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CODE FOR THE CONSTRUCTION AND EQUIPMENT OF 
SHIPS CARRYING LIQUEFIED GASES IN BULK 

The Assembly, 

NOTING Article 16(i) of the IMCO Convention concerning the functions of the 
Assembly, 

R ECOGN I ZING that the rapid increase in sea transport of liquefied gases in bulk gives 
rise to the urgent need for international standards to ensure their safe carriage with a view to 
avoiding or minimizing the risk to ships' crew, personnel of shore installations and to the 
environment, 

RECALLING that when it adopted in Resolution A.212(VI I) the Code for the Construc­ 
tion and Equipment of Ships Carrying Dangerous Chemicals in Bulk (Bulk Chemical Code), it 
requested the Maritime Safety Committee to draw up inter alia a code to cover the carriage 
of liquefied gases in bulk, 

NOTING ALSO that the International Conference on Marine Pollution, 1973, adopted 
with Resolution 16 the Recommendation concerning the prevention of pollution by liquefied 
gases carried in bulk, 

HAVING CONSIDERED the Recommendation by the Maritime Safety Committee at its 
thirty-second session, 

RECOGNIZING FURTHER that gas ship design technology is rapidly evolving, 

ADOPTS the Code for the Construction and Equipment of Ships carrying Liquefied 
Gases in Bulk ( Gas Carrier Code), the text of which is set out at Annex to this Resolution, 

INVITES all governments concerned to take appropriate steps to give effect to the Code 
as soon as possible, and to inform the Organization on measures taken in this respect, 

REQUESTS the Maritime Safety Committee to continue its study on this subject, 

AUTHORIZES the Maritime Safety Committee to amend the Code as may be necessary. 

For reasons of economy, this document is printed in a limited number. Delegates 
are kindly asked to bring their copies to meetings and not to request additional copies. 
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ANNEX 

CODE FOR THE CONSTRUCTION AND EQUIPMENT OF 
SHIPS CARRYING LIQUEFIED GASES IN BULK 

PREAMBLE 

1. The Code has been developed to provide an international standard for the safe carriage 
by sea in bulk of liquefied gases and certain other substances listed in Chapter XIX, by 
prescribing the design and constructional features of ships involved in such carriage and the 
equipment they should carry so as to minimize the risk to the ship, its crew and to the 
environment having regard to the nature of the products involved. 

2. The basic philosophy ,s one of ship types related to the hazards of the products covered 
by the Code. Each of the products may have one or more hazard properties which include 
flammability, toxicity, corrosivitv and reactivity. A further possible hazard may arise due to 
the products being transported under cryogenic or pressure conditions. 

3. Throughout the development of the Code it was recogn rzed that it must be based upon 
sound naval architectural and engineering principles and the best understanding available as to 
the hazards of the various products covered; furthermore that gas ship design technology is 
not only a complex technology but is rapidly evolving and that the Code should not remain 
static but be continually re-evaluated and revised. To this end the Organization will 
periodically review the Code taking into account both experience and future development. 

4. In the preparation of the Code it was recognized that severe collisions or strandings 
could lead to cargo tank damage and result in uncontrolled release of the product. Such 
release could result in evaporation and dispersion of the product and, in some cases, cause 
brittle fracture of a ship's hull. The requirements in the Code are intended to minimize this 
risk as far as is practicable, based upon present knowledge and technology. 

5. The Code primarily deals with ship design and equipment. In order to ensure the safe 
transport of the products the total system must, however, be appraised. Other important 
facets of the safe transport of the products, such as training, operation, traffic control and 
handling in port, are being or will ~e examined further by the Organization. 

6. The development of the Code has been greatly assisted by the work of the International 
Association of Classification Societies (IACS) and full account has been taken of the IACS 
Unified Requirements for Liquefied Gas Tankers in Chapters IV, V and VI. 

7. The development of Chapter X has been greatly assisted by the relevant work of the 
International Electrotechnical Commission ( I EC). 

8. Chapter XVI 11 of the Code dealing with the operation of liquefied gas tankers, high- 
lights the regulations in other chapters that are operational in nature and mentions those 
other important safety features that are peculiar to gas ship operation. 

9. The Code has been laid out in a manner similar to the Code for the Construction and 
Equipment of Ships Carrying Dangerous Chemicals in Bulk ( Resolution A.212WII)) and every 
effort has been made, where appropriate, to make the two Codes compatible. Further efforts 
are, however, required to align the Codes. 

10. This Code is applicable to new ships as provided for in paragraph 1.2. Interim procedures 
for utilizing this Code in evaluating certain of the other ships are contained in Resolu- 
tion A.329( IX) pending the development of a separate code for other liquefied gas tankers. 
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CODE FOR THE CONSTRUCTION AND EQUIPMENT OF 
SHIPS CARRYING LIQUEFIED GASES IN BULK. 

CHAPTER I - GENERAL 

1.1 Purpose 

The purpose of this Code, in the following referred to as the Code, is to recommend 
suitable design criteria, construction standards and other safety measures for ships transporting 
liquefied gases and certain other substances in bulk so as to minimize the risk to the ship, its 
crew and to the environment. 

1.2 ~ppl ication 

1.2.1 The Code applies to products \Nhich are liquefied gases having a vapour pressure 
exceeding 2.8 kp/cm1 absolute at a temperature of 37 .8° C, and certain other substances as 
shown in Chapter XIX, when carried in bulk on board ships, regardless of their size. 

1.2.2 Subject to 1.2.1, the Code applies in its entirety to ships: 

(i) for which the building contract is placed after 31 October 1976; or 

(ii) in the absence of a building contract, the keel of which is laid or which is at a 
similar stage of construction after 31 December 1976; or 

(iii) the delivery of which is after 30 June 1980; or 

(iv) which have undergone a major conversion: 

( 1) for which the contract is placed after 31 October 1976; or 

(2) in the absence of a contract the conversion of which is begun after 
31 December 1976; or 

(3) which is completed after 30 June 1980. 

1.2.3 Any ship which fully complies with the provisions of this Code may be regarded as a 
ship as referred to in 1.2.2. 

1.2.4 Comp! iance of the ship with 1.2.2 or 1.2.3 as appropriate should be shown on the 
Certificate of Fitness provided for in 1.6. 

1.3 Hazards 

Hazards of gases considered in this Code include fire, toxicity, corrosivity, reactivity, low 
temperature and pressure, 

1.4 Definitions 

Except where expressly provided otherwi•, the following definitions apply to the Code. 
Additional definitions are given in 4.2. 

1.4.1 "Cargoes" are p~oducts listed in Chapter Xt X carried in bulk by ships subject to the 
Code. 
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1 4 2 "Vapour pressure" 1s ttw c1IJsulut1; cqurlrhr ruru pressure of the saturated vapour above 
the uquid expressed 1n kp/un2 dt a specified temperature. 

1.4.3 "Boiling point" 1s the temperature at which a product exhibits a vapour pressure equal 
to the atmospheric barometr 1c pressure. 

1.4.4 "Flammable range" 1s the range between the minimum and maximum concentrations 
of vapour in air which forms flammable mixtures. 

1 .4.5 "Vapour density" 1s the relative weight of the vapour compared with the weight of 
an equal volume of dry air at standard condrtrons of temperature and pressure. 

1.4.6 "Cargo area" is that part of the stup which contains the cargo containment system and 
cargo pump and compressor rooms and includes deck areas over the full beam and length of 
the ship above the foregoing. Where fitted, the cofferdams, ballast or void spaces at the after 
end of the aftermost hold space or the forward end of the forwardmost hold space are 
excluded from the cargo area. 

1.4.7 "Cargo containment system" is the arrangement for containment of cargo including, 
where fitted, a primary and secondary barrier, associated insulation and any intervening spaces, 
and adjacent structure 1f necessary for the support of these elements. If the secondary barrier 
is part of the hull structure 1t may be a boundary of the hold space. 

1.4.8 "Cargo tank" is the liquid-tight shell designed to be the primary container of the cargo 
and includes all such containers whether or not associated with insulation and/or secondary 
barriers. 

1.4.9 "Primary barrier" is the inner element designed to contain the cargo when the cargo 
containment system includes two boundaries. 

1.4.10 "Secondary barrier" is the I iqu id resisting outer element of a cargo containment 
system designed to afford temporary containment of any envisaged leakage of liquid cargo 
through the primary barrier and to prevent the lowering of the temperature of the ship's 
structure to an unsafe level. Types of secondary barrier are more fully defined in Chapter IV. 

1.4.11 "Hold space" is the space enclosed by the ship's structure in which a cargo contain­ 
ment system is situated. 

1.4.12 "lnterbarrier space" is the space between a primary and a secondary barrier, whether 
or not completely or partially occupied by insulation or other material. 

1.4.13 "Insulation space" is the space, which may or may not be an interbarrier space, 
occupied wholly or in part by insulation. 

1.4.14 "Void space" is the enclosed space in the cargo area external to a cargo containment 
system, not being a hold space, ballast space, fuel oil tank, cargo pump or compressor room, 
or any space in normal use by personnel. 

1.4. 15 "Cofferdam" is the isolating space between two adjacent steel bulkheads or decks. 
This space may be a void space or ballast space. 

1.4.16 "Gas-dangerous spaces or zones" are: 

(a) a space in the cargo area which is not equipped with approved arrangements to 
ensure that its atmosphere is at all times maintained in a safe condition; 
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(b) an enclosed space outside the cargo area through which any piping, which may 
contain lrquid or qaseous products. passes, or within which such piping termi­ 
nates, unless approved arr anqernents are installed to prevent any escape of 
product vapour into the atmosphere of that space, 

(c} a cargo containment system and cargo piping; 

(d) (i} a hold space where cargo 1s carried in a cargo containment system requiring 
a secondary barrier, 

(ii) a hold space where cargo is carried in a cargo containment system not 
requiring a secondary barrier; 

(e) a space separated from a hold space described in sub-paragraph (d)(i) of this 
paragraph by a single gas-tight steel boundary; 

(f) a cargo pump room and cargo compressor room; 

(g) a zone on the open deck, or semi-enclosed space on the open deck, within 3 m 
of any cargo tank outlet, gas or vapour outlet, cargo pipe flange, cargo valve or 
of entrances and ventilation openings to cargo pump rooms and cargo compressor 
rooms; 

(h) the open deck over the cargo area and 3 m forward and aft of the cargo area on 
the open deck up to a height of 2.4 m above the weather deck; 

(i) a zone within 2.4 m of the outer surface of a cargo containment system where 
such surface is exposed to the weather; 

(j) an enclosed or semi-enclosed space in which pipes containing products are 
located. A space which contains gas detection equipment complying with 13.6.5 
and a space utilizing boil-off gas as fuel and complying with Chapter XVI are not 
considered gas-dangerous spaces in this context; 

(k) a compartment for cargo hoses; and 

(I} an enclosed or semi-enclosed space having a direct opening into any gas-dangerous 
space or zone. 

1.4.17 "Gas-sate space" is a space not being a gas-dangerous space. 

1.4.18 "Tank cover" is the protective structure intended to protect the cargo containment 
system against damage where it protrudes through the weather deck and/or to ensure the 
continuity and integrity of the deck structure. 

1.4.19 "Tank dome" is the upward extension of a portion of the cargo tank. For below deck 
cargo containment systems the tank dome protrudes through the weather deck or through a 
tank cover. 

1.4.20 "Accommodation spaces" are those used for public spaces, corridors, lavatories, cabins, 
offices, hospitals, cinemas, games and hobbies rooms, pantries containing no cooking appliances 
and similar spaces. Public spaces are those portions of the accommodation which .are used as 
halls, dining rooms, lounges and similar permanently enclosed spaces. 

1.4.21 "Service spaces'' are spaces outside the cargo area used for galleys, pantries containing 
cooking appliances, lockers and store-rooms, workshops other than those forming part of the 
machinery spaces and similar spaces and trunks to such spaces. 

1.4.22 "Cargo service spaces" are spaces within the cargo area used for workshops, lockers 
and store-rooms of more than 2 m2 in area. 
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1.4.23 "Control stations" are those spaces in which ships' radio or main navigating equipment 
or the emergency source of power 1s located or where the f1 re recording or fire control equip­ 
ment is centralized. This does not include special fire control equipment which can be most 
practically located in the cargo area. 

1.4.24 "Cargo control room" is a space used in the control of cargo handling operations and 
complying with the requirements of 3.4. 

1 .4.25 "Length ( L)" means ninety-six per cent of the total length on a water-I ine at eighty­ 
five per cent of the least moulded depth measured from the top of the keel, or the length 
from the foreside of the stem to the ax is of the rudder stock on that water-I ine, if that be 
greater. In ships designed with a rake of keel, the water-line on which this length is measured 
should be parallel to the designed water-line. The length ( L) should be measured in metres. 

1.4.26 "Breadth (B)" means the maximum breadth of the ship, measured amidships to the 
moulded line of the frame in a ship with a metal shell and to the outer surface of the hull in 
a ship with a shell of any other material. The breadth (8) should be measured in metres. 

1.4.27 "Permeability of a space" means the ratio of the volume within that space which is 
assumed to be occupied by water to the total volume of that space. 

1.4.28 "1974 Safety Convention" means the International Convention on Safety of Life at 
Sea, 1974. 

1.4.29 '''A' Class divisions" mean divisions as defined in Regulation 3 of Chapter 11-2 of the 
1974 Safety Convention. 

1.4.30 "MARVS" means the maximum allowable relief valve setting of a cargo tank. 

1.4.31 "Administration" means the Government of the country in which the ship is registered. 

1.4.32 "Organization" means the Inter-Governmental Maritime Consultative Organization 
(IMCO). 

1.4.33 For the purposes of Chapters IV, V and VI of the Code, "Recognized Standards" are 
standards laid down and maintained by a classification society recognized by the Administra­ 
tion. 

1.4.34 "Flammable products" are identified by an "I" in column "f" of Chapter XIX. 

1.4. 35 "Toxic products" are identified by a "T" in column "f" of Chapter XIX. 

