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CHANGES

• General
Being class related, this document is published electronically
only (as of October 2008) and a printed version is no longer
available. The update scheme for this category of documents is
different compared to the one relevant for other offshore doc-
uments (for which printed versions are available). 

For an overview of all types of DNV offshore documents and
their update status, see the “Amendments and Corrections”
document located at: http://webshop.dnv.com/global/, under
category “Offshore Codes”.
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SECTION 1
INTRODUCTION 

A. General
A 100 Introduction
101    This offshore standard provides principles, technical
requirements and guidance for design, manufacturing and
installation of marine and machinery systems and equipment
for mobile offshore units and floating offshore installations.
102    The requirements of this standard are in compliance with
relevant parts of SOLAS Ch. II-1 and the IMO MODU Code.
SOLAS references are as quoted in MODU Code 1989 and ful-
fil class requirements. Note that for compliance with flag state
requirements, later amendments may be applicable.
103    The standard has been written for general world-wide
application. Governmental regulations may include require-
ments in excess of the provisions by this standard depending
on the size, type, location and intended service of the offshore
unit or installation. 
104    The objectives of this standard are to:

— provide an internationally acceptable standard of safety by
defining minimum requirements for offshore marine and
machinery systems

— serve as a contractual reference document between suppli-
ers and purchasers

— serve as a guideline for designers, suppliers, purchasers
and regulators

— specify procedures and requirements for units or installa-
tions subject to DNV certification and classification.

A 200 Application
201    The requirements of this standard are applicable for
mobile offshore units and floating offshore installations of the
ship-shaped, self-elevating and column-stabilised design
types, but may also be applied to other types of floating con-
structions, as applicable.
202    The requirements in this standard apply to marine piping
systems, machinery piping systems and marine machinery sys-
tems, which are defined as systems serving the marine systems on
a offshore unit or installation and not primarily intended for oper-
ation in drilling or hydrocarbon production service or dedicated
auxiliary systems. Interfaces between such systems and marine
systems should be identified and a specification break defined.

Guidance note:
Piping and equipment for drilling and drilling related auxiliary
systems are addressed in DNV-OS-E101.
Piping and equipment for hydrocarbon production and produc-
tion related auxiliary systems are addressed in DNV-OS-E201.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

203    Piping and equipment in connection with hydrocarbon
storage (including, product piping, inert gas system, gas free-
ing and venting system and crude oil washing system) are
addressed in the Rules for Classification of Ships Pt.5 Ch.3.
The additional requirements to class III piping in this standard
shall be applied.

Guidance note:
Some systems used for typical tank ship applications, (e.g. cargo
piping, ballast systems, firewater systems), need to be especially
considered, for example with respect to fabrication quality and
support arrangement, when evaluated for use on offshore instal-
lations in view of differing operational conditions and overall
safety and maintenance philosophy. 

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

204    Piping and equipment in connection with LNG storage
are addressed in DNV-OS-C503 “Concrete LNG Terminal
Structure and Containment Systems”, DNV-OS-C107 “Steel
LNG Terminal Structure and Containment Systems” (under
development - see Note:) for steel installations, and Rules for
Classification of Ships Pt.5 Ch.5.
Note:
For information concerning the referenced document: DNV-OS-C107 “Steel
LNG Terminal Structure and Containment Systems” (currently under develop-
ment), cotact TNCNO725, DNV, Høvik, Norway.

205    Hydrocarbon loading/offloading systems are addressed
in DNV-OS-E201.
206    The requirements of this standard may also be applied to
equivalent areas of fixed offshore installations.

B. Normative References
B 100 General
101    The following standards include provisions which,
through reference in the text constitute provisions of this off-
shore standard. The latest issue of the references shall be used
unless otherwise agreed.
102    Other recognised standards may be used provided it can
be demonstrated that these meet or exceed the requirements of
the standards referenced below.
103    Any deviations, exceptions and modifications to the
design codes and standards shall be documented and agreed
between the supplier, purchaser and verifier, as applicable.

B 200 Reference documents
201    Applicable DNV publications are given in Table B1.

202    Other reference documents are given in Table B2 and in
Ch.2 Sec. 5 B.

Table B1 DNV Rules, Classification Notes, Offshore Standards 
and Recommended Practices
Reference Title
DNV-OS-A101 Safety Principles and Arrangement
DNV-OS-B101 Metallic Materials
DNV-OS-C102 Structural Design of Offshore Ships
DNV-OS-C103 Structural Design of Column Stabilised Units 

(LRFD method)
DNV-OS-C301 Stability and Watertight Integrity
DNV-OS-C401 Fabrication and Testing of Offshore Structures
DNV-OS-E301 Position Mooring
DNV-RP-A201 Plan Approval Documentation Types – 

Definitions
Rules for Classification of Ships

Classification 
Note 41.2

Calculation of gear rating for marine transmis-
sions

Table B2 Normative references
Reference Title
ICLL International Convention on Load Lines, 1966
IMO MODU Code 
1989

Code for the Construction and Equipment of 
Mobile Offshore Drilling Units, 1989

ISO 281 Rolling bearings - Dynamic load ratings and 
rating life

ISO 898 Mechanical Properties of Fasteners
DET NORSKE VERITAS
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C. Informative References
C 100 General
101    Informative references are not considered mandatory in
the application of the offshore standard, but may be applied or
used for background information.
102    Informative references are given in Table C1.

D. Definitions
D 100 Verbal forms
101    Shall: Indicates requirements strictly to be followed in
order to conform to this standard and from which no deviation
is permitted.
102    Should: Indicates that among several possibilities one is
recommended as particularly suitable, without mentioning or

excluding others, or that a certain course of action is preferred
but not necessarily required. Other possibilities may be applied
subject to agreement.
103    May: Verbal form used to indicate a course of action
permissible within the limits of the standard.

D 200 Definitions
201    Column-stabilised unit: A unit with the main deck con-
nected to the underwater hull or footings by columns.
202    Engine room: This is the space containing propulsion
machinery and machinery for generation of electrical power.
Rooms within or adjacent to the engine room with visual con-
tact with the machinery are considered to be part of the engine
room.
203    Floating offshore installation:  A buoyant construction
engaged in offshore operations including drilling, production,
storage or support functions, and which is designed and built
for installation at a particular offshore location.
204    Machinery spaces: All machinery spaces of category A
and all other spaces containing propulsion machinery, boilers,
oil fuel units, steam and internal combustion engines, genera-
tors and major electrical machinery, oil filling stations, refrig-
erating, stabilizing, ventilation and air conditioning
machinery, and similar spaces, and trunks to such spaces.
(SOLAS Reg. II-1/3.16)
205    Machinery spaces of category A: 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

— any oil-fired boiler or oil fuel unit.

(SOLAS Reg. II-1/3.17)
206    Machinery Room: Room in which major items of equip-
ment are installed. The term is used instead of Machinery
Space on installations which are non-self propelled or fixed.
Depending on the equipment involved requirements will be
similar to those for either Machinery Space or Machinery
Space of Category A.
207    Marine piping:  Piping serving the marine systems on an
offshore unit and which is not primarily intended for operation
in drilling or hydrocarbon production service or dedicated aux-
iliary systems.
Marine piping systems include the following :

— ballast system
— bilge system
— air systems
— cooling system
— lubricating oil system
— steam system
— hydraulic system
— firewater system
— fuel oil system
— thermal oil system
— drains system
— feed water and condensate systems.

208    Mobile offshore unit: A buoyant construction engaged in
offshore operations including drilling, production, storage or
support functions, not intended for service at one particular
offshore site and which can be relocated without major dis-
mantling or modification.
209    Offshore installation: A collective term to cover any
construction, buoyant or non-buoyant, designed and built for
installation at a particular offshore location.

ISO 8861 Engine-room ventilation in diesel-engined 
ships

SOLAS 1974 SOLAS International Convention  for the 
Safety of Life at Sea

EN 288-3 Specification and Approval of Welding Proce-
dures for Metallic Materials - Part 3: Welding 
Procedure Tests for the Arc Welding of Steels

ISO 5817 Arc-welded joints in steel - Guidance on qual-
ity levels for imperfections

Table C1 Informative references
No. Title
ASME B31.3 Chemical Plant and Petroleum Refinery Piping
ASTM D3806 Standard Test Method of Small-Scale 

Evaluation of Fire-Retardant Paints (2-Foot 
Tunnel Method)

DNV-OS-E101 Drilling Plant
DNV-OS-E201 Hydrocarbon Production Plant
DNV Standard for 
Certification No. 
2.22

Lifting Appliances

EN 12238 Ventilation for Buildings - Air Terminal 
Devices- Aerodynamic Testing and Rating for 
Mixed Flow Application

EN 12239 Fire Protection Equipment - Self Contained 
Smoke Alarms 

ENV 12097 Ventilation for buildings - Ductwork - 
Requirements for ductwork components to 
facilitate maintenance of ductwork systems

IMO Resolution 
A.653(16)

Recommendation on Improved Fire Test 
Procedures for Surface Flammability of 
Bulkhead, Ceiling and Deck Finish Materials

IMO Resolution 
A.753(18)

Guidelines for the Application of Plastic Pipes 
on Ships

ISO 75 Plastics - Determination of temperature of 
deflection under load

ISO 1127 Stainless steel tubes - Dimensions, tolerances 
and conventional masses per unit length

ISO 1461 Hot dip galvanized coatings on fabricated iron 
and steel articles - Specifications and test 
methods

ISO 8861 Shipbuilding - Engine-room ventilation in 
diesel-engined ships - Design requirements and 
basis of calculations

UKOOA Specification and Recommended Practice for 
use of GRP piping offshore

USCG
PFM 1-98

Policy File Memorandum on the Fire Perform-
ance Requirements for Plastic Pipe per IMO 
Resolution A.753(18).
DET NORSKE VERITAS
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210    Redundancy: The ability to maintain or restore a func-
tion when one failure has occurred. Redundancy can be
achieved for instance by installation of more than one unit
(component redundancy) or by having two or more separate
systems capable of performing the same function (system
redundancy).
211    Redundancy types: Are defined by the time lag accepted
upon restoring a lost function, due to failure in a component or
system, designed with redundancy.

212    Self-elevating unit: A unit with movable legs capable of
raising its hull above the surface of the sea.
213    Ship-shaped unit:  A unit with a ship- or barge-type dis-
placement hull of single or multiple hull construction intended
for operation in the floating condition.

E. Abbreviations and Symbols

E 100 Abbreviations
101    Abbreviations used are given in Table E1.

E 200 Symbols
201    Symbols used are given in Table E2.

F. Documentation

F 100 General
101    Documentation requirements shall be in accordance
with the NPS DocReq (DNV Nauticus Production System for
documentation requirements) and DNV-RP-A201.
102    Documentation with regard to LNG Terminals is given
in DNV-OSS-309 Verification, Certification and Classifica-
tion of Gas Export and Receiving Terminals
103    For documentation requirements related to certification
and classification, see Ch.3. 

Redundancy 
type

Time lag in re-establishment of function

0 None (continuously available)
1 Up to 30 s
2 Up to 10 minutes
3 Up to 3 hours

not defined More than 3 hours

Table E1 Abbreviations
Abbreviation Full text
ABS acrylonitrile butadiene styrene
AGMA American Gear Manufacturers Association
ANSI American National Standards Institute
API American Petroleum Institute
ASA American Standards Association
ASME American Society of Mechanical Engineers
BS British Standard (issued by British Standard Insti-

tution)
CIBS Classification Information Breakdown Structure
DIN Deutsches Institut für Normung e.V. 
DNV Det Norske Veritas
EEMUA Engineering Equipment and Materials Users Asso-

ciation
EN European Norm
GMAW gas metal arc welding 
GRE glass fibre reinforced epoxy
GRP glass fibre reinforced polyester
GTAW gas tungsten arc welding 
HVAC heating, ventilation and air conditioning
ICLL International Convention on Load Lines
IMO International Maritime Organization
ISO International Organization for Standardization
LEL lower explosion limit
LNG liquefied natural gas
MPI magnetic particle inspection
MT magnetic particle testing
NDT non-destructive testing
NFPA National Fire Protection Association
OS offshore standard
OSS offshore service specification

PT dye-penetrant testing
PWHT post weld heat treatment
RP recommended practice
RT radiographic testing
SMACNA Sheet Metal and Air Conditioning Contractors 

National Association
TBK Norwegian Pressure Vessel Committee
TEMA Tubular Exchangers Manufacturers Association
TR test report
UKOOA United Kingdom Offshore Operators Association
USCG U.S. Coast Guard
UT ultrasonic testing
WPQT welding procedure qualification test
WPS welding procedure specification
WPT welding production test

Table E2 Symbols
Symbol Definition
T1 nominal wall thickness
T0 strength thickness in mm
T minimum required wall thickness in mm
C corrosion allowance in mm
B bending allowance in mm
σt permissible stress in N/mm2

σb specified minimum tensile strength of the material 
in N/mm2 at 20ºC

σ ft specified minimum yield stress or 0.2% proof 
stress of the material in N/mm² at design material 
temperature

p design pressure in bar
D outer diameter of pipe in mm
σb100000 average value for stress to rupture after 100 000 

hours at design material temperature
a percentage negative manufacturing tolerance
e strength ratio
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SECTION 1
DESIGN PRINCIPLES

A. Arrangement
A 100 General
101    All machinery, systems and components that shall be
operated or subject to inspection shall be installed and
arranged for easy access.
102    All components in a system shall be satisfactorily
matched with regard to function, capacity and strength. Rela-
tive motions between parts of the machinery shall be allowed
for without inducing detrimental stresses.
103    All machinery shall be equipped with control and instru-
mentation considered necessary for safe operation of the
machinery.
104    All spaces in which machinery is operated and where
flammable or toxic gases or vapours may accumulate, or where
a low oxygen atmosphere may occur, shall be provided with
adequate ventilation under all conditions.

Guidance note:
By adequate ventilation is meant natural or mechanical ventila-
tion sufficient to prevent an accumulation of gases above a con-
centration of 25% of their Lower Explosion Limit (LEL).

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

105    The capacity and arrangement of machinery spaces and
emergency generator room ventilation shall cover demands for
operating the machinery, boilers and emergency generator at
full power in all weather conditions. 
On floating installations, ventilation inlets and outlets shall be
located not less than 4.5 m above freeboard deck. Supply of air
to the engine room/main power generation room, emergency
power room and fire pump room shall be ensured even in the
event of failure of one ventilation fan. As an alternative to the
redundancy requirements in B300 alternative provision of air
by adequate openings will be specially considered.

Guidance note:
Necessary capacity of ventilation may be calculated according to
ISO Standard 8861.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

106    Service and utility systems (e.g. steam, heating medium,
cooling medium, compressed air, drains etc.) connected to sys-
tems containing flammable or toxic liquids or gases shall nor-
mally not be combined with similar systems located in non-
hazardous areas or connected to non-hazardous systems.
107    Any connection between hazardous and non-hazardous
systems shall be designed to eliminate or control the risk of
ingress of hazardous material from one system to the other due
to incorrect operation or leaks.
The following issues shall be evaluated by the designer and
documented before systems are interconnected:

— identify possible failure modes and define a realistic range
of leak sizes

— evaluate possible consequences of cross contamination
— describe and evaluate reliability, maintainability and test-

ability of active and passive protection systems (e.g. liquid
seals, non return valves, detectors, actuated valves, pri-
mary and secondary loops etc.).

If the potential consequences of cross contamination are found
to be significant or the reliability of protective measures is dif-
ficult to maintain or verify, separated systems shall be speci-
fied.

Guidance note:
Investigations following incidents have shown that gas can
migrate backwards against the flow of liquids and past check
valves. Check valves alone are not normally regarded as reliable
devices for prevention of cross contamination where gas is
present.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

A 200 Prevention of inadvertent operations 
201    The machinery shall be so arranged that inadvertent
operation leading to reduced safety of the unit or installation or
personnel, cannot occur as a consequence of one single opera-
tional error.
202    The machinery and piping systems shall be arranged to
prevent sea water, stored hydrocarbons or chemicals or ballast
from reaching dry spaces of the installation or stored hydrocar-
bons or chemicals from being discharged overboard as a con-
sequence of inadvertent operations. Measures shall also be
taken to prevent inadvertent movement of ballast or stored flu-
ids internally within these systems.
203    Systems and tanks shall be so arranged that leakage or
operation of valves will not directly lead to increased risk of
damage to machinery, installation or personnel due to mixing
of different fluids.
204    Open or closed position of valves shall be easily visible.
205    If a valve's function in the system is not evident, there
shall be adequate information on a name plate attached to the
valve.
206    All connections to sea shall be marked:  SEA DIRECT.

A 300 Communications 
301    For self propelled units, at least two independent means
shall be provided for communicating orders from the navigat-
ing bridge to the position in the machinery space or in the con-
trol room from which the engines are normally controlled.
302    For self propelled units ,at least one means of communi-
cation shall be provided between the control station or bridge
and any other control position(s) from which the propulsion
machinery may be controlled.

A 400 Engineers' alarm
401    For self propelled units arrangement shall be provided at
the main propulsion control station or at the manoeuvring plat-
form as appropriate for the operation of an engineers' alarm
which shall be clearly audible in the engineers' accommoda-
tion.

A 500 Fire protection
501    Facilities for the safe storage and handling of flammable
fluids shall be found on board.
502    All spaces where oil-burning installations, settling tanks
or daily service fuel oil tanks are located, shall be easily acces-
sible and well ventilated.
503    Where small leaks of flammable fluids may occur dur-
ing normal service or routine maintenance work, special
arrangements shall be made to prevent these fluids from reach-
ing other parts of the machinery where danger of ignition may
arise.
504    Piping and other installations for the transport of flam-
mable fluids shall be so located that the fire hazard resulting
from rupture and other failures, is acceptably low.
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505    Exhaust pipes shall not be led in the vicinity of fuel oil
tanks, storage tank bulkheads.
506    All surfaces which may reach a temperature of 220°C or
more, shall be insulated or equivalently protected so that flam-
mable fluids cannot be ignited.
507    Where oil absorbing insulating material is used, the
insulation shall be covered by non-combustible vapour-tight
sheeting.
508    All other possible ignition sources of the machinery
shall be protected in order to prevent ignition of flammable flu-
ids.
509    Flammable or oil absorbing materials shall not be used
in floors, gratings etc. in boiler and engine rooms, shaft tunnels
or in compartments where settling tanks are installed.
510    Fuel oil purifiers for heated fuel oil or hydraulic power
aggregates with pressure higher than 15 bar and power deliv-
ery higher than 5 kW located within the boundaries of machin-
ery spaces of category A, shall be placed in separate rooms
enclosed by steel bulkheads extending from deck to deck and
provided with self-closing doors. The rooms shall be provided
with:

— independent mechanical ventilation
— fire detection system
— fixed fire extinguishing installation.

It must be possible to activate the extinguishing installation
from outside the room and separately from the fire extinguish-
ing of the engine room. From the same position it shall also be
possible to stop fuel pumps, ventilation fans, oil purifiers or
hydraulic pumps located in the room.
511    If it is impracticable to locate the installations addressed
in 510 in separate rooms, special considerations shall be given
with regard to location and shielding against leakages hitting
sources of ignition. The installations shall be covered by a fire
extinguishing system capable of being activated automatically
or activated manually from the machinery control position or
from another suitable location. If automatic release is pro-
vided, additional manual release shall be arranged.
512    Approved penetrations shall be used where pipes are
passing through fire resistant bulkheads or decks.

A 600 Piping systems
601    Metallic pipes shall be connected by welding or brazing
or by detachable connections in accordance with Sec.6. 
602    Plastic pipes shall be connected by welding, gluing,
cementing, lamination or similar methods in accordance with
Sec.6 or by approved detachable connections.
603    Installation of pipes for water, steam or oil behind or
above electric switchboards shall be avoided as far as possible.
If this is impracticable, all detachable pipe joints and valves
shall be at a safe distance from the switchboard or well
shielded from it.
604    Routing of water pipes and air and sounding pipes
through freezing chambers shall be avoided.

A 700 Operation of valves
701    Sea suction and discharge valves located in dry compart-
ments, bilge valves and valves on the fuel oil and lubricating
oil tanks which are situated higher than the double bottom
tanks, shall be arranged for local manual operation. The
change over to manual operation from possible remote control
arrangement shall be simple to execute.
702    All valves in storage and ballast tanks which are hydrau-
lically or pneumatically controlled shall also be arranged for
manual operation for example, with a hand-pump connected to
the control system.
703    Spindles of sea suction valves, discharge valves below

the load line, emergency bilge valves in engine rooms and
blow down discharge valves are to extend above the floor
plates or by other means be easily accessible and visible.
704    Remotely controlled valves shall be provided with indi-
cations for open and closed valve positions at the control sta-
tion. In cases where the possibility of local manual operation is
required in addition to the remote control, means of observing
the valve position at the valve location shall be provided.
705    Valves for sea inlets and discharges shall be arranged for
direct manual operation by means of a mechanical device or
permanently installed hand pump. Any valve serving a sea
inlet or a discharge below the load waterline shall be remotely
operated from above the damage waterline. 
Discharges between load waterline and damage waterline may
be fitted with one locally closable non-return valve. The valves
shall be fitted as close to the inlet or discharge as possible. 
The controls shall be readily accessible and shall be provided
with indicators showing whether the valves are open or closed.
All connections to sea shall be marked: SEA DIRECT.
706    In addition, requirements for weathertight and water-
tight integrity as given in DNV-OS-C301, shall be complied
with.

A 800 Valves on sides and bottom of floating units and 
installations
801    All outlets and sea inlets shall have easily accessible
valves or cocks fitted:

— to the shell plating on steel pads welded to the plating with
spigots passing through the plating

— to integral sea chests of rigid construction with pads
welded on. 

802    Drainage from open deck may be accepted without
valves provided the pipes have substantial wall thickness. See
DNV-OS-C301 Ch.2 Sec.2 F200 for definition of substantial
wall thickness.
803    For units or installations with double side and/or bottom,
the following requirements apply:

a) The valve may be fitted to the inboard tank boundary.
b) The pipe wall thickness between side and bottom and

inner boundary shall be minimum 11 mm, regardless of
pipe diameter and regardless the shell plating thickness.
Accessibility for replacement should be considered in
specifying the wall thickness.

c) Due attention shall be paid to the detail design to avoid
high stresses being introduced at pipe fixations, as for
example where the outer and inner boundary are con-
nected by a short and straight pipe.

d) Outlet- or inlet-pipes passing through heated fuel oil tanks
or lubricating oil tanks shall be surrounded by cofferdams.

804    All outlets and sea inlet valves shall be fitted to the shell
in such a way that piping inboard of the valves may be discon-
nected without interfering with the watertight integrity of the
shell.
805    Distance pieces of steel of short, rigid construction may
be fitted between the valves and the shell plating. The thick-
ness of the distance piece shall not be less than given in DNV-
OS-C301, Ch.2 Sec.2 F200. 
The distance pieces shall be arranged with spigots passing
through the shell plating. Stud holes are not to penetrate the
shell plating or the sea chest plating.
806    Valves and cocks for blow down of boilers shall have a
protection ring fitted on the outside of the shell plating through
which the spigot shall be carried.
The spigot shall terminate flush with the outer side of the ring.
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807    Suction and discharge valves of steel and sea chests and
distance pieces shall be protected against corrosion by an effi-
cient coating or equivalent.
808    All suction and discharge pipes shall be adequately pro-
tected where they are liable to be damaged by stored hydrocar-
bons etc.
809    Sea inlets shall be so designed and arranged as to limit
turbulence and to avoid entry of air due to the unit/installa-
tion’s movements.
810    Scuppers and sanitary discharges, see DNV-OS-C301,
Ch.2 Sec.2.
811     Sea inlets and discharge valves for systems where plas-
tic piping is used shall be arranged with remote closing
arrangement. The adequacy of this system shall be docu-
mented.

A 900 Fittings on watertight bulkheads
901    Where a collision bulkhead is provided, drain cocks
shall not be fitted to the bulkhead, nor shall other openings  be
cut in the bulkhead.
902    No drain valve or cock shall be fitted to watertight bulk-
heads unless they are accessible at all times and capable of
being closed from above the deep load line. Alternatively the
valve shall be of the self-closing type. Indication of open and
closed position of the valves and cocks shall be provided.
903    Fastening of fittings, pipes, etc. to bulkheads or tunnel
plating by means of bolts passing through clearing holes in the
plating is not acceptable.

A 1000 Requirements dependent upon damage stability 
calculations
1001    For units or installations where damage stability
requirements apply, precautions shall be taken to prevent inter-
communication through damaged pipe lines between flooded
and intact compartments. 
For this purpose, where any part of a pipe system is situated
within the defined damaged area and the pipe line has an open
end in a compartment assumed to be intact, then an isolating
valve shall be fitted.  The valve shall be situated outside the
damaged area  and shall be operable from the freeboard deck
or from another position and accessible when the ship is in
damaged condition. For bilge lines, the remotely operated stop
valves may be substituted by a non-return valve.

Guidance note:
For compliance with IMO Modu Code bilge lines may only be
fitted with a positive closable valve from above the waterline.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

B. Construction and Function

B 100 General
101    The machinery shall be so designed, installed and pro-
tected that risks of fire, explosions, accidental pollution, leak-
ages and accidents thereof are acceptably low.
102    Reliability and availability of the machinery shall be
adapted according to considerations of the consequences from
machinery failures and disturbances.
103    The design arrangement of machinery foundations, shaft
connections, piping and ducting shall take into account the
effects of thermal expansion, vibrations, misalignment and
hull interaction to ensure operation within safe limits. Bolts
and nuts exposed to dynamic forces and vibrations shall be
properly secured.

B 200 Environmental conditions 
201    Table B1 gives environmental conditions for ship-
shaped units and installations. 

202    Table B2 gives environmental conditions for column-
stabilised and self-elevating units or installations.

203    All components and systems covered by this standard
shall be designed to operate under the following environmental
conditions unless otherwise specified in the detailed require-
ments for the component or system:

a) Ambient air temperature in the machinery space between
0°C and 45°C.

b) Relative humidity of air in the machinery space up to 96%.
c) Sea water temperature up to 32°C.
d) List, rolling, trim and pitch of mobile units and floating

installations according to Table B1and Table B2. Devia-
tions from the angles of inclination given in the tables may
be considered in cases where calculations show that the
maximum angle of inclination which can be reached by
the unit in damaged condition is below the values given.

