provided,
the pump stopping arrangements shall be installed at
the cargo control station as well.

The stopping arrangements of electrically driven
pumps shall comply with the requirements of
19.2.4.5, Part XI "Electrical Equipment".

9.4.5 The pressure gauges of the cargo oil
discharge and cargo stripping mains shall be fitted

at pumps and on the top flat of the pump room, or at
the central cargo control station.

9.4.6 Where any machinery (both electric and
hydraulic) used to drive cargo and ballast pumps, as
well as the arrangements used to supply and control
the pumps and fittings of the cargo and ballast
systems are integrated, the requirements of 19.2.7,
Part XI "Electrical Equipment" shall be met.

9.5 BOW AND AFT LOADING SYSTEM

9.5.1 Bow and aft cargo piping of an oil tanker
shall be permanently installed. Where necessary, the
connections of such piping may be detachable.

9.5.2 Bow and aft cargo piping shall be laid
outside accommodation and service spaces, and
outside machinery spaces adjacent to accommoda-
tion spaces and control stations.

9.5.3 Bow and aft cargo piping shall be connected
by welded joints. If necessary, expansion joints may
be used. Within the hazardous zone, piping may have
detachable joints.

For pipe-to-valve connections, flange connec-
tions, as mentioned in 2.4, may be used. Cargo piping
of this type shall be marked accordingly. They shall
be disconnectable from the principal cargo mains
either with two valves in the cargo area, provided
with devices for their sealing when shut, or with a
single valve used alongside a spool piece or spectacle
flange.

9.5.4 The pipe section used as shore connection
shall be fitted with a shut-off valve and a blank
flange, and provided with a tray. In case a special
coupling is used, the blank flange may be omitted.
The area of 3 m around the manifolds shall be
considered a hazardous zone 1 (refer to 19.2.3,
Part XI "Electrical Equipment").

9.5.5 In cargo piping, arrangements for the
discharge of cargo residues shall be provided. Outside
the hazardous zone, cargo piping shall be fitted with
arrangements to make it clean of cargo and purge it
with inert gas. Between cargo piping and inert gas
system, isolating device shall be fitted.

9.5.6 In oil tankers equipped with bow loading
system and intended for cargo-handling operations at
point berths carried out to sea, an emergency high-
speed device shall be installed for the cargo hose
disconnection. The design and arrangement of such a
device is subject to special consideration by the
Register in each case.
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9.6 CARGO HEATING SYSTEM

9.6.1 As a heating medium for heating of cargo in
tanks, the use of steam, hot water and thermal oil is
permitted.

Application of other fluids is subject to special
consideration by the Register in each case.

9.6.2 Upstream from each steam heating coil, a
non-return stop valve shall be fitted, and upstream to
stop fittings at the outlet the gauge valve for checking
of the condensate quality shall be installed.

9.6.3 The return of condensate from the heating
system shall be performed via the check tank.

The air pipes of the check tank for heating steam
condensate from the cargo tanks containing the cargoes
with the flash point below 60 °C shall be provided with
flame arresters and be lead to a safe place.

9.6.4 Thermal oil systems for cargo heating shall
be used with due regard to the requirements of 20.11.

9.6.5 In ships with the descriptive notations "Qil
tanker (>60 °C)" and "Oil/ore carrier (>60 °C)" in
the class notation, the maximum heating temperature
shall be lower than the flash point of the carrying
cargo at least for 15 °C.

9.6.6 The cargo heating system shall be equipped
with the facilites for cargo temperature control in the
tanks. Control of the current temperature in tanks, as
well as light and audible alarms on exceeding of the
maximum permissible cargo temperature or on cargo
flow velocity loss when pumped through the heaters,
shall be provided.

9.6.7 The steam temperature in the cargo pump
room heating system shall not exceed 220 °C.

9.7 VENTING SYSTEM

9.7.1 The venting system shall ensure gas
exchange and safe pressure in cargo tanks during
the loading, discharging and carriage of liquid cargo.
For this purpose, the system shall include one or
more devices to limit the following:

.1 pressurization above cargo tank test pressure
during loading or ballasting with the maximum
specified output;

.2 pressure fall below 7 kPa during unloading
with the maximum cargo pump delivery.

9.7.2 The venting systems of cargo tanks shall be
entirely distinct from the air pipes of other compart-
ments.

The design and arrangement of the outlets of
venting arrangements shall be such as to minimize the
possibility of flammable vapours being admitted to
enclosed spaces containing a source of ignition or

collecting in the vicinity of deck machinery and
equipment.

9.7.3 The venting system shall include arrange-
ments to provide for:

.1 free flow of small volumes of vapour, air or
inert gas mixtures caused by thermal variations in the
cargo tank;

.2 free flow of large volumes of vapour, air or
inert gas mixtures during cargo loading and ballast-
ing, or during discharging.

9.7.4 Vent outlets for free flow of vapour
mixtures, intended for compensation of thermal
pressure variations, shall be arranged:

.1 not less than 2 m above the cargo tank deck;

.2 not less than 5 m from the nearest air intakes
and openings to enclosed spaces containing a source
of ignition and from deck machinery and equipment,
which may constitute an ignition hazard, such as
anchor windlass and chain locker openings.

9.7.5 The venting arrangements in each cargo
tank may be independent or combined with other
cargo tanks and may be incorporated into the inert
gas piping. Where the arrangements are combined
with other cargo tanks, pressure/vacuum, valves may
be mounted on the inert gas mains.