1.5 Equivalents 

1.5.1 Where the Code requires that a particular fitting, material, appliance, apparatus, item of 
equipment or type thereof should be fitted or carried in a ship, or that any particular provi­ 
sion should be made, or any procedure or arrangement should be complied with, the 
Administration may allow any other fitting, material, appliance, apparatus, item of equipment 
or type thereof to be fitted or carried, or any other provision, procedure or arrangement to 
be made in that ship, if it is satisfied by tria! thereof or otherwise that such fitting, material, 
appliance, apparatus, item of equipment Of type thereof or that any particular provision, 
procedure Of' arrangement is at least • effective ~ that required by the Code. This authority 
of the Administration lhoukJ not extend to substitution of operational methods or procedures 
for a particular fitting, material, appliance, apparatus, item of equipment, or type thereof 
which are prescribed by the Code. 
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1.5.2 When an Adrrurustrau. .. >n so allows any fitting, material, appliance, apparatus, item of 
equipment, or type thereof, or provision, procedure or arrangement to be substituted, it 
should communicate to the Organization the particulars thereof together with a report on 
the evidence submitted, so that the ·Organization may circulate them. 

1.6 Surveys and certification 

1.6.1 Every ship should be subject to the surveys specified below: 

(a) An initial survey before the ship is put into service or before the Certificate of 
Fitness required under this section of the Code is issued for the first time which 
should include a complete survey of its structure, equipment, fittings, arrange­ 
ments and material in so far as the ship is covered by the Code. This survey 
should be such as to ensure that the structure, equipment, fittings, arrangements 
and material fully comply with the appticable provisions of the Code. 

(b) Periodical surveys at intervals specified by the Administration, but not exceeding 
five years, which should be such as to ensure that the structure, equipment, 
fittings, arrangements and material fully comply with the applicable provisions of 
the Code. However, where the duration of the Certificate of Fitness is extended as 
specified in 1 .6.8, the interval of the periodical survey may be extended corres­ 
pondingly. 

(c) Intermediate surveys at intervals specified by the Administration but not exceeding 
30 months which should be such as to ensure that the safety equipment, and 
other equipment, and associated pump and piping systems fully comply with the 
applicable provisions of this Code and are in good working order. Such inter­ 
mediate surveys should be endorsed on the Certificate of Fitness issued under the 
orcvislons of this section. 

1 .6.2 These surveys should be carried out by officers of the Administration. The Administra­ 
tion may, however, entrust the surveys either to surveyors nominated for the purpose or to 
organizations recognized by it. In every case the Administration concerned should fully 
guarantee the completeness and efficiency of the surveys. 

1.6.3 After any survey under this section has been completed no significant change should 
be made in the structure, equipment, fittings, arrangements or material covered by the survey, 
without the sanction of the Administration, except the direct replacement of such equipment 
and fittings for the purpose of repair or maintenance. 

1.6.4 A Certificate of Fitness for the carriage of liquefied gases in bulk may be issued, after 
survey in accordance with this section, either by the Administration or any person or Organi­ 
zation duly authorized by it. In every case the Administration assumes full responsibility for 
the Certificate. 

1 .6.5 The Certificate of Fitness for the Carriage of Liquefied Gases in Bulk should be drawn 
up in an official language of the issuing country in the form corresponding to the model given 
in the Appendix to the Code. If the language used is neither English nor French, the text 
should include a translation into one of these languages. 

1.6.6 A Certificate of Fitness iSIUld under the authority of Administrations under the provi­ 
sions of this 18Ction lhoutd be accepted by other Administrations for all purp~ covered by 
the Code and lhoutd be regarded • having the same force as certificates issued by them. 

1.6.7 A Certificate of Fitness should be issued for a period specified by the Administration, 
and should not exceed 5 years from the date of issue, except as provided in 1.6.8. 
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1.6.8 A Certificate of Fitness mav be extended by the Administration for a period of grace 
of up to one month from the date of expiry stated thereon. 

1.6.9 A Certificate of Fitness should cease to be valid if significant alterations have been 
made in the construction, equipment, fittings, arrangements or material required without the 
sanction of the Administration, except the direct replacement of such equipment or fittings 
for the purpose of repair or maintenance, or 1f intermediate surveys as specified by the 
Administration under the provisions of 1.6.1 (c) are not carried out. 

1.6.10 A certificate issued to a ship should cease to be val 1d upon transfer of such a ship to 
the flag of another country. 

1.7 Review of the Code 

1.7. 1 The Code will be reviewed by the Organization at intervals preferably not exceeding 
twelve months to consider revision of existing requirements and the formulation of require­ 
ments for new products and new developments in design and technology. 

1.7.2 Where it is proposed to carry products which may be considered to come within the 
scope of the Code but are not at present designated in Chapter XIX, the Administrations 
involved in such carriage should establish suitable conditions of carriage based on the 
principles of the Code and notify the Organization of such conditions. During the periodical 
review of the Code these submissions will be considered for inclusion. 

1. 7 .3 Where a new development in design and technology has been found acceptable to an 
Administration, that Administration may submit particulars of such development to the 
Organization for consideration for incorporation into the Code during the periodical review. 
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CHAPTER II - SHIP SURVIVAL CAPABILITY AND CARGO TANK LOCATION 

2.1 General 

2.1.1 Ships subject to the Code should survive the normal effects of flooding following 
assumed hull damage caused by some external force. In addition, to safeguard the ship and 
the environment, the cargo tanks should be protected from penetration in the case of minor 
damage to the ship resulting, for example, from contact with a jetty or tug, and given a 
measure of protection from damage in the case of collision or stranding, by locating them at 
specified minimum distances inboard from the ship's shell plating. Both the damage to be 
assumed and the proximity of the cargo tanks to the ship's shell should be dependent upon 
the degree of hazard considered to be presented by the product to be carried. 

2.1.2 Ships subject to the Code should be designed to one of the following standards. 
Type I G for the transportation of products considered to present the greatest overall hazard 
and Types 11 G/11 PG and 111 G for products of progressively lesser hazards. Accordingly, a 
Type IG ship should survive the greatest extent of hull damage and its cargo tanks should 
be located at the greatest distance inboard from the shell plating. 

2.1.3 The ship type required for individual products is indicated in column "c" of 
Chapter XIX. 

2.1.4 When it is intended to carry more than one product covered by the Code, or by the 
Code and the Code for the Construction and Equipment of Ships Carrying Dangerous 
Chemicals in Bulk, adopted by the Organization with Assembly Resolution A.212(VII), the 
requirements for ship survival will be those appropriate to the product having the most 
stringent ship type requirement. The requirements for the location of c.argo tanks, however, 
will be those related to the respective products. 

2.2 Freeboard and stability 

2.2.1 Ships subject to the Code may be assigned the minimum freeboard permitted by the 
International Convention on Load Lines, 1966. The additional requirements in 2.5 and 2.6, 
taking into account any empty or partially filled tank as well as the weight and volume of 
products to be carried, should, however, govern the operating draught for any actual con­ 
dition of loading. 

2.2.2 The stability of the ship in all seagoing conditions and during the process of loading 
and unloading cargo should.be positive and to a standard which is acceptable to the Admini­ 
stration. 

2.2.3 The master of the ship should be supplied with a Loading and Stability Information 
booklet. This booklet should contain details of typical service conditions, loading and 
unloading and ballasting operations and a summary of the ship's survival capabilities and pro­ 
visions for evaluating other conditions of loading. In addition, the booklet should contain 
sufficient information regarding the ship and its cargo to enable the master to load and operate 
the ship in a safe and seaworthy manner. 
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2.3 Damage and flooding assumptions 

2.3.1 The following permeability factors should be applied to spaces assumed to be flooded: 

spaces 
appropriated to stores 
occupied by accommodation 
occupied by mach ,nery 
voids 
intended for consumable I iqu ids 
intended for other liquids 

permeability 
0.60 
0.95 
0.85 
0.95 
0 or 0.95* 
0 to 0.95** 

* Whichever results in the more severe requirements. 
** The permeability of partially filled compartments. should be consistent with the amount of liquid 

carried. 

Wherever damage penetrates a cargo tank it should be assumed that the cargo is com­ 
pletely lost from that compartment and replaced by salt water up to the level of the 
final plane of equilibrium. 

2.3.2 Assumed maximum extent of damage: 

(a) Side damage: 

(i) Longitudinal extent: 

(ii) Transverse ex tent: 
(inboard from the ship's side at 
right angles to the centre line at 
the level of the summer load 
line) 

(iii) Vertical extent: 

½ L ½ or 14.5 m whichever is less. 

~ or 11.5 m whichever is less. 

from the base line upwards without 
limit. 

(b) Bottom damage: 
For 0.3 L from the forward 
perpendicular of the ship 

2 
(i) Longitudinal extent: ½ L1 or 14.5 m whichever 

is less. 

(ii) Transverse extent: 

(iii) Vertical extent: 

~ or 10.0 m whichever 
is less. 

1
8
5 or 2 m whichever is less, 
measured from the moulded 
line of the shell at the centre 
line. 

Any other part of the 
ship 

f O or 5 m whichever 
is less. 

~ or 5 m whichever 
is less. 

1
8
5 or 2 m whichever 

is less, measured from 
the moulded line of the 
shell at the centre line. 

(c) If any damage of a lesser extent than the maximum specified would result in a more 
severe condition, such damage should be considered. 
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2.4 Survival requirements 

2.4.1 Ships subject to the Code shouid be capable o1 sur vrvmq the damage assumed in 2.3 to 
the extent provided in 2 5 1n a cond.uon of stable equrhbnum and should satisfy the following 
criteria. 

(a) In any stage of flooding: 

(i) The water-line taking into account sinkaqe. heel and trim should be below 
the lower edge of any opening through which progressive or down flooding 
may take place. Such openings should include air pipes and those which are 
closed by means of weather trqh t doors or hatch covers and may exclude 
those openings closed by means of watertight manhole covers and water­ 
tight flush scuttles, small watertight cargo tank hatch covers which maintain 
the high integrity of the deck, remotely operated watertight sliding doors, 
and side scuttles of the non-opening type. Credit may be given to any 
portion of the structure which remains watertight above or below the free­ 
board deck. 

(ii) Where damage produces an angle of heel, the maximum angle at any stage 
of flooding should not exceed 30°. 

(iii) The Administration should be satisfied that the residual stability is 
sufficient. 

(b) In the final stage of flooding: 

(i) The righting lever curve has a minimum range of 20° beyond the position 
of equilibrium in association with a maximum righting lever of at least 
100 mm within this range. Unprotected openings should not be immersed 
within the minimum range of residual stability required unless the space 
concerned is included in damage stability calculations as a floodable 
space. Within this range the immersion of all openings I isted in 2.4. l(a)( i) 
and others capable of being closed weathertight may be permitted. 

(ii) The I ife-saving devices shou Id be capable of operating at the final angle of 
heel from the lower side of the vessel. 

(iii) The emergency power supply should be capable of operating at the final 
angle of heel. 

2.4.2 Under local damage conditions in the cargo area, extending in 760 mm measured 
normal to the hull shell and which for a Type IG ship and a Type I IG/1 IPG ship in accord­ 
ance with 2.5.1 or 2.5.2(a) and (b) respectively, may occur on a transverse watertight 
bulkhead, the maximum angle of heel should in no case exceed that applicable under 
2.4.1 (a)(ii), and should not reach that angle which would prohibit the restoration of propul­ 
sion and steering engine power at reduced speed and the use of the ballast system. 

2.4.3 The ship design should ensure that the possibility of hull damage causing asymmetrical 
flooding is kept to the minimum consistent with efficient arrangements. Equalization 
arrangements requiring mechanical aids such as valves or cross-levelling pipes, if fitted, should 
not be considered for the purpose of reducing an angle of heel or attaining the minimum 
range of stability to meet the requirements of 2.4.1 and 2.4.2 and, if used, sufficient residual 
stability should be maintained during all stages of equalization. Spaces which are linked by 
ducts of large cross-sectional area may be considered to be common. 

2.4.4 If pipes, ducts, trunks or tunnels are situated within the assumed extent of damage pene­ 
tration, as defined in 2.3.2, arrangements should be such that progressive flooding cannot thereby 
ex tend to compartments other than those assumed to be flooded for each case of damage. 
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2.5 Standard of damage to be applied 

Ships subject to this Code should be designed and constructed so as to be capable of 
sustaining the damage indicated in 2.3 in the manner stated in 2.4 to the following standards; 

2.5.1 All Type IG ships should be capable of sustaining damage anywhere in their lengths. 

2.5.2 (a) A Type I IG ship of more than 150 m in length should be capable of sustaining 
damage anywhere in her length. 

(b) A Type ff G ship of 150 m or less in length should be capable of sustaining 
damage anywhere in her length except involving either of the bulkheads bounding 
a machinery space located aft; alternatively a Type I IG ship of 150 m or less in 
length with independent tanks type C desiqn for a MARVS of at least 7 kp/cm1 

and where the design temperature of the cargo containment system is not below 
-55°C, need only be capable of sustaininq damage anywhere in her length except 
involving transverse bulkheads spaced further apart than the longitudinal extent of 
damage as specified in 2.3.2(a)(i). Such a ship should be designated a Type I/PG 
ship and so indicated on the Certificate of Fitness provided for in 1.6. 

2.5.3 (a) A Type IIIG ship of 125 m in length and over should be capable of sustaining 
damage anywhere in her length except involving transverse bulkheads spaced 
further apart than the longitudinal extent of damage spe9ified in 2.3.2(a)(i). 

(b) A Type IIIG ship below 125 min length should be capable of sustaining damage 
anywhere in her length except involving transverse bulkheads spaced further 
apart than the longitudinal extent of damage specified in 2.3.2(a)(i) and except 
involving damage to the machinery space. However, the ability to survive flooding 
of the machinery space should be considered by the Administration. 

2.5.4 Where the damage between adjacent transverse watertight bulkheads is envisaged as 
specified in 2.5.2(b) and 2.5.3, a main transverse bulkhead or a transverse bulkhead bounding 
side tanks or double bottom tanks should be assumed damaged if there is a step or a recess in 
a transverse bulkhead of more than 3.05 m in length, located within the extent of penetration 
of assumed damage. The step formed by the after peak bulkhead and after peak tank top 
should not be regarded as a step for the purpose of this paragraph. 

2.8 Location of cargo tanks 

2.6.1 Cargo tanks should be located at the following minimum distances inboard: 

(a) Type IG ships: from the side shell plating not less than the transverse extent of 
damage specified in 2.3.2(a)(ii) and from the moulded line of the bottom shell 
plating at centre line not less than the vertical extent of damage specified in 
2.3.2(b)(iii), and nowhere less than 760 mm from the shell plating. 