Guidance note:
Environmental conditions for instrumentation are given in DNV-
OS-D202 Pt.2 Sec.4.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

204    Where the standard gives requirements for capacity or
power of machinery, these shall be determined at the ambient
reference conditions stated in Table B3.

205    The engine manufacturer shall not be expected to pro-
vide simulated ambient reference conditions at a test bed
unless specified in the relevant standards.

Table B1 Environmental condition for unit or installation of 
ship-shaped type

Systems or components
Angle of inclination (degrees) 1)

Athwart Fore and aft
Static Dynamic Static Dynamic

Main and auxiliary 
machinery ±15 0 ± 22.5 ±5 0 ± 7.5

Safety equipment, e.g. 
emergency power 
installations, emer-
gency fire pumps and 
their devices, electronic 
appliances and remote 
control systems, etc.

±22.5 0 ± 22.5 ±10 0 ± 10

1) Athwart, fore and aft inclinations or trim may occur simultaneously

Table B2 Environmental condition for column-stabilised and 
self-elevating units or installations

Systems or components
Angle of inclination (degrees) 

in all direction
Static Dynamic

Main and auxiliary machinery ±15 ±22.5
Safety equipment, e.g. emergency 
power installations, emergency 
fire pumps and their devices, elec-
tronic appliances and remote con-
trol systems, etc.

±15 ±25

Table B3 Ambient reference conditions for machinery
Parameter Value
Total barometric pressure 1 bar
Ambient air temperature 45°C
Relative humidity of air 60%
Sea water temperature 32°C
DET NORSKE VERITAS



Offshore Standard DNV-OS-D101,  October 2008 Amended October 2009
Page 20   –   Ch.2 Sec.1 see note on front cover
B 300 Functional capability and redundancy(floating 
units)
301    Components and systems shall be arranged with redun-
dancy so that a single failure of any active component or sys-
tem does not cause loss of any main function, with the
exceptions listed in 305.

Guidance note:
Main functions for all types of mobile units and floating installa-
tions include:
- power generation
- fire protection, detection and extinction
- drainage and bilge pumping
- ballasting
- anchoring and mooring / position keeping.
For self-propelled mobile offshore units propulsion and steering
are also regarded as main functions. 
For fixed installations main functions will include :
- power generation
- fire protection, detection and extinction

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

302    Redundancy can either be arranged as component redun-
dancy or system redundancy as defined in Ch.1 Sec.1 D200.
303     For redundancy on a component level a single failure of
an active component shall not lead to a reduction of the output
power for the main function served, as long as the main func-
tion is served by one system only.
304    For duplicated systems a single failure of an active com-
ponent or a system shall not reduce the output power for the
main function, served by the duplicate system, to less than
40% of the nominal output rated power. 301 and 302 shall be
considered as general requirements. For evaluation of devia-
tions or equivalent solutions reference should be made to the
relevant standard for the component or system in question.

Guidance note:
For single engine propulsion plants all active components must
be duplicated to satisfy 301 and 307. Multi engine propulsion
plants or propulsion plants with combinations of diesel engines,
gas turbines and/or electrical motors are considered to provide
redundancy on a system level. For these plants, duplication of the
active components is not necessary provided that at least 40% of
output rated power for the main function is remaining in case of
a single failure. For propulsion plants where less than 40% of
output rated power remains, after a single failure, duplication of
the active components will be required. "Output rated power" is
in this context the total rated propulsion power for the driven unit
(e.g. one or several propellers).
All other main functions shall be treated accordingly.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

305    The following active components are general exceptions
to 301 and are not required as part of the designed redundancy,
unless otherwise specified in the rules:

— main engine
— shafting, gear, driven unit (e.g. propeller)
— anchor windlass
— machinery for emergency power supply
— auxiliary thrusters.

306    Components and systems forming part of the designed
redundancy are normally to be arranged as redundancy type 2
(see Ch.1 Sec.1 D200). When the interruption of the function,
of a duplicated component or system, entails considerable haz-
ard to other components or systems, or to the unit or installa-
tion, redundancy type 1 shall be arranged. The installation can
be arranged as redundancy type 3 if accepted in the relevant
standard.
307    Active components, arranged as part of the designed
redundancy, shall be so dimensioned that in the event of a sin-

gle failure sufficient capacity remains to cover demands at the
maximum continuous load of the component served.

Guidance note:
Only relevant for plants where it is required to have redundancy
on a component level (e.g. single engine plants, see 302).

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

308    When two or more components are performing the same
function, these shall be mutually independent and at least one
shall be independently driven. Components arranged as part of
the designed redundancy, yet only performing auxiliary func-
tions to a main unit, can be directly powered by the main unit
through separate power transmissions, on the condition that
these components are not necessary for the starting of the main
unit.
309    The machinery shall be so arranged and designed that all
main functions can be maintained simultaneously in normal
service.
310    For self-propelled units maintenance tasks normally
expected to occur at short intervals, for example weekly, shall
be carried out without loss of propulsion or steering.
311    Change over from one normal operational mode to
another normal operational mode of the machinery shall be
possible without interruption in propulsion or steering.
312    Machinery or equipment having remote or automatic
control, shall have additional alternative provisions for attend-
ance and operation.
313    For mobile offshore units the machinery shall be so
arranged that it can be brought into operation from the «dead
ship» condition within 30 minutes using only the facilities
available on board.  «Dead ship» condition is understood to
mean that the entire machinery installation, including the
power supply, is out of operation and that auxiliary services
(such as compressed air, starting current from batteries etc.) for
bringing the main propulsion into operation and for the resto-
ration of the main power supply are not available.
In order to restore operation from the «dead ship» condition, an
emergency generator may be used provided that it is ensured
that the emergency power supply from it is available at all
times. It is assumed that means are available to start the emer-
gency generator at all times.
314    Requirements for cold starting arrangements of floating
offshore installations shall be especially determined depending
on project specific assessment of the safety hazards involved.
315    The performance and capacity of auxiliary systems shall
be adapted to the needs of the machinery installations served.

B 400 Failure effects
401    In the event of failure, components and systems shall
enter the least hazardous of the possible failure states with
regard to machinery, personnel and environment.
402    The probability that failure in a component causes dam-
age or failure to other components, shall be acceptably low.
403    Failure of one component in a system arranged as part of
the designed redundancy shall  not lead to failure or damage to
backup or parallel components or systems.

B 500 Component design
501    Where no specific requirements are given in these stand-
ards regarding dimensioning and choice of materials, generally
recognised standards and engineering principles may be
applied.
502    If acceptable accuracy cannot be obtained by strength
calculations, special tests for the determination of the strength
of the design may be required.
503    When it is of essential significance for the safety of the
unit or installation that the function of a component is main-
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tained as long as possible in the event of fire, materials with
high heat resistance shall be used.
504    Materials with low heat resistance shall not be used in
components where fire may cause outflow of flammable or
health hazardous fluids, flooding of any watertight compart-
ment or destruction of watertight integrity.

Guidance note:
Materials with high heat resistance are materials having a melt-
ing point greater than 925°C. Materials with low heat resistance
are all other materials. Deviations from the above requirement
will be subject to special considerations.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

C. Personnel Protection

C 100 General
101    Machinery, boilers and associated piping systems shall
be so installed and protected as to reduce to a minimum any
danger to persons onboard, due regard being paid to moving
parts, hot surfaces and other hazards.
102    Every deck, gangway, stairway and opening, down
which a person could fall more than 2 m, shall, where practica-
ble, be provided with a toe board not less than 150 mm high
and suitable guard-rails of adequate strength comprising at
least three courses so arranged that the lowest rail is not more
than 150 mm above the toe board and the highest rails not less
than 1 m above the deck.
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SECTION 2
GENERAL PIPING DESIGN

A. General

A 100 Application
101    This section gives minimum requirements which apply
to piping systems, including bends, tees, valves, fittings,
flanges, flexible elements, etc.
102    The design and installation of piping systems should
conform to a recognised design code or standard, subject to
any modifications under the following requirements.
103    Piping systems used for safe operation of the unit or
installation shall in general be separate from piping systems
used for drilling or production operations. If cross connections
are necessary, appropriate means shall be fitted to prevent pos-
sible contamination of the safe system from any hazardous
medium.
104    All requirements are based on the assumption that pip-
ing and components are subject to preventative maintenance
throughout the intended lifetime of the unit or installation. 
105    For cases where this assumption is not valid, corrosion
resistant materials, additional corrosion allowance and/or spe-
cial corrosion protection should be considered.
106    If a floating offshore installation other than MOU is
intended to be built and disposed within the EU Member States
(including EEA EFTA States) the piping design including
components and materials must conform to the minimum
safety requirements outlined in the "Pressure Equipment
Directive 97/23/EC".  Exclusions from the directive are listed
in article no. 1 in the directive. Refer also Guideline 1/27
regarding MOU and FPSO. Harmonized European standards
for the design and fabrication of materials, valves, fittings and
pipes will in general fulfil the requirements outlined in the
directive.

Guidance note:
The Pressure Equipment Directive may also be referred to as the
PED Directive. It's formal title is: DIRECTIVE 97/23/EC OF
THE EUROPEAN PARLIAMENT AND OF THE COUNClL of
29 May 1997 on the approximation of the laws of the Member
States concerning pressure equipment

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

A 200 Categories of piping classification
201    Piping classification is applied on the basis of intended
inventory, pressure and temperature conditions.
202    The designated piping “class” is used to indicate the
materials, manufacturing and inspection requirements which
shall be applied to ensure the operational integrity of piping.
203    For the purpose of certification, testing, type of joint to
be adopted, heat treatment and welding procedures, piping
shall be subdivided into three classes as given in Table A1. 
204    Class II and class III pipes shall normally not be used for
design pressure or temperature conditions in excess of those
shown in Table A1. 
205    Class I pipes shall be used where either the maximum
design pressure or temperature exceeds the applicable values
of class II pipes.
206    In addition to the pressure piping systems in Table A1,
class III pipes may be used for open ended piping, for example
overflows, vents, open ended drains, etc.
207    A project may decide to categorise systems more strin-
gently based on considerations other than safety. Factors such
as consequence of failure and ease of repair with respect to
need to limit operations may also be considered.

B. Materials
B 100 General principles
101    Materials used in piping systems shall be suitable for the
medium and service for which the system is intended. The fol-
lowing aspects should be considered when selecting materials:

— type of service
— compatibility with other materials in the system such as

valve bodies and casings, for example in order to minimise

bimetallic corrosion
— ability to resist general and localised corrosion or erosion

caused by internal fluids and/or marine environment
— ability to resist selective corrosion, for example de-zinci-

fication of brass, de-aluminification of aluminium brass
and graphitization of cast iron

— ductility
— need for special welding procedures
— need for special inspection, tests, or quality control.

Table A1  Classes of piping systems

Piping system for
Class I 1) Class II 2) Class III 2)

p (bar) t (°C) p (bar) t (°C) p (bar) t (°C)
Steam, thermal oil > 16 or > 300 ≤ 16 and ≤ 300 ≤ 7 and ≤ 170
Flammable fluids 3) > 16 or > 150 ≤ 16 and ≤ 150 ≤ 7 and ≤ 60
Other media 4) > 40 or > 300 ≤ 40 and ≤ 300 ≤ 16 and ≤ 200
p =  Design pressure
t =  Design temperature

1) For class I piping one condition (temperature or pressure) is required to be met.
2) For class II and III piping both specified conditions (temperature and pressure) shall be met. 
3) Flammable fluids include: gas, thermal oil, crude oil, lubricating oil, hydraulic oil, etc. with flash point ≤ 60°C and fuel oil.
4) Other media include: other lubricating oil and hydraulic oil, sea water, fresh water, compressed air, sanitary water, bilge, ballast, etc. 
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102    Materials to be used in the construction of piping sys-
tems shall be manufactured and tested in accordance with
DNV-OS-B101.
103    Carbon steel materials are in general suitable for the
majority of the piping systems.
104    Galvanised pipes are recommended as the minimum
protection against corrosion for pipes in seawater systems,
including those for bilge, air vent and ballast service.
105    Austenitic stainless steel pipes are not recommended for
seawater services, as they are prone to pitting.
106    Non-ferrous metallic materials may be accepted in pip-
ing system transporting flammable fluids and in bilge piping
provided that fire endurance properties in accordance with a
recognised code is documented.

B 200 Carbon and low alloy steel
201    Steel pipes for application as class I or class II, or for use
where pressures exceed 40 bar, shall be seamless drawn pipes.
Welded pipes may be accepted for class I and II pipes where
delivered in accordance with DNV-OS-B101.
202    Steel pipes for elevated temperature service may be used
within the temperature limits given in Table C5.
203    Cast and forged carbon and carbon manganese steel may
be used for temperatures up to 400°C.  Application at higher
temperatures may be acceptable provided that:

— metallurgical behaviour and time dependent strength (ulti-
mate tensile strength after 100 000 hours) are in accord-
ance with national or international codes or standards, and

— such values are guaranteed by the steel manufacturer.

204    Where the above conditions cannot be met, special heat
resisting alloy steels shall be used.

B 300 Copper and copper alloys
301    Copper and copper alloy pipes for application as class I
or class II shall be of seamless drawn material in accordance
with DNV-OS-B101.
302    Copper and copper alloys shall not normally be used for
media having temperature above the limits given in Table B1.

303    Copper or copper alloys shall not be used for pipes with
outer diameter > 44.5 mm for compressed air service with
pressure above 20 bar.

B 400 Cast iron
401    Grey cast iron shall not be used for class I and II piping.
Grey cast iron may be utilised for components in hydraulic pip-
ing systems, subject to special consideration on a case by case
basis.
402    Grey cast iron may normally be used for class III piping,
with the following exceptions:

— pipes and valves fitted on the unit or installation sides and
bottom and on sea chests

— valves fitted on collision bulkhead
— valves under static head fitted on the external wall of fuel

tanks
— pipes, valves and fittings for boiler blow-down systems

and other piping systems subject to shock or vibration

— bilge and ballast lines in tanks
— valves for fluids with temperatures in excess of 120°C .

403    Nodular graphite cast iron of the ferritic type, with a
minimum elongation on A5 of 12% (L0 = 5d), may be used in
class II and III piping, in pipes and valves located on the unit
or installation's side and bottom, and valves on the collision
bulkhead.
404    The use of nodular cast iron in class I piping shall be
subject to special consideration on a case by case basis.
405    Nodular cast iron should not be used for media having a
temperature exceeding 350ºC, or less than 0ºC.
406    Nodular cast iron of the ferritic/pearlitic and pearlitic
type shall normally be subject to the same limitations of use as
for grey cast iron in 401 and 402. In addition, nodular cast iron
pipes of the ferritic/pearlitic type with an elongation A5 of at
least 7% may be used in bilge and ballast lines in pipe tunnels
in double bottom.

B 500 Plastic pipes
501    Plastic pipes may be used in systems and locations
according to Table B2 provided the specified fire endurance
requirements are fulfilled.

Guidance note:
The permitted use is in conformance with IMO Resolution
A.753(18) Guidelines for the Application of Plastic Pipes on
Ships except for requirements for smoke generation and toxicity.
All pipes, except those fitted on open decks and within tanks,
cofferdams, pipe tunnels and ducts should have low surface
flame spread characteristics not exceeding average values listed
in IMO Resolution A.653(16). Surface flame spread characteris-
tics may be determined using the test procedures given in ASTM
D3806.
Where a fire protective coating of pipes and fittings is necessary
for achieving the fire endurance level required, it should meet the
following requirements:

a) The pipes should generally be delivered from the manufac-
turer with the protective coating on.

b) The fire protection properties of the coating should not be
diminished when exposed to saltwater, oil or bilge slops. It
should be demonstrated that the coating is resistant to prod-
ucts likely to come into contact with the piping.

c) In considering fire protection coatings, such characteristics
as thermal expansion, resistance against vibrations, and
elasticity should be taken into account.

d) The fire protection coatings should have sufficient resist-
ance to impact to retain their integrity.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

502    Alternatively to 501 the approach for establishing design
performance requirements given in UKOOA document “Spec-
ification and Recommended Practice for use of GRP piping
offshore”, may be used.
503    Plastic pipes may also be used for pneumatic and
hydraulic control pipes within closed control cabinets, except
in systems for remote control of systems for main functions.
This will include:

— steering gear 
— fire extinguishing systems
— seawater valves (ballast and cooling)
— valves on fuel oil service tanks
— valves in bilge and fuel oil systems.

504    Plastic pipes which shall be used in piping systems sub-
ject to the limitations of Table B2 shall be tested to a suitable
specification.

Table B1 Operating temperature limits of copper and copper 
alloy piping
Piping material Temperature limit
Copper and aluminium brass 200°C
Copper nickel 300°C
Special bronze suitable for high tem-
perature service 260°C
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Table B2 Fire endurance requirements matrix
Piping systems Location

A B C D E F G H I J

M
ac

hi
ne

ry
 sp

ac
es

 o
f 

ca
te

go
ry

 A

O
th

er
 m

ac
hi

ne
ry

 sp
ac

es

C
ar

go
 p

um
p 

ro
om

s

O
th

er
 d

ry
 c

ar
go

 h
ol

ds

C
ar

go
 ta

nk
s

Fu
el

 o
il 

ta
nk

s

Ba
lla

st
 w

at
er

 ta
nk

s

C
of

fe
rd

am
s, 

vo
id

 sp
ac

es
, 

pi
pe

 tu
nn

el
 a

nd
 d

uc
ts

Ac
co

 m
m

od
at

io
n 

se
rv

ic
e 

an
d 

co
nt

ro
l s

pa
ce

s

O
pe

n 
de

ck
s

CARGO  Flammable fluids or liquids (flash point ≤  60°C)
1 Crude or oil product lines NA NA L1 NA 0 NA 0  9) 0 NA L12)

2 Crude oil washing lines NA NA L1 NA 0 NA 0  9) 0 NA L12)

3 Vent lines NA NA NA NA 0 NA 0  9) 0 NA X
INERT GAS
4 Water seal effluent line NA NA 0 1) NA 0 1) 0 1) 0 1) 0 1) NA 0
5 Scrubber effluent line 0 1) 0 1) NA NA NA NA 0 1) 0 1) NA 0
6 Main line 0 0 L1 NA NA NA NA 0 NA L1 6)

7 Distribution lines NA NA L1 NA 0 NA NA 0 NA L1 2)

FLAMMABLE LIQUIDS  (flash point > 60°C)
8 Crude or oil product lines X X L1 X NA3) 0 0  9) 0 NA L1
9 Fuel oil X X L1 X NA3) 0 0 0 L1 L1
10 Lubricating oil X X L1 X NA NA NA 0 L1 L1
11 Hydraulic oil X X L1 X 0 0 0 0 L1 L1
SEAWATER 1)

12 Bilge main and branches L1  L1  L1 X 0 0 0 0 NA L1
13 Fire main and water spray L1 L1 L1 NA NA NA 0 0 X L1
14 Foam system L1 L1 L1 NA NA NA NA 0 L1 L1
15 Sprinkler system L1 L1 L3 NA NA NA 0 0 L3 L3
16 Ballast L3 L3 L3 X 0  9) 0 0 0 L2 L2
17 Cooling water, essential services L3 L3 NA NA NA NA 0 0 NA L2
18 Tank cleaning services, fixed 

machines
NA NA L3 NA 0 NA 0 0 NA L3 2)

19 Non-essential systems 0 0 0 0 NA 0 0 0 0 0
FRESHWATER
20 Cooling water, essential services L3 L3 NA NA NA 0 0 0 L3 L3
21 Condensate return L3 L3 L3 0 NA NA NA 0 0 0
22 Non-essential systems 0 0 0 0 NA 0 0 0 0 0
SANITARY OR DRAINS OR SCUPPERS
23 Deck drains (internal) L1 4) L1 4) NA 0 NA 0 0 0 0 0
24 Sanitary drains (internal) 0 0 NA 0 NA 0 0 0 0 0
25 Scuppers and discharges (overboard) 01)   7) 01)   7) 01)   7) 01)   7) 0 0 0 0 01)   7) 0
SOUNDING OR AIR
26 Water tanks/dry spaces 0 0 0 0 0  9) 0 0 0 0 0
27 Oil tanks (flash point > 60°C) X X X X 3) 0 0  9) 0 X X
MISCELLANEOUS
28 Control air L1 5) L1 5) L1 5) L1 5) NA 0 0 0 L1 5) L1 5)

29 Service air (non-essential) 0 0 0 0 NA 0 0 0 0 0
30 Brine 0 0 NA 0 NA NA 0 0 0
31 Auxiliary low pressure steam (≤ 7 

bar)
L2 L2 0  8) 0  8) 0 0 0 0 0  8) 0  8)
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505    Use of GRE/GRP piping in firewater systems will be
subject to special consideration with respect to use of standard
fire testing methods. The following parameters will be evalu-
ated:

— results of fire testing
— whether pipe is continuously water filled in service
— location of pipe with respect to likely fire source
— possibility of pipe being engulfed in fire
— possibility of isolation of any damaged section.

Guidance note:
Reference is made to USCG  PFM 1-98 :
Policy File Memorandum on the Fire Performance Requirements
for Plastic Pipe per IMO Resolution A.753(18).

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

B 600 Flanges, valve bodies, etc.
601    Flanges, valve bodies, etc., shall normally be forged or
cast and the material shall be suitable for the design tempera-
ture.
602    If components are manufactured from forged bar stock,
rolled bar stock, forged plate or rolled plate, the material shall
be tested in the transverse direction and is to meet the require-
ments for longitudinal specimens of forged to shape compo-
nents. Where plate materials are used, additional testing shall
be carried out in the short – transverse direction of the materi-
als.

B 700 Bolts and nuts
701    Bolts and nuts for class I and II piping shall conform to
a recognised standard, e.g. ISO 898, 703 and 704.

702    Major pressure retaining bolts and nuts with specified
minimum yield stress above 490 N/mm2 shall be made of alloy
steel, i.e. (% Cr+% Mo+% Ni) ≥ 0.50, and shall be supplied in
the quenched and tempered condition.
703    For general service in atmospheric environment, the
specified tensile properties shall not exceed ISO 898 property
Class 10.9.
704    Where equipment shall be submerged in seawater, the
tensile properties shall not exceed property Class 8.8 or equiv-
alent.

B 800 Material certificates
801    The materials used in piping systems shall be provided
with documentation given in Table B4. For definition of types
of documentation of material quality and testing, see Table B3.

ABBREVIATIONS used in Table B2
L1 Fire endurance test in dry conditions, 60 minutes Appendix 1 of IMO Res. A.753(18)
L2 Fire endurance test in dry conditions, 30 minutes Appendix 1 of IMO Res. A.753(18)
L3 Fire endurance test in wet conditions, 30 minutes Appendix 2 of IMO Res. A.753(18)
0 No fire endurance test required
NA Not applicable
X Metallic materials having a melting point greater than 925°C.
Notes to Table B2:

1) Where non-metallic piping is used, remotely controlled valves to be provided at unit's side (valve shall be controlled from outside space).
2) Remote closing valves to be provided at the cargo tanks.
3) When cargo tanks contain flammable liquids with flash point > 60°C, «0» may replace «NA» or «X».
4) For drains serving only the space concerned, «0» may replace «L1».
5) When controlling functions are not required by statutory requirements or guidelines, «0» may replace «L1». 
6) For pipe between machinery space and deck water seal, «0» may replace «L1».
7) Scuppers serving open decks in positions 1 and 2, as defined in regulation 13 of the International Convention on Load Lines, 1966, should be «X» through-

out unless fitted at the upper end with the means of closing capable of being operated from a position above the freeboard deck in order to prevent down-
flooding.

8) For essential services, such as fuel oil tank heating and unit’s whistle, «X» is to replace «0».
9) For storage units where compliance with paragraph 3(f) of regulation 13F of Annex I of MARPOL 73/78 is required, «NA» is to replace «0».

Table B2 Fire endurance requirements matrix (Continued)

Table B3 Material certification
Certification process ISO 10474 

(EN 10204)
Test report
Confirmation by the manufacturer that the supplied 
products fulfil the purchase specification, and test data 
from regular production, not necessarily from products 
supplied

2.2

Inspection  certificate (Works Certificate)
Test results of all specified tests from samples taken 
from the products supplied. Inspection and tests wit-
nessed and signed by QA department

3.1

Inspection certificate (Test Certificate)
As work certificate, inspection and tests witnessed and 
signed by QA department and an independent third 
party body

3.2
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C. Design Conditions
C 100 Principles
101    External and internal attachments to piping shall be
designed so that they will not cause flattening of pipe, exces-
sive local bending stresses, or harmful thermal gradients in the
pipe wall. Constructions causing stress concentrations shall be
minimised, particularly in cyclic service applications. 
102    All components in a system shall be satisfactorily
matched with regard to function, capacity and strength. Rela-
tive motions between parts of the piping system shall be
accommodated without inducing detrimental stresses.
103    Piping systems shall consist of permanently installed
pipes and fittings.  The piping system shall be designed and
installed such that:

— weight of piping is not supported by connected machinery
— heavy valves and fittings do not cause large additional

stress in adjacent pipes
— axial forces due to internal pressure, change in direction or

cross-sectional area and movement of the installation or
unit are considered

— the support of the piping system shall be such that detri-
mental vibrations will not arise in the system.

C 200 Pressure relief
201    Pressure containing systems shall normally be designed
to withstand the maximum internal pressure which can be
exerted under any conditions. Where this is not practicable, the
system shall be provided with means of pressure relief.