9.7.6 Where the arrangements are combined with
other cargo tanks, a stop valve and a flame arrester
shall be provided to isolate each cargo tank. Where
stop valves are fitted, they shall be provided with
locking arrangements which shall be under the
control of the responsible ship’s officer. There shall
be a clear visual indication of the operational status
of the valves. Where tanks have been isolated, it shall
be ensured that relevant isolating valves are opened
before cargo loading or ballasting or discharging of
those tanks is commenced.

Flame arresters shall be located so as to render
the penetration of cargo oil therein impossible under
any navigational conditions, rolling included.

9.7.7 Any isolation of venting arrangements shall
continue to permit the flow caused by thermal
variations in a cargo tank in accordance with 9.7.3.1.

9.7.8 The system for the venting of vapours
displaced from the cargo tanks during loading,
discharging and ballasting shall consist of either one
or more mast risers, or a number of high-velocity
vents permitting to discharge of the vapour mixtures
with a velocity of not less than 30 m/s. The vapour
mixture shall be discharged vertically upwards.

9.7.9 The vent outlets of pipes required by 9.7.3.2
shall be designed on the basis of the maximum designed
loading rate multiplied by a factor of at least 1,25.

When determining the capacity of venting
systems equipped with flame arresters, the pressure
drop as the gases pass through the flame arrester
shall be considered. In any case, the adopted pressure
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drop value shall be by 50 per cent greater than that
for a flame arrester in the clean condition.

The internal diameter of vent pipes shall not be
less than 80 mm, and that of mains, not less than
100 mm.

9.7.10 Where the method is by free flow of
vapour mixtures, the vent outlets shall not be less
than 6 m above the cargo tank deck or fore and aft
gangway, if situated within 4 m of the gangway, and
located not less than 10 m measured horizontally
from the nearest air intakes and openings to enclosed
spaces containing a source of ignition and from deck
machinery, which may include anchor windlass and
chain locker openings, and equipment which may
constitute an ignition hazard.

9.7.11 Where the method is by high-velocity
discharge, the vent outlets shall be located at a height
not less than 2 m above the cargo tank deck and not
less than 10 m measured horizontally from the
nearest air intakes and openings to closed spaces
containing a source of ignition and from deck
machinery, which may include anchor windlass and
chain locker openings, and equipment which may
constitute and ignition hazard.

9.7.12 In each cargo tank, a secondary means of
allowing full flow relief of vapour, air or inert gas
mixtures to prevent overpressure or under pressure
on the event of failure of the arrangements mentioned
in 9.7.3.2 shall be fitted.

Alternatively, pressure sensors may be fitted in
each tank, with a monitoring system in the ship cargo
control, which is activated by detection of over-
pressure or underpressure conditions within a tank.

Pressure/vacuum-breaking devices of the inert gas
system may be used as a secondary means of allowing
full flow relief of vapour, air or inert gas mixtures.

9.7.13 Permanent arrangements shall be provided
to drain the venting arrangements and vent lines to a
cargo tank.

9.7.14 The venting system shall be provided with
devices to prevent the passage of flame into the cargo
tanks.

The design, testing and locating of flame arresters
shall comply with the requirements based on
ISO 15364 and MSC/Circ. 450 and MSC/Circ. 677.

9.7.15 The hatches and other openings of cargo
tanks used for measuring temperature, ullage, sam-
pling, gas analysis, except openings for permanently
installed gauges, shall be provided with self-closing
covers or valves. Flame arresters and screens are not
required in these openings. Ullage openings shall not
be used for pressure equalization.

9.7.16 Arrangements, required in 9.7.1.1, may be
provided with a bypass arrangement when they are

located in a vent main or masthead riser. Where such
an arrangement is provided, there shall be suitable
indicators to show whether the bypass is open or
closed.

9.7.17 In combination carriers, the arrangements
for isolating venting systems of slop tanks containing
oil or oil residues shall consist of blank flanges, which
will remain in position at all times when cargoes
other than liquid cargoes are carried.

9.7.18 The venting systems of oil tankers
designed to carry boiling oily products, the Reid
vapour pressure of which exceeds atmospheric
pressure, shall be subject to special consideration by
the Register in each case.

9.8 PURGING AND GAS FREEING OF CARGO TANKS

9.8.1 On the ships fitted with an inert gas system,
arrangements (except those mentioned in 9.7.10 and
9.7.11) may be provided for purging and gas freeing
empty tanks, which would ensure and exit vertical
velocity of at least 20 m/s when any three tanks are
being simultaneously supplied with inert gas. Their
outlets shall extend not less than 2 m above deck
level.

9.8.2 On the ships not fitted with an inert gas
system, special fans, which may be portable, shall be
provided for purging and gas freeing empty tanks.
During gas freeing operations, hydrocarbon vapours
may be vented (except devices mentioned in 9.7.10
and 9.7.11) through special pipes, which shall comply
with the following requirements:

the pipe outlets shall extend not less than 2 m
above deck level;

gas exit velocity of at least 30 m/s in the vertical
direction shall be maintained;

the pipe outlets shall be arranged horizontally
not less than 10 m away from openings to enclosed
spaces containing sources of ignition, from air
intakes, deck machinery and other equipment which
may present ignition hazard.