(b) Types I IG/1 IPG and II IG ships: from the moulded line of the bottom shell 
plating at centre line not less than the vertical extent of damage specified in 
2.3.2(b)(iii) and nowhere less than 760 mm from the shell plating. 

2.6.2 For the purpose of tank location, the vertical extent of damage should be measured 
to the inner bottom when membrane or semi-membrane tanks are used, otherwise to the 
bottom of the cargo tanks. The transverse extent of damage should be measured to the 
longitudinal bulkhead when membrane or semi-membrane tanks are used, otherwise to the 
side of the cargo tanks. (See Figure 2.1). 
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Figure 2.1 - Tank Location Requirements as set out in 2.6 

2.6.3 Except for Type IG ships suction wells installed in cargo tanks may protrude into the 
area of bottom damage provided that such wells are as smal I as practicable and the penetration 
does not exceed 25 per cent of douhle bottom height or 350 mm whichever is less. 

2.6.4 Solid ballast should not normally be used in double bottom spaces in the cargo areas. 
Where, however, because of stability considerations the fitting of solid ballast in such spaces 
becomes unavoidable, then the quantity and its disposition should be ~verned by the need to 
ensure that the impact loads resulting from bottom damage are not directly transmitted on to 
the cargo tank structure. 

2. 7 Special consideration for small ships 

2.7.1 In the case of small ships intended for the carriage of products requiring Type IIG/IIPG 
ships and Type 11 IG ships which do not comply in all respects with the appropriate require­ 
ments of 2.5.2 and 2.5.3, special dispensations may only be considered by th, Administration 
where alternate measures can be taken which maintain the same degree of safety. 

2.7.2 In the approval of the design of a ship for which a dispensation has been granted, the 
nature of the alternate measures prescribed should be clearly stated and be available to the 
Administration in the countries the ship will visit and any such dispensation should be duly 
noted on the Certificate of Fitness referred to in 1.6. 
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CHAPTER Ill - SHIP ARRANGEMENTS 

3.1 Segregation of the cargo area 

3.1.1 Hold spaces should be segregated tram machinery and boiler spaces, accommodation, 
service and control station spaces, chain lockers, drinking and domestic water tanks and 
from stores. 

3.1.2 Where cargo is carried in a cargo containment system not requiring a secondary barrier, 
segregation of hold spaces from spaces referred to in 3.1 .1 or spaces either below or outboard 
of the hold spaces may be effected by cofferdams, fuel oil tanks, or a single gas-tight bulkhead 
of all welded construction forming an A-60 Class division. A gas-tight A-0 Class division is 
satisfactory if there is no source of ignition or fire hazard in the adjoining spaces. 

3.1.3 Where cargo is carried in a cargo containment system requiring a secondary barrier, 
segregation of hold spaces from spaces referred to in 3.1.1 or spaces either below or outboard 
of the hold spaces which contain a source of ignition or fire hazard should be effected by 
cofferdams or fuel oil tanks. If there is no source of ignition or fire hazard in the adjoining 
space, segregation may be by a single A-0 Class division which is gas-tight. 

3.1.4 When cargo is carried in a cargo containment system requiring a secondary barrier: 

(a) at temperatures below -10°C, hold spaces should be segregated from the sea by 
a double bottom; and 

(b) at temperatures below -55°C, the ship should also have a longitudinal bulkhead 
forming side tanks. 

3.1.5 Any piping system which may contain cargo or cargo vapour should: 

(a) be segregated from other piping systems, except where inter-connexions are 
required for cargo related operations such as purging, gas freeing or inerting. 
In such cases, precautions should be taken to ensure that cargo or cargo vapour 
cannot enter such other piping systems through the inter-connexions; 

(b) except as provided in Chapter XVI, not pass through any accommodation, 
aervice or control station space or through a machinery space other than a 
cargo pump room or cargo compressor space. Emergency cargo dumping 
arrangements may be led aft externally to accommodation, service or control 
station spaces or machinery spaces, but should not pass through them; 

(c) be connected into the cargo containment system directly from the open deck 
except that pipes installed in a vertical trunkway or equivalent arrangement may 
be used to traverse void spaces above a cargo containment system and except 
that pipes for drainage, venting or purging may traverse cofferdams; 

(d) except for bow or stern loading provisions in accordance with 3.8, and except in 
accordance with Chapter XVI, be located in the cargo area above the open deck; 
and 

(e) except for thwartship shore connexion piping not subject to internal pressure at 
sea or emergency cargo dumping arrangements, be located inboard of the trans­ 
verse tank location requirement of 2.6.1. 

3.1.6 Arrangements should be made for sealing the weather decks in way of openings for 
cargo containment systems. 
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3.2 Accommodation, service and control station spaces 

3.2.1 No accommodation, service or control station space should be located within the cargo 
area. The bulkhead of accommodation, service or control station spaces which face the cargo 
area should be located so as to avoid gas from the hold space entering such spacm through a 
single failure of a deck or bulkhead on a ship having a containment system requiring a 
secondary barrier. 

3.2.2 In order to guard against the danger of hazardous vapours, due consideration should be 
given to the location of air intakes and openings into accommodation and machinery spaces 
in retation to cargo ptptng, cargo vent systems and machinery space exhausts from gas burning 
arrangements. 

3.2.3 Acce11 through doors, gas-tight or otherwise, should not be permitted from a gas-safe 
space to a gaa.danger ous space, except for access to service spaces forward of the cargo area 
throuit\ air-locks • permitted by 3.6.1 when accommodation spaces are aft. 

3.2.4 Entranca air inlets and openings to accommodation, service a~ control station spaces 
should not face the cargo area. They should be located on the end bulkhead not facing the 
cargo area and/or on the outboard side of the house at a distance of at least U25 but not less 
than 3.05 m from the end of the house facing the cargo area. This distance, however, need 
not exceed 5 m. Port lights facing the cargo area and on the sides of the houses within the 
distance mentioned above should be of the fixed (non-opening) type. Wheelhouse windows 
may be non-fixed and wheelhouse doors may be located within the above limits so long as 
they are so designed that a rapid and efficient gas and vapour tightening of the wheelhouse 
can be ensured. 

3.2.5 Side scuttles in the shell below the uppermost continuous deck and in the first tier 
of the superstructure are to be of the fixed (non-opening) type. 

3.2.6 All air intakes and openings into the accommodation, service and control station 
spaces should be fitted with closing devices. For toxic gases they are to be operated from 
inside the space. 

3.3 Cargo pump rooms and cargo compressor rooms 

3.3.1 Cargo pump rooms and cargo compressor rooms should be situated above the weather 
deck unless specially approved by the Administration and should be located within the cargo 
area. 

3.3.2 Where pumps and compressors are driven by shafting passing through a bulkhead or 
deck, gas-tight seals with efficient lubrication or other means of ensuring the permanence of 
the gas seal should be fitted in way of the bulkhead or deck. 

3.3.3 Arrangements of cargo pump rooms and cargo compressor rooms should be such as to 
ensure safe unrestricted access for personnel wearing protective clothing and breathing 
apparatus, and in the event of injury to allow unconscious personnel to be removed. All 
valves necessary for cargo handling should be readily accessible to personnel wearing protective 
clothing. Suitable arrangements should be made to deal with drainage of pump and compressor 
rooms. 

3.4 Cargo control rooma 

3.4.1 Any cargo control room should be above the weather deck and may be located within 
accommodation, service or control station spaces or have access thereto providing that: 
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(a) the cargo control room 1s a gas-safe space, and 

(b) the entrance from the cargo area complies with 3.2.4. 

3.4.2 If the cargo control room 1s designed to be a gas-safe space, instrumentation should, as 
far as possible, be by indirect reading systems and should 1n any case be designed to prevent 
any escape of gas into the atmosphere of that space. Location of the gas detector within the 
cargo control room will not violate the gas-safe space if installed in accordance with 13.6.5. 

3.4.3 If the cargo control room for ships carrying flammable cargoes is a gas-dangerous space, 
sources of ignition should be excluded. Consideration should be paid to the safety characteris­ 
tics of any electrical installations. 

3.5 Access to 1p1ee1 in the cargo area 

3.5.1 Visual inspection should be possible of at least one side of the inner hull structure 
without the removal of any fixed structure or fitting. 

3.5.2 Inspection of one side of any insulation in hold spaces should be possible. If the 
integrity of the insulation system can be verified by inspection of the outside of the hold 
space boundary when tanks are at service temperature, inspection of one side of the insulation 
in the hold space need not be required . 

3.5.3 Arrangements for hold spaces, void spaces and other spaces that could be considered 
gas-dangerous and cargo tanks should be such as to allow entry and inspection of any such 
space by personnel wearing protective clothing and breathing apparatus and in the event of 
injury to allow unconscious personnel to be removed from the space and should comply with 
the foll owing: 

(a) access should be provided: 

(i) to cargo tanks direct from the open deck; 

(ii) through horizontal openings, hatches or manholes, the dimensions of 
which should be sufficient to allow a person wearing a breathing apparatus 
to ascend or descend any ladder without obstruction and also to provide a 
clear opening to facilitate the hoisting of an injured person from the 
bottom of the space, the minimum clear opening of which should be not 
less than 600 mm by 600 mm; and 

(iii) throu~ vertical openings, or manholes providing pa~ge through the length 
and breadth of the space, the minimum clear opening of which should be 
not I• than 600 mm by 800 mm at a height of not more than 600 mm 
from the bottom plating unless gratings or other fooVlolds are provided. 

(b) The dimensions referred to in sub-paragraphs (a)(ii) and (a)(iii) of this paragraph 
mav be decreaaed if the ability to traverse such openings or to remove an injured 
person can be proved to the satisfaction of the Administration. 

(c) The requirements of sub-paragraphs (a) and (b) of this paragraph do not apply to 
those spaces described in 1.4.16(e). 

3.5.4 Access from the open weather deck to gas-safe spaces should be located 1n a gas-safe 
zone at least 2.4 m above the weather deck unless the access is by means of an air-lock in 
accordance with 3.6. 

3.6 Air-locks 

3.6.1 An air-lock should only be permitted between a gas-dangerous zone on the open weather 
deck and a gas-safe space and should consist of two steel doors substantially gas-tight spaced 
not less than 2 m apart. 
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3.6.2 The doors should be self closing and without any holding back arrangements. 

3.6.3 An audible and visual alarm to give a warning on both sides of the air-lock should be 
provided to indicate if the securing devices on more than one door are moved from the fully 
closed position. 

3.6.4 In ships carrying flammable products, motors in spaces protected by air-locks should 
be de-energized upon loss of over-pressure in the space. 

3.6.5 The air-lock space should be mechanically ventilated from a gas-safe space and main­ 
tained at an over-pressure to the gas-dangerous zone on the open weather deck. 

3.6.6 The air-lock space should be monitored for cargo vapour. 

3.6. 7 Subject to the requirements of the International Convention on Load Lines, 1966, the 
door sill should not be less than 300 mm in height. 

3.7 Bilge and ballast arrangements 

3. 7 .1 (a) Where cargo is carried in a cargo containment system not requiring a secondary 
barrier, hold spaces should be provided with suitable drainage arrangements not 
connected with the machinery space. Means of detecting such leakage should be • 
provided. 

(b) Where there is a secondary barrier, suitable drainage arrangements for dealing with 
any leakage into the hold or insulation spaces through adjacent ship structure 
should be provided. The suction should not be led to pumps inside the machinery 
space. Means of detecting such leakage should be provided. 

3.7.2 The interbarrier space should be provided with a drainage system suitable for handling 
I iqu id cargo in the event of cargo tank leakage or rupture. Such arrangements should provide 
for the return of leakage to the cargo tanks. 

3.7.3 Ballast spaces and gas-safe spaces may be connected to pumps in the machinery space. 

3.8 Bow or stern loading and discharge arrangements 

3.8.1 Subject to the approval of the Administration, cargo pipes may be arranged to permit 
bow or stern loading or discharge subject to the requirements of this section, and of 17.7. 

3.8.2 Cargo pipes and related piping and equipment forward or aft of the cargo area should 
have only welded connexions in way of the house and should be led externally past accommo­ 
dation, service and control station spaces and machinery spaces and, except for thwartships 
shore connexion piping, be at least 760 mm inboard. Such pipes should be clearly identified 
and segregated by at least two valves situated in the cargo area, which can be locked closed 
under the control of the master, or by one valve and other means together providing an 
equivalent standard of segregation. Means should be provided between the two valves if fitted, 
or in an equivalent position with other arrangements, to enable the efficiency of the segrega­ 
tion to be checked. 

3.8.3 Arrangements should be made to allow such pipes to be purged after use and main­ 
tained gas-safe when not in use. The vent pipes connected with the purge should be located 
in the cargo area. 
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3.8.4 Entrances, air inlets and operunqs to accommodanon. service and control stations should 
not face the bow or stern loading or discharge arrangements. They should be located on the 
outboard side of the houses at a distance of at least L/25 but not less than 3.05 m from the 
end of the house facing the bow or stern loading or discharge arrangements (reference is also 
made to 3.2.4). This distance, however, need not exceed 5 m. Port lights facing these loading 
and discharging arrangements and on the sides of the house within the distance mentioned 
above should be of the f ixed (non-opening) type. In addrnon. during the use of the bow or 
stern loading and discharge arrangements, all doors, ports and other openings on the corres­ 
ponding house side should be kr~pt closed. 

3.8.5 Fire-fighting arrangements for the bow or stern loading and discharge areas should be 
in accordance with 11.4. 7. 
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CHAPTER IV - CARGO CONTAINMENT 

4.1 General 

Administrations should take appropnate steps to ensure urutorrrutv in the implementation 
and application of the provisions of this chapter": 

4.2 Definitions 

In addition to those in 1.4, the following defirutrons apply throughout the Code. 

4.2. 1 lntegr•I tanks 

(a} Integral tanks form a structural part of the sh rps hull and are influenced in the 
same manner and by the same loads which stress the adjacent hull structure. 

(b) The "design vapour pressure" PO as defined in 4.2.5 should not normally exceed 
0.25 kp/cm2. If, however, the hull scantlings are increased accordingly, P0 may 
be increased to a higher value but less than 0.7 kp/cm2. 

(c) Integral tanks may be used for the products provided that the lowest temperature 
in any part of the hull structure under no circumstances will fall below -10°C. 
A lower temperature may be accepted by the Administration subject to special 
consideration. 