C 300 Minimum wall thickness
301    Minimum nominal wall thickness for pipes of copper
and copper alloys, steel and stainless steel pipes are given in
Table C1, Table C2 and Table C3, respectively. For special
applications where the pipes can be subject  to excessive exter-
nal loading or are inaccessible during service, increased wall
thickness should be considered.  Piping under internal pressure
shall also meet the requirements of 400. 
302    The outer diameters and wall thickness given in
Table C1 and Table C2 are recommended minimum values.
Reduced wall thickness may only be applied when clearly jus-

tified, e.g. under application of another recognised standard.
303    Allowance for negative tolerance or reduction in thick-
ness due to bending is not normally required.
304    Nominal wall thickness of bilge and ballast pipes and fit-
tings of nodular cast iron, shall not be less than:

C 400 Calculation of wall thickness of pipes being sub-
ject to internal pressure
401    The nominal wall thickness of pipes subjected to inter-
nal pressure shall be calculated as specified in 400, but shall
not be less than specified in 300. 
402    The design pressure, p, to be used in the formula in 409,
is defined as the maximum working pressure, and shall not be
less than the highest set pressure of the safety valve or relief
device.
403    The design pressure requirement stated above shall

Table B4 Material certificates  

Component  Material  
Class of 
piping 
system  

Nominal 
diameter

(mm)  

Design tem-
perature 

(°C)  

Type of documentation  
3.2

certificate  
3.1

certificate
2.2 

report  

Pipes 1)   
I  > 50   x    

II, III  > 50    x   
I, II, III  ≤ 50     x  

Flanges and bolts  
    

> 400  x    
≤ 400    x  

Bodies of valves and fittings 1), source 
materials of steel expansion bellows, 
other pressure containing components 
not considered as pressure vessels

Steel  I  
> 100  > 400  x    
≤ 100  > 400    x  

Steel or nod-
ular cast iron  

I, II  
> 100  ≤ 400   x   
≤ 100  ≤ 400    x  

III      x  
Cast iron  III      x  

Copper 
alloys  

I, II  
> 50    x   
≤ 50     x  

III      x  

Pump housings   
I     x   

II, III      x  
1) Pipes and bodies of valves fitted on unit or installation side and bottom and bodies of valves fitted on collision bulkhead shall be provided 

with documentation as required for class II piping systems.

Dn = nominal diameter  (mm)
Κ = 9 for pipes

= 12 for fittings other than tees
= 14 for tees

Table C1 Minimum nominal wall thickness for pipes of copper 
and copper alloys
External pipe diameter 

D (mm)
Minimum nominal wall thickness (mm)

Copper Copper alloy
D ≤ 10 1 0.8

10 < D ≤ 20 1.2 1
20 < D ≤ 44.5 1.5 1.2

44.5 < D ≤ 76.1 2 1.5
76.1 < D ≤ 108 2.5 2
108 < D ≤ 159 3 2.5
159 < D ≤ 267 3.5 3
267 < D ≤ 470 4 3.5
470 < D ≤ 508 4.5 4

T Κ  (0.5 0.001 Dn )+    (mm)=
DET NORSKE VERITAS



Amended October 2009 Offshore Standard DNV-OS-D101,  October 2008
see note on front cover Ch.2 Sec.2  –   Page 27
apply subject to the following special considerations:

a) For pipes which are connected to pumps, p shall be equal
to the maximum pump pressure, i.e. the safety valve set
pressure for displacement pumps, and the maximum pres-
sure on the head-capacity characteristic for centrifugal
pumps. 

b) When determining the maximum working pressure p, con-
sideration shall be given to possible pressure surges in the
piping. 

c) For steam pipes between boiler and superheater, steam
pipes from the superheater, and where the superheater
safety valve is controlled by a pilot valve operated by the
steam pressure in the saturated steam drum, the design

pressure p shall be taken equal to the set pressure of this
safety valve.

d) For pipes without safety valves and pressure gauges on the
low-pressure side of pressure-reducing valves, p shall be
taken equal to the pressure on the high-pressure side of the
pressure-reducing valve.

e) For feed pipes, p shall be taken equal to 1.25 times the
boiler design pressure.

f) Pipes for gas and crude oil in non-hazardous areas shall be
designed for a pressure of at least 50% higher than normal
working pressure but shall not be less than A.S.A. pipe
schedule 40.

404    The design temperature to be considered for determin-
ing the permissible stresses shall be the maximum temperature
of the medium inside the pipe.
405    The design temperature requirements in 404 shall apply
subject to the following special conditions: 

a) For steel pipes and pipes of copper and copper alloys,
whose working temperature is lower than 50°C, the design
temperature shall be taken equal to 50°C.

b) For saturated steam, the design temperature shall be equal
to the saturation temperature.

c) For superheated steam with manual steam temperature
regulation, the design temperature shall be taken at least
equal to the steam temperature +15°C.

d) For installations with automatic temperature control of the

Table C2 Minimum nominal wall thickness for steel pipes (except pipes covered by load line regulations)

External diameter D (mm)
Pipes in gen-

eral 3) 4) 5) 6) 7) 
8)

Air, overflow and 
sounding pipes 
for structural 

tanks 1) 2) 3) 5) 8) 9)

Bilge, ballast and 
general seawater 

pipes 1) 3)  4)  5)  7)  8)

Bilge, air, overflow and sounding pipes through 
ballast and fuel oil tanks ballast lines through fuel 
oil tanks and fuel oil lines through ballast tanks 1) 

2) 3) 4) 5) 7) 8) 9)

10.2 < D ≤ 12 1.6
13.5<D ≤ 17.2 1.8

20 2
21.3 < D ≤ 25 2 3.2

26.9 < D ≤ 33.7 2 3.2
38 < D ≤ 44.5 2 4.5 3.6 6.3

48.3 2.3 4.5 3.6 6.3
51 < D ≤ 63.5 2.3 4.5 4 6.3

70 2.6 4.5 4 6.3
76.1 < D ≤ 82.5 2.9 4.5 4.5 6.3
88.9 < D ≤ 108 3.2 4.5 4.5 7.1

114.3 < D ≤ 127 3.6 4.5 4.5 8
133 < D ≤ 139.7 4 4.5 4.5 8.8

152.4 < D ≤ 168.3 4.5 4.5 4.5 8.8
177.8 4.5 5 5 8.8
193.7 4.5 5.4 5.4 8.8
219.1 5 5.9 5.9 8.8

244.5 < D ≤ 273 5.6 6.3 6.3 8.8
298.5 < D ≤ 368 6.5 6.3 6.3 8.8
406.4 < D ≤ 457 6.3 6.3 8.8

1) For pipes efficiently protected against corrosion, the thickness may be reduced by 20% of the required thickness, but not more than 1 mm.
2) For sounding pipes, the minimum wall thickness is intended to apply to the part outside the tank.
3) For threaded pipes, where allowed, the minimum wall thickness shall be measured at the bottom of the thread.
4) The minimum wall thickness for bilge lines and ballast lines through deep tanks and for cargo lines is subject to special consideration.
5) For larger diameters the minimum wall thickness is subject to special consideration.
6) The wall thickness of hydraulic pipes in oil tanks in systems for remote control of oil valves shall be no less than 4 mm.
7) For inlets and sanitary discharges, see DNV-OS-C301.
8) For stainless steel pipes, the minimum wall thickness will be specially considered, but it is in general not to be less than given in Table C3.
9) For air pipes on exposed decks, see DNV-OS-C301.

Table C3 Minimum wall thickness for stainless steel pipes
External diameter D (mm) Minimum wall thickness (mm)

10.2 < D ≤ 17.2 1.0
21.3 < D ≤ 48.3 1.6
60.3 < D ≤ 88.9 2.0

114.3 < D ≤ 168.3 2.3
219.1 2.6
273.0 2.9

323.9 < D ≤ 406.4 3.6
D > 406.4 4.0

NOTE:
The external diameters and thickness have been selected from ISO 1127. For 
pipes covered by other standards, slightly reduced thickness may be accept-
able.
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superheated steam, the design temperature may normally
be equal to the steam temperature +5°C.

Guidance note:
For manual or automatic temperature control of superheated
steam, it is assumed that any temperature fluctuations greater
than 15° or 5°C above the normal working temperature will be of
short duration.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

406    The minimum wall thickness of a straight or bent pipe
shall not be less than:

407    If the pipe shall be bent, the minimum wall thickness
before bending shall not be less than:

408    These terms are further addressed in 409 to 417.
409    Strength thickness t0

The strength thickness, t0, shall not be less than calculated by
the following formula:

410    The formula in 409 is valid for pipes having a ratio of
wall thickness to outside diameter of 0.17 or less.  Where this
ratio exceeds 0.17, special consideration shall be given to the
calculation of wall thickness.
411    For steel pipes the permissible stress,  σt, is in general to
be based on the lower value of the following criteria:

412    Permissible stresses for steel pipes are given in Table
C4, which refer to the grades of steel specified in DNV-OS -
B101.

413    For pipes made of copper and copper alloys the permis-
sible stresses are given in Table C4 which refers to copper and
copper alloys specified in DNV-OS-B101.
414    For pipes made of materials other than steel, copper or
copper alloys, the permissible stresses shall be especially con-
sidered.
415    For seamless pipes, including welded pipes from manu-
facturers who are qualified as providing welded pipes consid-

ered equivalent to seamless pipes, the strength ratio e = 1
applies.  For welded pipes from other pipe manufacturers e =
0.9 applies.
416    Bending allowance b
In cases where the allowance for bending, b, is not determined
by a more accurate method, or where the bending procedure
does not include control of the wall thickness, the allowance

t t0 c+=

t b+

t0
pD

20σte p+
-----------------------=

σb
2.7
-------  and  

σft
1.6
------- (for austenitic), or 

σft
1.8
------- and 

σb100000
1.8

---------------------

 for other material.

Table C4 Tensile strength and permissible stress in pipes of copper and copper alloys

Pipe material
Minimum

tensile
strength
(N/mm2)

Design temperature (°C)
up to 50 75 100 125 150 175 200 225 250 275 300

Permissible stress (N/mm2)

Copper, annealed
Copper, ‹‹semi-hard››
Aluminium-Brass 2) annealed
Copper-Nickel 90/10 annealed
Copper-Nickel 70/30 annealed

220
250
330
290
360

42
42
80
70
83

42
42
80
70
81

41
41
80
69
79

41
41
80
67
77

35
35
80
65
75

28
28
52
63
73

19
19
25
60
71

57
69

53
67

49
65

45
63

1) For pipes conveying compressed air, the permissible stresses shall be reduced by 50% if the pressure is pulsating.
2) Cu: 76.0-79.0; Al: 1.8-2.3; As: 0.02-0.06; Zn: remainder

Table C5 Permissible stress in steel pipes at elevated temperature

Steel grade2)
Heat 
treat-
ment

Wall thick-
ness, t(mm)

Permissible stress (N/mm2)

Temperature (°C)
≤ 50 150 200 250 300 350 400 450 500 550 600

Unalloyed steel
TS/TW 360
(NV R 1-1/1-2)

N t ≤ 16 
16 ≤ t ≤ 40
40 ≤  t ≤ 60

131
125
119

103
102
96

92
91
88

81
81
81

71
71
71

64
64
64

61
61
61

43
43
43

-
-
-

-
-
-

-
-
-

TS/TW 410-1 
(NV R 1-3) 

N t ≤ 16 
16 ≤ t ≤ 40
40 ≤ t ≤ 60

142
136
131

120
118
113

108
107
104

95
95
95

84
84
84

78
78
78

74
74
74

43
43
43

-
-
-

-
-
-

-
-
-

TS/TW 510 
(NV R 1-4)

N t ≤ 60 172 150 142 131 119 111 99 47 23

Alloy steel
TS 440
(NV R 7-2)

N + T t ≤ 60 161 128 122 117 102 94 91 89 81 30 -

TS 450-1 
(NV R 7-1)

N t ≤ 60 150 132 124 114 96 88 86 83 56 - -

TS 450-2, TE
(NV R 7-3) 

N + T t ≤ 60 156 134 129 124 122 118 115 108 76 38 19

TS 500, TE 
(NV R 7-2) 

N + T t ≤ 60 217 - 186 183 181 179 176 156 93 49 19

TS 690 
(NV R 7-5)

N + T t ≤ 60 272 - 194 182 176 172 169 162 132 71 33

1) See DNV-OS-E-101 for calculation of permissible stresses for other steel grades.
2) Former comparable NV steel grades are given in brackets. The new steel grades are not fully equivalent to the former grades.
DET NORSKE VERITAS



Amended October 2009 Offshore Standard DNV-OS-D101,  October 2008
see note on front cover Ch.2 Sec.2  –   Page 29
shall not be less than:

Where the bending ratio is not available, this ratio will be taken
equal to 1:3.
417    Corrosion allowance c
The corrosion allowance, c, for steel pipes shall be as specified
in Table C6. Subject to the following special requirements
where applicable: 

a) For pipes of copper, brasses, copper-tin alloys and Cu-Ni
alloys with Ni-content < 10%, the corrosion allowance
shall be 0.8 mm.

b) For pipes of Cu-Ni alloys with Ni-content ≥ 10%, the cor-
rosion allowance shall be 0.5 mm. 

c) The corrosion allowance may be reduced to zero where the
medium has negligible corrosive effect on the material
employed.

d) A greater corrosion allowance should be considered for
pipes where there is a risk of heavy corrosion and/or ero-
sion.

418    The value of t does not account for any negative manu-
facturing tolerance, therefore the nominal wall thickness, t1,
shall not be less than:

419    The minimum wall thickness of branch pipe, including
main pipe in way of branch connections, shall be determined

according to a recognised standard and using permissible
stresses in accordance with 411. Alternatively, the thickness
may be calculated according to 420 provided that the ratio of
branch line wall thickness/main line wall thickness  > 2.
420    The minimum pipe wall thickness of main pipes at a
branch connection shall not be less than:

Guidance note:
This equation is limited by a maximum ratio for branch lines wall
thickness/main line wall thickness of 2.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

421    In the above equation:

Figure 1  
Basic strength ratio

R = mean radius of the bend (mm)

= The bending ratio

Table C6 Corrosion allowance ‹‹c›› for steel pipes
Piping service c (mm)
Superheated steam
Saturated steam
Steam coils in cargo tanks

0.3
0.8
2

Feed water for boilers in open circuit systems
Feed water for boilers in closed circuit systems
Blowdown pipes (for boilers)

1.5
0.5
1.5

Compressed air
Hydraulic oil
Lubricating oil

1
0.3
0.3

Fuel oil
Cargo oil
LPG

1
2

0.3
Refrigerants
Fresh water
Sea water in general

0.3
0.8
3

1) For pipes passing through tanks, an additional allowance for external 
corrosion shall be considered according to the figures given in the 
Table, depending on the external medium.

2) For pipes efficiently protected against corrosion, the corrosion allow-
ance may upon approval be reduced up to 50%

3) For stainless steels the corrosion allowance may be omitted

b 1
2.5 
--------- D

R
---- t0=

D
R
----

t1
t

1 a
100
---------–

------------------=

e = The strength ratio, expressed by the formula:

e1 = basic strength ratio.  The variation with param-
eter  is shown in Fig.1.

dmax,
dmin

= maximum and minimum diameter of extruded 
opening in the main pipe, respectively (see 
Fig. 2).

γ = angle between centre lines of main pipe and 
branch. γ  is not to be less than 45°.

t t0 c       mm( )+=

t0
pD

20σte p+
-----------------------=

e e1  γ  1.25 
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-----------------------------+

----------------------------------------------sin=
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Figure 2  
Examples of acceptable branch connections for steam at temper-
atures above 400°C

C 500 Wall thickness of heavy high pressure pipes
501    A combined stress calculation according to von Mises’
theory may be applied for high pressure piping where the wall
thickness to outer diameter ratio is outside that given in 410.
The equivalent combined stress at any point of the piping wall
shall not exceed 60% of the minimum specified yield strength
of the material.
502    The equivalent combined stress as defined by von Mises
is :

Guidance note:
The calculations may be based on Lame’s equa-
tions for cylinders.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

C 600 Piping flexibility and support
601    The piping system shall be provided with sufficient flex-
ibility to prevent movement and damage of pipes as a result of
thermal expansion and dynamic and static structural deflec-
tions.

Guidance note:
The movement due to thermal variations may be approximated as
stipulated below:

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

602    Use of expansion joints or expansion bends shall be con-
sidered for piping fitted on deck and near bottom which can be
subject to seagoing hull deflections. 

Guidance note:
Deflection of the hull girder may be approximated as follows:

— For ship-shaped units made of mild steel, a deflection of
±0.85 mm/m may be used. 

— For ship-shaped units made of high tensile steel, a deflection
±1.2 mm/m in longitudinal direction at deck elevation may
be used.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

603    Flexibility analysis according to ASME B31.3 may be
provided as documentation of adequate piping flexibility and
support.

C 700 Plastic pipes
701    The nominal internal pressure for a pipe shall be deter-
mined by either:

— dividing the short-term hydrostatic test failure pressure by
a safety factor of 4; or 

— dividing the long-term hydrostatic (> 100 000 h) test fail-
ure pressure by a safety factor 2.5

whichever is the lesser.
702    The hydrostatic test failure pressure shall be verified
experimentally or by a combination of testing and calculation
methods according to a recognised standard.
703    The nominal external pressure for a pipe shall be deter-
mined by dividing the collapse test pressure by a safety factor
of 3.  The collapse test pressure shall be verified experimen-
tally or by a combination of testing and calculation methods
according to a recognised standard.
704    High temperature limits and pressure relative to nominal
pressures should be according to the recognised standard sub-
ject to 705.σe 0.707 σθ σ1–( )2 σ1 σr–( )2 σr σθ–( )2

+ +=

σe = equivalent (von Mises) combined stress
= circumferential or hoop stress

σ1 = longitudinal or axial stress
σr = radial stress

Carbon steel pipes 1.16 mm per °C per 100 m
Austenitic steel pipes 1.35 mm per °C per 100 m
Copper alloy 1.42 mm per °C per 100 m
GRP/GRE pipes 2-3 mm per °C per 100 m (See 

manufacturer specification)

σθ

σθ σ1 and σr,
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705    The maximum working temperature shall be at least
20ºC lower than the minimum heat distortion temperature
(determined according to ISO 75 method A, or equivalent) of
the resin or plastic material. The minimum heat distortion tem-
perature should not be less than 80°C.
706    Temperature limits and pressure reductions shall be as
shown in Table C7 and Table C8 for some material types.
These limits may be extended on the basis of acceptable docu-

mentation from the pipe manufacturer.  The permissible tem-
peratures stated are for long term service. Short periods of
marginally higher temperatures may be acceptable based on
case by case considerations.
707    The tables are related to water service only.  Services
involving other media shall be addressed on a case by case
basis.

708    Thermoplastic pipes for installation in external areas
shall either be specifically approved for external use, or shall
be protected against ultraviolet radiation.
709    Plastic pipes are normally made of electrically insulating
materials and are as such not acceptable for service in gas haz-
ardous areas.  Special quality piping may be used where docu-
mented to be electrically conductive (anti-static) according to
an appropriate specification.
710    The requirement for expansion elements shall be spe-
cially considered with respect to the large thermal expansion
coefficient of the plastic materials.
711    Glass-fibre reinforced epoxy and polyester pipes are
considerably more exposed to damage from impact and local
overloading than steel pipes. Handling, installation and inspec-
tion of such pipes shall take care to avoid such damage.
712    Where design loads incorporate a significant cyclic or
fluctuating component, fatigue effects shall be considered in
material selection and installation design.
713    Piping material shall be compatible with the fluid to be
carried or in which it will be immersed (e.g. for other liquids
or gases than the normal such as water and common hydrocar-
bons).

C 800 Sizing criteria for liquid lines
801    Single-phase liquid lines shall primarily be sized on the
basis of flow velocity.  The flow velocity in lines with contin-
uous flow, such as lines for transporting cooling water, should
not exceed:

— 3 m/s for Al-brasses
— 3.5 m/s for Cu/Ni 90/10
— 4.5 m/s for Cu/Ni 70/30
— 2 m/s for galvanized steel pipes.

D. Pumps
D 100 General
101    Displacement pumps shall be provided with relief
valves. The discharge from the relief valve of pumps transfer-
ring flammable fluids shall normally be led back to the suction
side of the pump.

D 200 Hydrostatic tests
201    Pump housings, excluding those for pumps for transfer
of stored crude oil, shall be hydrostatically tested to 1.5 times
the maximum working pressure.  The test pressure need not
exceed the maximum working pressure by more than 70 bar.
202    Pumps for transfer of stored crude oil shall be tested to
1.3 times the maximum working pressure, and to a minimum
of 14 bar. For centrifugal pumps the maximum working pres-
sure shall be the maximum pressure head on the head-capacity
curve. For displacement pumps the maximum working pres-
sure shall not be less than the relief valve opening pressure. 
203    The steam side of steam-driven pumps shall be hydrau-
lically tested to 1.5 times the steam pressure.
Hydrostatic testing of pump housings on submerged pumps
will normally not be required.

Table C7 Thermoplastic pipes.  Permissible pressures and temperature limits

Material Nominal pres-
sure 1) (bar)

Permissible working pressure (bar)
– 20 to 0°C 30°C 40°C 50°C 60°C 70°C 80°C

PVC
10 7.5 6
16 12 9

ABS
10 7.5 7.5 7 6
16 12 12 10.5 9 7.5 6

HDPE
10 7.5 6
16 12 9.5 6

1) According to recognised water standards on shore.

Table C8 Glassfibre reinforced epoxy 1) and polyester pipes (GRP).  Permissible pressures and temperature limits
Minimum heat 

distortion temper-
ature of resin, 

ISO 74 Method A

Nominal 
pressure 1) 

(bar)

Permissible working pressure (bar)

–50 to 30°C 40°C 50°C 60°C 70°C 80°C 90°C 95°C

80
10 10 9 7.5 6
16 16 14 12 9.5
25 16 16 16 15

100
10 10 10 9.5 8.5 7 6
16 16 16 15 13.5 11 9.5
25 16 16 16 16 16 15

135
10 10 10 10 10 9.5 8.5 7 6
16 16 16 16 16 15 13.5 11 9.5
25 16 16 16 16 16 16 16 15

1) Minimum heat distortion temperature 135°C
According to recognised standards for marine use.
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D 300 Capacity tests
301    Pump capacities shall be checked with the pump running
at design condition (rated speed and pressure head, viscosity,
etc.).

Guidance note:
The capacity test need not be applied for pump designs where
satisfactory tests have been previously performed and docu-
mented.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

302    The pump characteristic (head-capacity curve) shall be
determined for all centrifugal pumps having capacities less
than 1 000 m3/h.
303    For centrifugal pumps having capacities equal to or
greater than 1 000 m3/h, the pump characteristic for each pump
shall be determined over a suitable range on each side of the
pump design point.

E. Valves

E 100 Valve design
101    Design shall be documented for valves of new type or
unconventional design and for valves of welded construction
fitted on unit or installation hull side or bottom (e.g. ship hull,
pontoon). 
102    Pressure-temperature ratings for valves shall be in
accordance with a recognised standard.
103    Screwed-on valve bonnets shall not normally be used for
valves with nominal diameter exceeding 40 mm in class I pip-
ing systems, for valves on unit or installation hull side and bot-
tom and for valves in systems for flammable fluids.
104    Screwed-on valve bonnets shall be secured against loos-
ening when the valve is operated.
105    Valves are normally to be closed by turning the hand
wheel clockwise.
106    Indicators shall be provided to show the open and closed
position of the valve, unless this can be observed in some other
way, e.g. by a distinctly rising valve stem.
107    Welded necks of valve bodies shall be sufficiently long
to ensure that the valves are not distorted as result of welding
and subsequent heat treatment of the joints.

E 200 Operation of valves
201    For arrangement details see also Sec.1 A700.
202    For remotely controlled valves, failure in power supply
(electrical, hydraulic, pneumatic) shall not cause:

— opening of closed valves
— closing of open valves on fuel oil tanks and in cooling

water system for propulsion and power generating
machinery.

E 300 Hydrostatic tests
301    All valve bodies shall be subject to a hydrostatic test, by
the manufacturer, at a pressure equal to 1.5 times the nominal
pressure (the nominal pressure is the maximum allowable
working pressure at room temperature). The test pressure need
not be more than 70 bar in excess of the nominal pressure. For
valves fitted on unit or installation's side and bottom the test
pressure shall not be less than 5 bar.
302    Butterfly valves fitted on side and bottom shall also be
hydrostatically tested at a pressure equal to 5 bar applied inde-
pendently on each side of the closed disc.

F. Flexible Hoses
F 100 General
101    Short lengths of flexible hoses may be used when neces-
sary to permit relative movements between machinery and
fixed piping systems. Hoses and couplings shall be provided of
suitable design and manufacture for the purpose.
102    Hoses of non-metallic materials used in systems con-
taining flammable fluids or sea water shall have at least one ply
internal wire braid.
103    In fresh cooling water lines for diesel engines and com-
pressors, the requirements in 101 and 102 need not apply
where each engine is provided with an independent cooling
system. 
104    Rubber hoses with internal textile reinforcement fitted
by means of hose clamps may be adequate in cases where the
hose is a short, reasonably straight length fitted between two
metallic pipes.
105    New types of non-metallic hoses with couplings shall be
subject to a prototype test including the following:

— the bursting pressure shall be at least 4 times the maximum
working pressure

— fire tests may be required for hoses intended for systems
conveying flammable liquids or for use in sea water cool-
ing systems.

106    For hoses of non-metallic materials, the suitability of the
hose for its intended use shall be documented by means of
drawings and specifications.
107    All hoses shall be hydrostatically tested at a hydrostatic
pressure of 1.5 times the working pressure.

F 200 Installation
201    Flexible hoses shall be installed so that they are accessi-
ble for inspection.
202    Flexible hoses shall not be used in bilge and ballast sys-
tems.
203    Means of isolation shall be provided for flexible hoses
used in systems for fuel oil, lubricating oil, sea-water cooling
and compressed air.
204    When used in systems conveying flammable fluids flex-
ible hoses shall be shielded from hot surfaces and other sources
of ignition.

G. Detachable Pipe Connections
G 100 Flange connections
101    Flanges with pressure-temperature ratings in accordance
with a recognised international standard are normally adequate
for most design requirements.
102    Examples of accepted flange connections for steel pip-
ing are shown in Fig.3.  Typical applications of these types of
connections are given Table G1 depending upon the class of
piping, media, size, pressure and temperature.  Other types of
flange connections may be considered on a case by case basis.

Guidance note:
For type D the pipe and flange shall be screwed with a tapered
thread and the diameter of the screw portion of the pipe over the
thread is not to be appreciably less than the outside diameter of
the unthreaded pipe. For certain types of thread after the flange
has been screwed hard home, the pipe shall be expanded into the
flange.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
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Figure 3  
Types of pipe flanges

G 200 Pipe couplings
201    Pipe couplings shall be used within the limitation given
in Table G2.
202    Grip type joints are only to be used in readily accessible
spaces. Exceptions to the above are ballast piping within bal-
last tanks and oil piping within oil tanks.