Gas exit velocity may be reduced to 20 m/s,
provided the device is fitted to prevent the passage of
flame, as required by 9.7.14.

9.8.3 On individual cargo tanks, the gas outlet
pipe shall be positioned as far as practicable from the
inert gas/air inlet. The inlet of such outlet pipes may
be located either at deck level or at not more than 1 m
above the bottom of the tank.

9.8.4 Each gas outlet shall be fitted with suitable
blanking arrangements.
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9.9 CARGO VAPOUR DISCHARGE SYSTEM

9.9.1 Cargo vapour discharge system shall be
arranged so that not to prevent the normal operation
of venting system.

9.9.2 Cargo vapour discharge system shall be
designed basing on the maximum loading capacity.
The pressure drop in the cargo vapour discharge
piping, obtained by means of hydraulic calculation,
shall not exceed 80 per cent of the opening pressure of
any discharge valve of venting system.

9.9.3 The instructions approved by the Register
shall be constantly kept on the ship, proceeding from
which the allowable loading speed of different
cargoes may be defined, taking into consideration
the requirements of 9.9.1 and 9.9.2.

9.9.4 Vapours of incompatible cargoes shall not
be mixed when passing the vapour discharge system.

9.9.5 When the inert gas distribution piping is
used to collect cargo vapours, measures shall be
taken for insulating inert gas pipes from the cargo
vapour discharge system.

9.9.6 Provision shall be made for elimination of
condensate, which may be accumulated in the system.

9.9.7 Piping of the system shall be eclectrically
continuous and have safety earthing.

9.9.8 Cargo vapour discharge manifolds shall be
fitted with a pressure sensor and alarm system to
produce alarm signals at high-pressure level (but not
higher than that at which the high-speed venting device
is actuated) and for vacuum (but not lower than the
pressure, at which the vacuum valve is actuated).

External view of the stud with

9.9.9 In the area of the adapter sleeve of the cargo
vapour discharge manifold, the easily accessible
check valve with manual control shall be installed.

9.9.10 Hoses applied in the vapour discharge
system shall comply with the requirements of 6.1.12.

9.9.11 To exlude false connection of vapour
discharge piping to onshore terminal liquid cargo
piping, studs with a diameter of 12,7 mm and the
length not less than 25,4 mm shall be mounted on
vapour discharge connecting flanges at the upper
point of the coupling bolts line, as shown in
Fig. 9.9.11-1. The vapour discharge manifold mark-
ing shall comply with Fig. 9.9.11-2.

9.10 SHIP SERVICE SYSTEMS IN CARGO AREA

9.10.1 Ballast, sounding and air pipes of segregated
ballast tanks shall not pass through cargo tanks. Cargo
and similar pipes intended to serve cargo and slop tanks
shall not be laid through segregated ballast tanks. This
requirement may be dispensed with, in the case of
shorter pipes, provided they are completely welded or
equivalent, with thickened flanged connections, the
number of which shall be kept to a minimum. Thermal
expansion of the pipes shall be compensated by the pipe
bends. The bend radii shall be in accordance with the
requirements of 2.2.1. In Fig. 9.10.1, the recommended
design of an air pipe is shown by way of an example.
Piping shall be seamless and its material shall be steel.
The pipe wall thickness shall not be less than indicated in
Table 9.10.1. The application of another pipe material
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Table 9.10.1
Internal diameter, in mm Up to 50 Up to 100 Up to 125 Up to 150 150 and above
Minimal wall thickness, in mm 6,3 8,6 9,5 11,0 12,5

! examined for the presence of gas or after electrical
LTI T T T Tt equipment has been disconnected, which may be

N hazardous in and enclosed space.
~ 9.10.4 In oil tankers, the open ends of air pipes of
. Air pipe g cofferdams, fuel oil and lubricating oil tanks adjoin-
e ing cargo and slop tanks shall be laid to the open
e deck where the vapours displaced from the above
~ tanks do not present a fire hazard and where flame
. arresting fittings of a Register-approved type are
als available. The flow area of the fittings shall not be

o E less than the air pipe area.
E_: 9.10.5 Steaming pipes of cargo tanks shall be
. equipped with non-return/shut-off valves.
,_
IPRIEEEIEEEAEER :
e I lj e P 1".4 y 1 14/ 9.11 LEVEL AND OVERFLOW CONTROL
OF CARGO TANKS

Fig. 9.10.1

shall be subject to special consideration by the Register
in each case.

9.10.2 Emergency ballast discharge may be
affected by means of a connection to a cargo pump
through a spool piece, which shall be mounted in a
conspicuous, readily accessible position in the pump
room. To prevent the passage of petroleum products
into the ballast tanks, a non-return valve shall be
fitted on the segregated ballast connections. The
ballast pump shall be located in the cargo pump
room or another space with the safety level equiva-
lent to that of a cargo pump room not containing
sources of ignition.

9.10.3 In oil tankers, the ballast system of the
ballast tanks installed in the cargo area may be used
for pumping ballast from the forepeak, provided that:

.1 the particular tank is considered a hazardous
zone;

.2 the open ends of its air pipes on the open deck
are located within 3 m of sources of ignition;

.3 provision is made for measuring hazardous gas
concentrations in the tank from the upper deck by
means of portable apparatus;

.4 the tank is accessible and the level therein can
be measured from the upper deck.