4.2.2 Membrane tanks 

(a) Membrane tanks are non-self-supporting tanks which consist of a thin fayer 
( membrane) supported through insulation by the adjacent hu II structure. The 
membrane is designed in such a way that thermal and other expansion or con­ 
traction is compensated for without undue stressing of the membrane. 

(b) The design vapour pressure PO should not normally exceed 0.25 kp/cm2. If, 
however, the hull scantlings are increased accordingly, and consideration is given, 
where appropriate, to the strength of the supporting insulation, PO may be 
increased to a higher value but less than 0. 7 kp/cm2• 

(c) The definition of membrane tanks does not exclude designs such as those in 
which non-metallic membranes are used or in which membranes are included or 
incorporated in insulation. Such designs require, however, special consideration 
by the Administration. 

4.2.3 Semi-membrane tanks 

(a) Semi-membrane tanks are non-self-supporting tanks in the loaded condition and 
consist of a layer, parts of which are supported through insulation by the 
adjacent hull structure, whereas the rounded parts of this layer connecting the 
above-mentioned supported parts are designed also to accommodate the thermal 
and other expansion or contraction. 

(b) The design vapour pressure PO should not normally exceed 0.25 l<p/cm2• If, 
however, the hull scantlings are increased accordingly, and consideration is given, 
'Nhere appropriate, to the strength of the supporting insulation, PO may be 
increased to a higher value but less than 0.7 kp/crn". 

* Reference is made to the published Rules of members and associate members of the International 
Association of Classification Societies and in particular to I ACS Unified Requirements Nos. 92 and 93. 
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4.2.4 Independent tanks 

Independent tanks are self-supporting; they do not form part of the ship's hull and are 
not essential to the hull strength. The three categories of independent tanks are: 

(a) Independent tanks type A which are designed primarily using Recognized 
Standards of classical ship-structural analysis procedures. Where such tanks are 
primarily constructed of plane surfaces (gravity tanks), the design vapour 
pressure P0 should be less than 0.7 kp/cm2. 

(b) Independent tanks type 8 which are designed using model tests, refined analytical 
tools and analysis methods to determme stress levels, fatigue life and crack propa­ 
gation characteristics. Where such tanks are primarily constructed of plane surfaces 
(gravity tanks) the design vapour pressure P0 should be less than 0.7 kp/cm2. 

(c) Independent tanks type C (also referred to as pressure vessels) are tanks meeting 
pressure vessel criteria and having a design vapour pressure not less than: 

P0 = 2 + AC(p) ¾ [ kp/cm2] 

where 

A: 0.0185(;;,)' 
. A 

with 

Om = design primary membrane stress 

lloA = allowable dynamic membrane stress (double amplitude at probability 
level Q = 10-1) 
5.5 kp/mm2 for ferritic/martensitic steel 
2.5 kp/mm2 for aluminium alloy (5083-0) 

C z a characteristic tank dimension to be taken as the greatest of the following: 
h; 0.75b; or 0.45 2 

with 

h a: height of tank (dimension in ship's vertical direction) (m) 
b = width of tank (dimension in ship's transverse direction) (m) 
2 • length of tank (dimension in ship's longitudinal direction) (m) 

p • the relative density of the cargo (p = 1 for fresh water) at the design tempera- 
ture. 

However, the Administration may allocate a tank complying with the criterion of 
this sub-paragraph to type A or type B, dependent on the configuration of the tank 
and the arrangement of its supports and attachments. 

4.2.5 Design vapour pressure P0 is the maximum gauge pressure at the top of the tank which has 
been used in the design of the tank. 

(a) For cargo tanks where there is no temperature control and where the. pressure of the 
cargo is dictated only by the ambient temperature, P0 should not be I~ than the 
gauge vapour pressure of the cargo at a temperature of 45°C. Ho'N8Ver, lesser values 
of this temperature may be accepted by the Administration for ships operating in 
restricted ar~as or on ~oyages of restricted duration and account may be taken in 
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such cases ot t111Y msulauon ul thf-~ tanks. Conversely, h19i .er values of this tempera­ 
ture may be required for ships permanently operating in areas of high ambient 
temperature. 

(b) In all cases, including sub-par aqraph (a) of this paragraph, P0 should not be less 
than MARVS. 

(c) Subject to special consideration by the Administration and to the limitations 
given in 4.2.1 to 4.2.4 for the various tank types, a vapour pressure higher than 
P0 may be accepted in harbour condinons. where dynamic loads are reduced. 

4.2.6 Design temperature for selection of materials 1s the minimum temperature at which 
cargo may be loaded and/or transported in the cargo tanks. Provisions to the satisfaction of 
the Administration should be made so that the tank or cargo temperature cannot be lowered 
below the design temperature. 

4.3 Design loads 

4.3.1 (a) Tanks together with their supports and other fixtures should be designed taking 
into account proper combinations of the various loads listed hereafter: 

Internal pressure 
External pressure 
Dynamic loads due to the motion of the ship 
Thermal loads 
Sloshing loads 
Loads corresponding to ship deflection 
Tank and cargo weight with the corresponding reactions in way of supports 
Insulation weight 
Loads in way of towers and other attachments. 

The extent to which these loads should be considered depends on the type of 
tank, and is more fully detailed in the following paragraphs of this section. 

(b) Account should be taken of the loads corresponding to the pressure test referred 
to in 4.10. 

(c) Account should be taken of an increase of vapour pressure in harbour conditions 
referred to in 4.2. 5(c). 

(d) The tanks should be designed for the most unfavourable static heel angle within 
the range 0° to 30° without exceeding allowable stresses given in 4.5. 

4.3.2 lntM11al prmure 

(a) Internal pressure head (h8q) in metres of fresh water resulting from the design 
vapour pressure (P0) and the liquid pressure (hgd) defined in sub-paragraph (b) of 
this paragraph, but not including effects of I iqu id sloshing, should be calculated 
as follows: 

Equivalent calculation procedures may be applied. 
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(b) The internal Irquro pressures are those created by the resulting acceleration of the 
centre of gravity of the cargo due to the motions of the ship referred to in 4.3A. 
The value of internal pressure head (hgd) 1n metres of fresh water resulting from 
combined effects of gravity and dynamical accelerations should be calculated as 
follows: 

where 

~ • dimensionless acceleration ( i.e. relative to the acceleration of gravity), 
resulting from gravitational and dynamical loads, in an arbitrary direction (3 
(see Figure 4.1) 

~ • largest liquid height (m) ab<we the point where the pressure is to be deter­ 
mined, in the~ direction 
(188 Figure 4.2) 

-, • maximum specific weight of the cargo (t/m3) at the design temperature. 

The direction which gives the maximum value (hgd) max of hgd should be con­ 
sidered. Where acceleration in three directions needs to be considered, an ellipsoid 
should be used instead of the ellipse in Figure 4.1. The above formula applies only 
to full tanks. 

4.3.3 Ext•MI prnwre - External design pressure loads should be based on the difference 
between the minimum internal pressure (maximum vacuum) and the maximum external 
pressure to which any portion of the tank may be subjected simultaneously. 

4.3.4 Dynamic load, due to ship motions 

(a) The determination of dynamic loads should take account of the long-term distri­ 
bution of ship motions, including the effects of surge, swtlV, heave, rotl, pitch 
and yaw on irregular seas which the ship will experience during her operating 
life (normally taken to correspond to 10' wave encounters). Account may be 
taken of reduction in dynamic loads due to necessary speed reduction and varia­ 
tion of heading when this consideration has also formed part of the hull strength 
amsament. 

(b) For delign against plastic deformation and buckling the dynamic loads should be 
takan • the most probable largest loads the ship will encounter during her 
operating life (normally taken to correspond to a probability level of 1 o-•). 
Guidance formulae for acceleration components are given in 4.12. 

(c) ~ design against fatigue is to be considered, the dynamir.spectrum should be 
det«mined by long-term distribution calculation based on the operating life of 
the ship (normally taken to correspond to 101 wfNe encounters). If simplified 
dynamic loading spectra are used for the estimation of the fatigue life, those 
~Id be specially considered by the Administration. · 

(d) In order to practically apply crack propagation estimates, simpJified load distri­ 
bution over a period of 15 days may be used. Such distributions may be 
obtained as indicated in Figure 4.3. 

(e) Ships for restricted service may be given special consideration. 
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'J 

(f) The accelerauons act1r1q on tanks ,irti esurnated at then centre of gravity and 
include tho fol luwrn~J components. 

vertical au.1.;lf'rc:1t,u11 motion accelerauons uf heave, pitch and, possibly, 
roll (norrnal to the ship base); 

transverse acceleration. rnonon accelerations of sway, yaw and roll, and 
gravity component of roll, 

longitudinal acceleration motion accelerations of surge and pitch; and 
gravity component of pitch. 

4.3. 5 Sloshing loads 

(a) When partial filling is contemplated, the risk of significant loads due to sloshing 
induced by any of the ship motions referred to in 4.3.4(f) should be considered. 

(b) When risk of significant sloshing induced loads 1s found to be present, special 
tests and calculations should be required. 

4. 3. 6 Thermal loads 

(a) Transient thermal loads during cooling down periods should be considered for 
tanks intended for cargo temperatures below -55° C. 

(b) Stationary thermal loads should be considered for tanks where design supporting 
arrangement and operating temperature may give rise to significant thermal 
stresses. 

4.3.7 Loads on supports - The loads on supports are covered by 4.6. 

4.4 Structural analysis 

4.4.1 Integral tanks 

The structural analysis of integral tanks should be in accordance with Recognized 
Standards. The tank boundary scantlings should meet at least the requirements for deep 
tanks taking into account the internal pressure as indicated in 4.3.2, but the resulting scantlings 
should not be less than normally required by such Standards. 

4.4.2 Membrane tanks 

(a) For membrane tanks, the effects of all static and dynamic loads should be 
considered to determine the su itabi I ity of the membrane and of the associated 
insulation with respect to plastic deformation and fatigue. 

(b) Before approval is given, a model of both the primary and secondary barriers, 
including corners and joints, should normally be tested to verify that they will 
withstand the expected combined strains due to static dynamic and thermal loads. 
Test conditions should represent the most extreme service conditions the cargo 
containment system will see in its life. Material tests should ensure that ageing 
is not liable to prevent the materials from carrying out their intended function. 

(c) For the purpose of the test referred to in sub-paragraph (b) of this paragraph, a 
complete analysis of the particular motions, accelerations and response of ships 
and cargo containment systems should be performed, unless these data are 
available from similar ships. 
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(d) Special attention should be paid to the possible collapse of the membrane due to 
an over-pressure in the mterbarrier space, to a possible vacuum in the cargo tank, 
to the sloshing effects and to hull vibration effects. 

(e} A structural analysis of the hull should be to the satisfaction of the Administra­ 
tion, taking into account the internal pressure as indicated in 4.3.2. Special 
attention, however, should be paid to deflections of the hull and their compati­ 
bility with the membrane and associated insulation. Inner hull plating thickness 
should meet at least the requirements of Recognized Standards for deep tanks 
taking into account the internal pressure as indicated in 4.3.2. The allowable 
stress for the membrane, membrane supporting material and insulation should be 
determined in each particular case. 

4.4.3 Sllmi-~ t1nk1 - A structural analysis should be performed in accordance with 
the requirements for membrane tanks or independent tanks as appropriate, taking into account 
the internal pressure as indicated in 4.3.2. 

4.4.4 /~dent tanks type A 

(a) A structural analysis should be performed to the satisfaction of the Administra­ 
tion taking into account the internal pressure as indicated in 4.3.2. The cargo 
tank plating thickness should meet at least the requirements of Recognized 
Standards for deep tanks taking into account the internal pressure as indicated in 
4.3.2 and any corrosion allowance required by 4.5.2(a). 

(b) For parts, such as structure in ways of supports, not otherwise covered by 
Recognized Standards, stresses should be determined by direct calculations, taking 
into account the loads referred to in 4.3 as far as applicable, and the ship deflec­ 
tion in way of supports. 

4.4.5 l~ndent tanks type B 

(a) The effects of all dynamic and static loads should be used to determine the suita- 
bility of the structure with respect to: 

plastic deformation 
buckling 
fatigue failure 
crack propagation. 

Statistical wave toad analyses in accordance with 4.3.4, finite element analyses or 
similar methods and fracture mechanics analyses or an equivalent approach, should 
be carried out. 

(b) A three-dimensional analysis should be carried out to evaluate the stress levels 
contributed by the ship's hull. The model for this analysis should include the 
cargo tank with its supporting and keying system as a reasonable part of the hull. 

(c) A complete analysis of the particular ship accelerations and motions in irregular 
waves and of the response of ships and cargo tanks to these forces and motions 
should be performed unless these data are available from similar ships. 

(d) A buckling ana•vsis should consider the maximum construction te>terances. 

(e) Where deemed necessary by the Administration, model tests may be required to 
determine stress concentration factors and fatigue life of structural elements. 
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(f) The curnulauvo i:f l<~l.1 of tlw 1Jt1quP- load should comply with. 

where 

n, = number ol stress cycles at each stress level during the life of the ship 

Ni = number of cycles to fracture for the respective stress level according to the 
Wohler (S-N) curve 

Nj = number of cycles to fracture for the fatigue loads due to loading and 
unloading 

Cw should be less than or equal to 0.5, except that the Administration may give 
· special consideration to the use of a value greater than 0.5 but not greater 
than 1.0, dependent on the test procedure and data used to establish the 
Wohler (S-N) curve. 

4.4.6 Independent tanks type C 

(a) Scantlings based on internal pressure 

(i) The thickness and form of pressure containing parts of pressure vessels 
under internal pressure, including flanges should be determined according 
to a standard acceptable to the Administration. These calculations in all 
cases should be based on generally accepted pressure vessel design theory. 
Openings in pressure containing parts of pressure vessels should be reinforced 
in accordance with a standard acceptable to the Administration. 

(ii} The design liquid pressure defined in 4.3.2 should be taken into account 
when calculations are made according to 4.4.6(a}(i). 