Guidance note:
Threaded coupling is defined as a coupling where packed threads
perform the sealing.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

 

Table G1 Type of flange connections

Class of piping
Steam Lubricating and fuel oil Other media

t (°C) Typical flange application Typical flange application t (°C) Typical flange application

I 1) > 400 A A – B > 400 A
≤ 400 A – B 2) A – B ≤ 400 A – B

II
> 250 A – B – C A – B – C > 250 A – B – C 
≤ 250 A – B – C – D – E ≤ 250 A – B – C – D – E – F 

III A – B – C – D – E A – B – C – E A – B – C – D – E – F 
1) For class I only, one condition is sufficient.
2) Type B or outer diameter < 150 mm only.

Table G2 Permitted use of pipe couplings

Coupling types
Classes of piping systems

Class I Class II Class III
Compression couplings:
Nipple type, welded or brazed ODmax61 mm ODmax61 mm yes
Flared type ODmax61 mm ODmax61 mm yes
Bite type ODmax61 mm ODmax61 mm yes
Threaded couplings:
Tapered ODmax311) mm ODmax311) mm ODmax61 mm1)

Parallel no no ODmax61 mm1)

Sleeve couplings:
Grip type 2), 3), 4) no Pmax 16 bartmax125°C yes
OD = outer diameter

1) Not for flammable fluids.
2) Not for flammable fluids within machinery spaces of category A.
3) Not for bilge suction lines outside pipe tunnels.
4) Not in cooling water system for essential machinery.
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G 300 Expansion joints and bellows
301    Where used, expansion joints and bellows shall be care-
fully considered for their intended use on a case by case basis. 
302    Joints and bellows shall be designed and installed such
that pulling or blowing out is prevented.  
303    The pipeline in which the expansion joint or bellows
shall be fitted shall be adequately adjusted, aligned and
clamped.  Where necessary, protection against mechanical
damage of the expansion joints may be required.
304    The positions of expansion joints and bellows shall be
clearly shown in the drawing of the piping systems.

H. Socket Welded Joints and Slip-on Sleeve 
Welded Joints

H 100 General
101    Socket welded joints and slip-on sleeve welded joints
may be used for class I and II pipes with an outer diameter of
88.9 mm and less.
102    Socket welded joints and slip-on sleeve welded joints
may be used for class III. 
103    Joint designs and socket dimensions in accordance with
a recognised international standard will normally be adequate.
104    The use of socket welded joints and slip-on sleeve
welded joints in stainless steel pipes should be carefully con-
sidered on a case by case basis.
105    Drawings showing the locations of expansion joints and
bellows shall also show the location of any pipe anchors and
line-stops. (Pipe-supports that prevent and controls the axial
movement of the piping connected to the expansion joints/bel-
lows).
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SECTION 3
PLATFORM PIPING SYSTEMS

A. General
A 100 Scope
101    The requirements of this standard have been specifically
aimed at mobile offshore units and floating offshore installa-
tions of the self-elevating and column-stabilised design types,
but may also be applied to other types of floating constructions
as applicable. 
102    Requirements for ship-shaped units are given in DNV
Rules for Classification of Ships Pt.4 Ch.6.
103    The requirements in this section are applicable to piping
systems for tanks and dry compartments.

A 200 Location of piping and control systems
201    All parts of the piping and remote control systems shall
normally be kept outside the damage penetration zones, which
are defined in DNV-OS-C301.
202    Exemptions may be considered in each case if the unit or
installation can maintain the necessary ballasting capacity and
acceptable stability conditions with damage to the structures
and the pipes concerned, taking into account possible progres-
sive flooding.

B. Ballast, Bilge and Drainage Systems General
B 100 Basic requirements
101    An efficient system to empty all tanks and watertight
compartments shall be provided.
102    The system required by 101 shall be so arranged that
tanks and compartments can be effectively emptied through at
least one suction even if the unit or installation has an inclina-
tion of 5° in any direction.
103    In the case of dry compartments, the suctions required
by 102, except where otherwise stated, may be branch bilge
suctions, i.e. suctions connected to a main bilge line.
104    The systems shall be so designed that one single failure
or maloperation of equipment will not lead to uncontrolled liq-
uid movement, e.g. a series of tanks or a single tank shall not
be filled unintentionally if that may result in a critical condi-
tion of the unit or installation.
105    Means shall be provided to prevent release of oily water
to sea.

B 200 Ballast systems
201    The unit or installation shall be provided with a ballast
system so arranged that any tank can be de-ballasted or bal-
lasted by either of at least two independently driven pumps or
by controlled free flow.
202    The capacity of each of the ballast pumps shall be suffi-
cient to provide safe handling and operation of the unit or
installation.
203    Ballast pumps of centrifugal type shall be self-priming,
by means of an automatic vacuum priming system.

B 300 Drainage of dry compartments below main deck
301    Dry compartments below main deck on self-elevating
units and below the lowest continuous deck on column-stabi-
lised units or installations, containing essential equipment for
operation and safety, or providing essential buoyancy, shall
have a permanently installed bilge or drainage system.

302    The compartments dealt with in 301 shall be emptied
with at least two independently driven bilge pumps or similar
equipment. One of the pumps shall be arranged solely for bilge
pumping.
303    Dry compartments other than machinery spaces and
pump rooms may be arranged with drain pipes leading to a
bilge well in the main bilge system.
304    Where an open drain pipe is carried through a watertight
bulkhead or deck, it shall be fitted with an easily accessible
self-closing valve at the bulkhead or deck, or a valve closeable
from above the damage water line.
305    Drainage or bilge lines from chain lockers are not to be
connected to the bilge pumps required in 302.
306    Smaller void spaces, chainlockers on self-elevating
units, etc. may be emptied by portable pumps or permanently
installed pumps or ejectors. When emptying by portable
pumps is intended, two units shall be available onboard.
Small compartments may be emptied by suitable hand pumps.
307    At least two branch bilge suctions shall be provided for
emptying of  rooms for essential machinery, e.g.  pumps and
propulsion machinery. In small compartments one bilge suc-
tion may be accepted.
308    An emergency bilge suction shall be arranged in addi-
tion to the suctions required in 307 for pump- and engine
rooms. The suction shall be connected to the largest available
and suitable pump other than the bilge pumps.
309    Drainage of hazardous areas should be given special
consideration having regard to the risk of explosion.

B 400 Drainage of dry compartments above main deck
401    Dry watertight compartments below damage water line
may be drained by one of the following methods:

— by permanently installed bilge system
— by draining directly to sea through easily accessible close-

able non-return valves
— by draining to lower compartments with adequate bilge

pumping capacity.

B 500 Pumping and piping arrangement
501    All bilge pump connections to the bilge lines shall be fit-
ted with screw-down non-return valves.
502    The bilge pumps shall be so arranged that one can be
used while the other is being overhauled.
503    Centrifugal bilge pumps shall be located as low as pos-
sible in the unit or installation and be of the self-priming type.

Guidance note:
It is advised that at least one of the bilge pumps is of the recipro-
cating type. Large centrifugal pumps should preferably not be
used as bilge pumps.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

504    Where pumps, necessary for propulsion, cooling of
power generating plant or ballasting, are connected to a com-
mon suction or discharge chest or other piping, the arrange-
ment shall be such that the functioning of any pump is not
affected by other pumps in operation at the same time.
505    The arrangement shall be such that no sea water can
unintentionally enter dry compartments or pass from one com-
partment to another.
The following requirements shall be complied with:
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a) Two non-return valves in series shall be installed between
sea or ballast system and bilge suctions in compartments.

b) For emergency bilge suctions one non-return valve
between sea or ballast system and the suction will be
acceptable.

c) Bilge distribution chest valves shall be screw-down non-
return valves.

d) All bilge suctions not leading to a bilge distribution chest
shall be fitted with screw-down non-return valves.

e) Bilge pipes through deep tanks, see 605.

506    Remotely controlled valves in bilge suction lines shall
be screw-down non-return valves or shut-off and non-return
valves connected in series.

B 600 Bilge pipes
601    The internal diameter of bilge suctions from each com-
partment shall not be less than given by the following formula,
to the nearest 5 mm : 

where A is wetted surface in m2 of the compartment when the
compartment is half way filled with water. The internal diam-
eter of any bilge line is not to be less than 50 mm. For irregu-
larly shaped compartments A will be specially considered.
602    The cross-sectional area of the main bilge lines is not to
be less than the combined area of the two largest branch suc-
tions.
603    Direct bilge suctions are to have an internal diameter of
not less than 1.4 d but need not exceed the diameter of the main
bilge lines.
604    The diameter of emergency bilge suction is not to be less
than that of the suction side of the pump, but need not exceed
400 mm.
605    Bilge suction pipes are, as far as practicable, not to be
carried through double bottom tanks. Where this cannot be
avoided, the pipe wall thickness shall be as given in Sec.2
Table C2, column 4.
606    In deep tanks used for water ballast or fuel oil the bilge
pipes shall be led through pipe tunnels or made of steel with a
wall thickness according to Sec.2 Table C2. If possible they
should consist of a single pipe length or be welded together.
Expansion bends or approved expansion bellows shall be fitted
to the bilge pipes within the tanks. The open ends of these suc-
tion pipes in the dry compartments shall be provided with non-
return valves.
607    The pipes shall be installed in convenient lengths in such
a way that they may easily be dismantled for cleaning and
repair.

B 700 Bilge pumps
701    Each pump unit may consist of one or more pumps con-
nected to the main bilge line, provided their combined capacity
is sufficiently large.
702    One of the bilge pumps may be a bilge ejector, provided
that there is a separate pump delivering sufficient water for
operating the ejector.
703    The capacity of each of the bilge pumps shall be suffi-
ciently large to give the water, under ordinary working condi-
tions, a velocity of at least 2 m/s through pipes of dimensions
as given in 600.
704    Where the capacity of one pump is somewhat less than
required, the deficiency may be made up for by the other
pump. The capacity of the smaller pump, however, is not to be
less than one third of the combined pumping capacity.

705    Pump capacity as a function of required pipe diameter is
given in Table B1.

The pump capacity Q in m3/hour may be determined from the
formula:

706    Where large centrifugal pumps are arranged for suction,
the pump characteristics together with calculations of the pres-
sure losses in the pipe system shall be submitted for approval
in those cases where the water velocity in the main bilge line
will exceed 5 m/s. Arrangement plans of systems for air evac-
uation, cooling of bearings, etc. shall be documented.

B 800 Bilge wells, mud boxes, valves etc.
801    Bilge pipes for drainage of machinery spaces, pump
rooms and shaft or pipe tunnels shall be led to mud boxes. The
mud boxes shall have straight tail pipes to the bilges and shall
be arranged for easy inspection and cleaning. Strums or rose
boxes are not to be fitted to the lower end of these pipes or to
direct or emergency bilge suctions.
802    Strums or rose boxes shall be fitted to the ends of bilge
suction pipes in compartments intended for storage of supplies,
and arranged for easy inspection and cleaning. The open area
shall be at least twice the internal sectional area of the pipe.
The diameter of the holes shall be approximately 10 mm.
803    The distance between the open ends of the bilge suction
pipes and the bottom of the bilge or wells shall be adequate to
allow a full flow of water and to facilitate cleaning.
804    Valves, cocks and mud boxes shall be located in readily
accessible positions above or on the same level as the floor
plates. Where this is not practicable, they may be placed imme-
diately below, provided that the floor plates in question can be
easily removed and are fitted with a name plate which indicates
the presence of these fittings.

C. Ballast and Bilge Systems for Column-
stabilised Units and Installations

C 100 General
101    The general requirements in B shall be complied with,
unless otherwise specified in C.
102    The ballast system is to provide the capability to bring
the unit or installation, while in an intact condition, from the
maximum normal operating draught to a severe storm draught,
within 3 hours.

C 200 Remote control and monitoring
201    A central ballast control station shall be provided. It
shall be located above the damage waterline and in a space not
within the assumed extent of damage referred to in DNV-OS-
C301 and adequately protected from weather. It shall be pro-

d 2.15 A 25    (mm)+=

Table B1 Pipe diameter and corresponding bilge pump capacity
Bore of bilge 

pipe
(mm)

Capacity of 
each pump (m3/

hour)

Bore of bilge 
pipe
(mm)

Capacity of 
each pump (m3/

hour)
50
55
60
65
70
75
80
85

15
18
21
25
29
33
37
42

90
95

100
105
110
115
120
125

47
52
58
64
70
76
83
90

d = bore of bilge pipe in mm according to 600

Q 5.75 d2

103
------------------=
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vided with the following control and indicating systems where
applicable: 

— bilge and ballast pump control system
— pump status-indicating system
— valve control system
— valve position-indicating system
— tank level indicating system
— draught indicating system
— heel and trim indicators
— power availability indicating system (main and emer-

gency)
— hydraulic or pneumatic pressure-indicating system
— monitoring systems, e.g. machinery alarm, fire and gas

detection system etc.

202    In addition to remote control of the ballast pumps and
valves from the central ballast control station, all ballast pumps
and valves shall be fitted with independent local control oper-
able in the event of remote control failure. The independent
local control of each ballast pump and of its associated ballast
tank valves shall be in the same location.
203    The control and indicating systems required in 201 and
202 shall function independently of each other, or have suffi-
cient redundancy, such that a failure in one system does not
jeopardize the operation of any of the other systems.
204    The valves in the ballast system shall be of the self-clos-
ing type or operated by a system with stored energy for closing
of the valves during emergency conditions.
205    The remote control system for ballast and bilge valves
shall be arranged with power supply from both main- and
emergency switchboards.
206    Short circuit of one electrically remote operated valve
shall not inhibit the function of other valves.

Guidance note:
It is advised to arrange separate fusing in each valve control cir-
cuit.
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207    Commands given from the remote control panel shall be
clearly indicated.

C 300 Ballast system
301    The ballast system shall be capable of operating after the
damage condition as specified in IMO MODU Code (3.5.10)
and have capability of restoring the unit or installation to a
level trim and safe draught condition without taking additional
ballast and with any one pump inoperable.  Counterflooding
may be considered as an operational procedure.
302    The sea water inlets to the ballast system are normally to
be separated from other systems. A common ballast and sea
water cooling system may be accepted upon special consider-
ation.
303    The ballast system should be arranged and operated so
as to prevent inadvertent transfer of ballast water from one tank
or hull to another, which could result in moment shifts leading
to excessive angles of heel or trim.
304    For filling of ballast system by free flooding (see DNV-
OS-C103 Sec.3 D300), the following criteria apply in connec-
tion with tank filling arrangement:

— all pump filling connections to the tank are physically dis-
connected (blank installed)

— filling directly down the venting pipe is not permitted in
normal operational conditions

— the method of hydrostatic testing shall be in accordance
with DNV-OS-C401 Ch.2 Sec.4 C100.

305    For filling with pumps with tank level alarms installed
(see DNV-OS-C103 Sec.3 D300), the following criteria nor-
mally apply in connection with tank filling arrangement:

— the system with the tank level alarms is installed as the
only means of ballasting the tanks; direct filling above a
given level (hop2) is not to be physically possible

— in order to avoid dynamic load effects from filling, the fol-
lowing shall be installed:

— high level alarms
— high, high level alarms
— auto-pump cut off at high, high level or ESD closure

of inlet valve

— filling directly down the venting pipe is not permitted in
normal operational conditions

— the method of hydrostatic testing shall be in accordance
with DNV-OS-C401 Ch.2 Sec.4 C100.

C 400 Bilge system
401    The bilge system shall be so arranged that essential
rooms in lower hulls, e.g. pump rooms, can be emptied even in
flooded condition. The control and position-indication systems
for the bilge valves shall be designed to operate even if the
equipment should become submerged.
402    Propulsion rooms and pump rooms in lower hulls which
are normally unattended, shall be provided with two independ-
ent high level bilge alarms.

D. Ballast and Bilge Systems for Self-elevating 
Units and Installations

D 100 General
101    The general requirements in B shall be complied with,
unless otherwise specified in D.
102    The unit or installation shall be provided with means for
emptying of engine rooms and watertight compartments and
tanks which provide essential buoyancy.

D 200 Pre-load system
201    Alternative methods for drainage of pre-load tanks, e.g.
by means of bottom valves, may be accepted upon special con-
sideration.

D 300 Bilge system
301    The unit or installation shall be equipped with 100%
redundancy in bilge pumping system and means for draining
all compartments and watertight sections.
Compartments containing liquids such as cooling water, oil
fuel or stored produced liquid  are to have their own separate
pumping system.
302    A graphic panel showing all components and arrange-
ments of bilge and drainage system shall be suitably positioned
at the bilge pumping station.

E. Ballast and Bilge Systems for Ship-shaped 
Units and Installations

E 100 General
101    Requirements for ship-shaped units are given in DNV
Rules for Classification of Ships Pt.4 Ch.6.
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F. Air, Overflow and Sounding Pipes
F 100 Arrangement of air pipes
101    Air pipes shall be fitted to all tanks, cofferdams and pipe
tunnels. For small dry compartments without piping installa-
tions the requirement for fitting air pipes may be waived.
102    Air pipes are not to be fitted with valves that may impair
the venting function.
Tank air pipes shall be placed at the highest part of the tank and
as far away as possible from the filling pipes. 
Where the tank top is unusual or of irregular profile or of great
length, the number and positions of the air pipes shall be
decided in each case. For tanks with width exceeding half of
the unit's or installation's beam, air pipes on each side may be
required. Pipe tunnels of great length shall be fitted with air
pipes in the fore and after ends.
103    Air pipes from tanks which can be filled from the sea
and from sea chests shall be carried up to above the freeboard
deck.
104    Air pipes from fuel oil and lubricating oil tanks, double
bottom tanks, cofferdams and all other tanks which can be
pumped up and to pipe tunnels, shall be carried above the free-
board deck and led to open air.
Air pipes from fuel oil daily service tanks are to terminate at
positions sufficiently high to avoid the possibility of ingress of
seawater.
The height is at least to satisfy the requirements in the Interna-
tional Convention on Load Lines (ICLL) for ventilation open-
ings not required to be fitted with closing arrangements (see
DNV-OS-C301). The air pipes shall be so located that risk of
damage from sea or loose objects is avoided.
105    Air pipes from lubricating oil tanks and fuel oil draining
tanks with a volume less than 2 m3 and which cannot be
pumped up, may terminate in the engine room.
106    For height of air pipes above deck, see DNV-OS-C301.
107    The ends of the air pipes shall be so designed or so
located that ingress of water is prevented.  Automatic vent
heads with ball floats or similar devices shall be of approved
design.
108    Tanks where anodes for cathodic protection are
installed, shall have air pipes fitted forward and aft.
109    Alternatively a single air pipe may be accepted if it is fit-
ted with fine-meshed wire gauze easily removable for cleaning
or renewal. The wire gauze shall be placed near to the outlet,
and the area of the pipe end opening shall be enlarged to twice
the pipe cross section. The open ends shall be situated in posi-
tions where no danger will occur as a consequence of escaping
oil vapour or gas.

Guidance note:
In cold climatic conditions the possibility of freezing of vents
should be taken into account 
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110    Where only one air pipe is fitted, it is not to be used as a
filling pipe.
111    All air pipes shall be clearly marked at the upper end.
112    Air pipes shall be self draining under normal conditions
of trim.
113    Air pipes shall not be used as primary means for sound-
ing. 

F 200 Air pipes, sectional area
201    For tanks which can be pumped up and for which over-
flow pipes are not arranged, the sectional area of air pipes shall
be dimensioned such that the structure is able to withstand the

pressure when the tank is over pumped with the largest availa-
ble pump
Alternatively, arrangements for prevention of over pumping of
tanks may be accepted, Ref also C305.
The sectional area of the air pipes is in no case to be taken less
than 125% of the sectional area of the filling pipe.

Guidance note:
Automatic stop of ballast pumps or automatic closing of valve in
the ballast filling line may be accepted as arrangement for pre-
vention of over pumping of tanks. Such means shall be activated
by a remote level gauging system or equivalent. In addition an
independent visual and audible high level or high-pressure alarm
will be required. The alarm shall be activated prior to stop of
pumps or closing of valve. Arrangements for functional testing
of the automatic stop or closing and alarm systems shall be pro-
vided.  Ref also C305.
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202    For tanks which can be filled by pumps not installed in
the vessel, the maximum allowable pump capacity shall be
stated on signboards at the filling pipe connection.
203    Short air pipes for tanks which can be filled by pumping,
e.g. tanks in barges and self-elevating units, are to have a sec-
tional area at least 25% greater than the effective sectional area
of the filling pipes. The velocity of the liquid flow in the air
pipe is not to exceed 4 m/s when the tank is pumped over with
the largest pump available.
204    Air pipes from ballast tanks filled by free flooding only,
may have less air pipe area, but in no cases less than 25% of
the sectional area of filling pipe.
205    Air pipes are to have an internal diameter not less than
50 mm.
Where overflow pipes are fitted as specified in 300 the sec-
tional area of the air pipes shall be at least 20% of that of the
filling pipes.
When an air pipe serves several tanks all having overflow
pipes as specified in 300 the sectional area of the air pipe shall
be at least 20% of the combined area of the two largest filling
pipes for the separate tanks.
206    Pipe tunnels shall be fitted with an air pipe with an inter-
nal diameter not less than 75 mm.
207    Rooms fitted with emergency bilge suction according to
B308 shall be fitted with air pipe and vent heads of sufficient
size to ensure efficient ventilation during an emergency bilge
operation. The vents shall be designed to accommodate the
maximum pumping rate of emergency bilging.

F 300 Overflow pipes, arrangement
301    Fuel oil and lubricating oil tanks which can be pumped
up and which have openings, for example, for a float sounding
system, shall be fitted with overflow pipes discharging to an
overflow tank or bunker oil tank with surplus capacity. The
tank openings shall be situated above the highest point of the
overflow piping.
302    The overflow tanks are to have a capacity large enough
to take an overflow of ten minutes at the normal rate of filling.
303    The overflow system shall be fitted with an alarm device
or a sight glass, easily visible from the place where the transfer
pump can be stopped.
304    Where tanks for the carriage of oil or water ballast are
connected to an overflow system, the pipe arrangement shall
be such that water ballast cannot overflow into tanks contain-
ing oil.
305    The overflow system shall be so arranged that water
from the sea cannot enter through the overflow main line into
other tanks in case of any tanks being damaged.
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Guidance note:
This requirement applies if any fuel tank or overflow tank con-
nected to a common overflow line or air vent tank is bounded by
bottom or side plating below the waterline.
In such cases the common overflow line or air vent tank must be
located higher than the deepest waterline, alternatively individ-
ual tank overflow lines must be arranged with loops extending
above the waterline.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

306    The overflow pipes shall be self draining under normal
conditions of trim.

F 400 Overflow pipes, sectional area
401    The sectional area of overflow pipes shall be at least
25% greater than the area of the filling pipes.

F 500 Sounding arrangements
501    Indication of liquid level in the ballast tanks, draught
and inclination of the unit or installation shall be provided for
safe operation of the ballasting system.
502    For column-stabilised units or installations the indica-
tions in 501 shall be provided in the centralised control room.
503    Remote sounding systems shall be designed to withstand
possible overload, e.g. from overfilling the tanks.
The number and position of measuring points shall be arranged
to correct for the influence of inclination, as far as possible.
504    All tanks, cofferdams and pipe tunnels shall be provided
with sounding pipes or other approved means for ascertaining
the level of liquid in the tanks. Spaces which are not always
accessible, shall be provided with sounding pipes.
505    The sounding pipes shall be readily accessible at any
time and clearly marked.
Sounding pipes are normally to be led to the upper deck.
Sounding pipes from fuel oil tanks, lubricating oil tanks and
other tanks containing flammable liquids, and which can be
pumped up, shall be led to the open air.
Sounding pipes to tanks containing liquids which have a flash
point below 60°C (closed cup), are always to be led to the open
air. Sounding rods of such tanks shall be of spark proof mate-
rial and no gauge glasses shall be fitted to these tanks if located
in machinery spaces.
The sounding pipes shall be fitted with efficient closing appli-
ances.
506    Short sounding pipes may be fitted to double bottom
tanks, in shaft tunnels and machinery spaces provided the
pipes are readily accessible.
Sounding pipes for fuel oil and lubricating oil tanks shall not
be placed in the vicinity of boilers, or preheaters, heated pipes,
electric generators or motors with commutator or collector
rings, or electric appliances which are not totally enclosed. The
sounding pipes shall be arranged in such a way that overflow
or oil spray will not reach any machinery component men-
tioned above. The sounding pipes shall be fitted with self-clos-
ing cocks having cylindrical plugs with weight-loaded levers
permanently attached. Short sounding pipes to tanks not
intended for oil shall be fitted with a screw cap attached by
chain to the pipe or with shutoff cocks.
507    If oil gauges of glass are used for ascertaining the level
of oil in storage, settling or daily service tanks for fuel and
lubricating oil, the glasses shall be of heat-resisting material,
suitably protected and fitted with self-closing cocks at the
lower ends and also at the top ends, if the connections to the
tanks are below the maximum oil level. The gauges shall be
adequately supported.
508    Striking plates with a minimum thickness of 15 mm or a
similar arrangement shall be fitted under sounding pipes in

order to absorb the impact of the sounding rod.
Where sounding pipes terminate in a bend, the bend shall be
adequately fastened and supported and of sufficient thickness
for taking the wear from the sounding rod. Such sounding
pipes, however, are not to be used for deep tanks, unless they
are situated within closed cofferdams or within tanks contain-
ing similar liquids.
509    Remote sounding system may replace ordinary sound-
ing pipes or gauges as follows:

a) For tanks easily accessible for checking of level through,
for example, manholes, one remote sounding system may
be accepted.

b) For tanks which are not always accessible for checking of
level, two independent remote sounding systems are
required. In the case of remote sounding based on the air-
bubble principle, two air-bubble lines per tank may be
accepted provided sufficient redundancy in the central unit
is provided.

510    Means shall be provided for sounding and draining of
water-tight structural members such as bracings of column-
stabilised units/installations.