Where there is a cofferdam between cargo tanks
and the forepeak; the tank may be accessible through
a gastight manhole on the open deck. In this case, the
manhole cover shall bear a warning inscription to the
effect the tank may be opened only after it has been

9.11.1 Provision shall be made to guard against
liquid rising in the venting system to a height, which
would exceed the design head of cargo tanks. This
shall be accomplished by high-level alarms or over-
flow control systems. The overflow control system
shall be two-level and independent of tank level
gauging devices, it shall give visible and audible high-
and limit-level alarms in cargo tanks to the ship
operator and to the cargo control room (if any), give
and alarm for deenergization of the system or level
sensors, have the possibility of checking the alarm
circuit prior to cargo operations. For the purpose of
this regulation, spill valves are not considered
equivalent to an overflow system.

9.11.2 Each oil tanker equipped with a fixed inert
gas system shall be provided with closed measure-
ment devices for taking ullages of cargo and slop
tanks. In oil tankers, semiclosed or closed measure-
ment devices for taking ullages of cargo and slop
tanks shall be applied. Open sounding devices are
admitted in oil tankers with the descriptive notation
"QOil tanker (>60 °C)" and as a reserve means in oil
tankers not equipped with the inert gas system.

9.11.3 The cargo tanks sounding pipes shall be so
designed as to include hermetic self-closing valves
fitted on pipes laid to the open deck; the pipe laid to
the deck shall be as high as to prevent cargo spillage
onto the deck during sounding.

9.11.4 In oil tankers intended for the carriage of
cargoes with flash point below 60 °C , the sounding
rods shall be made of a non-sparking material.
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9.12 CARGO TANK WASHING SYSTEM

9.12.1 Fixed tank washing machines shall comply
with the following requirements:

.1 during the operation of the machines or with
the machines immersed in fluid, any induced stresses
both in the machine piping and deck connections
shall not exceed the permissible values;

.2 support attachments and footing of the
machines shall be approved by the Register;

.3 the machines shall be made of steel or any
other material, which tendency to sparking during
friction is not greater than that of steel;

.4 the complete installation shall be permanently
earthed to the ship hull.

9.12.2 The casing of portable washing machines
shall be made of a material, which would not spark
when in contact with cargo tank structures. Secure
electrically conductive coupling shall be ensured
among the tank washing machine, hose and perma-
nent washing water main. Hoses for washing with
portable washing machines shall be armed with wire.

9.12.3 After washing, the water shall be dis-
charged to the sludge tank through an opening
located not less than 1 m below the water level. The
free fall of liquid to the sludge tank containing
washing water and oil residues shall be impossible.
The requirements of this paragraph may be waived
where the sludge and cargo tanks are inerted.

9.12.4 Crude oil washing systems shall comply
with the requirements of 2.4, Part II "Requirements
for Ship’s Construction and Equipment for the
Prevention of Pollution by Oil" of the Rules for the
Prevention of Pollution from Ships.

9.13 STATIC ELECTRICITY PROTECTION

9.13.1 Cargo hoses, compressed air hoses, tank
washing hoses and other hoses used in the cargo area
shall comply with the requirements of Section 6,
conduct electricity through their whole length,
including connections and flanges (with the exception
of shore connections), and shall be earthed to remove
electrostatic charges.

9.13.2 Portable pumps and ventilators to be used
in the cargo area shall be equipped with devices for
electrostatic earthing prior to operation.

9.13.3 The cargo system shall make it possible to
regulate the intensity of loading each particular tank
so that the flow velocity would not exceed 1 m/s at
suction pump outlet in the tank at the initial stage of
loading. The above flow velocity can be increased, if
cargo tanks are fitted with special suction wells to

reduce the level of tank atmosphere electrization,
which design shall be approved by the Register. For
maximum loading intensity, the flow velocity shall
not exceed 7 m/s. The requirements of this paragraph
may be waived, if cargo tanks are inerted during
cargo-handling operations.

9.14 MONITORING THE COMPOSITION
OF ATMOSPHERE IN CARGO AREA

9.14.1 Oil tankers and combination carriers shall
carry at least two portable instruments for measuring
oxygen and flammable vapour concentrations (refer
to item 15 of Table 5.1.2, Part VI "Fire Protection").

9.14.2 Structural measures shall be taken to
facilitate flammable vapour concentration measure-
ments in all spaces of the cargo area. The above
measurements shall be possible from open deck or
readily accessible locations. Where the atmosphere in
double hull spaces cannot be reliably measured using
flexible gas sampling hoses, such spaces shall be fitted
with permanent gas sampling lines. Where plastic
pipe material are used, they shall be electrically
conductive.

9.14.3 In cargo pump rooms and in ballast pump
rooms fitted with the equipment containing cargo a
system for continuous monitoring of the concentra-
tion of hydrocarbon gases shall be fitted. Sampling of
atmosphere for analysis shall be carried out in
succession (including the exhaust vent). The interval
between measurements shall be as short as possible.
Detector heads of gas analyzers shall be located in the
areas with limited air circulation (at recesses and
remote angles). When the hydrocarbon gas concen-
tration reaches a pre-set level, which shall not be
higher than 10 per cent of the lower flammable limit,
a continuous audible and visual alarm signal shall be
automatically effected in the pump-room, engine
control room, cargo control room and navigation
bridge to alert personnel to the potential hazard.