(iii} The welded joint efficiency factor to be used in the calculation according 
to 4.4.6(a)( i) should be 0.95 when the inspection and the non-destructive 
testing referred to in 4.10. 7 are carried out. This figure may be increased 
up to 1.0 when account is taken of other considerations, such as the 
material used, type of joints, welding procedure and type of loading. For 
process pressure vessels the Administration may accept partial non­ 
destructive examinations, but not less than those of 4.10.7(b)(ii) depending 
on such factors as the material used, the design temperature, the nil 
ductility transition temperature of the material as fabricated, the type of 
joint and welding procedure, but in this case an efficiency factor of not 
more than 0.85 should be adopted. For special materials, the above­ 
mentioned factors should be reduced depending on -the specified mechanical 
properties of the welded joint. 

(b) Buckling criteria 

(i) The thickness and form of pressure vessels subject to external pressure and 
other loads causing compressive stresses should be to a standard acceptable 
to the Administration. These calculations in all cases should be based on 
generally accepted pressure vessel buckling theory and should adequately 
account for the difference in theoretical and actual bucklirfg stress as a 
result of plate edge misalignment, ovalitv and deviation from true circular 
form over a specified arc or chord length. 
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(ii) Design external pressure 

The design external pressure (Pe) used for veryifying the buckling of the 
pressure vessels should not be less than that given by: 

where 

P 1 • setting value of vacuum relief valves. For vessels not fitted with 
vacuum relief valves P, should be specially considered, but should 
not in general be taken as less than 0.25 kp/cm1. 

P 2 c the set pressure of the pressure relief valves for completely closed 
spaces containing pressure vessels or parts of pressure vessels; 
elsewhere, P 

2 
s 0. 

p & 
3 compressive actions in the shel I due to the weight and contraction of 

insulation, weight of shell, including corrosion allowance, and other 
miscellaneous external pressure loads to which the pressure vessel 
may be subjected. These include, but are not limited to, weight of 
domes, weight of towers and piping, effect of product in the partially 
filled condition, accelerations and hull deflection. In addition the 
local effect of external and/or internal pressure should be taken into 
account. 

P • • external pressure due to head of water for pressure vessels or part of 
pressure vessels on exposed decks; elsewhere P 4 =- 0. 

(c) St/WI analy1i1 in reoeot of static and dynamic loads 
(i) Pressure vessel scantlings should be determined in accordance with sub­ 

paragraphs (a) and (b) of this paragraph. 

(ii) Calculations of the loads and stresses in way of the supports and the shell 
attachment of the support should be made. Loads referred to in 4.3 should 
be used, as applicable. Stresses in way of the supports should be to a 
standard acceptable to the Administration. In special cases a fatigue 
analysis may be required by the Administration. 

(iii) If required by the Administration, secondary stresses and thermal stresses 
should be specially considered. 

(d) ,,.,- ,ow,nc, 

For preaure vessels, the thickness calculated according to 4.4.6(a) or the thick­ 
nesa required by 4.4.6(b) plus the corrosion allowance, if ._y, should be con­ 
sidered • 1 minimum without any negative tolerance. 

(e) Minimum thldc,,.., of wll and heads 
For pressure vessels, the minimum thickness of shell and heads including corro­ 
sion allowance, after forming, should not be less than 5 mm for carbon-manganese 
steels and nickel steels, 3 mm for austenitic steels or 7 mm for aluminium alloys. 

4.6 Allowable ltr11181 and corrosion allowance 

4.5.1 AllowelW,,,_ 

(a) For integral tanks, allowable stresses should normally be those given for hull ,,-I 
structure in Recognized Standards. r 
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(R l FL.Jr rnernbr~; 1t:1 ranks. ri:i f erencs 1s made m tne rHqu1 rernents of 4.4.~(e) 

(c) For independent tanks type A primarily constructed of plane surfaces, the 
stresses for primary and secondary members (std toners. web frames, stringers, 
girders) when calculated by classical analysis procedures should not exceed the 
lower of 08/2.66 or oy /1.33 for carbon-manganese steels and aluminium alloys, 
where 08 and ay are defined in sub-paragraph (f) of th 1s paragraph. However, if 
detailed calculations are carried out for the primary members, the equivalent 
stress, ac as defined in sub-paragraph (f) may be increased over that indicated 
above to a stress acceptable to the Adrmrustration. calculations should take into 
account the effects of bending, shear, axial and torsional deformation as well 
as the hull cargo tank interaction forces due to the deflection of the double 
bottom and cargo tank bottoms. 

(d) (i) For independent tanks type B, pnrnartlv constructed of bodies of revolution, 
the allowable stresses should not exceed. 

Om ~ f 

al ~ 1.5 f 

ab ~ 1.5F 

al + ab ~ 1.5 F 

Om+ ab ~ 1.5 F 

· where 

am = equivalent primary general membrane stress 

al = equivalent primary local membrane stress 

ab = equivalent primary bending stress 

f = the lesser of 
0
~ or 

0
~ 

F = the lesser of 
0
~ or 

0i 
with am, al, ab as defined in 4.13 and the equivalent stress a8 and ay 
as defined in sub-paragraph (f) of this paragraph. 

The values of A, B, C and D should be shown on the Certificate of Fitness 
provided for in 1.6, and. should have at least the following minimum values: 

Nickel steels and Austenitic ,AJuminium 
carbon-manganese steels alloys 
steels 

A 3 3.5 4 
B 2 1.6 1.5 
C 3 3 3 
D 1.5 1.5 1.5 

(ii) For independent tanks type 8, primarily constructed of plane surfaces, the 
Administration may require compliance with additional or other stress 
criteria. 

RESOLUTION A.328(IX)  adopted on 12 November 1975 
CODE FOR THE CONSTRUCTION AND EQUIPMENT OF 

SHIPS CARRYING LIQUEFIED GASES IN BULK

PBARRETO
Pencil



- 31 - A IX/Res.328 

(e) For independent tanks type C the maximum allowable equivalent membrane stress 
to be used in calculation according to 4.4.6(a) ( i) should be the lower of: 

~B or ;v where 08 and oy are as defined in sub-paragraph (f) of this para­ 
graph. The values of A and B should be shown on the Certificate of Fitness 
provided for in 1.6, and should have at least the minimum values indicated in the 
table of 4.5.1 (d )(i). 

(f) For the purpose of sub-paragraphs (c), (d) and (e) of this paragraph the following 
apply: 

(i) oy • specified minimum yield stress at room temperature. 
If the stress-strain curve does not show a defined yield stress, the 
0.2 per cent proof stress applies: 

08 = specified minimum tensile strength at room temperature. 
For v.,ef<ied connexions in aluminium alloys, the tensile strength 
in annealed conditions should be used. 

The above properties should correspond to the minimum specified 
mechanical properties of the material, including the weld metal in the as 
fabricated condition. Subject to special consideration by the Administration, 
account may be taken of enhanced yield stress and tensile strength at low 
temperature. The temperature on which the material properties are based 
should be shown on the Certificate of Fitness provided for in 1.6. 

(ii) The equivalent stress (oc) (von Mises, Huber) should be determined by: 

oc = /ox1 + oy1 - OxOy + 3rxy1 
where 

ox = total normal stress in x-direction 
oy = total normal stress in y-direction 
Txy •. total shear stress in x-y plane. 

(iii) When the static and dynamic stresses are calculated separately and unless 
other methods of calculation are justified, the total stresses should be 
calculated according to: 

= 0x,st + j I(ox,dyn)1 
Oy = oy,st ± j I(oy.dyn)l 
Txy z "xy-st ±J I(Txy-dyn)1 

where 
ox,st, oy,st and "xv-st are staticstresses and 
ax.dyn, oy,dyn and Txy·dyn are dynamic stresses 
au determined separately from acceleration components and hull strain 
components due to deflection and torsion. 

(g) (i) Allowable stresses for materials other than those covered by Chapter VI 
should be subject to approval by the Administration in each case. 

(ii) Stresses may be further limited by fatigue analysis, crack propagation 
analysis and buckling criteria. 
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4 5. 2 Corrosion allowance 

(a) No corrosion allowance should generally tH' required 1n addition to the thickness 
resulting from the structural analysis. However, where there 1s no environmental 
control around the carqo tank, such as mer unq. or where the cargo is of a 
corrosive nature, the Administration may require a suitable corrosion allowance. 

( b) For pressure vessels no corrosion allowance 1s generally required if the contents 
of the pressure vessel are non-cor rosive and the external surface 1s protected by 
inert atmosphere or by an appropriate insulation with an approved vapour barrier. 
Paint or other thin coatings should not be credited as protection. Where special 
alloys are used with acceptable corrosion resistance, no corrosion allowance 
should be required. If the above condiuons are not satisfied, the scantlings calcu­ 
lated according to 4.4.6 should be increased as appropriate. 

4.6 Supports 

4.6.1 Cargo tanks should be supported by the hull in a manner which will prevent bodily 
movement of the tank under static and dynamic loads while allowing contraction and expan­ 
sion of the tank under temperature variations and hull deflections without undue stressing of 
the tank and of the hull. 

4.6.2 The tanks with supports should also be designed for a static angle of heel of 30° 
without exceeding allowable stresses given in 4.5.1. 

4.6.3 The supports should be calculated for the most probable largest resulting acceleration, 
taking into account rotational as well as translational effects. This acceleration in a given 
direction may be determined as shown in Figure 4.1. The half axes of the "Acceleration 
Ellipse" should be determined according to 4.3.4(b). 

4.6.4 Suitable supports should be provided to withstand a collision force acting on the tank 
corresponding to one-half the weight of the tank and cargo from forward and one-quarter the 
weight of the tank and cargo from aft without deformation I ikely to endanger the tank struc­ 
ture. 

4.6.5 The loads mentioned in 4.6.2 and 4.6.4 need not be combined with each other or with 
wave induced loads. 

4.6.6 For independent tanks and, where appropriate, for membrane and semi-membrane 
tanks, provisions should be made to key the tanks against the rotational effects referred to in 
4.6.3. 

4.6.7 Antiflotation arrangements should be provided for independent sanks. The antiflotation 
arrangements should be suitable to withstand an upward force caused by an empty tank in a 
hold space flooded to the summer load draught of the ship, without plastic deformation 
I rkely to endanger the hull structure. 

4. 7 Secondary barrier 

4.7 .1 Where the cargo temperature at atmospheric pressure is below -10°C, a secondary 
barrier should be provided when required by 4.7 .3 to act as a temporary containment for any 
envisaged leakage of liquid cargo through the primary barrier. 

4.7 .2 Where the cargo temperature at atmospheric pressure is not below -55°C, the hull 
structure may act as a secondary barrier. In such a case: 

(a) the hull material should be suitable for the cargo temperature at atmospheric 
pressure as required by 4.9.2; and 
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(b) the design should be such that this temperature will not result in unacceptable 
hu II stresses. 

4. 7 .3 Secondary barriers 1n relation to tank types should normally be provided in accordance 
with the following table. For tanks which differ from the basic tank types as defined in 4.2, 
the secondary barrier requirements should be decided by the Administration in each case. 

-·· 
Cargo temperature at -10° C and above Below -10°C Below -55°C atmospheric pressure down to -55°C 

Basic tank type No secondary barrier Hull may act as Separate secondary 
required secondary barrier barrier where required 

Integral Tank type not normally allowed1 

Membrane Complete secondary barrier 
Semi-membrane Complete secondary barrier2 

Independen t 
Type A Complete secondary barrier 
Type B Partial secondary barrier 
Type C No secondary barrier required 

1 A complete secondary barrier should normally be required if cargoes with a temperature at atmos­ 
pheric pressure below -10°C are permitted in accordance with 4.2.1. 

2 In the case of semi-membrane tanks which comply in all respects with the requirements applicable to 
independent tanks type B, except for the manner of support, the Administration may, after special 
consideration, accept a partial secondary barrier. 

4.7.4 The secondary barrier should be designed so that: 

(a) it is capable of containing any envisaged leakage of I iqu id cargo for a period of 
15 days, unless different requirements apply for particular voyages, taking into 
account the load spectrum referred to in 4.3.4(d); 

(b} it will prevent lowering of the temperature of the ship structure to an unsafe 
level in the case of leakage of the primary barrier as indicated in 4.8.2; and 

(c) the mechanism of failure for the primary barrier does not also cause the failure 
of the 1eeondary barrier and vice versa. 

4.7.5 The secondary barrier should fulfil its functions at a static angle •f heel of 30°. 

4.7.6 (a) Where a partial secondary barrier is required, its extent should be determined 
on the basis of cargo leakage corresponding to the extent of failure resulting 
from th• load spectrum referred to in 4.3.4(d) after the initial detection of a 
primary barrier leak. Due account may be taken of liquid evaporation, rate of 
lelkage, refiabte pumping capacity and other relevant factors. In all cases, 
however, the inner bottom in 'WflV of cargo tanks should be protected against 
Hqutd r.argo. 

(b) Clear of the partial secondary barrier, provision such as a spray shield should be 
made to deflect any liquid cargo down into the space between the primary and 
secondary barriers and to keep the temperature of the hull structure to a safe 
level. 
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4 7 7 The secondary bar r1t!r st iou Id I Je capable of beinq per 10d «.al ly diecked for its effectiveness, 
by means of a pr f~ssure v.« l It rm IE-!sr, a visual inspect 10n or ar ,u thP.r su I taole method acceptable to 
the Adnurustranon The rncthod should be subrrutted to the: Adrmrustrauon for approval 

4.8 Insulation 

4.8.1 Where a product 1s carr red at a temperature below -10°C suitable .nsulanon should be 
provided to ensure that the temperature of the hull structure does not fall below the mini­ 
mum allowable service temperature given for the concerned grade of steel 1n Chapter VI when 
the cargo tanks are at their design temperature and the ambient temperatures are 5°C for air 
and 0°C for sea-water. These conditions may generally be used for world-wide service. However, 
higher values of the ambient temperatures may be accepted by the Administration for ships 
operated tn restricted areas. Conversely, lesser values of the ambient temperatures may be 
fixed by the Administration for ships trading occasionally or regularly to areas in latitudes 
where such lower temperatures are expected during the winter months. The ambient tempera­ 
tures used in the design should be shown on the Certificate of Fitness as provided for in 1.6. 

4.8.2 Where a complete or partial secondary barrier 1s required, cal cu latrons should be made 
with the assumptions in 4.8.1 to check that the temperature of the hull structure does not 
fall below the minimum allowable service temperature given for the concerned grade of steel 
in Chapter VI. The complete or partial secondary barrier should be assumed to be at the cargo 
temperature at atmospheric pressure. 