F 600 Sounding pipes, sectional area
601    The internal diameter of sounding pipes shall not be less
than 32 mm.
602    Where a sounding pipe exceeds 20 m in length, the inter-
nal diameter shall not be less than 50 mm.

G. Storage and Transfer Systems for Liquids 
with Flashpoint below 60°C (e.g. Helicopter 

Fuel)
G 100 General
101    Tanks and pipe systems for such liquids shall be in
accordance with relevant requirements given elsewhere in this
standard.

G 200 Arrangement
201    Storage tanks should be located as far as practicable
from the accommodation area, escape ways, and embarkation
stations for evacuation.
202    Tanks and associated equipment should be protected
from physical damage (e.g. from dropped objects where this is
possible) and from a fire in an adjacent area.
203    Rooms where tanks and equipment for handling of such
liquids are located, shall be regarded as hazardous areas, Zone
2. The rooms shall be effectively ventilated.
204    The air pipes to the tanks shall be provided with pres-
sure/vacuum relief valves. The valves shall be of sufficient
capacity to relieve the overpressure-vacuum which occurs dur-
ing filling or emptying at maximum rate.
205    For tanks on open deck, permanently installed and
arranged for filling, the area 1.5 m from the pressure/vacuum
(P/V) valve shall be regarded as hazardous area Zone 2. For
transportable tanks (i.e. not refilled onboard but replaced by
full tanks), P/V valves are only for breathing purposes (small
gas quantities) and no hazardous area will be designated
around the P/V valves.
206    The fuel storage area shall be arranged with means by
which spillage can be collected and drained to a safe location.
207    Storage tank pumps shall be provided with means which
permit shutdown from a safe remote location in the event of a
fire. Where a gravity fed fuelling system is installed, equiva-
lent closing arrangements shall be provided.
DET NORSKE VERITAS



Offshore Standard DNV-OS-D101,  October 2008 Amended October 2009
Page 40   –   Ch.2 Sec.3 see note on front cover
208    Fuel pumping shall incorporate a device which will pre-
vent over pressurisation of the delivery filling hose.
209    Corrosion resistant material, lining or coating may be
required in the tanks and piping systems in order to ensure
proper fuel cleanliness.

210    Gauge glasses with self-closing cocks for level indica-
tion can be accepted for such tanks located outside of engine
rooms or other safe areas.
211    Fuel transfer system for helicopter refuelling shall be
earthed.
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SECTION 4
MACHINERY PIPING SYSTEM

A. General
A 100 Redundancy and capacity
101    Redundancy shall be arranged as specified in Sec.1
B300. Redundancy capacity of components shall be as speci-
fied in the requirements for the different systems.
Applied to piping systems this implies that more than one
pump unit shall be installed when failure of such a unit will
result in loss of a main function.
The capacity shall normally be sufficient to cover demands at
maximum continuous load on the main function when any
pump unit is out of service.

Guidance note:
Main functions for all types of mobile units and floating installa-
tions include:
- power generation
- fire protection, detection and extinction
- drainage and bilge pumping
- ballasting
- anchoring and mooring / position keeping.
For self-propelled mobile offshore units propulsion and steering
are also regarded as a main function. 
For fixed installations main functions will include :
- power generation
- fire protection, detection and extinction.
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B. Cooling Systems
B 100 General
101    Centrifugal sea-water cooling pumps shall be installed
as low as possible in the unit or installation or other means
shall be provided to prevent, as far as practicable, that the
pumps lose water in a seaway.
102    When generator prime movers are connected to a com-
mon water cooling system, the arrangement shall be such that
the supply of cooling water to the prime movers will not be
affected by damage and leakage in other parts of the system.

Guidance note:
It is recommended that water cooling for generator prime movers
is separated from water cooling systems for other purposes.
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103    Cooling systems in self-elevating units or installations
shall be so arranged that the supply of cooling water to the gen-
erator prime movers will not be affected, even if the fire pumps
are in operation, during raising and lowering of the installation.
In such events the cooling water may be supplied from a stor-
age tank.

B 200 Sea inlets for cooling water pumps
201    Sea-water cooling systems for the machinery shall be
connected to at least two cooling water inlets.
202    Strums shall be fitted to all sea chest openings in the
shell plating. The total area of the strum holes shall be at least
twice the total flow area in the sea water inlet valves.
203    Where sea water is used for cooling the main engines or
auxiliary engines, the cooling water and suction lines shall be
provided with strainers which can be cleaned without inter-
rupting the cooling water supply.

C. Lubricating Oil System
C 100 General
101    Lubricating oil systems shall be separated from other
systems. This requirement does not apply to hydraulic govern-
ing and manoeuvring systems for main and auxiliary engines.
102    Lubricating oil tanks shall be either stand alone tanks or
isolated from other tanks by cofferdams in order to prevent
possible contamination of the oil.

C 200 Lubricating oil pre-treatment arrangement
201    For systems where the lubricating oil circulates under
pressure, efficient filtering shall be provided.
202    For non-redundant units, it shall be possible to clean the
filters without interrupting the oil supply.
If automatic cleaning filters are used, a bypass shall be
arranged.
203     For diesel engines burning residual oil fuel, cleaning of
the lubrication oil by means of purifiers shall be arranged.
These means are additional to the filters required in 201.

C 300 Lubricating oil supply
301    Each engine or turbine shall be supplied with at least one
lubricating oil pump of sufficient capacity for the maximum
output of the engine.

C 400 Remote shut-off arrangement for lubricating oil 
tanks
401    Valves on lubricating oil tanks situated above the double
bottom and which are open during normal service shall be
arranged for remote shut-off if such valves are located below
top of the tank or overflow outlet.
Based on case by case consideration, this requirement may be
waived for small tanks, with volume less than 0.5 m3, and
tanks for which an unintended closing of the valves may result
in loss of main functions specified in A.

D. Fuel Oil System
D 100 Flash point of fuel oil
101    Oil fuels with a flash point of less than 60°C (closed cup)
are normally not permitted.
102    Units or installations intended for service within areas
having climate ensuring that ambient temperatures of spaces
where such fuel oil is stored will not rise to temperatures
within 10°C below the flash point of the fuel, may use fuel oil
with flash point below 60°C but not less than 43°C.
103    Liquids for specific purposes and whose flash point is
lower than 43°C shall preferably be stored outside the machin-
ery space. If tanks for such liquids are installed in the engine
room, this shall be specifically evaluated and documented. 
104    Fuel oil storage tanks shall not be heated to temperatures
within 10°C below the flash point of the fuel oil, except as
given in 105.
105    Fuel oil in service tanks, settling tanks and any other
tanks in the supply system may be heated above the limit given
in 104 provided:

— the length of vent pipes from such tanks and/or a cooling
device is sufficient for cooling the vapours to at least 10°C
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below the flash point of the fuel oil
— a temperature sensor is fitted in the vent pipe and adjusted

to give alarm if the temperature should exceed a limit set
at 10°C below the flash point of the fuel

— the vent pipes are fitted with flame screens meeting the
requirements of IMO's Standards for Devices for Prevent-
ing Passage of Flames into Cargo Tanks

— there are no openings from the vapour space of the fuel
tanks into machinery spaces

— enclosed spaces shall not be located directly over such fuel
tanks, except for well-ventilated cofferdams

— electrical equipment shall not be fitted in the vapour space
of the tanks, unless it is certified intrinsically safe.

D 200 Fuel oil tanks
201    Two fuel oil service tanks for each type of fuel used on
board necessary for propulsion and vital systems or equivalent
arrangements shall be provided. Each tank shall  have a capac-
ity sufficient for continuous rating of the propulsion plant and
normal operating load at sea of the generator plant for a period
of not less than 8 hours.
202    Fuel oil tanks shall be separated from fresh water tanks
and lubricating oil tanks by means of cofferdams.
203    Where fuel oil tanks are situated near to boilers or other
hot surfaces, the tanks shall be well insulated. In order to keep
the oil temperature well below the flash point, care shall be
taken that the free air circulation is not impeded.
204    The plate thickness in free standing fuel oil tanks shall
not be less than 5 mm. For very small tanks the plate thickness
may be reduced to 3 mm. Sides and bottom of the tanks shall
be well stiffened. Large tanks shall be fitted with wash bulk-
heads. 
205    Fuel oil daily service tanks for heavy fuel oil shall be
constructed with smooth bottoms with slope towards drainage
outlet. Outlets for fuel oil centrifuges, if fitted, shall be taken
from the lowest point of the tank bottom.

D 300 Fuel oil piping
301    Piping conveying flammable liquids under pressure in
the engine room and boiler room shall be laid in well lit places,
in order that the piping can be kept under observation.
302    All detachable pipe connections and valves in oil fuel
pressure piping shall be at a safe distance from boilers, exhaust
pipes or other heated surfaces and electrical appliances.
303    The number of detachable pipe connections shall be lim-
ited to those which are necessary for mounting and disman-
tling.
304    Fuel oil pipes are not to be routed through fresh water
tanks.
305    The arrangement of piping and valves shall be such that
oil cannot enter tanks not intended for this purpose.

D 400 Arrangement of valves and fittings
401    The inlet and outlet pipes which are connected to the fuel
oil tank at a point lower than the outlet of the overflow pipe, or
below the top of tanks without an overflow pipe, shall be fitted
with shut-off valves located on the tank itself. 
However, short distance pieces of rigid construction may be
accepted, the length of which is not to exceed 1.5 D of the pipe.

Guidance note:
For filling lines entering at the top of a tank and with inside
extension towards the bottom, air holes must be drilled in the
pipe near the penetration in order to avoid the siphoning effect.
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402    All valves and cocks on oil tanks shall be mounted and
protected in such a way that they cannot be damaged as the

result of an accident.  The positioning of valves shall be such
that any possible leakage will not lead to oil spray on boilers,
exhaust pipes or other hot surfaces of the machinery, or on
electric motors and appliances.
403    Oil piping led through engine room bulkheads, shall be
fitted with shut-off valves  in the engine room. The valves shall
be fitted on the bulkhead, or nearby.
404    All valves in the fuel oil system shall be controllable
from positions above the floor plates.
405    If oil gauges of glass are used for ascertaining the level
of oil in storage, settling, or daily service tanks for fuel oil or
lubricating oil, the glasses shall be of heat resisting material,
suitably protected and fitted with self-closing cocks at the
lower and upper ends, if the connections to the tanks are below
the maximum oil level. The gauges shall be adequately sup-
ported.

D 500 Remotely controlled shut-off arrangement for 
fuel oil tanks
501    All valves mentioned in 401 shall be arranged for remote
shut-off if they are in open position during service. This is not
applicable for valves on tanks less than 0,5 m3.
The operation shall be carried out from a central position out-
side the engine room and at a safe distance from skylights and
other openings to engine and boiler room. 
For filling valves on the tanks remote shut-off may be omitted
if non-return valves are used.
The controls for remote shut-off for emergency generator and
emergency fire pump shall be located separately from the con-
trols of the other valves in order to avoid erroneous operation.
502    The arrangement shall be such that paint, corrosion etc.
will not impair the efficiency of the remote operation of the
valves.
503    Hydraulic or pneumatic systems shall not be used as
means for keeping quick-acting shut-off valves in open posi-
tion.

D 600 Fuel oil pre-heaters
601    For requirements for electric oil heaters, see Rules for
Classification of  Ships Pt.4 Ch.8.

D 700 Fuel oil pre-treatment arrangement
701    Filters shall be fitted in the supply lines to the main and
auxiliary machinery. These shall be arranged in such a way
that they can be cleaned without interrupting the supply of fuel
oil.
702    For auxiliary engines one single fuel oil filter for each
engine may be accepted.
703    Fuel supply for diesel engines burning residual oil fuel
(heavy fuel) or mixtures containing such oils shall be provided
with suitable means for removal of harmful contaminants.
These means are additional to the filters required in 701. If cen-
trifuges are used for the above purpose the arrangement is to
have adequate built-in redundancy.

D 800 Drip trays
801    All oil tanks in machinery spaces shall be equipped with
drip trays of sufficient capacity and height for collecting any
leakage of oil which may occur from valves, fittings etc.  The
drip trays shall be drained to a closed waste tank not forming
part of an overflow system.
802    Precautions shall be taken against overflow of oil from
the lowest situated drip trays.
803    Drip trays shall be fitted under those parts of the fuel oil
system which are often opened up for cleaning such as burners,
purifiers, filters, etc.
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D 900 Remote stop of fuel oil pumps and fans
901    Emergency stop of the power supply to the following
pumps and fans shall be arranged from a central place outside
the engine and boiler room:

— fuel oil transfer pumps
— fuel oil booster pumps
— nozzles cooling pumps when fuel oil is used as coolant
— fuel oil purifiers
— pumps for oil-burning installations
— fans for forced draught to boilers
— fans for ventilation of engine and boiler rooms
— thermal oil circulation pumps
— hydraulic oil pumps.

D 1000 Oil filters
1001    Duplex filters used in systems for flammable liquids
shall be arranged with means for preventing unintended open-
ing of a filter under pressure.

D 1100 Various requirements
1101    Settling tanks and daily service tanks shall be fitted
with means for draining of water from the bottom of the tanks.
1102    Open drains for removing water from oil tanks shall be
fitted with self-closing valves or cocks, and means shall be
provided for collecting all waste oil in closed tanks. For oil
tanks,  with capacity above 10 m3, a stop valve shall be fitted
between the self-closing valve and the tank.
1103    The oil burners shall be so arranged that they cannot be
withdrawn unless the oil supply to the burners is cut off.

E. Thermal Oil Systems
E 100 System arrangements
101    Thermal oil systems shall be arranged and installed in
accordance with requirements given in the Rules for Classifi-
cation of Ships Pt.4  Ch.7.

F. Feed Water and Condensation Systems
F 100 Feed water pumps and piping
101    Feed water pumps installed to meet the requirements for
redundancy shall be independently driven. 
102    If feed water pre-heaters are fitted in feed water lines by-
pass arrangements shall be provided enabling repair of a heater
without interrupting the feed water supply.
103    Feed water piping shall be fitted with valves at the boiler
inlet, as stated in the Rules for Classification of Ships Pt.4 Ch.7
Sec.6.

F 200 Feed water heating
201    For steam boilers with working pressure above 7 bar
arrangements for preheating and deaeration of the feed-water
before entering the boiler shall be provided.
202    The preheating arrangement shall be capable of main-
taining the temperature above 80°C when boilers are operated
at maximum load during normal service.

F 300 Feed water tanks
301    Reserve feed water tanks shall be provided, with a
capacity corresponding to at least twice the hourly evaporation
rate of the main boilers.
302    Feed water tanks shall be separated from oil tanks by
cofferdams.

303    Piping for feed tanks shall be so arranged so that the
water cannot be contaminated by oil or oily water.

F 400 Condensate from steam heating of tanks
401    Where fuel or lubricating oil tanks, heaters or purifiers
are heated by steam in pipe coils, the condensate shall be led
into an observation tank. This tank shall be placed in an easily
accessible, well ventilated and well illuminated position where
it can easily be observed whether the condensate is free from
oil or not.

G. Steam Systems
G 100 Steam piping
101    Water pockets in the steam flow lines shall be avoided
as far as practicable in order to prevent water hammer in the
system. If this cannot be avoided, drain cocks or valves shall
be fitted in such places so that the pipes may be efficiently
drained while in operation.
102     Non-insulated steam pipes shall not be led through
spaces or tanks without satisfactory possibilities for removal of
the heat.

G 200 Shut-off valves
201    If two or more boilers are connected to a common header
or steam manifold the steam connection to each boiler shall be
provided with two shut-off valves with a free blowing drain in
between. This requirement does not apply to exhaust gas econ-
omisers with forced circulation.
202    Where blow-downs from two or more boilers are con-
nected to a common discharge, two valves shall be fitted to
each discharge.

G 300 Safety valves
301    The discharge from safety valves shall be to a point
where hazard is not created, see the Rules for Classification of
Ships Pt.4 Ch.7 Sec.6.

H. Hydraulic Systems
H 100 General
101    The redundancy requirement in A101 applies to pumps,
filters and pressure reduction units.
102    Hydraulic systems shall be separated from other piping
systems except lubricating oil systems as specified in C101.
103    The hydraulic fluid shall not corrode or attack chemi-
cally the components in the system.  It shall have a flash point
not lower than 150°C and shall be suitable for operation at all
temperatures to which the system may normally be subjected.
104    Means for filtration and cooling of the fluid and for
deflation of entrapped gases shall be incorporated in the sys-
tem where identified as necessary.
105    Excessive pressure surges and pulses generated by
pumps and valve operations shall be avoided. When necessary,
pulsation dampers shall be fitted and shall preferably be con-
nected directly to the source of vibrations. Design of the sys-
tem shall normally be such that laminar flow is obtained.
106    Detachable pipe connections and valves in hydraulic
pressure piping shall be at a safe distance from electrical appli-
ances, boilers, exhaust pipes and other sources of ignition.
107    Air pipes from hydraulic oil circulation tanks and expan-
sion tanks shall be lead to safe locations so that any escaping
oil does not reach possible sources of ignition.
108    Oil circulation tanks or expansion tanks in engine rooms
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shall be provided with arrangements preventing overflow of
oil (e.g. from generation of vapour due to moisture in the
hydraulic oil). The following alternative arrangements are
acceptable:

a) The free volume of the circulation tanks is sufficient for
accumulating all the hydraulic oil in the system. A high
level alarm is fitted in the tank at a level leaving sufficient
free volume for containing the oil in the system.

b) The circulation tank or expansion tank is provided with an
overflow pipe leading to a collecting tank. The cross sec-
tional area of the overflow pipe is twice that of the return
oil pipe.

c) The air pipe from the tank is lead to a safe position outside
machinery space. The cross sectional area of the air pipe is
twice that of the return oil pipe.

H 200 Hydraulic power supply
201    Requirements for hydraulic power supply to steering
gears are given in the Rules for Classification of Ships
Pt.4 Ch.14.
202    Anchor windlasses may be fitted with one power unit
provided the anchor(s) can be lowered independent of the
hydraulic system.
203    Windlasses arranged for remote control shall have addi-
tional arrangement for local manual control.

H 300 Hydraulic cylinders
301    Hydraulic cylinders shall normally be designed with a
safety factor of at least four against buckling, using the follow-
ing simplified formula:

302    A lower buckling safety factor than 4.0 may be accepted
for more accurately validated calculation methods. Relevant
parameters to be included in such a method are:

— yield strength of piston rod material
— bending moments caused by the rotation of the bearings
— guiding length
— clearance between gland and piston rod
— actual deflection curve.

(Acceptable safety factor shall normally not be less than 2.7.)

Guidance note:
Concerning buckling calculations of hydraulic cylinders for
cranes, see the DNV Standard for Certification No. 2.22 Lifting
Appliances.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

303    For piston rods with diameter less than 5% of the length
between the mountings in fully extracted position, buckling
calculations shall be documented.

H 400 Accumulators 
401    Hydraulic accumulators of the gas or hydraulic fluid
type having 

shall  comply with the Rules for Classification of Ships Pt.4
Ch.7, while requirements for smaller accumulators are as for
piping.
402    For hydraulic accumulators of the gas or hydraulic fluid
type the two media shall be suitably separated if their mixture
can be dangerous or result in the contamination of the hydrau-
lic fluid and/or loss of gas through absorption.
403    Each accumulator shall be protected on both gas and
hydraulic fluid side by a safety device such as relief valve, fuse
plug or rupture disc to prevent excess pressure if overheated.
When the accumulator is an integral part of a system with such
a safety device, the accumulator itself need not be supplied
with a safety device.
404    The gas bottles for charging accumulators shall be in
accordance with the Rules for Classification of Ships Pt.4
Ch.7.  Such bottles shall be clearly marked to prevent mixing
up with other types of gas bottles on board.
405    Cast accumulators shall have an internal coating.

H 500 Hydraulic equipment
501    System components and arrangement shall satisfy the
requirements in 100 to 400.
502    Piping and tubing to actuators and between actuators
and local accumulators shall be hydrostatically tested to 1.5
times the system design pressure for 15 minutes.

Guidance note:
This requirement may be waived on a case-by-case basis.
Aspects to be considered are maximum operating pressure com-
pared to design pressure. Experience with workmanship may
also influence the decision.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

503    Local accumulators used as back up power supply for
essential systems shall be designed and located or protected to
minimise the possibility of inadvertent isolation or mechanical
damage which could prevent correct operation on demand.
504    Piping, tubing and components in systems required to
operate in a fire scenario shall have adequate fire resistance
properties to ensure correct system operation. This is particu-
larly important for systems where hydraulic energy is required
to activate or maintain control over the system. Fire test certif-
icates for such system components may be requested.
505    Piping and tubing shall be flushed and cleaned before
being connected to control systems.
506     Hydraulic oil return lines shall be designed with capac-
ity to allow the maximum return flow during extreme condi-
tions without reducing overall system performance. Care shall
be taken to avoid the possibility of blockages at filters, vents or
by mechanical damage or inadvertent operation of valves.

P = maximum axial load (kN)
s = safety factor = 4.0
I1 = moment of inertia of cylinder tube cross section, 

(mm4)
I2 = moment of inertia of piston rod cross section 

(mm4)
L = maximum length of hydraulic cylinder from cen-

tre to centre of end eyes (mm)
L1 = cylinder tube length from end eye (mm)
L2 = piston rod length from centre of rod end eye 

(mm)
E = modulus of elasticity of the piston rod material

= 2.06 x 105 N/mm2 for steel.
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I. Pneumatic Power Supply

I 100 General
101    The redundancy requirement in A101 applies for com-
pressors, filters and pressure reduction units when supplying
power for control of main functions.
102    Air intakes for the compressors shall be so located as to
minimise the intake of oil or water contaminated air.
103    Pipes between the compressors and pressure vessels
shall not have connections to other machinery.
104    Valves on the air receivers shall be designed such that
detrimental pressure shock does not arise in the pipes when the
valves are opened.
105    Pipes from air compressors with automatic start shall be
fitted with a separator or similar device to prevent condensa-
tion from draining into the compressors.
106    If the unit has a pneumatic auxiliary steering gear, two
starting air compressors with a total capacity sufficient for nor-
mal operation of the auxiliary steering gear shall be provided.

I 200 Pneumatic equipment
201    Components requiring extremely clean air shall not be
used. Extremely small openings in air passages shall be
avoided.
202    Main pipes shall be inclined relative to the horizontal,
and drainage shall be arranged.
203    Pipes and other equipment made of plastic materials are
accepted if they have satisfactory mechanical strength, low
thermoplasticity, high oil resistance, and flame retardency. For
application see Sec.2 B500.
204     For air supply the redundancy requirement of A101
applies for compressors, pressure reduction units, filters and
air treatment units (lubricator or oil mist injector and dehumid-
ifier).
205    Air to instrumentation equipment shall be free from oil,
moisture and other contamination. Condensation shall not
occur at relevant pressures and temperatures. For air flowing in
pipes which are located entirely inside the machinery space
and accommodation, the dew point shall be more than 10°C
below the ambient temperature, but need normally not be
lower than 5°C. The dew point of air flowing in pipes on open
deck shall be below -25°C.
206    Reduction valves and filters shall be duplicated when
serving more than one function (e.g. more than one control
loop).
207    Piping and tubing to actuators and between actuators
and local accumulators shall be hydrostatically tested to 1.5
times the system design pressure for minimum 15 minutes.

Guidance note:
This requirement may be waived on a case-by-case basis.
Aspects to be considered are maximum operating pressure com-
pared to design pressure. Experience with workmanship may
also influence the decision. 

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

208     Local accumulators used as back up air supply for
essential systems shall be designed and located or protected to
minimise the possibility of inadvertent isolation or mechanical
damage which could prevent correct operation on demand.
209     Piping and tubing shall be cleaned and dried before con-
nected to control systems.

J. Pneumatic Starting Arrangements
J 100 General
101    For diesel engine starting systems, see also the Rules for
Classification of Ships Pt.4 Ch.3. For starting up from «dead
ship», see Sec.1 B313. Electrical starting systems are
described in the Rules for Classification of  Ships Pt.4 Ch.8.
Reference is also made to DNV-OS-D201 Ch.2.

J 200 Capacity
201    Starting systems for internal combustion engines and
gas turbines shall have capacity for a number of starts specified
in Table J1 without reloading of air receivers.

202    If a starting system serves two or more of the above
specified purposes, the capacity of the system shall be the sum
of the capacity requirements.
203    For multi-engine propulsion plants the capacity of the
starting air receivers shall be sufficient for 3 starts per engine.
However, the total capacity shall not be less than 12 starts and
need not exceed 18 starts.
204    Compressors shall be installed with total capacity suffi-
cient for charging air receivers of capacities specified in 201
and 202 from atmospheric to full pressure in the course of one
(1) hour.

J 300 Redundancy
301    Two or more compressors of total capacity as specified
in 204 shall be installed. The capacity shall be approximately
equally shared between the compressors. At least one of the
compressors shall be independently driven.
302    Engines started by compressed air shall have at least two
independent starting air receivers of about equal capacity.

J 400 Emergency generators
401    If the emergency generator is arranged for pneumatic
starting, the air supply shall be from a separate air receiver.
402    The air receiver shall not be connected to other pneu-
matic systems, except for the starting system in the engine
room. If such a connection is arranged, the pipeline shall be
provided with a screw-down non-return valve.

K. Heating, Ventilation and Air Conditioning 
(HVAC)

K 100 General
101    The ventilation system shall be designed to maintain
acceptable working and living environment for the personnel
and non-detrimental conditions for equipment and machinery.
102    There shall be independent ventilation systems for haz-
ardous and non-hazardous areas.
103    Non-hazardous enclosed spaces shall be ventilated with
over pressure in relation to hazardous areas.

K 200 Accommodation and control stations
201    The HVAC system with air intakes should be so located
and constructed such that fire hazardous, noxious gases,
exhaust, dust, etc. are prevented from entering into the living

Table J1 Capacity for number of starts
Duty of engines Number of starts
Engines for driving electric generators 
and engines for other purposes

3 starts each, total capacity 
need not exceed 6 starts

Engines for driving emergency genera-
tors

6 starts, automatic 
attempts shall be limited to 
3 starts
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K 300 Ventilation of machinery spaces
301    The capacity of the ventilation plant should be such as to
provide comfortable working condition in the engine room, to
supply the necessary combustion air to the diesel engines, boil-
ers, and to prevent heat-sensitive apparatus from overheating.
302    In order to meet these requirements, the air should be
distributed to all parts of the engine room, so that pockets of
stagnant hot air are avoided. Special considerations should be
given to areas with large heat emission and to all normal work-
ing areas, where reasonably fresh and clean outdoor air should
be provided through adjustable inlet devices.