In combination carriers, such system, in addition to
the cargo pump-rooms, shall be installed in cofferdams
and pipe tunnels adjacent to the drainage tanks.

9.14.4 Where fixed gas analysers are fitted outside
the cargo area, the following conditions shall be met:

.1 sampling pipes shall be provided with flame
arresters and gas samples shall be vented to the
atmosphere through a special pipe mounted at a safe
location;

.2 sampling pipe assemblies at gastight bulkhead
penetrations shall be type-approved and their fire
resistance shall be equal to that of the bulkhead;

.3 each sampling pipe shall be provided with a
manual insulation valve fitted on the gas-safe side of
the gasight bulkhead;



Part VIII. Systems and Piping

111

.4 instruments and equipment for gas analysis
shall be arranged inside a special hermetic steel
cabinet and one of the sampling points shall be
located in the cabinet. When the dangerous gas
concentration inside the cabinet reaches 30 per cent
of the lower flammability limit, the gas supply to the
gas analyzer shall be automatically stopped;

.5 sampling lines shall not generally be laid
through spaces outside the hazardous area. Where it
is not possible to install the gas analysis cabinet on a
gastight bulkhead, the sampling pipes shall be as
short as practicable, they shall be made of steel or an
equivalent material and shall not have detachable
joints except joints with the gas analysis cabinet and
insulating valves on the gastight bulkhead.

9.14.5 In oil recovery ships and bilge water
removing ships the sampling arrangements or the
atmosphere monitoring system detectors shall be
located as follows:

.1 near the forced ventilation openings;

.2 at least at two locations at the open deck at a
height not more than 1m above the deck;

.3 in machinery spaces of category A;

.4 in air locks;

.5 in cofferdams adjacent to cargo tanks.

9.15 OIL RECOVERY SYSTEM OF OIL RECOVERY SHIPS

9.15.1 The system and devices for the recovery
and transfer of oil shall be installed outside machin-
ery spaces and accommodation spaces.

9.15.2 The system shall ensure both the recovery
and transfer of oil being recovered.

9.15.3 Where, in multi-purpose ships, a perma-
nently installed oil recovery system is incompatible
with the cargo of the cargo system installed, relevant
isolating arrangements shall be provided.

9.15.4 Where the ship is fitted with portable oil
recovery equipment, not more than two suctions
connected by piping to all oil collecting tanks shall be
provided on the upper deck for connecting to the
discharge hoses of the oil recovery equipment.

The arrangement of suctions on the upper deck
shall make it possible to simultaneously connect two
oil recovery systems installed on the opposite sides of
the oil recovery ship.

Pipe connecting suctions to tanks shall not pass
through accommodation spaces or spaces located as
high as the open deck.

Laying of pipes through enclosed intrinsically
safe spaces (refer to 19.2.3.4, Part XI "Electrical
Equipment") shall be subject to special consideration
by the Register in each case.

9.16 INERT GAS SYSTEM

9.16.1 General.

9.16.1.1 The inert gas system may be used:

.1 as a principal means of fire extinguishing in dry
cargo holds, provided an independent inert gas
generator is installed;

.2 as a means of warning the outbreak of a fire by
rendering and maintaining the atmosphere of the
cargo tanks non-flammable at all times, except when
such tanks are required to be gas free.

9.16.1.2 The system shall be capable of:

.1 maintaining the atmosphere in any part of any
cargo tank with an oxygen content not exceeding 8 per
cent by volume and at a positive pressure at all times in
port and at sea except when it is necessary for such tank
to be gas free; maintaining the atmosphere in any part
of any dry cargo hold with an oxygen content not
exceeding 14 per cent by volume;

.2 eliminating the need for air to enter a tank
during normal operations except when it is necessary
for such a tank to be gas free;

.3 purging empty cargo tanks with inert gas
and air.

9.16.1.3 Inert gas with an oxygen content of not
more than 5 per cent by volume shall be delivered to
the cargo tanks.

9.16.1.4 The temperature of the inert gas supplied
to the protected space shall be not in excess of:

.1 65 °C for cargo tanks;

.2 50 °C for dry cargo holds.

9.16.1.5 The inert gas supply may be treated flue
gas from main or auxiliary boilers or separate gas
generators. The Register may accept systems using
flue gases from other sources or any combinations
thereof provided an equivalent standard of safety is
achieved. Each source of flue gas shall be provided
with automatic combustion control to provide for the
fulfilment of the requirement of 3.9.1.3.

Carbon dioxide smothering system due to the
risk of ignition of the mixture of vapours of
flammable liquids with air from discharges of static
electricity generated at carbon dioxide supply shall
not be used for the purpose of inertization.

9.16.2 Capacity.

9.16.2.1 The system shall be capable of delivering
inert gas to the cargo tanks at a rate of at least
125 per cent of the maximum total capacity of the
cargo pumps during discharging the ship.

9.16.2.2 The capacity of the system shall be sufficient
for the hourly receipt of the amount of gas equal to
minimum 25 per cent of the gross amount of the most
spacious hold among the protected ones to ensure the
cargo holds protection. The work of the system with
such capacity shall be carried on for 72 hours.
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9.16.3 Equipment.

9.16.3.1 A flue gas scrubber shall be fitted which
will effectively cool the volume of gas and remove
solids and sulphur combustion products. The cooling
water shall be delivered by an independent pump.
Provision shall be made for an alternative supply of
cooling water from a stand-by pump without
interfering with any essential services on the ship.