4.8.3 Calculations required by 4.8.1 and 4.8.2 should be made assuming still air and still 
water, and except as permitted by 4.8.4, no credit should be given for means of heating. In 
the case referred to in 4.8.2, the cooling effect of the rising boil-off vapour from the leaked 
cargo should be considered in the heat transmission studies. For members connecting inner 
and outer hulls, the mean temperature may be taken for determining the steel grade. 

4.8.4 In all cases referred to in 4.8.1 and 4.8.2 and for ambient temperature conditions of 
5°C for air and 0°C for sea-water, approved means of heating transverse hull structural material 
may be used to ensure that the temperatures of this material do not fall below the minimum 
allowable values. If lower ambient temperatures are specified, approved means of heating may 
also be used for longitudinal hull structural material, provided this material remains suitable 
for the temperature conditions of 5° C for air and 0° C for sea-water without heating. Such 
means of heating should comply with the following requirements: 

(a) sufficient heat should be available to maintain the hull structure above the 
minimum allowable temperature in the conditions referred to in 4.8.1 and 4.8.2; 

(b) the heating system should be arranged so that, in the event of a failure in any 
part of the system, stand-by heating could be maintained equal to not less than 
100 per cent of the theoretical heat load; 

(c) the heating system should be considered as an essential auxiliarv: and 

(d) the design and construction of the heating system should be to the satisfaction 
of the Administration. 

4.8.5 In determining the insulation thickness, due regard should be paid to the amount of 
acceptable boil-off in association with the reliquefaction plant on board, main propulsion 
machinery or other temperature control system. 

4.9 Materials 

4.9.1 The shell and deck plating of the ship and all stiffeners attached thereto should be in 
accordance with Recognized Standards, unless the operating temperature of the material is 
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normally below 0°C due to the effect ot the low temperature cargo, 1n whii:.h CqS?, th~ material 
should be in accordance with Table 6.5 assuming the ambient sea and air temperature of QGC 
and 5° C respectively. 

4.9.2 Hull material forming the secondary barrier should be in accordance with Table 6.2. 
Metallic materials used in secondary barriers not forming part of the hull structure should be 
in accordance with Table 6.2 or 6.3 as applicable. 

4.9.3 Materials used in the construction of cargo tanks should be in accordance with 
Tables 6.1, 6.2 or 6.3. 

4.9.4 Materials other than those referred to irt 4.9.1, 4.9.2 and 4.9.3 used in the construc­ 
tion of the ship which ¥8 subject to reduced temperature due to the c.argo and which do not 
form part of the secondary barrier lhould be in accordance with Table 6.5 for temperatures 
as determined by 4.8. This includes inner bottom plating, longitudinal bulkhead plating, 
transverse bulkhead p&attng, floors, webs, stringers and all attached stiffening members. 

4.9.5 The insulation materials should be suitable for loads which may be imposed on them 
by the adjacent structure. 

4~9.6 Where applic.able, due to location and/or environmental conditions, insulation materials 
should have suitable properties of fire resistance and flame spread and should be adequately 
protected against penetration of water vapour and mechanical damage. 

4.9.7 Insulation materials should be tested and found acceptable for the following properties 
as applicable: 

compatibility with the cargo 
solubility in the cargo 
absorption of the cargo 
shrinkage 
ageing 
closed cell content 
density 
mechanical properties 
thermal expansion 
abrasion 
cohesion 
thermal conductivity' 
resistance to vibrations 
resistance to fire and flame spread. 

4.9.8 The procedure for fabrication, storage, handling, erection, quality control and control 
against harmful exposure to sunlight of insulation materials should be to the satisfaction of 
the Administration. 

4.9.9 Where p(.)IMMf' or granulated insulation is used, the arrangements shoulct be such as to 
prewnt compacting of the material due to vibrations. The design should incorporate means to 
ensure that the material remains sufficiently buoyant to maintain the required thermal 
conductivity and also p,event any undue increase of pressure on the containment system. 
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4.10 Construction and test.nq 

4.10.1 (a) All welded Joints o1 the shells of mdependont tanks should be of the butt weld, 
full penetration type For dome to shell connexions, the Administration may 
approve tee welds of the full penetration type. Except for small penetrations on 
domes, nozzle welds are also generally to be designed with full penetration. 

(iJ) Welding joint details for independent tanks type C should be as follows. 

(1) All longitudinal and crrcurnferennal jornts of pressure vessels should be of 
butt welded, full penetration, double vee or single vee type. Full penetra­ 
tion butt welds should be obtained by double welding or by the use of 
backing rinns. If used, backing r,ngs should be removed, unless specifically 
approved by the Administration for very small process pressure vessels. 
Other edge preparations may be allowed by the Administration depending 
on the results of the tests carried out at the approval of the welding pro­ 
cedure. 

( ii) The bevel preparation of the joints between the pressure vessel body and 
domes and between domes and relevant fittings should be designed according 
to a standard for pressure vessels acceptable to the Administration. All welds 
connecting nozzles, domes or other penetrations of the vessel and all welds 
connecting flanges to the vessel or nozzles should be full penetration welds 
extending through the entire thickness of the vessel wall or nozzle wall, 
unless specially approved by the Administration for small nozzle diameters. 

4.10.2 Workmanship should be to the satisfaction of the Administration. Inspection and non­ 
destructive testing of welds for tanks other than independent tanks type C should be in 
accordancewith the requirements of 6.3.7. 

4.10.3 For membrane tanks, qua I ity assurance measures, weld procedure qualification, design 
details, materials, construction, inspection and production testing of components, should be to 
standards developed during the prototype testing programme. 

4.10.4 For semi-membrane tanks the relevant requirements in this section for independent 
tanks or for membrane tanks should be applied as appropriate. 

4.10.5 Integral tanks should be hydrostatically or hydropneumatically tested to the satis­ 
faction of the Administration. The test in general should be performed so that the stresses 
approximate, as far as practicable, the design stresses and so that the pressure at the top of 
the tank corresponds at least to the MARVS. 

4.10.6 In ships fitted with membrane or semi-membrane tanks, cofferdams and all spaces 
which may normally contain liquid and are adjacent to the hull structure supporting the 
membrane should be hydrostatically or hydropneumatically tested in accordance with 
Recognized Standards. In addition, any other hold structure supporting the membrane should 
be tested for tightness. Pipe tunnels and other compartments which do not normally contain 
I iqu id need not be hydrostatically tested. 

4.10.7 For independent tanks type C, inspection and non-destructive testing should be as 
follows: 

(a) Manufacture and workmanship - The tolerances relating to manufacture and 
workmanship such as out-of-roundness local deviations from the true form, 
welded joints alignment and tapering of plates having different thicknesses, 
should comply with standards acceptable to the Administration. The tolerances 
should also be related to the buck I ing analysis referred to in 4.4.6(b). 
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(b) Non-destructive testing -- As far as completion and ex tension of non-destructive 
testing of welded Joints are concerned, the extent of non-destructive testing 
should be total or partial according to standards acceptable to the Administra­ 
tion, but the controls to be carried out should not be less than the following: 

(i) Total non-destructive testing referred to in 4.4.6(a)(iii): 

Radiography: 
butt welds 100 per cent and 

Surface crack detection: 
all welds 10 per cent 
reinforcement rings around holes, nozzles, etc. 100 per cent. 

As an alternative, ultrasonic testing may be accepted as a partial replacement 
of the radiographic testing, if specially allowed by the Administration. In 
addition, the Administration may require total ultrasonic testing on welding 
of reinforcement rings around holes, nozzles, etc. 

(iO Partial non-destructive testing referred to in 4.4.6(a)(iii): 

Radiography: 
butt welds: al I welded crossing joints and at least 10 per cent of the full 
length at selected positions uniformly distributed and 

Surface crack detection: 
reinforcement rings around holes, nozzles, etc. 100 per cent 

Ultrasonic testing: 
as may be required by the Administration in each instance. 

4.10.8 Each independent tank should be subjected to a hydrostatic or hydropneumatic test 
as follows: 

(a) For independent tanks type A, this test should be performed so that the stresses 
approximate, as far as practicable, the design stresses and so that the pressure at 
the top of the tank corresponds at least to the MARVS. 'A'hen a hydropneumatic 
t•t is performed the conditions should simulate, as far as practicable, the actual 
loading of the tank and of its supports. 

(b) For independent tanks type B, the test should be performed as required in sub­ 
paragraph (a) of this paragraph for independent tanks type A. In addition, the 
maximum primary membrane stress or maximum bending stress in primary 
members under test conditions should not exceed 90 per cent of the yield 
strength of the material (as fabricated) at the test temperature. To ensure that 
this condition is satisfied, when calculations indicate that this stress exceeds 
75 per cent of the yield strength the prototype test should be monitored by 
the use·of strain gauges or other suitable equipment. 

(c) Independent tanks type C should be tested as follows: 

(i) Each pressure vessel, when completely manufactured, should be subjected 
to a hydrostatic test at a pressure measured at the top of the tanks, of 
not less than 1.5 P0, but in no case during the pressure test .should the 
calculated primary membrane stress at any point exceed 90 per cent of 
the yield stress of the material. The definition of P0 is given in 4.2.5. 
To ensure that this condition is satisfied where calculations indicate that 
this stress will exceed 0.75 times the yield strength, the prototype test 
lhoutd be monitored by the use of strain gauges or other suitable equip­ 
ment in pressure vessels except simple cylindrical and spherical pressure 
vessels. 
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(11) The temperature ot the water used tor the test shouid be at least 30°C 
above I he- n ii duct Ii I ty t ransiuon ternper atu re of the material as fabricated. 

( 11 !) The pressure shou Id b(~ held for two hours per 25 mm of th ickness but in 
no case less than two hours. 

( 1v) Whern necessary for cargo pressure vessels, and with the specific approval 
of the Adrrumstratron, a hvdropneurnanc test may be carried out under 
the condrnons prescribed 1n sub-paragraphs (1), (1i) and (iii) of this sub­ 
paragraph. 

(v) Special considerauon may be given by the Adrnmistr.iuon to the testing of 
tanks in which higher allowable stresses are used, depending on service 
temperature. However, the requirements of (i) of this sub-paragraph should 
be fully complied with. 

(vi) After completion and assembly, each pressure vessel and .ts related fittings 
should be subjected to an adequate tightness test. 

(vii) Pneumatic testing of pressure vessels other than cargo tanks should be con­ 
sidered on an indrvrdual case basis by the Administration. Such testing 
should be permitted only for those vessels which are so designed and/or 
supported that they cannot be safely f ,I led with water, or for those 
vessels which cannot be dried and are to be used in a service where traces 
of the testing medium cannot be tolerated. 

4.10.9 All tanks should be subjected to a tightness test which may be performed in combina­ 
tion with the pressure test referred to in 4.10.8 or separately. 

4.10.10 Requirements with respect to inspection of secondary barriers should be decided by 
the Administration in each case. 

4.10.11 In ships fitted with independent tanks type B, at least one tank and its support 
should be instrumented to confirm stress levels unless the design and arrangement for the size 
of ship involved are supported by full scale experience. Similar instrumentation may be 
required by the Administration for independent tanks type C dependent on their configuration 
and on the arrangement of their supports and attachments. 

4.10.12 The overall performance of the cargo containment system should be verified for 
compliance with the design parameters during the initial cool down, loading and discharging 
of the cargo. Records of the performance of the components and equipment essential to 
verify the design parameters should be maintained and be available to the Administration. 

4.10.13 Heating arrangements, if fitted in accordance with 4.8.4, should be tested for required 
heat output and heat distribution. 

4.10.14 The hull should be inspected for cold spots following the first loaded voyage. 

4.10.15 For independent tanks type C, the required marking of the pressure vessel should 
be achieved by a method which does not cause unacceptable local stress raisers. 

4.11 Stress relieving for independent tanks type C 

(a) For independent tanks type C of carbon and carbon-manganese steel, post-weld 
heat treatment should be performed after welding if the design temperature is 
below -10° C. Post-weld heat treatment in all other cases and for materials other 
than those mentioned above should be to the satisfaction of the Administration. 
The soaking temperature and holding time should be to the satisfaction of the 
Administration. 
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(b) In the case of large cargo pressure vessels of carbon or carbon-manganese steel 
for which 1t 1s difficult to perform the heat treatment, mechanical stress 
relieving by pressurizing may be carried out as an alternative to the heat treatment 
with the approval of the Administration and subject to the following conditions: 

(i) Complicated welded pressure vessel parts such as sumps or domes with 
nozzles. with adracent shell plates should be heat treated before they are 
welded to larger parts of the pressure vessel. 

(ii) The plate thicknesses should not exceed those given by a standard accept­ 
able to the Administration. 

(iii) The performance of a detailed stress analysis to ascertain that the maximum 
primary membrane stress during the mechanical stress relieving, closely 
approaches, but does nut exceed, 90 per cent of the yield stress of the 
material. Strain measurements during the stress rel ref pressurization may be 
required by the Administration for verifying the calculations 

( iv) The procedure for mechan real stress rel 1ev1 ng shou Id be submitted before­ 
hand to the Administration for approval. 

4.12 Guidance formulae for acceleration components 

The following formulae are given as guidance for the components of acceleration due to 
ship's motions in the case of ships with a length greater than 50 m. These formulae correspond 
to a probabi I ity level of 10-s in the North Atlantic. 

(a) vertical acceleration as defined in 4.3.4(f) 

az = + a0 /1 + (5.3 - 4L5 )2 ( ~L + 0.05)2 ( o.5 )f 
o o Cs 

(b) transverse acceleration as defined ,n 4.3.4(f) 

j (X 2 Z 2 ay = ±a0 ·0.6 + 2.5 Io+ 0.05) + K(1 + 0.6 Ks) 

(c) longitudinal acceleration as defined in 4.3.4(f) 

ax = ± a0/0.06 + A2 - 0.25 A 

inwh1chA=(07-1;g0 +5u(g:) 
(d) In the formulae given in this paragraph: 

(i) L0 = Length of ship for determination of scantlings as defined in Recognized 
Standards (m) 

Cs= block coefficient 

B = greatest moulded breadth (m) 

x = longitudinal distance (m) from amidships to the centre of gravity of the 
tank with content. x is positive forward of amidships, negative aft of 
amidships 
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z vmt1c:dl d1stdr1cc (m} frorn 1i1e ship's ar.rual water-line to the centre of 
Wc:Jv1 ty of t.rnk with content L 1s posiuve above and negative below the 
water-I 1r1(; 

34 -- 600 
V Lo a0 = 0 2----,,-::· + ---- where V = service speed in knots 

v'Lu Lo 

K = 1n general For particular loading conditions and hull forms, determina- 
tion of K according to the formula below may be necessary. 