Guidance note:
For units with unrestricted location, the temperature rise from air
intake to air passing from the engine room up to the casing should
be maximum 10ºC for an outside air temperature of maximum
+35°C.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

303    Approximately 50% of the ventilation air should be
delivered at the level of the top of the diesel engines, close to
the turbo-charger inlets, care being taken to ensure that no sea
water can be drawn into the air inlets.
304    The required air flow for combustion and evacuation of
heat emission shall be calculated according to ISO 8861 or an
other recognised maritime standard.
305    Both the supply and exhaust fans shall be arranged with
redundancy according to A101.
306    The air exhaust fans shall be designed to maintain a
slight positive pressure in the engine room. This should nor-
mally not exceed 50 Pa.
307    The purifier room should have a separate exhaust fan
discharging to open air remote from any air inlet.

K 400 Ventilation of gas hazardous areas
401    For requirements to ventilation in relation to hazardous
areas, see DNV-OS-A101.

Guidance note:
Twelve and six air changes per hour for 95% of the time are nor-
mally considered to be adequate mechanical or natural ventila-
tion for hazardous and non-hazardous enclosed spaces,
respectively. Prevention of stagnant air pockets is also important
when defining the air change rate.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

402    Air inlet ducts designed for constant relative under-pres-
sure shall be rigidly constructed to avoid air leaks.

K 500 Fans serving hazardous spaces
501    Fans shall be designed with the least possible risk for
spark generation.

Guidance note:
Recommended radial air gap between the impeller and the casing
should not be less than 0.1 times the diameter of the impeller
shaft in way of the bearing, but not less than 2 mm. It need not be
more than 13 mm.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

502    The parts of the rotating body and of the casing shall be
made of materials which are recognised as being spark proof,
and they are to have anti-static properties.
Furthermore, the installation of the ventilation units shall be
such as to ensure the safe bonding to the hull of the units them-
selves. 
The following combinations of materials and clearances used
in way of the impeller and duct are considered to be non-spark-
ing:

a) Impellers and/or housing of non-metallic material, due
regard being paid to the elimination of static electricity.

b) Impellers and housings of non-ferrous metals.
c) Impellers of aluminium alloys or magnesium alloys and a

ferrous (including austenitic stainless steel) housing on
which a ring of suitable thickness of non- ferrous materials
is fitted in way of the impeller, due regard being paid to
static electricity and corrosion between ring and housing.

d) Impellers and housing of austenitic stainless steel.
e) Any combination of ferrous (including austenitic stainless

steel) impellers and housing with not less than 13 mm tip
design clearance.

503    Any combination of an aluminium or magnesium alloy
fixed or rotating component, and a ferrous fixed or rotating
component, regardless of tip clearance, is considered a spark
hazard and shall not be used in these places.

K 600 Ductwork
601    The ductwork shall be constructed according to recog-
nised maritime standard or ISO 1461, SMACNA, EN 12238,
EN 12239, ENV 12097, etc.
602    The ventilation ducts shall be of non-combustible mate-
rials and comply with SOLAS Reg. II-2/16 with respect to fire
integrity. 

K 700 Refrigeration plant
701    Refrigeration plants with a total prime mover rated
effect of 7.5 kW and above, shall comply with safety require-
ments as given in the Rules for Classification of Ships Pt.5
Ch.10.
702    All fixed refrigeration plants shall comply with the envi-
ronmental requirements of the Rules for Classification of
Ships Pt.5 Ch.10 Sec.3 A403 and B304.

L. Use of Gas and Crude Oil for Auxiliary 
Boilers and Turbines

L 100 General
101    This section covers use of gas and crude oil in an
enclosed space. Gas fuelled turbines located on topsides deck
should follow the principles given in DNV-OS-E201.

L 200 Arrangement of engine room
201    Ventilation of engine and boiler room shall be carried
out at a pressure which is above atmospheric pressure. The
ventilation system shall be independent of all other ventilation.
The number of the pressure fans for common engine or boiler
room shall be such that the capacity is not reduced by more
than 50%, if one fan is out of operation.
The ventilation system is to ensure a good air circulation in all
spaces, and in particular ensure that there is no possibility of
formation of gas pockets in the room.
202    Gas turbines and gas handling machinery (e.g. compres-
sors) are normally to be enclosed in an enclosure with mini-
mum A-0 fire rating.
203    Inside the enclosure, adequate ventilation is always to be
present. From initiation of the start sequence of the turbine,
until the turbine casing and exhaust duct are at a temperature
below the lowest of:

— 80% of the fuel auto ignition temperature
— or 200°C.

204    Within the enclosure a continuous dilution ventilation
shall be provided. The ventilation rate shall be adequate to
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maintain a fuel and air mixture below 20% lower explosion
limit LEL (90 air changes per hour is normally considered ade-
quate).  Refer  to DNV-OS-A101 Sec.4 D500 for reliability of
ventilation air supply (redundancy of fans and power supply).
205    A quick acting block valve shall be fitted on all fuel sup-
ply lines. The valve shall be located outside the main enclosure
for the turbine or boiler, i.e. outside the engine room if installed
inside the hull. (The valve can be incorporated in the block and
bleed arrangement described in 300.)
206    As far as practicable, turbines and fuel lines shall be
located or shielded so that fragments from damaged rotating
elements (e.g. discs) will not cause ruptures or critical damage
to essential equipment or facilities.

L 300 Supply lines for gas and crude oil
301    Gas and crude oil supply lines are not to pass through the
accommodation or control station spaces. Supply lines may
pass through or extend into other spaces if the lines are
enclosed in a double  pipe or duct, see Fig.1 and Fig.2.
302    Gas supply lines passing through enclosed spaces shall
be completely enclosed by a double pipe or duct. This double
pipe or duct is to fulfil one of the following:

a) The gas piping shall be a double wall piping system with
the gas fuel contained in the inner pipe. The space between
the concentric pipes shall be pressurised with inert gas at a
pressure greater than the gas fuel pressure. Suitable alarms
shall be provided to indicate a loss of inert gas pressure
between the pipes.

b) The gas fuel piping shall be installed within a ventilated
pipe or duct. The air space between the gas fuel piping and
the wall of the outer pipe or duct shall be equipped with
mechanical under pressure ventilation having a capacity of
at least 30 air changes per hour. This ventilation capacity
can be reduced to 10 air changes per hour provided auto-
matic filling of the duct with nitrogen upon detection of
gas is arranged for. The fan motors shall be placed outside
the ventilated pipe or duct. The ventilation outlet shall be
covered by a protection screen and placed in a position
where no flammable gas-air mixture may be ignited.

303    For high-pressure piping the design pressure of the duct-
ing shall be taken as the higher of the following:

— the maximum built up pressure: static pressure in way of
the rupture resulting from the gas flowing in the annular
space

— local instantaneous peak pressure in way of the rupture
(p*):  this pressure shall be taken as the critical pressure
and is given by the following expression: 

p0 =  maximum working pressure of the inner pipe
k  = Cp /Cv constant pressure specific heat divided by the

specific volume specific heat
k =  1.31 for CH4

The tangential membrane stress of a straight pipe is not to
exceed the tensile strength divided by 1.5 (Rm/1.5) when sub-
jected to the above pressure. The pressure ratings of all other
piping components are to reflect the same level of strength as
straight pipes.
As an alternative to using the peak pressure from the above for-
mula, the peak pressure found from representative tests can be
used.
304    For low pressure piping the duct shall be dimensioned

for a design pressure not less than that of the gas pipes. The
duct is also to be pressure tested to show that it can withstand
the expected maximum pressure at gas pipe rupture.
305    The ventilated pipe or duct shall terminate at a ventilated
hood or casing arranged to cover the areas occupied by flanges,
valves etc. and the piping at the gas or crude oil control unit.
The hood or casing shall be installed or mounted to permit ven-
tilation air to sweep across the control unit and be exhausted at
the top of the hood or casing. The duct and hood shall be fitted
with gas-tight inspection openings in way of connections of
pipes.

Figure 1  
Example of gas supply to gas turbine

Figure 2  
Example of gas supply to boiler

306    There shall be an interlock between gas supply and ven-
tilation, such that the ventilation between outer and inner walls
will always be in operation when there is gas in the supply line.
In or immediately inside the duct outlet, continuous gas detec-
tion shall be provided.
307    A separate and independent supply line shall be
arranged for each combustion engine and gas turbine.
308    The minimum nominal wall thickness of the pipes for
gas and crude oil in non-hazardous areas shall be designed for
a pressure of at least 50% higher than normal working pressure
but not to be less than A.S.A. pipe schedule 40.
309    Full penetration butt welded joints are normally to be
used for enclosed crude oil and gas pipes in non-hazardous
areas. Detachable pipe connections shall be limited to those
which are necessary for the installation purpose only.
310    Exposed (i.e. not enclosed in a gas tight pipe or duct)
crude oil and gas pipes may be accepted in non-hazardous
areas after special consideration in each case, provided compli-
ance with the following minimum criteria:

a) 100% non-destructive testing of welded connections shall
be carried out.

b) Strength of pipes (wall thickness with respect to diameter)
and the arrangement (support etc.) are such that the piping
is able to withstand the maximum possible combined load
from internal and external forces it may be exposed to.
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c) Clearly identifiable colour code shall be used for the pipes.
d) Alarm for detected gas in machinery room with maximum

concentration of 20% of (LEL).
e) No flanges are fitted in the non-hazardous area

311    The following fault conditions shall release alarm and
automatic shut-down of gas and crude oil supply:

a) Detected gas of maximum 20% of the LEL in the venti-
lated duct.  For crude oil fired units, detection of liquid at
all low points in the ventilated duct may be accepted as an
alternative.

b) Detected gas of maximum 20% of the LEL in engine and
boiler room.  This requirement may be dispensed with if
the ducting has no opening (e.g. hood) into the machinery
space.

c) Loss of ventilation in the duct.
d) Abnormal pressure variation in the fuel supply line.
e) Detected fire in the engine and boiler room.

L 400 Arrangement of gas supply for boilers and tur-
bines
401    The gas may be taken directly from the oil production
facilities. The complete system for treatment of gas including
pressure vessels, compressors, separators, filters, pressure con-
trol valves etc., shall be located in hazardous area and sepa-
rated from the engine and boiler room by gas-tight bulkheads.
402    A double block and bleed arrangement shall be fitted on
the gas supply line, see Fig.1 and Fig.2. The system shall shut
off the gas supply and vent the gas piping inside the engine
room and enclosures to a safe location (see area classification
code for classification of discharge point). Single block and
bleed isolation may be accepted for short supply lines, if this is
in compliance with the owners isolation strategy. 
403    The «block and bleed» valves shall be arranged for both
automatic and manual operation, and shall be interlocked.
Venting of the gas supply lines shall take place when gas is
detected in the duct and when the unit is shut down.  The man-
ual operation shall be carried out from the boiler or turbine
control panel and from a location outside the engine room.
404    Measures for gas-freeing of the complete piping system
shall be provided.
Warning and notice plate shall be provided, which clearly indi-
cates that gas-freeing is not to take place through a recently
extinguished combustion chamber.
405    The switch-over from gas operation to oil operation, or
vice versa, must be possible during normal running condition.

L 500 Arrangement of crude oil supply for boilers
501    Crude oil may be taken directly from the crude oil stor-
age tanks or from other suitable tanks. These tanks shall be
separated from non-hazardous areas by means of cofferdams
with gas-tight bulkheads.
502    The complete system for treatment of crude oil or slop,
i.e. pumps, strainers, separators and heaters, if any, shall be fit-
ted in hazardous area, and separated from engine and boiler
room by gas-tight bulkheads. When crude oil is heated by
steam or hot water, the outlet of the heating coils shall nor-
mally be led to a separate observation tank located together

with above mentioned components. This closed tank shall be
fitted with a venting pipe led to the atmosphere in a safe posi-
tion and with the outlet fitted with a suitable flame proof wire
gauze of corrosion resistant material which shall be easily
removable for cleaning.
503    Electrical motors for pumps, separators, etc., shall be fit-
ted in non-hazardous area. Where drive shafts pass through
pump room bulkhead or deck plating, gas-tight glands shall be
fitted. The glands shall be efficiently lubricated from outside
the pump room.
504    The crude oil piping shall, as far as practicable, be fitted
with a slope rising towards the boiler so that the oil naturally
returns towards the pump room in the case of leakage or failure
in delivery pressure.
505    In way of the bulkhead to which the duct is connected,
delivery and return oil pipes shall be fitted on the pump room
side, with shut-off valves remotely controlled from a position
near the boiler fronts or from the machinery control room.
506     When using fuel oil for delivery to and return from
boiler fuel oil burning units, the fuel oil delivery to and return
from burners shall be effected by means of a suitable mechan-
ical interlocking, so that running on fuel oil automatically
excludes running on crude oil or vice versa.
507    A quick closing master valve shall be fitted on the oil
supply to each boiler manifold.

L 600 Construction of boilers and burners
601    The boilers shall be so constructed that there is no dan-
ger that gas pockets are formed in any place in the firing and
flue gas part of the boiler.
602    Each boiler shall have a separate flue gas line led up to
the top of the funnel.
603    The burners for crude oil and gas shall be of such con-
struction that they effectively maintain complete and stable
combustion during all operating conditions.
604    The monitoring device for detecting flame failure shall
be of the design «fail to shut-down of fuel supply».
605    Boilers for crude oil shall be fitted with a tray or gutter-
way of suitable height, and be placed in such a way as to collect
any possible oil leakage from burners, valves and connections.
The tray or gutterway shall be fitted with a draining pipe dis-
charging into a separate tank. This tank shall be fitted with a
venting pipe led to the open in a safe position and with the out-
let fitted with wire gauze made of corrosion resistant material
easily dismountable for cleaning.
The draining shall be fitted with an arrangement to prevent the
return of gas to the boiler or engine room.
606    Crude oil pumps shall be arranged for remote stop from
the machinery control room and from near the boiler front.

L 700 Gas operated combustion engines
701    Construction and installation of gas operated engines
shall be specially considered in each case. Technical require-
ments to such installations shall be based on applicable parts of
the Rules for Classification of Ships Pt.5 Ch.5 Sec.16 and Pt.6
Ch.13. 
702    The requirements for gas supply shall in general be as
required in 200 and 300.
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SECTION 5
MACHINERY AND MECHANICAL EQUIPMENT

A. General
A 100 Principles
101    Requirements in this section are applicable to machinery
and equipment primarily related to the following:

— power generation
— propulsion
— steering
— drainage and bilge pumping
— ballasting
— stored product handling 
— anchoring and mooring
— gravity tanks and pressurevessels and associated piping

systems for:

— toxic fluids
— fluids with flash point below 100°C
— fluids with temperature above 220°C
— boilers and steam piping systems
— compressed gases where pV ≥ 150 kNm

p  = design pressure in kN/m2

V = pressure vessel volume in m3 

— firing and combustion installations.

102    Machinery and equipment shall be designed, fabricated
and tested in accordance with the requirements given in this
section and recognised codes and standards.

B. Recognised Codes and Standards
B 100 Unfired pressure vessels
101    Recognised codes for unfired pressure vessels are listed
in Table B1.

B 200 Boilers
201    Recognised codes for boilers are given in Table B2.

B 300 Atmospheric vessels
301    Recognised codes for atmospheric vessels are given in
Table B3.

B 400 Heat exchangers
401    Recognised codes for heat exchangers are given in Table
B4.

B 500 Pumps
501    Recognised codes for pumps are given in Table B5.

Table B1 Recognised codes for unfired pressure vessels
Code Title
ASME section VIII Boilers and Pressure Vessels Code
BS 5500 Unfired Fusion Welded Pressure Vessels
Rules for Classifica-
tion of Ships Pt.4 
Ch.7

Boilers, pressure vessels, thermal-oil installa-
tions and incinerators 

Table B2 Recognised codes for boilers  
Code Title
API Std 530 Calculation of Heater Tube Thickness in 

Petroleum Refineries
ASME section I Power Boilers
ASME section IV Heating Boilers 
BS 1113 Water Tube steam Generating Plant
BS 2790 Shell Boilers of Welded Construction

NFPA 8502 Standard for the Prevention of Furnace 
Explosions/Implosions in Multiple Burner 
Boilers

BS 5500 Unfired Fusion Welded Pressure Vessels
Rules for Classifica-
tion of Ships Pt.4 
Ch.7

Boilers, pressure vessels, thermal-oil instal-
lations and incinerators 

ISO/R 831 Rules for construction of stationary boilers
TBK-1-2 General Rules for Pressure Vessels

Table B3 Recognised codes for atmospheric vessels
Code Title
API Spec 12 F Shop Welded Tanks for Storage of Produc-

tion Liquids.
API Std 650 Welded Steel Tanks for Oil Storage.
BS 2654 Vertical steel welded storage tanks
DIN 4119 Tank installation of metallic materials

Table B4 Recognised codes for heat exchangers
Code Title
API Std 661 Air Cooled Heat Exchanger for General 

Refinery Services
Rules for Classifica-
tion of Ships Pt.4 
Ch.7

Boilers, pressure vessels, thermal-oil instal-
lations and incinerators

TEMA R Heat Exchanger Tubing

Table B5 Recognised codes for pumps
Code Title
ANSI 73.1/2 Centrifugal Pumps
API Std 610 Centrifugal Pumps for Petroleum, Heavy 

Duty Chemical and Gas Industry Services
API Std 674 Positive Displacement Pumps - Reciprocat-

ing
API Std 675 Positive Displacement Pumps - Controlled 

Volume
API Std 676 Positive Displacement Pumps - Rotary
Rules for Classifica-
tion of Ships Pt.4 
Ch.1

Machinery System, General

Table B2 Recognised codes for boilers (Continued) 
Code Title
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B 600 Compressors
601    Recognised codes for compressors are given in
Table B6.

B 700 Combustion engines
701    Recognised codes for combustion engines are given in
Table B7. 

B 800 Gas turbines
801    Recognised codes for gas turbines are given in Table B8.

B 900 Shafting
901    Recognised codes for shafting are given in Table B9.

B 1000 Gears
1001    Recognised codes for gears are given in Table B10.

B 1100 Couplings
1101    Recognised codes for couplings are given in Table
B11.

B 1200 Lubrication and sealing
1201    Recognised codes for lubrication and sealing are given
in Table B12.

C. General Marine Equipment
C 100 General
101    For machinery and equipment with similar application
as for ships the technical requirements as given in the Rules for
Classification of Ships may be used as listed. 

Guidance note:
In general where reference is made to the Rules for Classification
of Ships, this may be substituted with internationally recognised
codes and standards where such are relevant for the application.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

C 200 Propulsion and auxiliary machinery
201    For requirements for the following equipment :

— diesel engines
— steam turbines
— gas turbines
— gear transmissions
— shafting
— propellers
— thrusters (for ship-shaped units)
— turbochargers
— compressors.

see the Rules for Classification of Ships Pt.4 Ch.2, Ch.3, Ch.4
and Ch.5 and the recognised codes listed in B. 
202    Combustion equipment and combustion engines shall
normally not be located in hazardous areas. Where it is neces-

Table B6 Recognised codes for compressors
Code Title
API  Std 617 Centrifugal Compressors for Petroleum, 

Chemical and Gas Industry Services.
API Std 618 Reciprocating Compressors for Petroleum, 

Chemical and Gas Industry Services
API Std 619 Rotary Type Positive Displacement Com-

pressors for Petroleum, Chemical, and Gas 
Industry Services

API Std 672 Packaged, Integrally Geared Centrifugal Air 
Compressors for Petroleum, Chemical, and 
Gas Industry Services

Rules for Classifica-
tion of Ships Pt.4 
Ch.5

Rotating Machinery, Driven Units 

ISO 13707 Reciprocating compressors 

Table B7 Recognised codes for combustion engines
Codes Title
ISO 3046/1 Reciprocating Internal Combustion Engines
NFPA No 37 Stationary Combustion Engines and Gas 

Turbines
Rules for Classifica-
tion of Ships Pt.4 
Ch.3

Rotating Machinery, Drivers

EEMUA publication 
107

Recommendations for the protection of die-
sel engines for use in zone 2 hazardous areas

Table B8 Recognised codes for gas turbines
Codes Title
API Std 616 Gas Turbines for Petroleum, Chemical, and 

Gas Industry Services
ANSI B133.4 Gas Turbine Control and Protection Sys-

tems
ISO 2314 Gas Turbine Acceptance Tests
ASME PTC 22 Gas Turbine Power Plants
NFPA No 371975 Stationary Combustion Engines and Gas 

Turbines.
Rules for Classifica-
tion of Ships Pt.4 
Ch.3

Rotating Machinery, Drivers

Table B9 Recognised codes for shafting
Codes Title
Rules for Classifica-
tion of Ships Pt.4 
Ch.4

Rotating Machinery, Power Transmissions

Table B10 Recognised codes for gears
Codes Title
AGMA 218/219 Gear Rating
API Std 631 Special Purpose Gear Units for Refinery 

Service
DNV Classification 
Note 41.2

Calculation of gear rating for marine trans-
missions

Rules for Classifica-
tion of Ships Pt.4 
Ch.4

Rotating Machinery, Power Transmissions

ISO 6336
Pt. 1-5

Gears

Table B11 Recognised codes for couplings
Codes Title
Rules for Classifica-
tion of Shipss Pt.4 
Ch.4

Rotating Machinery, Power Transmission

API Std 671 Special Purpose Couplings for Petroleum, 
Chemical, and Gas Industry Services.

Table B12 Recognised codes for lubrication and sealing
Code Title
API Std 614 Lubrication, Shaft-Sealing and Control-Oil 

Systems and Auxiliaries for Petroleum, 
Chemical, and Gas Industry Services
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sary to house combustion engines in a hazardous area, either
the equipment shall be placed in a pressurised space or the
equipment shall be otherwise protected to prevent ignition.

Guidance note:
Reference may be made to recognised standards such as EEMUA
publication 107 for protection of diesel engines for use in Zone 2
hazardous area.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

203     Pressurisation of a space will be accepted to make it
non-hazardous, provided the following minimum require-
ments are complied with:

— pressurisation air is taken from a safe area
— an alarm system is fitted to indicate loss of air pressure
— an air-lock system with self-closing doors is fitted
— exhaust outlet is located in a non-hazardous area
— combustion air inlet is located in a non-hazardous area
— automatic shut down is arranged to prevent overspeeding

in the event of ingestion of flammable gas.

204    Efficient spark preventing equipment shall be fitted to
the exhaust from all combustion engines and equipment,
except gas turbines. A means shall be provided to give warning
of failure of water supply to water-cooled spark preventing
equipment.
205    Exhaust gases shall be discharged so as not to cause any
inconvenience to personnel or a dangerous situation during
helicopter operations.
206    The temperature of piping and machinery which may be
exposed to gas and crude oil shall not exceed 200°C.

C 300 Boilers, pressure vessels, thermal oil installations 
and incinerators
301    For requirements for the  following equipment:

— boilers
— pressure vessels
— thermal oil installations
— incinerators

see the Rules for Classification of  Ships, Pt.4 Ch.7 and the rec-
ognised codes listed in B.

C 400 Anchoring and mooring equipment
401    For requirements for anchoring and mooring equipment,
see DNV-OS-E301.
402    For requirements for towing devices, see DNV-OS-
E301.

C 500 Steering machinery
501    For requirements for steering machinery for ship-
shaped units see the Rules for Classification of Ships Pt.3
Ch.3.
502    Steering machinery for column-stabilised units based on
a rudder arrangement shall be subject to special consideration
based on applicable parts of the requirements given in 501.

D. Jacking Gear Machinery
D 100 Application
101    The requirements in D apply to lifting machinery for
self-elevating offshore units or installations of the pinion rack
type. These requirements apply to the gear transmissions, pin-
ion-rack, the brake and (if applicable) flexible mounts. 
102    The jack house frame and the welding connection
between rack and leg structure are dealt with in DNV-OS-
C104.

D 200 General
201    A relevant load-time spectrum shall be specified. This
shall include at least the following:

— raising of the legs
— lowering of the legs
— raising of the platform
— lowering of the platform
— exceptional use (e.g. one or more units out of service)
— pre-load holding (static)
— pre-load raising (if permitted)
— pre-load lowering
— storm holding (static)
— motor stalling torque.

202    All jacking machinery components shall be designed for
any relevant load condition mentioned in 201. Design safety
factors etc. are valid for all foreseen operating conditions. For
loads that are not foreseen, but may occur, such as motor stall-
ing torque, lower safety factors may apply.
203    The elements in the load-time spectrum listed in 201
(except motor stalling torque) are vertical net loads on the rack. 
The following shall be included in the load spectrum: 

— friction losses from leg guiding in the hull structure
— effect of variation in location of the centre of gravity of the

unit or installation.

Unless otherwise documented, the guide friction may be taken
as 10% of the net vertical force in normal operation. When lift-
ing in a tilted position (due to soil penetration in pre-load)
higher guide friction shall be assumed. When evaluating the
stresses in the jacking machinery, the influence of friction in
bearings and on gear flanks shall be considered.
204    Jacking machinery (including pinion-rack) shall be
designed so that an overload failure occurs in open machinery
prior to enclosed machinery. This means that conditions such
as e.g. a motor stalling or lifting with a locked brake are to
cause clearly visible deformation in easily accessible parts
such as pinion or (preferably) rack before any critical failure
occurs in an enclosed gearbox.
205    When a design is documented by means of tests in lieu
of calculations, or by combinations thereof, lower safety fac-
tors than those required by calculations may be accepted. The
level will be considered on the basis of the extent of the testing
and the acceptance criteria for the various parts after the test.
When units or parts of units are tested, normally the whole load
spectrum (201) shall be applied and each load level shall be
multiplied with the required safety factor. When different
safety factors apply, such as for tooth root strength and flank
durability, the highest (i.e. tooth root strength) shall be used for
testing purposes. (Due to the elevated loads, some flank dete-
rioration is considered acceptable in this case).
206    The jacking machinery shall be designed to avoid self-
locking when descending. The minimum total efficiency in
lifting mode is 2/3. The total efficiency shall include motor,
gear transmission and pinion-rack.