9.16.3.2 The gas scrubber shall be designed so
that the capacity of the system will not drop for more
than 3 per cent and the gas temperature at the outlet
will not rise more than 3°C as against the design
values under all normal conditions of heel and trim.

9.16.3.3 Provision shall be made in the gas
scrubber housing for inspection holes and sight
glasses made of impact-, and heat-resisting material
for inspections and maintenance.

9.16.3.4 At least two blowers shall be fitted which
together are capable of delivering at least the volume
of gas required by 9.16.2; and where possible there
shall be established equal supply for each blower, but
at any rate for each of them it shall not be less than
1/3 of aggregate required supply.

9.16.3.5 Provision shall be made in the blower
casing for maintenance devices.

9.16.3.6 Interior surfaces of the scrubber and
blowers shall be made of corrosion-resistant materi-
als or lined with a coating material.

9.16.3.7 Filters or equivalent devices shall be
fitted to minimize the amount of water and solid
particles carried over to the inert gas blowers.

9.16.4 Cargo tank protection against pressure/
vacuum.

9.16.4.1 The inert gas system shall be so designed
that the maximum pressure which it can exert on any
cargo tank will not exceed the test pressure of any
cargo tank.

9.16.4.2 One or more pressure-vacuum breaking
devices shall be provided on the inert gas supply main
provided they are not fitted on the gas venting system
or individually on each tank. Control, location and
design of these arrangements are to comply with 9.7.

9.16.4.3 A positive pressure not exceeding 21 kPa
shall be maintained in the cargo tanks when they are
filled or being filled with inert gas under normal
working conditions.

9.16.5 Non-return valves.

9.16.5.1 At least two non-return devices shall be
fitted in the inert gas supply main in the cargo area
on deck. One of them shall be a deck water seal, and
the other — a non-return valve or an equivalent
device fitted forward of the deck water seal. They
shall be located between the automatic valve required

! Gas safe space is a space in which the entry of hydrocarbon
gases would produce hazards with regard to flammability or
toxicity.

by 9.16.6.5 and the aftermost connection to any
cargo tank or cargo pipeline.

9.16.5.2 The deck water seal shall be capable of
being supplied by two separate pumps, each of which
shall be capable of maintaining an adequate supply at
all times and automatically starting each pump
feeding the water seal and automatically filling the
seal with water upon inert gas supply failure (for half-
dry and dry water seals).

A drain pipe of the deck water seal shall not pass
through machinery spaces. Discharge pipes shall be
laid directly overboard.

9.16.5.3 Provision shall be made to ensure that the
water seal is protected against freezing in such a way
that the integrity of seal is not impaired by overheating.

9.16.5.4 The deck water seal and all loop
arrangements shall be capable of preventing return
of hydrocarbon vapours at a pressure equal to the
test pressure of the cargo tanks.

9.16.5.5 The non-return valve (refer to 9.16.5.1) may
be of non-return shut-off type or of non-return type with
a shut-off valve being additionally fitted in the inert gas
supply main forward of the non-return valve.

9.16.5.6 A water loop or other approved ar-
rangement shall be fitted to each associated water
supply and drain pipe and each venting or pressure-
sensing pipe leading to gas safe spaces'. Means shall
be provided to prevent such loops from being
emptied by vacuum.

9.16.5.7 Provision shall be made in the deck
water seal for sight holes and glases for monitoring
the water level and making inspections.

9.16.5.8 Materials used in non-return devices
shall be resistant to the effect of acids generated
during cooling, cleaning and by gases coming
through the pipes.

9.16.6 Pipes.

9.16.6.1 The inert gas main may be divided into
two or more distributing pipes forward of the non-
return devices required by 9.16.5.1.

9.16.6.2 The distribution inert gas supply pipes
shall be fitted with branch piping leading to each
cargo tank. Branch piping for inert gas shall be fitted
with either shut-off valves or equivalent means of
control for isolating each tank.

Where shut-off valves are fitted, they shall be
provided with locking arrangements to prevent the
control of the valves by unauthorized persons.

The control system operated shall provide
positive indication of the operational status of the
shut-off valves.

9.16.6.3 In combination carriers the arrangement
to isolate the inert gas system from the slop tanks
shall consist of blank flanges.

9.16.6.4 Outlets of the pipes discharging inert gas
into dry cargo holds shall be located in the lower part
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of the protected space. Such spaces of 500 m? in
volume and more shall be provided with two pipe
outlets located in the opposite parts of the space. Pipe
outlets discharging inert gas into the cargo tanks shall
be located in the upper part.

9.16.6.5 A gas regulating valve shall be fitted in
the inert gas supply main. It shall be capable of
automatically regulating the flow of inert gas to the
cargo tanks as referred to in 9.16.8.8 unless means are
provided to automatically control the speed of the
inert gas blowers.

9.16.6.6 If a connection is fitted between the inert
gas supply main and the cargo piping system,
arrangements shall be made to ensure an effective
isolation having regard to the large pressure differ-
ence which may exist between the systems. It shall
consist of two shut-off valves, the valve on the cargo
main being of a non-return type, and an arrangement
to vent the space between the valves in a safe manner
or an arrangement consisting of a spool-piece with
associated blanks.