K = 13~~ , where K ~ 1.0 and GM = metacentric height (m) 

(ii) ax, ay, and a2 are the maximum dimensionless accelerations (i.e. relative to the 
acceleration of gravity) tn the respective directions and they are considered as 
acting separately for calculation purposes. az does not include the static weight, 
ay includes the component of the static weight in the transverse direction 
due to rolling, and ax includes the component of the static weight in the 
longitudinal direction due to pitching. 

4.13 Stress categories 

For the purpose of stress evaluation referred to in 4.5.1 (d), stress categories are defined 
in this section. 

4.13.1 Normal stress: the component of stress normal to the plane of reference. 

4.13.2 Membrane stress: the component of normal stress which is uniformly distributed and 
equal to the average value of the stress across the thickness of the section under consideration. 

4.13.3 Bending stress: the variable stress across the thickness of the section under considera­ 
tion, after the subtraction of the membrane stress. 

4.13.4 Shear stress: the component of the stress acting in the plane of reference. 

4.13.5 Primary stress: a stress produced by the imposed loading and which is necessary to 
balance the external forces and moments. The basic characteristic of a primary stress is that 
it is not self-limiting. Primary stresses which considerably exceed the yield strength will result 
in failure or at least in gross deformations. 

4.13.6 Primary general membrane stress: a primary membrane stress which is so distributed 
in the structure that no redistribution of load occurs as a result of yielding. 

4. 13. 7 Primary local membrane stress: cases arise where a membrane stress produced by 
pressure or other mechanical loading and associated with a primary and/or a discontinuity 
effect produces excessive distortion in the transfer of loads for other portions of the structure. 
Such a stress is classified as a primary local membrane stress although it has some characteris­ 
tics of a secondary stress. A stress region may be considered as local if: 

S1 ..; 0.5Jftt and 

S2 ;;;;. 2.5/'"Rt 

where: 

S1 = distance in the meridional direction over which the equivalent stress exceeds 1.1 f 
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S2 cJ rstance In the mer 1cj iona I d I rect ion to another rcqron vvll8r L [t 1e i, it ii ts i nr pr In ,ar \ 
general membrane suess ore exceeded 

R mean radius of the vessel 

wall thickness of the vessel at the location where the pr rrnarv general membrane stress 
lrrrut 1s exceeded 

f allowable primary qeneral membrane stress 

4.13.8 Secondary stress: a normal stress or shear stress developed by constraints of adjacent 
parts or by self-constraint of a structure. The basic character.sue of a secondary stress 1s that 
it 1s self-limiting. Local yielding and minor distoruons can satisfy the conditions which cause 
the stress to occur. 
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a{3 = resulting acceleration (static and dynamic) in arbitrary direction {3 

ay = transverse component of acceleration 

az = vertical component of acceleration 

Figure 4.1 - Acceleration Ellipse 
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Figure 4.2 - Determination of Internal Pressure Heads 
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,._ 15 days 

10 105 2. 105 

Response cycles 

a0 = most probable maximum stress over the life of the ship 

Response cycle scale is logarithmic; the value of 2.105 is given as an example 
of estimate. 

Figure 4.3 - Simplified Load Distribution 

RESOLUTION A.328(IX)  adopted on 12 November 1975 
CODE FOR THE CONSTRUCTION AND EQUIPMENT OF 

SHIPS CARRYING LIQUEFIED GASES IN BULK



- 45 - A IX/Res.328 

CHAPTER V -- PROCESS PRESSURE VESSELS AND LIQUID, 
VAPOUR, AND PRESSURE PIPING SYSTEMS 

5.1 General 

5.1.1 Adrnirnstrat.ous should trike appropriate steps to ensure .uuforrnuv in the implementa­ 
tion and appl .cation of the pr ov.sions of th is chapter." 

5.1.2 The requirements tor independent tanks type C 1n Chapter IV rnav also apply to 
process pressure vessels 1f required by the Administration. If so required the words "pressure 
vessels" as used 1n Chapter IV cover both independent tanks type C and process pressure 
vessels. 

5.2 C.argo and process piping 

5.2.1 (a) The requirements in this section apply 10 product and process piping including 
vapour p1p1ng and vent lines of safety valves or similar piping. Instrument 
piping not containing cargo 1s exempt from these requ rrements. 

(b) Provision should be made by the use of offsets, loops, bends, mechanical expan­ 
sion joints such as bellows, slip Joints and ball Joints or similar suitable means 
to protect the piping, piping system components and cargo tanks from excessive 
stresses due to thermal movement and from movements of the tank and the 
hull structure. Where mechanical expansion joints are used in piping they should 
be held to a rrururnurn and, where located outside of cargo tanks, should be of 
the bellows type. 

5.2.2 Low temperature piping should be thermally isolated from the adjacent hull structure, 
where necessary, to prevent the temperature of the hu 11 from falling below the design 
temperature of the hull material. Where liquid piping is dismantled regularly, or where liquid 
leakage may be anticipated, such as at shore connexions and at pump seals, protection for 
the hull beneath should be provided. 

5.2.3 Where tanks or piping are separated from the ship's structure by thermal isolation, 
provision should be made for electrically bonding both the piping and the tanks. All 
gasketed pipe joints and hose connexions should be electrically bonded. 

5.2.4 Suitable means should be provided to relieve the pressure and remove liquid contents 
from cargo loading and discharging crossover headers and/or cargo hoses to the cargo tanks 
or other suitable location, prior to disconnecting the cargo hoses. 

5.2.5 Relief valves discharging liquid cargo from the cargo piping system should discharge 
into the cargo tanks; alternatively they may discharge to the cargo vent mast if means are 
provided to detect and dispose of any liquid cargo which may flow into the vent system. 
Relief valves on cargo pumps should discharge to the pump suction. 

* Reference is made to the pub I ished Rules of members and associate members of the International 
Association of Classification Societies and in particular to IACS Unified Requirement No. 94. 
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5.2 6 Scantlings based on internal pressure 

(a) General 

Subject to the cond.uons stated ,n sub para~raph (d) of this paragraph, the wall 
thickness of pipes should not bt] less than. 

1 
= t0 + b + __ c_ 

a 
-106 

where· 

t = minimum thickness (mm) 

t0 = theoretical th .ckness ( mm) 
t0 = PD/(200 Ke + P) 
with 
P = design pressure (kp/crn2) referred to in sub-paragraph (b) of this para­ 

graph 
D = outside diameter ( mm) 
K = allowable stress (kp/mm2) referred to in sub-paragraph (c) of this para­ 

graph 
e = efficiency factor where e 1s 1.0 for seamless pipes and for longitudinally 

or spirally welded pipes, delivered by manufacturers approved for 
making welded pipes, which are considered equivalent to seamless pipes 
when non-destructive testing on welds is carried out in accordance with 
Recognized Standards. In other cases an efficiency factor value 
depending on the manufacturing process may be determined by the 
Administration. 

b allowance for bending (mm). The value of b shou Id be chosen so that the 
calculated stress in the bend, due to internal pressure only, does not exceed 
the allowable stress. Where such justification is not given, b should be: 

Dt0 b = 2.5r 
with 
r = mean radius of the bend ( mm) 

c = corrosion allowance (mm). If corrosion or erosion is expected, the wall 
thickness of the piping should be increased over that required by other design 
requirements. This allowance should be consistent wi.th the expected life of 
the piping. 

a = negative manufacturing tolerance for thickness (%). 

( b) Design pressure 
( i) The design pressure P in the formula for t0 in sub-paragraph (a) of this para­ 

graph is the maximum pressure to which the system may be subjected in 
service, taking into account the highest set pressure of any satetv valve on 
the system. 

(ii) Piping and piping system components which are not protected by a relief 
valve, or which may be isolated from their relief valve, should be designed 
for at least the greatest of: 
(1) the cargo vapour pressure at 45°C, or 
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(2) the MARVS of the caryo tank; or 

(3) the pressure setting of the associated pump or compressor discharge 
relief valve; or 

(4) the maximum total discharge head of the associated pump or compressor 
when a discharge relief valve is not installed. 

(c) Allowable stress 

For pipes, the permissible stress to be considered in the formula for t in sub­ 
paragraph (a) of this paragraph is the lower of the following values: 

os or oy 
A B 

where: 

08 = specified minimum tensile strength at room temperature (kp/mm2) 

ay = specified lower minimum yield stress or 0.2 per cent proof stress at room 
temperature (kp/mm1). 

The values of A and B should be shown on the Certificate of Fitness as provided 
for in 1.6 and have values of at least A = 2. 7 and B = 1.8. 

(d) Minimum wall thickness 

(i) The minimum thickness should be in accordance with Recognized Standards. 

(ii) Where necessary for mechanical strength to prevent damage, collapse, 
excessive sag or buck I ing of pipes due to superimposed loads from supports, 
ship deflection or other causes, the wall thickness should be increased over 
that required by sub-paragraph (a) of this paragraph, or, if this is impractic­ 
able or would cause excessive local stresses, these loads should be reduced, 
protected against or eliminated by other design methods. 

(e) Flanges, valves and other fittings 

( i) For selection of flanges, valves and other fittings, a standard acceptable to 
the Administration should be used taking into account the design pressure 
defined under sub-paragraph (b) of this paragraph with a minimum of 
10 kp/cm1. For open ended lines such a pressure should not be less than 
5 kp/cm2. For bellows expansion joints used in vapour service, a lower 
minimum design pressure may be accepted by the Administration. 

(ii) For flanges not complying with a standard, the dimensions of flanges and 
relative bolts should be to the satisfaction of the Adrninistration. 

5.2. 7 Stress analysis 

When the design temperature is -110° C or lower, a complete stress analysis, taking into 
account all the stresses due to weight of pipes, including acceleration loads if significant, 
internal pressure, thermal contraction and loads induced by hog and sag of the ship for each 
branch of the piping system should be submitted to the Administration. For temperatures of 
above -110°c, a stress analysis may be required by the Administration in relation to such 
matters as the design or stiffness of the piping system and the choice of materials. In any 
case, consideration should be given to thermal stresses, even though calculations are not 
submitted. The analysis may be carried out according to a code of practice acceptable to the 
Administration. 
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5. 2 8 Materials 

(a) The choice and test.nq of m.uer rals used 1r1 p1p1nq systems should comply with the 
requ irernents of Chapter VI Wk 1n~1 1n to ill~cuu r1 r the rrururnurn design temperature 
However, some rEdaxat,on may be perrrut teo 1n the quality of the matenai of open 
ended vent piping, prov rded the tempera tu re ot the cargo at the pressure rel ief 
valve setting 1s --55°( or greater and provided no lrqurd discharge to the vent 
p1p1ng can occur 

(b) Materials hav,ng a mt~l trng point below 925° C should not be used for piping out­ 
side the cargo tanks except for short lengths of pipes attached to the cargo tanks, 
1n which case fire resisting insulation should be provided 

5.2.9 Type tests on piping components 

Each type of piping component shou Id be subjected to type tests as fol lows: 

(a) Valves - Each size and type intended to be used at a working temperature below 
-55°C should be subjected to a tightness test to the minimum design temperature 
or lower, and to a pressure not lower than the design pressure of the valves. 
During the test the satisfactory operation of the valve should be ascertained. 

(b) Expansion - The following type tests should be performed on each type of 
expansion bellows intended for use on cargo piping outside the cargo tank and, 
where required, on those expansion bellows installed within the cargo tanks: 

( i) A type element of the bellows, not precornpressed. should be pressure tested 
at not less than five times the design pressure without bursting. The dura­ 
tion of the test should not be less than five minutes. 

( ii) A pressure test on a type expansion joint complete with all the accessories 
such as flanges, stays and articulations, at twice the design pressure at 
the extreme displacement conditions recommended by the manufacturer 
without permanent deformation. Depending on the materials used, the 
Administration may require the test to be at the minimum design 
temperature. 

(iii) A cyclic test (thermal movements) should be performed on a complete 
expansion joint, which is to successfully withstand at least as many cycles, 
under the conditions of pressure, temperature, axial movement, rotational 
movement and transverse movement, as it will encounter in actual service. 
Testing at room temperature is permitted, when this testing is at least as 
severe as testing at the service temperature. 

(iv) A cyclic fatigue test (ship deformation) should be performed on a complete 
expansion joint, without internal pressure, by simulating the bellows move­ 
ment corresponding to a compensated pipe length, for at least 
2,000,000 cycles at a frequency not higher than 5 cycles/second. This test 
is only required when, due to the piping arrangement, ship deformation 
loads are actually experienced. 

(v) The Administration may waive performance of the tests referred to in this 
paragraph provided that complete documentation is supplied to establish 
the suitability of the expansion joints to withstand the expected working 

.conditions. When the maximum internal pressure exceeds 1.0 kp/cm2 this 
documentation is to include sufficient test data to substantiate the design 
method used, with particular reference to correlation between calculation 
and test resu Its. 
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~). 2 1 0 Piping fabrication and Joining details 

(a) The requirements ot this paragraph apply to piping ms.de and outside the cargo 
tanks However, the Adrrurustrauon may accept relaxations from these require­ 
ments for p1pins1 inside cargo tanks and open ended piping. 

(b) The follow.n., direct connexion ot pipe lengths, without flanges, may be 
considered: 

( 1) Butt wetded Joints with complete penetration at the root may be used in 
all apphcanons. For design temperatures below -10cC, butt welds should 
be either double welded or equivalent to a double welded butt Joint. This 
may be accompl ,shed by use of a backing ring, consumable insert or inert 
gas back-up on the first pass. For design pressures in excess of 10 kp/cm2 

and desiqn temperatures of -1 ace or lower, backing rings should be 
removed. 

(,i) Slip-or: welded Joints with sleeves and related welding, having drmensrons 
satisfactory to the Administration should only be used for open ended 
lines with external diameter of 50 mrn or- less and design temperatures 
not lower than -55° C. 

(1it) Screwed couplings acceptable to the Adrrunistratron should only be used 
for accessory I ines and instrumentation I ines with external diameters of 
25 mm or less. 