D 300 Arrangement
301    The jacking units shall be arranged so that they can be
removed individually for servicing.
302    The jacking units shall be supported in such a way that
elastic jack-house frame deflections are not harmful to the pin-
ion-rack mesh. The jack-house frame and leg-rack shall have
dimensional tolerances that permits an involute gear mesh (i.e.
contact ratio is above unity) between pinion and rack under all
operating conditions.
303    Flexible (sandwich) rubber pads shall be protected by an
oil based coating.
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304    The motors shall be provided with a possibility for
mechanical wind-up, e.g. a square free-shaft end for crank
application.
305    An interlock shall be provided between electric motors
and fixation rack system (if any), in order to prevent power
supply to the motors when the fixation rack is engaged.

D 400 Gearing
401    Details on calculation of gearing are given in Classifica-
tion Note 41.2. This contains information on calculation of
tooth root strength (fractures or deformation) and flank surface
durability (pitting, spalling and case crushing) and scuffing for
enclosed gear units.
402    The following minimum safety factors apply (but due
consideration shall be given to the principles given in 204):
Tooth root strength, applicable to both enclosed and open
gearing:

— safety against accumulated fatigue due to all lifting and
descending loads SF = 1.5

— safety against static loads as storm holding or pre-load
holding SF = 1.35

— safety against one motor stalling SF = 1.2.

Flank surface durability, applicable to enclosed gearing,
except for case crushing (surface hardened gearing) which also
applies to open gears:

— safety against accumulated fatigue due to all lifting and
descending loads SH = 1.0

— safety against case crushing under static loads and one
motor stalling SH = 1.0.

Scuffing, applicable to enclosed gearing:

— safety SS = 1 except for motor stalling.

403    Welded gears shall be stress relieved. Welds that suffer
a stress variation during the rotation shall be designed to pre-
vent (low cycle) fatigue. 
The permissible stress range in a full penetration weld with a
smooth (accessible) backside is 0.5 times the yield strength of
the softer material.  For inaccessible backside or non-full pen-
etration welds the permissible stress range is 0.2 times the
yield strength of the softer material.  The stress range shall be
determined by finite element method analyses and is to con-
sider any stress concentration. 

D 500 Pinion rack
501    For pinions utilising a non-involute dedendum, the tooth
profile shall be specified on a drawing.
502    The safety factors given in 402 apply for the pinions and
racks, with exception of rack tooth root strength for storm
holding and motor stalling where tooth deformation is accept-
able.
503    For calculation of tooth root stresses of pinion and rack,
load application at the tooth tip shall be assumed. Further guid-
ance can be found in Appendix C in Classification Note 41.2.

D 600 Gear casings and bearing structure
601    Welded gear casings and supporting structure around
bearings shall be stress relieved.
602    The casings and bearing structures shall be designed to
prevent deflections that may be harmful for the gearing.
603    The design shall enable inspections of the gearing and
plain bearings. For parallel shaft gears this means inspection

openings, and for epicyclic gears openings for access with bor-
oscope.

D 700 Shafts and connections
701    Connections as shrink fitting, bolted wheels, flange
bolts, splines, keys, etc. shall fulfil the criteria given in Classi-
fication Note 41.2.
702    Shafts shall be designed to have safety against yielding
that is consistent with the tooth root strength criteria in 202.
Combined bending and torsion shall be considered. Stress con-
centration factors may be taken from relevant literature or from
the Classification Note 41.2.
703    Special consideration shall be given to high speed shafts
accumulating more than 104 cycles.

D 800 Bearings
801    Ball and roller bearings shall have a minimum L10a (ISO
281) life time that is suitable with regard to the specified over-
haul intervals. The influence of the lubrication oil film may be
taken into account for L10a, provided that the necessary condi-
tions, in particular cleanliness, are fulfilled.
802    The surface pressure (on projected area) in plain bear-
ings shall not exceed 50% of the yield strength of the bearing
material when the maximum load is applied. The bearings and
lubrication are also to be designed to avoid wear that could be
harmful for the gear meshes.

D 900 Brakes
901    A shaft brake shall be provided. This is to engage auto-
matically in the event of power failure to the jacking machin-
ery.
902    The static brake friction torque shall not be less than 1.3
times the maximum torque at the brake position.

D 1000 Flexible mountings
1001    Flexible mounting of the jacking units will be specially
considered.

D 1100 Control and monitoring
1101    The following control and monitoring arrangements
are required:

a) Remote indication and alarm if a brake is not released
when power applied to the motors. The brake alarm shall
be given by an independent mechanical sensor.

b) Remote indication and alarm for overheating of an electric
motor.

c) A permanent remote indication of loads during jacking
and retrieval shall be provided. For a lattice leg unit the
load per chord is as a minimum to be presented. Alarm sig-
nal to be given when maximum load is exceeded.

D 1200 Workshop testing
1201    Spin test and contact pattern test shall be carried out
according to the Rules for Classification of Ships Pt.4 Ch.4.

D 1300 Installation inspection
1301    The alignment between the pinions and rack shall be
checked both longitudinally and with regard to distance
between pinion centre and rack.

D 1400 Testing on board
1401    The jacking machinery shall be tested with the highest
specified lifting and descending load. The duration shall at
least reflect one operating cycle.
1402    The interlock (see 305) shall be tested.
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E. Turret Machinery
E 100 General
101    Machinery important for function of the turret shall be
arranged with sufficient redundancy to ensure that a single fail-
ure of any active component will not cause loss of turret func-
tion.
102    Design of structural items shall be in accordance with
DNV-OS-C102.

E 200 Design
201    The design of bearings shall be in accordance with an
acceptable design method or an internationally recognised
code or standard.
202    Where design employs use of lubricating fluids, it shall
be ensured that sufficient fluid is continuously available to the
bearings.
203    Where design employs self-lubricating materials these
shall be demonstrated suitable for the intended purpose for the
intended service life of the bearings.
204    The bearing arrangement shall be designed to take
account of  the level of corrosion to which it is likely to be
exposed. 
205    Consideration shall be given to fatigue loads on bearing
components.
206    Special attention shall be given to specification of align-
ment and installation tolerances of bearings.
207    Bearing surfaces shall be protected from deterioration
resulting from ingress of seawater or other contaminants.

F. Thrusters
F 100 General
101    These requirements primarily apply to thrusters
intended for propulsion, propulsion and steering and dynamic
positioning. 
For the technical requirements refer to the Rules for Classifi-
cation of Ships Pt.4 Ch.5 Sec.3.
102    All thrusters on an offshore installation, including  aux-
iliary thrusters shall be subject to function testing onboard,
(see DNV Rules for Classification of Ships  Pt.4 Ch.5 Sec.3 I). 

Guidance note:
Auxiliary thrusters are all other types of thrusters than those
listed in 101 including thrusters designed to assist in positioning
of self elevating units at location.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

103    The tunnel and other parts that are welded to the hull and
form the barrier against the ingress of sea water, shall always
be subject to verification, also for auxiliary units. (see DNV
Rules for Classification of Ships  Pt.4 Ch.5 Sec.3 I).

F 200 Arrangement and layout
201    The installation of the thruster, including alignment,
shall give satisfactory performance under all operating condi-
tions.
202    A shaft sealing-box shall be installed to prevent water
from gaining access to internal parts of the thruster or into the
unit.
203    The sealing arrangement is to protect steel shafts from
sea water, unless materials with documented corrosion-resist-
ant properties is used.
204    The arrangement of flexibly mounted side thrusters is to
provide effective protection against flooding. Such thrusters

shall be placed in separate watertight compartments, unless the
flexible sealing arrangement contains two separate effective
sealing elements. An arrangement for indication of leakage
into the space between the inner and outer sealing shall be pro-
vided.
205    The arrangement shall permit inspection of such seal-
ings without extensive dismantling.

F 300 Propulsion thrusters
301    When propulsion is provided by thrusters only, there
shall normally be at least two separate thruster units. This does
not apply to water jets.
302    Propulsion thrusters shall be provided with means for
local control of steering gear and propeller pitch from the
thruster compartment. Necessary indications of azimuth and
propeller pitch positions and means for communication with
the navigation bridge shall be provided.
303    Azimuth steering gears are to comply with the Rules for
Classification of Ships Pt.4 Ch.5 with respect to arrangement,
performance and other general requirements as applicable. It
must be possible to lock the unit in all required positions.

F 400 Design and construction
401    The thruster shall be capable of withstanding the loads
imposed by all possible operational modes.
402    Thrusters, e.g. side thrusters, may be designed for a lim-
ited lifetime. In principle, any specified load-time characteris-
tic may form the basis for acceptance. Alternatively the load
spectrum may be characterised as follows :

a) Specified total use per year:

b) An average lifetime of 15 years may be assumed.
c) Amount of time with high load (torque) applied within the

specific total use per year :

Guidance note:
High will normally apply to fixed pitch propellers.
Low will normally apply to controllable pitch propellers.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

403    Inspection of thruster gears shall be made possible either
through proper inspection openings, or by other means (e.g.
fiber optical instruments) without extensive dismantling.
404    Water jets for propulsion shall be provided with inspec-
tion openings (preferably transparent) enabling inspection of
the impeller.

F 500 Shafting
501    Shafting shall be in accordance with the Rules for Clas-
sification of Ships Pt.4 Ch.4, as far as applicable.

F 600 Gear transmission
601    Gear transmission shall be in accordance with the Rules
for Classification of  Ships Pt.4 Ch.4, as far as applicable.
602    The safety factors, SF against tooth fracture, SH against
pitting, spalling and case crushing, and SS against scuffing

Category Hours
I ≤ 50
II 50 - 100
III ≥ 500

Torque
80 - 100% 60 - 80% ≤ 60%

High 25% 50% 25%
Low 10% 30% 60%
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shall be at least as given in Table F1.

F 700 Propeller
701    The propeller and propeller components shall be in
accordance with the Rules for Classification of Ships Pt.3
Ch.3, as far as applicable.

F 800 Azimuth steering gear
801    Azimuth thrusters designed for reversing the thrust by
turning the unit shall be able to do so at a speed of minimum 2
r.p.m. 
802    Azimuth steering gears shall have a margin against self-
locking, unless overload protection is provided.

F 900 Control and monitoring
901    The systems shall comply with the requirements of the
Rules for Classification of Ships Pt.4 Ch.9, and DNV-OS-
D202.
902    Alarms shall be provided for the following faults:

— stop of prime mover
— power failure of remote control system
— power failure of alarm system
— low level in lubrication oil tank (if provided)
— low lubrication oil pressure (if forced lubrication oil sys-

tem)
— low level in hydraulic supply tank
— low pressure in hydraulic system
— high level in bilge well.

The following additional alarms shall be provided for propul-
sion thruster azimuth gear power units :

— power failure
— phase failure
— motor overload
— high lubrication oil inlet temperature.

903    It shall be possible to stop the propeller from the bridge
by means of a system independent of the remote control sys-
tem.

G. Windlasses, Winches and Chain Stoppers for 
Temporary and Limited Use

G 100 General
101    Requirements in this section are applicable  for winches
that are normally rarely used, typically tow-in winches for ris-
ers or anchor winches for position mooring of permanent
FPSO’s and other permanent installations. Winches that are
certified according to this standard are not to be used for lift-
ing. Requirements in this section are derived from DNV Stand-
ard for Certification No. 2.22 Lifting Appliances and DNV-
OS-E301 Position Mooring.
102    The windlass or winch shall normally have:

— one cable lifter or drum for each anchor/riser
— static brakes for each cable lifter or drum

— hydraulic or electrical motors.

G 200 General design
201    The winch operating device shall be arranged to return
automatically to the braking position when the operator
releases the control.
202    Anchors/risers are normally to be operated by a spe-
cially designed windlass.
203    Windlass for anchors shall have one cable lifter for each
stowed anchor. The cable lifter is normally to be connected to
the driving shaft by release coupling and provided with brake.
The number of pockets in the cable lifter shall not be less than
5. The pockets, including the groove width etc., shall be
designed for the joining shackles with due attention to dimen-
sional tolerances.
204    For each chain cable there is normally to be a chain stop-
per device. If a chain stopper is not fitted, the windlass shall be
able to withstand a static pull equal to the minimum breaking
strength of the chain cable, without any permanent deforma-
tion of the stressed parts and without brake slip.
205    Electrically driven windlasses shall have a torque-limit-
ing device. Electric motors shall comply with the requirements
of DNV-OS-D201.
206    Attention shall be paid to stress concentrations in key-
ways and other stress raisers and also to dynamic effects due to
sudden starting or stopping of the prime mover or anchor
chain.
207    As far as practicable and suitable for the arrangement,
drums shall be designed with a length sufficient to reel up the
rope in not more than 7 layers. If the number of layers exceeds
7, special consideration and approval is required. The ratio
between winch drum diameter and wire diameter is normally
to be in accordance with the recommendations of the wire
manufacturer. However, the ratio should as a minimum satisfy
the following requirement:

dd / dw ≥ 16

dd = winch drum diameter
dw = nominal wire diameter.

208    When all rope is reeled on the drum, the distance
between top layer of the wire rope and the outer edge of the
drum flange shall be at least 1.5 times the diameter of the wire
rope, except in the cases where wire rope guards are fitted to
prevent over spilling of the wire.

Guidance note:
It is advised that the drums have grooves to accept the rope.
Where a grooved rope drum is used the drum diameter shall be
measured to the bottom of the rope groove. To avoid climbing of
the rope on the grooves the fleet angle shall not exceed 4°.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

209    Drums are either to be fabricated from steel plates or to
be cast. Ferritic nodular cast iron with minimum elongation
(A5) 14% may be accepted. By special consideration a lower
elongation may be acceptable. Impact testing of ferritic nodu-
lar cast iron will be waived for this application.
210    The strength of the drums shall be calculated, with the
maximum rope tension acting in the most unfavourable posi-
tion. The effects of support forces, overall bending, shear, tor-
sion as well as hoop stresses in the barrel shall be considered.
211    The drum barrel shall be designed to withstand the sur-
face pressure acting on it due to maximum number of wind-
ings, the rope is assumed to be spooled under maximum
uniform rope tension.
212    Drums are either to be fabricated from steel plates or be
castings. Ferritic nodular cast iron with minimum elongation
(A5) 10% may be accepted. By special consideration a lower

Table F1 Gear transmission safety factors
Application SF SH SS
Propulsion thrusters and thrusters for 
dynamic positioning

1.55 1.20 1.50

Auxiliary thrusters 1.40 1.15 1.30
Azimuth steering gear for surfaced 
hardened

1.50 1.15

Azimuth steering gear for non surfaced 
hardened

1.50 1.0
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elongation may be acceptable. Impact testing of ferritic nodu-
lar cast iron will for this application be waived.
213    Drums shall be checked with respect to their overall
equilibrium situation and beam action, with the maximum rope
tension acting in the most unfavourable position. The effect of
support forces, overall bending, shear and torsion shall be con-
sidered. The rope tension is in this case to include any ampli-
fying coefficient and the dynamic coefficient ψ. If more
unfavourable, however, the situation with forces directly
dependent upon motor or brake action shall be considered.
214    The drum barrel shall be designed to withstand the sur-
face pressure acting on it due to maximum number of wind-
ings, the rope is assumed to be spooled under maximum
uniform rope tension. Maximum uniform rope tension means
the tension due to safe working load without the amplification
factors and dynamic coefficient taken into account. If the rope
tension may vary, this variation shall be taken into account.
215    Unless comprehensive tests justify a lower value, the
hoop stress in the barrel is not to be taken less than:

σh = hoop stress in drum barrel.
S = static rope tension under spooling 

(i.e. dynamic factor for zero seastate not included, but
friction, hook weight, etc. included).

P = pitch of rope grooving (= distance between ropes, cen-
tre to centre, within one layer). 

tav = average wall thickness of drum barrel.
C = 1 for 1 layer.
C = 1.75 for more than 1 layer.

The calculated hoop stress σh is not to exceed 85% of the mate-
rial yield stress.
216    The drum flanges shall be designed for outward pressure
corresponding to the necessary support of the windings near
the drum ends. Unless a lower pressure is justified by tests, the
pressure is assumed to be linearly increasing from zero at the
top layer to a maximum value of:

near the barrel surface. (The pressure pb acting barrel surface
is assumed to be three times this value). D is the outer diameter
of the barrel.
217    If a chain stopper is not fitted, the windlass shall be able
to withstand a static pull equal to the minimum breaking
strength of the chain cable, without any permanent deforma-
tion of the stressed parts and without brake slip.
218    The chain stoppers and their attachments shall be able to
withstand the minimum breaking strength of the chain cable,
without any permanent deformation of the stressed parts. The
chain stoppers shall be so designed that additional bending of
the individual link does not occur and the links are evenly sup-
ported.

G 300 Capacity and system requirements 
301    The capacity of the windlass brake shall be sufficient for
safe stopping of anchor and chain cable when paying out.

302    For drum winches the brakes are preferably to act
directly on the drum. Where a brake is arranged in front of a
transmission the components in the transmission subjected to
loads due to braking shall be designed to comply with the
requirements to strength of the brake itself.
303    For windlasses or winches not fitted with stoppers the
brakes when engaged, shall not be affected by failure in the
normal power supply. 
304    For preinstalled passive mooring system applicable for
long term mooring, stalling capacity less than 40% of mooring
line minimum breaking strength shall be considered on a case
to case basis. 
305    If a riser disconnect system is fitted then it is not possible
to release the anchor lines while risers are connected to the
unit. A special safety system preventing this shall be provided.
Emergency release is nevertheless to be possible with risers
connected after a manual cancellation of the above system.
306    Brakes are to exert a torque not less than 25% in excess
of the maximum torque on the brake caused by the loads being
regarded as static loads. The lowest expected coefficient of
friction for the brake lining with due consideration of service
conditions (humidity, grease, etc.) shall be applied in the
design calculations of braking torque capacity, but this coeffi-
cient of friction is not to be taken higher than 0.3.
307    It shall be possible to carry out a controlled lowering of
the wire rope/chain in case of an emergency. The lowering
shall be carried out individually or in convenient groups.
308    It shall be possible to release the brakes or stoppers from
a protected area close to the winch itself, and from a manned
control room or bridge. During the emergency release it shall
be possible to apply the brakes once in order to halt the lower-
ing and thereafter releasing them again.
309    No single error, including operator’s error, shall lead to
release of more than one anchor line.
310    For remote operated winches an audible alarm system
shall be fitted in order to warn that remote operation of the
windlasses or winches shall take place.
311    At locations where remote operation of the windlasses
or winches can be carried out, a signboard shall state that the
alarm system shall be engaged prior to remote operation of the
windlasses or winches.
312    Winches to be fitted with load indicator, emergency stop
system and an audible alarm system in case of overload.

G 400 Chain stoppers
401    The chain stoppers may be of two different types: 

— A stopper device fitted on the cable lifter or drum shaft
preventing the cable lifter or drum to rotate (pawl stopper).

— A stopper preventing the anchor line to run out by direct
contact between the stopper and the anchor line.

The latter type shall be of such design that the anchor line is not
damaged at a load equivalent to the minimum breaking
strength of the anchor line.

G 500 Strength and design load
501    For the structural part of windlass or winch and stopper,
the strength requirements are given in the Table G1. 
502    Chain stoppers and their supporting on offshore loading
buoys (CALM) may be designed according to G203 and DNV-
OS-C101 using the LRFD method.
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G 600 Steel wire ropes with fittings and anchorages
601    For wire and rope materials and construction of steel
wire ropes, see DNV Standard for Certification No. 2.22
Lifting Appliances, Ch.2 Sec.2.
602    For testing of steel wire ropes, see DNV Standard for
Certification No. 2.22 Lifting Appliances, Ch.2 Sec.7.
603    Steel wire rope safety factor for running application or
forming part of sling and for mast stays, pendants and similar
standing applications shall be the greater of:
Not less than the greater of 3,  and 

SF = 3 ψ
ψ = design dynamic coefficient for the crane.
SWL = Safe Working Load (kN).
604    The minimum breaking load B of steel wire ropes or the
wire end attachment shall not be less than:

B = SF - S
where S is the maximum load in the rope resulting from the
effect of the working load (suspended load) and loads due to
any applicable dead weights. The number of parts and friction
in sheaves shall be considered.
605    For rope anchorage properly designed rope sockets or
self-locking wedge sockets shall preferably be used. The wire
end attachment shall be subjected to testing (ref DNV-OS-
E304, Ch.2 Sec.3 C). The requirement to socketing procedure

is as outlined in DNV-OS-E304, Ch.2 Sec.5 C.
Socketing procedures are as a minimum to be according to
applicable sections of ISO/TR 7596 or equivalent standards.
Socketing shall be performed by personnel qualified by the
manufacturer and carried out in compliance with procedures
and check list worked out by the manufacturer . Such proce-
dures should as a minimum include:

— minimum bending radius of rope during handling
— control of even distribution of individual wires at rope ter-

mination after bending
— determination of tolerances for angular and parallel offsets

of rope and sockets axis
— control of angularity and parallelity of rope and socket

axis before casting of resin (i.e. position of socket related
to rope).

606    Where other connections are fitted, the method of splic-
ing shall be according to recognized codes and standards

G 700 Electrical installations
701    Electrical installations are to comply with relevant and
recognized codes or standards pertinent to the location of the
equipment. Reference is made to DNV-OS-A101 and DNV -
OS-D201. For instrumentation reference is made to DNV-OS-
D202.

G 800 Plans and specifications.
801    For the electrical and instrumentation system the follow-
ing shall be submitted:

1) Drawings and specification of: 

a) switchboard 
b) distribution boards 
c) control panels.

2) Single line diagram of: 

a) power distribution 
b) lighting distribution showing full load, cable types

and cross sections make-type-rating of fuse and
switchgear.

3) Schematic diagrams of: 

a) control system (with safety system) 
b) starting arrangement for engines.

4) Arrangement drawings showing: 

a) location of electrical equipment 
b) cable runs.

Table G1 Design load and strength requirements for winches or 
windlasses
Case Load in anchor 

line
Maximum equivalent stress, 
σe to be the smaller of the 

following values
Stopper engaged Smbs

0.73 σ b or 0.9 σ f 
in the stopper

Brakes engaged 0.5 Smbs 
for each brake 0.73 σ b or 0.9 σ f

Pulling 0.4 Smbs 0.5 σ b or 0.6 σ f

Where σ1 and σ2 are normal stresses perpendicular to each other, 
and τ is the shear stress in the plane of σ1 and σ2.

σ f is the specified minimum upper yield stress of the material.

σ b is the specified minimum tensile strength of the material.

Smbs is the minimum breaking strength of the anchor line.

but need not exceed 5.

σe σ1
2 σ2

2 σ1– σ2⋅ 3τ2
+ +=

SF
SWL

=
⋅ +
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SECTION 6
PIPE FABRICATION, WORKMANSHIP, AND TESTING

A. General
A 100 Objectives
101    The section addresses joining quality and testing
requirements which are intended to avoid piping failure due to
poor manufacture and installation.

A 200 Application
201    The requirements of this section shall be applied to all
piping and piping items which have been designed under this
standard.

B. Welding
B 100 General
101    The welding of pipes shall be carried out by qualified
welders, using recognised welding procedures and welding
consumables according to ASME IX or EN 288-3 as applica-
ble.
102    Oxy-acetylene welding shall not to be used for steel
pipes in class I and II with outer diameter greater than 101.6
mm and/or wall thickness exceeding 10 mm.
103    Welding of pipes of copper and copper-nickel may be
carried out by:

— gas tungsten arc welding (GTAW)
— gas metal arc welding (GMAW), for greater wall thick-

nesses
— other approved welding processes, subject to special con-

sideration.

104    Welding of pipes of aluminium-brass shall be subject to
special consideration.
105    Internal and external surfaces which shall be thermally
cut or welded shall be clean and free from paint, oil, rust, scale,
and other material that would be detrimental to either the weld
or the base metal, when heat is applied.

B 200 Welded connections of steel pipes
201    All welded butt joints shall normally be of the full pen-
etration type.  For class I and II pipes and important class III
piping (see Table B4), special provisions shall be taken to
ensure a high quality of the root side.
202    Branches shall be welded to the main pipe by means of
full penetration welds. For class I and II pipes a welding pro-
cedure test (WPQT) may be required.
203    Joint preparation and alignment shall be in accordance
with a recognised international standard.
204    If the parts to be joined differ in wall thickness, the
thicker wall shall be gradually tapered to that of the thinner of
the butt joint with a slope not steeper than 1:4.

B 300 Pre-heating of steel pipes
301    Preheating of the different types of steel will be depend-
ent upon their thickness and chemical composition as indicated
in Table B1.  Dryness shall be ensured using suitable preheat-
ing, if necessary.
302    The values in Table B1 are based on use of low hydro-
gen processes.  Consideration should be given to using higher
preheating temperatures when low hydrogen processes are not
used.

303    Austenitic stainless steel shall not be preheated.
304    Where applied, the heating procedure and the tempera-
ture control shall be considered and provided as appropriate.

B 400 Heat treatment after welding of steel pipes
401    Where applied, the heat treatment shall be carried out in
such a manner as to avoid impairment of the specified material
properties.
402    The heat treatments shall preferably be carried out in
suitable furnaces provided with temperature recording equip-
ment. Where this is not practicable, localised heat treatments
on a sufficient portion of the length in way of the welded joint,
and carried out with approved procedures, may be applied.
The width of the heated circumferential band shall be at least
75 mm on both sides of the weld.
403    For austenitic stainless steel heat treatment after welding
is not normally required.
404    For other alloy steel grades the necessary heat treatment
after welding shall be specially considered.
405    Stress relieving heat treatment shall be applied after
welding, other than oxy-acetylene welding, as indicated in
Table B3.
406    Heat treatment for oxy-acetylene welding shall be as
indicated in Table B2, unless alternative treatment is clearly
applicable. 