9.16.6.7 The valve separating the inert gas supply
main from the cargo main and which is on the cargo
main side shall be a non-return shut-off valve.

9.16.6.8 Piping systems shall be so laid as to
prevent the accumulation of cargo or water in the
pipelines under all normal conditions.

9.16.6.9 Suitable arrangements shall be provided
for the safe venting of the section of the line between
the valves referred to in 9.16.5.5 and 9.16.6.5 in case
when the first of these valves is closed.

9.16.6.10 The diameter of the pipes shall be such
as to ensure the gas flow rate in any section of the
piping to be not more than 40 m/s.

9.16.6.11 The piping from the gas scrubber to the
blowers and recirculation lines as well as drain pipe
of gas scrubbing and cooling system shall be lined
with corrosion-resistant coating.

9.16.6.12 An arrangement shall be provided to
connect the inert gas main to the external supply of
inert gas. The arrangement shall consist of a flange
joint for 250 mm piping fitted forward of the non-
return valve specified in 9.16.6.5.

Flange design shall comply with the requirements
of 2.4.3.

9.16.6.13 The inert gas supply main may be used
for the venting of the cargo tanks.

9.16.7 Instruments and alarms.

9.16.7.1 On the discharge side of gas blowers,
instruments shall be provided for continuous indica-
tion of the inert gas temperature and pressure.

9.16.7.2 Instrumentation shall be fitted for
continuously indicating and permanently recording,
when the inert gas is being supplied:

.1 the pressure of the inert gas supply main
forward of the non-return devices required by 9.16.5.1;

.2 the oxygen content of the inert gas in the inert
gas supply main on the discharge side of the gas
blowers.

These devices shall be placed in the cargo control
room; but where no cargo control room is provided,
they shall be placed in a position easily accessible to
the officer in charge of cargo operations.

9.16.7.3 In addition to the requirements of
9.16.7.2, the following meters shall be fitted:

.1 in the navigating bridge to indicate at all times
the pressure (refer to 9.16.7.2.1) and the pressure in the
slop tanks of combination carriers, wherever those
tanks are isolated from the inert gas supply main;

.2 in the main machinery control room or in the
machinery space to indicate the oxygen content (refer
to 9.16.7.2.2).

9.16.7.4 Suitable arrangements shall be provided
on each cargo tank for measuring oxygen and
hydrocarbon vapour concentration using portable
instruments.

9.16.7.5 Suitable means shall be provided for the
zero and span calibration of both fixed and portable
gas concentration measurement instruments referred
to in 9.16.7.2 and item 15 of Table 5.1.2, Part VI
"Fire Protection".

9.16.7.6 Audible and visual alarms shall be
provided to indicate:

.1 low water pressure or low water flow rate to
the flue gas scrubber;

.2 high water level in the scrubber;

.3 increase of gas temperature, this alarm being
operated when the temperatures referred to in
9.16.1.4 are reached;

.4 failure of inert gas blowers;

.5 oxygen content more than 14 per cent by
volume in cargo holds;

.6 oxygen content in the inert gas main more than
8 per cent by volume;

.7 failure of the power supply to the automatic
control system for the gas regulating valve and to the
indicating devices referred to in 9.16.7.2;

.8 low water level in the deck water seal referred
to in 9.16.5.1;

9 gas pressure less than 1 kPa in the inert gas
main. The alarm arrangement shall be such as to
ensure that the pressure in slop tanks in combination
carriers can be monitored at all times;

.10 high gas pressure (when the pressure reaches
10 kPa).

.11 insufficient fuel feeding (if inert gas genera-
tors are available);

.12 failure of power supply to the generator (if
inert gas generators are available);

A3  failure of power supply to automatic
generator control system (if inert gas generators are
available).
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9.16.7.7 Indicating units of the alarms required in
9.16.7.6.3, 9.16.7.6.4, 9.16.7.6.6 and 9.16.7.9 shall be
placed in the machinery space and in the cargo
control room, where provided, but in any case they
shall be placed in a position where the alarm may be
immediately received by responsible members of the
crew.

9.16.7.8 Audible and visual alarms indicating the
low water level in the water seal of half-dry and dry
type shall operate on failure of the inert gas supply.

9.16.7.9 Additional audible alarms independent of
the alarms required in 9.16.7.6.9 or automatic shut-
down of the cargo pumps shall be provided to operate
when the pressure in the main drops to 0,5 kPa.

9.16.8 Systems using flue gas of boilers (these
requirements are additional to those of 9.16.1 to
9.16.7).

9.16.8.1 The flue gas scrubber and blowers shall
be located aft of all cargo tanks, cargo pump rooms
and cofferdams separating these spaces from ma-
chinery spaces of category A.

The design and location of scrubber and blowers
with relevant piping and fittings shall prevent the gas
leakages into enclosed spaces.

9.16.8.2 Suitable shut-off arrangements shall be
provided on the suction and discharge connections of
each blower. Arrangements shall be provided to
enable the functioning of the inert gas plant to be
stabilized before commencing cargo discharge.

9.16.8.3 Shut-off valves shall be fitted in the inert
gas supply mains between the boiler uptake and the
flue gas scrubber. The valves shall be provided with
an indicator to show whether they are open or shut.
Precautions shall be taken to maintain them gastight
and keep the seatings clear of soot.

Arrangements shall be provided to ensure that
boiler soot blowers cannot be operated when the
corresponding flue gas valve is open.

9.16.8.4 If the blowers shall be used for gas
freeing, their air inlets shall be provided with
blanking arrangements.

9.16.8.5 A shut-off valve (refer to 9.16.8.3) shall be
made of materials capable of withstanding the flue gas
temperature and resistant to the corrosive action of the
gas.

9.16.8.6 The piping between the shut-off valve
and the scrubber shall be made of corrosion-resistant
steel.

9.16.8.7 An additional water seal or other effective
means of preventing flue gas leakage shall be fitted
between the shut-off valves (refer to 9.16.8.3) and the
scrubber.

9.16.8.8 The valve referred to in 9.16.6.5 shall be
located at the forward bulkhead of the forwardmost gas
safe space through which the inert gas supply main
passes.

9.16.8.9 Automatic shutdown of the inert gas
blowers and gas regulating valve shall be arranged on
predetermined limits being reached in respect of
9.16.7.6.1, 9.16.7.6.2 and 9.16.7.6.8. Automatic shut-
down of the gas regulating valve shall also be arranged in
case of blower failure.

9.16.9 Inert gas generator system (the require-
ments for this system stated below are additional to
those given in 9.16.1 to 9.16.7).

9.16.9.1 For inert gas generator (the machinery
including blower, combustion chamber, scrubber, fuel
oil pump, burner, automatic combustion control and
supervisory equipment) use shall be made of fuel oil
meeting the requirements of 1.1.2, Part VII "Machinery
Installations".

9.16.9.2 The generators shall be located in the
space referring to machinery spaces of category A.

9.16.9.3 In ships in whose tanks toxic substances
may be carried the gas generators shall not be located
in the machinery spaces and shall be located in a
compartment reserved solely for their use according to
the requirements of 9.16.8.1. Such a compartment shall
be separated from the machinery spaces at least by a
gastight steel bulkhead, having no doors or other
openings, and from the accommodation spaces and
cargo area by open decks, cofferdams or similar spaces.
Adequate positive pressure type mechanical ventilation
shall be provided for such a compartment. Access to
such compartments shall be only from an open deck
outside the cargo area. Access shall be provided on the
end bulkhead of the superstructure or deckhouse, not
facing the cargo area and/or on the outboard side of
the superstructure or deckhouse at a distance of at least
L/25, but not less than 3 m from the end of the
superstructure or deckhouse facing the cargo area.

The inert gas supply main shall not be located in,
or have any connection with systems located in
machinery spaces, accommodation spaces and service
spaces.

9.16.9.4 Despite the provisions of 9.16.3.4, the
Register may permit only one blower if it is capable
of delivering to the protected cargo spaces the total
volume of gas required by 9.16.2, provided sufficient
spares for the air blower and its prime mover are
carried on board to enable any failure of the air
blower and its prime mover to be rectified by the
ship’s crew.

9.16.9.5 Two fuel oil pumps shall be fitted to the
inert gas generator. The Register may permit only
one fuel oil pump, provided sufficient spares for the
fuel oil pump and its prime mover are carried on
board to enable any failure of the pump and its prime
mover to be rectified by the ship’s crew.

9.16.9.6 Where more than one inert gas generator
is provided, suitable shut-off arrangements shall be
fitted on the discharge outlet of each generator plant.
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9.16.9.7 Arrangements shall be made to vent the
inert gas to the atmosphere during starting-up or in
case of equipment failure.

9.16.9.8 Where the inert gas generator is served
by positive displacement blowers, a pressure relief
device shall be provided to prevent excess pressure
being developed on the discharge side of the blower.

9.16.9.9 Audible and visual alarms shall be
provided to indicate:

.1 insufficient fuel oil supply;

.2 failure of power supply to the generator;

3 failure of power supply to the automatic
control system for the generator.

9.16.9.10 The gas regulating valve shall be
automatically controlled to close and to interrupt
the fuel oil supply to the generator on predetermined
limits being reached in respect of 9.16.7.6.1 and
9.16.7.6.2.

Automatic shut-down of the gas regulating shall
also be arranged in respect of 9.16.9.9.2.

9.16.10 Inert gas systems for oil tankers.

9.16.10.1 On tankers where the inert gas system is
required, inertization of space in double hull may be
accomplished through detachable branch pipes con-
nected with the inert gas system of cargo tanks or via
stationary pipelines.

9.16.10.2 If detachable branch pipes are used,
connection arrangements on the system main shall be
provided.

9.16.10.3 If stationary pipelines are used, a
separate deck gate and shut-off valve shall be
provided.

9.16.11 Systems with inert gas supplied from
cylinders.

9.16.11.1 The systems are designed for purposes
stated under 9.16.1.1.2 in respect of fuel oil storage
tanks mentioned in 13.13.4.

9.16.11.2 The cylinders of the systems, generally
filled with nitrogen, and their spaces shall comply
with the requirements of 12.9 of the present Part and
6.4.5, Part X "Boilers, Heat Exchangers and Pressure
Vessels".

9.16.11.3 The system piping of Class I and
Class II, respectively, shall be tested on board in
conformity with Section 21.

9.16.12 Nitrogen generator system.

9.16.12.1 The present requirements cover the
system in which the inert gas (nitrogen) originates at
separation of compressed air to the basic gases while
passing through the nitrogen generator (group of
empty fibres of se