407    The stress relieving heat treatment shall consist of:

— heating the piping slowly and uniformly to a temperature

Table B1 Preheating prior to welding of steel pipes

Type of steel
Thickness of thicker part 

(mm)
Minimum pre-
heating tem-
perature (°C)

C and C/Mn  steel
≥ 20 2) 50

C and C/Mn steel 
≥ 20 2) 100

0.3 Mo > 13 100

1 Cr 0.5 Mo
< 13 100
> 13 150

2.25 Cr 1 Mo and
0.5Cr 0.5 Mo 0.25 V 1)

< 13
> 13

150
200

1) Preheating of these materials may be omitted for thickness up to 6 mm 
subject to acceptable results of hardness tests carried out on welding 
procedure qualification

2) For welding in ambient temperature below 0°C, the minimum preheat-
ing temperature is required independent of the thickness unless spe-
cially considered.

Table B2  Full heat treatment after forming and welding
Type of steel Heat treatment and temperature (° C)
C and C/Mn Steel Normalising 880 to 940
0.3 Mo Normalising 900 to 940

1 Cr 0.5 Mo Normalising 900 to 960 
Tempering 640 to 720

2.25 Cr 1 Mo Normalising 900 to 960
Tempering 650 to 780

0.5 Cr 0.5 Mo 0,25V Normalising 930 to 980
Tempering 670 to 720

C Mn
6

-------- 0.40≤+

C Mn
6

-------- 0.40>+
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within the range indicated in Table B3 
— soaking at this temperature for a suitable period, in general

one hour per 25 mm of thickness with minimum half an
hour

— cooling slowly and uniformly in a furnace, to a tempera-
ture not exceeding 400°C; and subsequently 

— cooling in still air.

408    In all cases, the heat treatment temperature shall not be
higher than tT - 20°C where tT is the temperature of the final
tempering treatment of the material.

B 500 Non-destructive testing
501    Both sides of all welded piping joints shall, wherever
possible, be visually examined. Non-destructive testing (NDT)
is required depending on the class of pipes and type of joints.
These shall be applied as in Table B4.

502    A recognised alternative ultrasonic testing (UT) proce-
dure may upon special consideration be applied in lieu of radi-
ographic testing when the conditions are such that a
comparable level of weld quality is assured.
503    For non-magnetic materials, dye-penetrant testing (PT)

shall be used in lieu of magnetic particle examination.
504    Non-destructive testing shall be performed by operators
certified in accordance with a recognised scheme, using suita-
ble equipment and procedures. The radiographs shall be suita-
bly marked to enable easy identification of the examination
location on the pipe.
505    The results of radiographs shall be graded according to
ISO 5817, and shall at least meet the requirements to quality
level B for welds where a 100% radiographic testing is
required, and to quality level C where a random testing is
required.
506    The results from surface examination (e.g. MT, PT) are
to satisfy the requirements of level B of ISO 5817.
507    The repair of defects revealed during non-destructive
testing shall be carried out as appropriate.  All such weld
repairs shall be examined using the relevant testing method.

C. Brazing of Copper and Copper Alloys
C 100 General
101    Close joint brazing shall be used. The clearance between
surfaces to be joined shall not be larger than necessary to
ensure complete capillary distribution of the filler metal.
102    The suitability of filler metal and flux shall be consid-
ered. The filler metal is to have a melting point above 450°C.

D. Pipe Bending
D 100 General
101    The bending procedure shall be such that flattening of
the pipe cross-section is as small as possible.

Guidance note:
For class I and II pipes the out-of-roundness, η should preferably
not exceed 7% where η is defined by: 

D = outer pipe diameter.
---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

 

102    Pipe bends in class I and II pipes shall be free from wrin-
kles on the inner side of the bend.
103    Copper alloy pipes in seawater systems shall be free
from wrinkles as far as possible.
104    For tolerances in wall thickness and allowance for bend-
ing, see Sec.2.

D 200 Heat treatment after bending
201    Hot forming shall normally be carried out in the temper-
ature range 1000°C to 850°C for all material grades. 
However, a temperature decrease to 750°C is allowable during
the forming process. When the hot forming is carried out
within this temperature range, the following requirements gen-
erally apply:

— for C, C-Mn and C-Mo steel, no subsequent stress reliev-
ing heat treatment is required

— for Cr-Mo and Cr-Mo-V steel, a subsequent stress reliev-
ing heat treatment in accordance with Table B2 is required

— for other alloy steel heat treatment after bending will be
considered in each case.

202    When the hot forming is performed outside the above

Table B3 Stress relieving heat treatment after forming and 
welding

Type of steel
Thickness of 
thicker part 

(mm)

Stress relief heat treat-
ment temperature (°C)

C and C/Mn steel ≥ 15 1) 3) 550 to 620
0.3 Mo ≥ 15 1) 580 to 640
1 Cr 0.5 Mo > 8 620 to 680
2.25 Cr 1 Mo and
0.5Cr 0.5 Mo 0.25V

any 2) 650 to 720

1) The minimum thickness above which post weld heat treatment shall be 
applied may be increased for steel with specified Charpy notch impact 
properties, subject to special consideration.

2) Heat treatment may be omitted for pipes having thickness ≤ 8 mm, 
diameter ≤ 100 mm and minimum service temperature above 450°C, 
subject to special consideration.

3) For C and C-Mn steel, stress relieving heat treatment may be omitted 
up to 30 mm thickness subject to special consideration.

Table B4 Non-destructive testing (NDT) requirements
Piping class Items to be inspected Inspection method

Class I

Butt welded pipes with an 
outer diameter > 76.1 mm

100% radiographic 
testing (RT)

Butt welded pipes with an 
outer diameter ≤ 76.1 mm

10% radiographic 
testing (RT)

Fillet welded flange connec-
tions in pipes with an outer 
diameter > 76.1 mm

100% magnetic par-
ticle testing (MT)

Fillet welded pipes with an 
outer diameter  ≤ 76.1 mm

Random magnetic 
particle testing 
(MT)

Class II

Butt welded pipes with outer 
diameter > 101.6 mm

At least 10% ran-
dom radiographic

Fillet welded pipes with 
outer diameter > 101.6 mm

Random magnetic 
particle testing 
(MT)

Class III
Fillet welds on safety critical 
piping with an outer diame-
ter > 101.6 mm

Random magnetic 
particle testing 
(MT)

Class III(oil 
production 
and or stor-
age units 
only)

Butt welded safety critical 
piping 1) such as fire extinc-
tion, cooling water, fuel oil, 
crude oil,  bilge, ballast etc.

5% radiographic 
testing 2)

1) Criticality should be determined based on accessibility, possibility of 
local repair and consequence of associated downtime.

2) The extent of testing may be re-evaluated based on the result of the 
examination.

η 2
Dmax Dmin–

Dmax Dmin+
--------------------------------= 100   (%)⋅
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temperature range, a subsequent new heat treatment in accord-
ance with Table B3 is generally required for all grades.
203    The need for complete heat treatment (Table B3) after
cold forming, when r ≤ 4 D (where r is the mean bending radius
and D is the outside diameter of pipe) shall be considered.   At
minimum, stress relieving heat treatment in accordance with
Table B2 is required for all grades other than carbon-manga-
nese steel with Rm ≤ 320, 360 and 410 (N/mm2).
204    Aluminium-brass pipes shall be stress-relief annealed at
a temperature of 600 to 650°C or 350 to 400°C after cold work-
ing.
205    Normalising shall usually be performed in a furnace.
Stress-relief may be performed locally covering the deformed
zone.  Method of heat-treatment and temperature control shall
be according to recognised codes.
206     Hot forming of austenitic stainless steel shall be carried
out in the temperature range 850 to 1150°C.  Cold forming
may be carried out when r ≥ 2.5 D (where r is the mean bending
radius and D is the outside diameter of pipe).

E. Joining of Plastic Pipes

E 100 General
101    Joining or bonding of plastic pipes by welding, gluing,
lamination or similar method shall be undertaken by qualified
personnel and in accordance with the pipe manufacturer's rec-
ommendations.
102    Before installation, all piping components should be vis-
ually inspected for damage that may have occurred during
shipment. Pipes with burns, cracks and rupture of the laminate
with complete penetration should be rejected.

E 200 Installer certification
201    With respect to joining or bonding of plastic pipes, all
personnel shall be given theoretical and practical training fol-
lowed by a written examination and a practical test.
202    Certificate for joining or bonding of plastic pipes shall
contain the following information:

— the name of the holder
— the type of joining for which the holder is qualified
— reference to joining or installation procedure (procedure

date of issue to be stated)
— date of issue and validity period for certificate, and
— pipe manufacturer's stamp and signature. 

203    In addition to being certified, each joining or bonding
operator shall make a test assembly consisting of one pipe-to-
pipe joint and one pipe-to-fitting joint in accordance with join-
ing or bonding procedure qualified according to 204 and 205.
204    Procedure qualification testing

.1 Each joining or bonding operator shall make a test
assembly fabricated in accordance with the joining or
bonding procedure to be qualified, consisting of at
least:

— one pipe-to-pipe joint
— one pipe-to-fitting joint. 

.2 After curing, the assembly shall be subjected to a
hydrostatic test pressure at a safety factor of 4 times the
nominal pressure rating (pressure class) of the piping
system. The test duration shall be minimum 1 hour.

.3 Acceptance criteria: No leakage or separation of joints.

205    Pipe size for procedure qualification test assembly shall
be:

a) When the largest size to be joined is ≤ 200 mm nominal
outside diameter, the test assembly shall be the largest pip-
ing size to be joined.

b) When the largest size to be joined is > 200 mm, the size of
the test assembly shall be either 200 mm or 25% of the
largest piping size to be joined, whichever is greater.

E 300 Installation
301    Jointing and installation of piping components shall be
carried out according to manufacturer recommendations, such
that they are stress free.
302    Bending of pipes to achieve changes in direction, or
forcing misaligned flanges together by over-torqueing bolts
shall not be performed.
303    The joining or bonding procedure should include:

— materials and suppliers
— tools and equipment
— environmental requirements
— joint preparation including surface treatment and cleanli-

ness
— dimensional requirements and tolerances
— curing time and temperature
— tests and examinations with acceptance criteria.

304    Any change in the joining or bonding procedure which
may affect the physical or mechanical properties of the joint or
bond may require re-qualification of the procedure.
305    The pipe manufacturer should maintain a record of ear-
lier certifications of procedures and operators.

E 400 Electrical conductivity
401    Piping systems in or through gas hazardous areas and/or
carrying fluids capable of generating electrostatic charges shall
be electrically conductive.
402    Where conductive piping is required, the resistance per
unit length of pipe, fitting, etc. shall not exceed 105 Ω/m, and
the resistance to earth from any point in the piping system is
not to exceed 106 ohm.
403    Pipes and fittings should preferably be homogeneously
conductive.

E 500 Quality control
501    The quality control shall be based on the implementation
of:

— bonding procedure qualification records
— inspection of adhesive-bonded joints
— inspection register for piping joints
— inspection of finished fabricated pipework for compliance

with design drawings.

502    Each adhesive-bonded connection shall be permanently
marked for identification purposes. A log book containing the
following key values relevant for the bonding process shall be
maintained:

— date
— temperature and relative humidity
— identification number
— curing temperature and time
— signature of the quality inspector.

E 600 Pressure testing of plastic pipes
601    All closed GRP or GRE piping systems shall be hydro-
statically pressure tested after installation.  Systems which are
open to atmosphere (e.g. drains) shall be subject to a hydro-
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static leak test as minimum.
602    The test pressure shall be raised slowly to 1.5 times the
design pressure and conducted for a minimum of one hour.
There shall be no leaking or weeping of the system during the
test.

F. Hydrostatic Tests of Piping

F 100 Hydrostatic testing before assembly on board
101    All class I and II pipes and integral fittings shall be sub-
jected to a hydrostatic test after completion of manufacturer
but before insulation and coating, if any.  The hydrostatic test
shall be at the following pressure:

For steel pipes and integral fittings for design temperatures
above 300°C the test pressure shall be determined by the fol-
lowing formula but need not exceed 2 p:

102    Pressure testing of small bore pipes (less than 51 mm D)
need not be undertaken where not considered  appropriate with
respect to the application.

103    Non-integral fittings and pressure containing compo-
nents other than valves, pump housing and pressure vessels
shall be tested as specified in 101.

F 200 Hydrostatic testing after assembly on board
201    The piping shall be hydrostatically tested in accordance
with Table F1.

202    If pipes specified in 101 shall be welded together during
assembly on board, they shall be hydrostatically tested after
welding.  Hydraulic testing may not be required where a 100%
radiographic examination and heat treatment after welding is
carried out, and indicates acceptable results.
203    Separate pipe lengths which have been hydraulically
tested in the workshop may be insulated before the hydrostatic
test is carried out, except for connections between the pipe
lengths.

G. Functional Testing
G 100 General
101    All piping systems shall be properly flushed, checked
for leakage and functionally tested under working conditions.

PH = test pressure in bar
p = design pressure in bar

σ100 = permissible stress at 100°C.
σt = permissible stress at the design temperature.  

Where necessary, the value of the test pressure 
may be reduced to 1.5 p in order to avoid exces-
sive stress in way of bends, branches etc.  In any 
case the membrane stress is not to exceed 0.9 
the yield stress at the testing temperature.

PH 1.5 p=

PH 1.5
σt100

σt
------------p=

Table F1 Hydrostatic testing after assembly on board
Piping system Test pressure
Fuel oil piping

1.5 maximum working pressure, 
minimum 4 bar

Heating coils in tanks
Bilge, ballast and fire pipes
Steam pipes, compressed air 
pipes and feed pipes of class III
Hydraulic piping 1.5 maximum working pressure.  

Test pressure need not exceed 
working pressure by more than 
70 bar

Piping systems made from non-
metallic material

1.5 maximum working pressure, 
minimum 6 bar, minimum dura-
tion 1 hour
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SECTION 1
CERTIFICATION AND CLASSIFICATION

A. General
A 100 General
101    As well as representing DNV’s recommendations on
safe engineering practice for general use by the offshore indus-
try, the offshore standards also provide the technical basis for
DNV classification, certification and verification services.
102    A complete description of principles, procedures, appli-
cable class notations and technical basis for offshore classifi-
cation is given by the DNV offshore service specifications for
classification, see Table A1.

A 200 Certification and classification principles
201    Marine and machinery systems and equipment will be
certified or classified based on the following main activities:

— design verification
— equipment certification
— survey during construction and installation, and
— survey during commissioning and start-up.

A 300 Assumptions
301    Any deviations, exceptions and modifications to the
design codes and standards given as recognised reference
codes shall be documented and approved by DNV.
302    Aspects of the design and construction provisions of
this standard (Ch.2) which shall be specially considered,
agreed upon, or may be accepted are subject to DNV approval
when the standard is used for classification purposes. 
303    DNV may accept alternative solutions found to repre-
sent an overall safety level equivalent to that stated in the
requirements of this standard.

B. Documentation Requirements
B 100 General 
101    Documentation requirements shall be in accordance
with the NPS DocReq (DNV Nauticus Production System for
documentation requirements) and DNV-RP-A201.

C. Certification of Materials and Components
C 100 General
101    Certification is a conformity assessment normally
including both design and production assessment.
The production assessment includes inspection and testing
during production and/or of the final product.
102    Components shall be certified consistent with their
function and importance for safety. The principles of  catego-
risation of component certification are given in the relevant

offshore service specifications, see Table A1. 

C 200 Certificate types 
201    DNV defines three levels of documentation depending
on importance of equipment and experience gained in service
as given in 202.
202    Test report (TR) is a document signed by the manufac-
turer which states :

— conformity with the rule requirements
— that testing is carried out on samples from the current pro-

duction of equal products.

The manufacturer is to have a quality system that is suitable for
the kind of certified product. The surveyor is to check that the
most important elements of this quality system are imple-
mented and may carry out random inspection at any time. The
products shall be marked to be traceable to the test report.
Works Certificate (W) is a document signed by the manufac-
turer which states:

— conformity with the rule or standard requirements
— that the tests are carried out on the certified product itself
— that the tests are made on samples taken from the certified

product itself
— that the tests are witnessed and signed by a qualified

department.

The manufacturer is to have a quality system that is suitable for
the kind of certified product. The surveyor is to check that the
most important elements of this quality system are imple-
mented and may carry out random inspections at any time. The
component shall be marked to be traceable to the work certifi-
cate.
DNV Product Certificate (NV) is a document signed by a DNV
surveyor which states:

— conformity with the rule requirements
— that the tests are carried out on the certified product itself
— that the tests are made on samples taken from the certified

product itself
— that the tests are made in the presence of a DNV surveyor

or in accordance with special agreements. 

The product shall be stamped with a special NV-stamp tracea-
ble to the certificate.

Guidance note:
The terms NV Certificate, Works Certificate, and Test Report
used here refer to a product certificate rather than a material cer-
tificate.  
A DNV Product Certificate (NV) may be delivered with material
certified to a lower level than a DNV Material Certificate (NV)
or ISO 10474 Certificate Type 3.2 . The level of material certifi-
cation is agreed as part of the certification process.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

C 300 Categorisation of equipment and components
301    Equipment is categorised based on safety and complex-
ity considerations. The category of equipment will determine
the scope of the certification activity and the certificate type to
be issued.
302    Equipment may be categorised into two main categories,
Category 1, for which a DNV Product Certificate (NV) is
required or Category 2, for which manufacturer certification
(W or TR) will be accepted.

Table A1 DNV Offshore Service Specifications
No. Title
DNV-OSS-101 Rules for Classification of Offshore Drilling and 

Support Units
DNV-OSS-102 Rules for Classification of Floating Production, 

Storage and Loading Units
DNV-OSS-309 Verification, Certification, and Classification of 

Gas Export and Receiving Terminals
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303    Category 1 is subdivided into three  subcategories
depending on whether or not design review is carried out or
whether  an extensive fabrication survey is required. Ref Table
C1
304    Category 2 is subdivided into two subcategories depend-
ing on whether the manufacturer documentation required is
based on a sample of similar products or the actual product to
be delivered. Ref Table C1.
305    For converted installations Field Proven Equipment may
be accepted. This might be categorised as Category 1 but our
design review is replaced by documentation that equipment
has been previously used in an equivalent application. This
review will normally be followed by standard survey and doc-
ument review. 

C 400 Certification requirements under DNV-OS-D101
401    Certification requirements for miscellaneous mechani-
cal components are given in Table C2.

402    Piping and piping components are to be delivered with
material certification in accordance with Ch.2 Sec.2 Table B4.
Where  the requirement calls for witness by 3rd party (Certifi-
cate Type 3.2)  this shall be carried out by DNV.
403    Certification requirements for pressure vessels are given

in Table C3.

404    Certification requirements for steering and propulsion
components are given in Table C4.

405    For equipment in piping systems serving essential and
important functions on self-propelled units equipment as listed
in DNV Rules for Classification of Ships Pt.4 Ch.6 Sec.5 shall
be delivered with a NV Certificate.
406    For equipment on other installations, certification in
accordance with Table C5 will be required for the listed equip-
ment.
407    Electrical equipment should be certified in accordance
with DNV-OS-D201  Ch.3 Sec.1 B400.

Table C1 Equipment categorisation
Cat 1a Cat 1b Cat 1c Cat 2a Cat 2b

Scope D2(D1) 
S2 R2

D2(D1) 
S1 R2 S1 R2 R2 R1

Certificate / 
Document NV NV NV W TR

D1: Evaluation of field proven status
D2: Design review
S1: Witness of final testing of completed product
S2: Survey during construction and witness of final testing of com-

pleted product
R1: Review of manufacturers documentation (typical for product)
R2: Review of manufacturers documentation (specific to product)

Table C2 Certification of miscellaneous machinery and 
mechanical components

Item Certification 
category

Jacking machinery 1A
Turret bearings 1A
Boiler 1A
Condenser 2A
Boiler heat exchanger 1A
Pumps for boiler 1C
Boiler PSV 1C
Boiler spark arrestor 2B
Winches 1A

Table C3 Categories for pressure containing equipment and 
storage vessels 1)

Property Conditions
Category

I 2) II

Pressure

X

X

Vacuum or external pressure X

Medium

Steam X
Toxic fluid X
Thermal oil X
Liquids with flash point below 100 °C X
Flammable fluids with T > 150 °C X
Other fluids with T > 220 °C X
Compressed air/gas PV ≥ 1.5 X

Material
σy 345 MPa (50000 psi) or
σt 515 MPa (75000 psi) X

Where impact testing is required. X
1) Free standing structural storage tanks will be specially considered 

based on stored medium, volume and height. These may be designed 
according to the requirements of  DNV-OS-C101.

2) Normally category IA, however, limited class survey may be agreed 
upon with DNV based on manufacturer's QA/QC system, manufactur-
ing survey arrangement (MSA) and fabrication methods.

P = internal design pressure in bar
Di = inside diameter in mm
V = volume in m3
T = design temperature
σy = specified yield strength
σt = specified ultimate tensile strength

Table C4 Certification of components for steering and 
propulsion systems

Item Certification 
category

Thruster 1A
Propeller 1A
Steering gear 1A
Rudder 1A
Diesel engine 1A
Gas turbine 1A

1 P 20000
Di 1000+
------------------------≤<

P 20000
Di 1000+
------------------------>
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D. Survey During Construction
D 100 General
101    Subsection D describes surveys during construction of
marine and machinery systems and components.
102    General requirements for surveying during construction
are stated in the relevant DNV offshore service specification
for classification, see Table A1. 

D 200 Quality assurance and quality control
201    The contractors shall operate a quality management sys-
tem applicable to the scope of their work. The system shall be
documented and contain descriptions and procedures for qual-
ity critical aspects.
202    Contractors who do not meet the requirement in 201 will
be subject to special consideration in order to verify that prod-
ucts satisfy the relevant requirements.
203    The contractors shall maintain a traceable record of non-
conformities and corrective actions and make this available to
the DNV surveyor on request.

Guidance note:
Contractors are encouraged to obtain ISO 9000 series quality
system certification through DNV Accredited Quality System
Certification services.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

D 300 Materials
301    Welded pipes may be accepted as seamless pipes only
where supplied by a DNV approved manufacturer for the pro-
duction of such pipes.
302    Grey cast iron shall only be accepted for hydraulic pip-
ing systems after special consideration on a case by case basis.
303    Use of nodular cast iron for piping shall be subject to
special DNV approval on a case by case basis.
304    Design conditions for plastic pipes containing media
other than water, shall be supplied to DNV for approval.
305    Electrically conductive piping for use in gas hazardous
areas shall be of a DNV approved specification.

D 400 Welding and welder qualification
401    Approval of welders shall be in accordance with DNV-
OS-C401 or the applied design code.
402    Welders already approved to another corresponding
code than the design code may be accepted if properly docu-
mented.
403    WPS shall be approved by DNV.
404    The extent of the welding procedure test shall be agreed
upon with DNV before the work is started.
405    A welding production test (WPT) may be required by
the surveyor during fabrication to verify that the produced
welds are of acceptable quality.
406    Welding repairs shall be performed according to an
repair procedure approved by DNV.
407    Socket welded joints and slip on sleeves shall be subject
to special DNV approval on a case by case basis.
408    Local PWHT may be performed on simple joints when
following an approved procedure. The procedure shall be
approved by DNV.
409    The heat treatment procedure in connection with form-
ing and/or welding shall be approved if not covered by the
applied code or standard.
410    The heat treatment procedure in connection with pipe
bending shall be approved if not covered by the applied code
or standard.
411    Omission of heat relieving treatment for C and C-Mn
steels up to 30 mm thickness shall be subject to special DNV
approval.
412    Magnetic particle inspection (MPI) is the preferred
method for detection of surface defects, however the liquid
penetrant method may be used as an alternative, subject to
DNV’s acceptance in each case. 
413    Piping systems shall be cleaned (e.g. by flushing, retro-

Table C5  Certification of components in marine piping systems
Item Certification 

category
Piping system items for main engine or main power
Fuel oil transfer pump 1C
Lube oil pump 1C
Cooling system pump unit 1C
Lube oil heat exchanger 1C
Fuel oil heat exchanger 1C

Valves
Sea valves 1C
Valves with DN >100 mm and p>16 bar 1C
Non-standard valves 1B
Standard valves 2A
Pressure relief valves 1C

Compressed air systems
Starting air compressors 1C
Air receivers 1B
Pressure relief valves 2A
Air dryers 2A

Ballast system
Ballast pumps 1C
Ballast control system 1A

Bilge and drain system
Bilge control system 2A
Bilge pumps 1C
Bilge ejectors 2A
Strainers 2B
Strums and rose boxes 2B

Air and sounding systems
Air vent heads 1B
Tank level indicators 2A
Sounding control panel 1B
Striking plates 2B
Sounding rods 2B
Leak detection system 2B

Hydraulic control of safety critical valves etc.
Hydraulic control panel 1B
Pumps in hydraulic control system 1C
Hydraulic power pack 2A
Accumulators (pV > 150 kNm) 1B
Accumulators (others) 2A
Tanks for hydraulic fluid 2B
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jetting, chemical cleaning etc.) to remove debris or foreign
bodies prior to start-up of sensitive equipment like pumps,
compressors, isolation valves etc. The procedure and accept-
ance criteria shall be agreed with the surveyor.

D 500 Testing
501    All class I and II pipes and integral fittings, after com-
pletion of manufacture but before insulation and coating, if
any, shall be subjected to a hydrostatic test in the presence of
the surveyor. 

Test pressure may be reduced at the discretion of the surveyor
in accordance with the principles given in Ch.2 F.

Guidance note:
Pressure testing of small bore pipes (D < 50 mm) may be waived
at the discretion of the surveyor.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
 

502    Valves with a nominal diameter of 100 mm and a design
pressure >16 bar shall be subject to a hydrostatic test in the
presence of the surveyor.
503    For valves other than those mentioned in 402, the man-
ufacturer's certificate for hydrostatic testing will be accepted.
504    Testing of pumps, which are subject to certification,

shall be subject to DNV witness and verification.  Special sur-
vey arrangements may be agreed upon request.

E. Survey During Installation and 
Commissioning

E 100 General
101    Commissioning shall be in accordance with submitted
procedures reviewed and approved by DNV in advance of the
commissioning. Commissioning shall be witnessed by a sur-
veyor and is considered complete when all systems, equipment
and instrumentation are operating satisfactorily. 

E 200 System and equipment checks
201     During commissioning, all items of pipework and
equipment shall  be checked for compliance with approved
documentation and commissioning procedures. 

E 300 Functional testing
301    During commissioning, the systems shall  be function-
ally tested, as practicable in accordance with approved proce-
dures.
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