(c) Flange connexions 

(i) Flanges should be of the welding neck, clip-on or socket welding type. 

(ii) Flanges should be selected as to type, and made and tested in accordance 
with a standard acceptable to the Administration. In particular, for all 
piping except open ended, the following restrictions apply: 

( 1) For design temperatures lower than -55cC, only welding neck flanges 
should be used. 

(2) For design temperatures lower than -1 ace, slip-on flanges should not 
be used in nominal sizes above 100 mm and socket welding flanges 
should not be used in nominal sizes above 50 mm. 

(d) Piping connexions, other than those mentioned in sub-paragraphs (b) and (c) of 
this paragraph, may be accepted by the Administration in each case. 

(e) Bellows and expansion joints 

( i) If necessary, bellows should be protected against icing. 

( ii) Slip joints should not be used except within the cargo tanks. 

( f) Welding, post-weld heat treatments and non-destructive testing 

(i) Welding should be carried out in accordance with 6.3. 

(ii) Post-weld heat treatments should be required for all butt ~Ids of pipes 
made with carbon, carbon-manganese and low alloy steels. The Administra­ 
tion may waive the requirement for thermal stress relieving of pipes having 
wall thickness less than 10 mm in relation to the design temperature and 
pressure of the concerned piping system. 
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(111) In add1t1rn1 10 nor rnal controls bdort• ond dur1n~~ the welding and to the 
visual 1i1spcd1un of the t.rushed wcids. cJS necessary for proving that the 
wcld1riu n.is been carr 11xi uu t corru..tlv amJ according to the requirements 
of this pi.11c1~Jraph, the loiluw1n~J tests should be required 

(1) 100 per cent radroqraptuc tesunq of butt welded Joints for p1p1n9 
svsterns with service ternepr atures lower than --10°C and with 
msrde diameters of more than 75 mm and/or wall thicknesses qreater 
than 10 mrn. 

(2) For other butt welded Joints. of pipes. spot radiographic tests or other 
non-destructive tests should be carried out at the drscretion of the 
Adrrurustrauon depending upon service, position and materials. In 
general at least 10 per cent of but1 welded Joints of pipes should be 
radiographed. 

5. 2. 11 Tests 

(a) The requirements of this paragraph apply to piping inside and outside the cargo 
tanks. However, the Administration may accept relaxations from these require­ 
ments for piping inside cargo tanks and ope, i ended piping. 

{b) Presssure tests (strength and leak tests) 

(i) After assembly, all cargo and process piping should be subjected to a 
hydrostatic test to at least 1 5 times the design pressure. However, when 
piping systems or parts of systems are completely manufactured and 
equipped with al I fittings, the hydrostatic test may be conducted prior 
to installation aboard ship. Joints welded on board should be hydro­ 
statically tested to at least 1.5 times the design pressure. Where water 
cannot be tolerated and the piping cannot be dried prior to putting the 
system into service, proposals for alternative testing fluids or testing means 
should be submitted to the Administration for approval. 

(ii) After assembly on board, each cargo and process piping system should be 
subjected to a leak test using air, halides, or other suitable medium to a 
pressure depending on the leak detection method applied. 

( c) Functional tests 

All piping systems including valves, fittings and associated equipment for 
handling cargo or vapours should be tested under normal operating conditions 
not later than at the first loading operation. 

5.3 Cargo system valving requirements 

5.3.1 Every cargo piping system and cargo tank should be provided with the following valves, 
as applicable: 

(a) For cargo tanks with a MARVS not exceeding 0.7 kp/cm2, all liquid and vapour 
connexions, except safety relief valves and liquid level gauging devices, should 
have shut-off valves located as close to the tank as practicable. These valves may 
be remotely controlled but should be capable of local manual operation and 
provide full closure. One or more remotely controlled quick-closing shut-off 
valves should be provided on the ship for shutting down liquid and vapour cargo 
transfer between ship and shore. Such valves may be arranged to suit the ship's 
design and may be the same valve as required in 5.3.3 and should comply with 
the requirements of 5.3.4. 
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(b) For cargo tanks vv, th a MAR VS 1:xc:cedinu O 7 kp/cm-. all liquid and vapour 
connexions, except sc1fdy relref valves and 1,qu,d level Dduging devices, should be 
equ ipped wrth a manually operated stop valve and a remotely control led qu ick­ 
closing shut-oft valve These valves should b.: located as close to the tank as 
practicable Wherli the pipe size does not exceed 50 mm in diameter, excess flow 
valves may be used m I ieu of the qu rckclos.nq valve. A single valve may be 
substituted for the two separate valves provided the valve cornpl ies w1 th the 
requirements of 5 3.4, 1s capable of local manual upt:ration i:ind provides full 
closure of the I rne 

(c) Cargo pumps and cornµressors should be arranged to shut-down automatically if 
the quick-closing shut-off valves required by sub-paragraphs (a) and (b) of this 
paragraph are closed by the emergency shut-down system required by 5.3.4. 

5.3.2 Cargo tank connexions for gauging or measuring devices need not be equipped with 
excess flow or quick-ctos.n., shut-off valves provided that the devices are constructed so that 
the outward flow of tank contents cannot exceed that passed by a 1.4 mm diameter circular 
hole. 

5.3.3 One remote operated, qu ick-closmq shut-off valve should be provided at each cargo hose 
connexion in use. Connexions not used 1n transfer operations may be blinded with blank 
flanges in lieu of valves. 

5.3.4 The control system for all required qurck-closmg shut-off valves should be so arranged 
that all such valves may be operated by single controls situated in at least two remote loca­ 
tions on the ship. One of these locations should be the cargo loading station or cargo control 
room. The control system should also be provided with fusible elements designed to melt at 
temperatures between 98°C and 104°C which will cause the quick-closi'ng shut-off valves to 
close in the event of fire. Locations for such fusible elements should include the tank domes 
and loading stations. Quick-closing shut-off valves should be of the fail-closed (closed on loss 
of power) type and be capable of local manual closing operation. Quick-closing shut-off valves 
1n I iquid piping should operate from fully open to fully closed under all service conditions in 
the minimum time consistent with the avoidance of excessive pressure surges in the attached 
piping, both on the ship and in the shore loading system. Closing time for such quick-closing 
valves in liquid piping systems should be acceptable to the Administration. 

5.3.5 Excess flow valves should close automatically at the rated closing flow of vapour or 
liquid as specified by the manufacturer. The piping including fittings, valves, and appurtenances 
protected by an excess flow valve, shou Id have a greater capacity than the rated closing flow 
of the excess flow valve. Excess flow valves may be designed with a bypass not exceeding an 
area of 1.0 mm diameter circular opening to allow equalization of pressure, after an operating 
shut-down. 

5.4 Ship's cargo hoses 

5.4. 1 Liquid and vapour hoses used for cargo transfer shou Id be compatible with the cargo 
and suitable for the cargo temperature. 

5.4.2 Hoses subject to tank pressure, or the discharge pressure of pumps or vapour com­ 
pressors, should be designed for a bursting pressure not less than five times the maximum 
pressure the hose will be subjected to during cargo transfer. 

5.4.3 Each new type of cargo hose, complete with end fittings, should be prototype tested to 
a pressure not less than five times its specified maximum working pressure. The hose tempera­ 
ture during this prototype test should be the intended extreme service temperature. Hoses 
used for prototype testing should not be used for cargo service. Thereafter, before being placed 
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in service, each new length of cargo hose produced should be hvdrostatrcaltv tested at ambient 
temperature to a pressure not less than 1.5 times its specified maximum working pressure nor 
more than two-fifths its bursting pressure. The hose should be stencilled or otherwise marked 
with its specified maximum working pressure, and if used in other than ambient temperature 
services, its maximum and/or minimum service temperature. The specified maximum working 
pressure shou Id not be less than 10. 5 kp/cm2• 

5.5 Cargo transfer methods 

5.5.1 Where cargo transfer 1s by means of cargo pumps not accessible for repair with the 
tanks in service, at least two separate means should be provided to transfer cargo from each 
cargo tank and the design should be such that failure of one cargo pump, or means of transfer, 
will not prevent the cargo transfer by another pump or pumps, or other cargo transfer means. 

5.5.2 The procedure for transfer of cargo by gas pressurization should preclude lifting of the 
relief valves during such transfer. Gas pressurization may be accepted as a means of transfer of 
cargo for those tanks so designed that the design factor of safety is not reduced under the 
conditions prevailing during the cargo transfer operation. 
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CHAPTER VI - MATERIALS OF CONSTRUCTION 

6.1 General 

6.1 1 Adrrunistrations should take appropriate steps to ensure urutorrnrtv ,n the rrnplernenta­ 
t 10n and application of the provrsrons of th 1s chapter." 

6 1.2 This chapter gives the requirements for plates, sections, pipes, forgings, castings and 
weldments used 1n the construction of cargo tanks, cargo process pressure vessels, cargo and 
process piping, secondary barriers and contiguous hull structures associated with the trans­ 
portation of the products. The requirements for rolled materials, torqinqs and castings are given 
in 6.2 and Tables 6.1 to 6.5. The requirements for weldments are given in 6.3. 

6.1 3 The manufacture, testing, inspection and documentation should be in accordance with 
Recognized Standards and the specific requirements given in this document. 

6 1.4 (a) Acceptance tests should include Charpy V-notch toughness tests. The specified 
Charpy V-notch requirements are minimum average energy values for three full 
size (10 mm x 10 mm) specimens and minimum single energy values for individual 
specimens. Dimensions and tolerances of Charpy V-notch specimens should be in 
accordance with Recognized Standards. The testing and requirements for smaller 
than 5.0 mm size specimens should be in accordance with Recognized Standards. 
Minimum average values for subsized specimens and the minimum value for a 
single specimen should be: 

Charpy V-notch M, n i mum energy average Minimum energy 
spec, men size of 3 spec, mens single specimen 

10 x 10 mm E 2/3 E 
10x7.5mm 5/6 E 5/9 E 
10 x 5.0 mm 2/3E 4/9 E 

where E = the values of energy (kpm) specified in Tables 6.1 to 6.4. 

(b) In all cases, the largest size Charpy specimens possible for the material thickness 
should be machined with the specimens located as near as practicable to a point 
midway between the surface and the centre of the thickness and the length of 
the notch perpendicular to the surface. If the average value· bf the three initial 
Charpy V-notch specimens fails to meet the stated requirements, or the value for 
more than one specimen is below the required average value, or when the value 
for one specimen is below the minimum value permitted for a single specimen, 
three additional specimens from the same material may be tested and the results 
combined with those previously obtained to form a new average. This new average 
of six specimens should not be less than the specified minimum average. At the 
discretion of the Administration other types of toughness tests, such as a drop 
weight test, may be used. These may be either in addition to or in lieu of the 
Charpy V-notch test. 

* Reference is made to the published Rules of members and associate members of the International 
Association of Classification Societies and in particular to IACS Unified Requirement No. 95. 
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6 1 5 Tensile srrenqth. y1tJld stress and elonqauon should be ro the' sat1siac11on of tht; 
Adm rrustra non For carbonmanqanese steel and o ther ma ter ,als w 11 h ddin it 1vt~ yield porn ts, 
consideranon should be given to the umuanon ot the yield tu tensile ratio. 

6. 1 .6 The bend test may be om I tted as a mater ,al acceptance test, but 1s required for weld 
tests. 

6 1 7 Materials with alternative chemical composinon or mechanical properties may be 
accepted by the Adrrurustratron. 

6.1.8 Where post-weld heat treatment is specified or required, the properties of the base 
material should be determined in the heat treated condition 1n accordance with the applicable 
table of this chapter and the weld properties should be determined 1n the heat treated condi­ 
tion 1n accordance with 6.3. In cases where a post-weld heat treatment 1s applied, the test 
requirements may be modified at the drscretron of the Administration. 

6.1.9 Where reference 1s made in this chapter to B, D and E hull structural steels, these steel 
grades are hull structural steels according to Recognized Standards. 

6.2 Material requirements 

The requirements for materials of construction in the tables are as follows: 

Table 6.1: 

Table 6.2: 

Table 6.3: 

Table 6.4: 

Table 6.5: 

Plates, pipes (seamless and welded), sections and forgings for cargo tanks and 
process pressure vessels for design tempera tu res not lower than 0° C. 

Plates, sections and forgings for cargo tanks, secondary barriers and process 
pressure vessels for design temperatures below 0°C and down to -·55°C. 

Plates, sections and forgings for cargo tanks, secondary barriers and process 
pressure vessels for design temperatures below -55°C and down to --165°C 
(alloy steels and aluminium alloys). 

Pipes (seamless and welded), forgings and castings for cargo and process piping 
for design temperatures below 0° C and down to -165° C. 

Plates and sections for hull structures required by 4.9.1 and 4.9.4. 

RESOLUTION A.328(IX)  adopted on 12 November 1975 
CODE FOR THE CONSTRUCTION AND EQUIPMENT OF 

SHIPS CARRYING LIQUEFIED GASES IN BULK



- 55 - A IX/Res. 328 

TABLE 6.1 

I
r-PLATES, Pl PES (SE~-~~-~;~-~~~-~E ~~ED):u-S~~~ ~;-~S-~-~D FORGINGS i~-R--1 

CARGO TANKS AND PROCESS PRESSURE VESSELS FOR i 
~ DESIGN TEMPERATURES NOT LOW!_R ~HAN O"C 

1 

I CHEMICAL COMPOSITION AND HEAT TREATMENT 

CARBON-MANGANESE STEEL 1.1 Fu Ii y k 1 11 ed 
Fine grain steel where thickness exceeds 20 mm 

Small additions of alloying elements by agreement with the Adrrumstrauon 
Composition limits to be approved by the Adrnuustrauon 
Normal ized. .JI or quenched and tempered 

TENSILE ANO TOUGHNESS ( IMPACT) TEST REOUI REMENTS 

PLATES 

SECTIONS ANO FORGINGS 

TENSILE PROPERTIES 

CHARPY V-NOTCH TEST 

PLATE 

SECTIONS AND FORGINGS 

TEST TEMPERATURE 

Each "piece" to be tested 

Batch test 

Specified minimum yield stress not to exceed 
65 kp/mm2 ~ 

Transverse test pieces. Minimum average energy 
value ( E) 2.8 kprn 

Longitudinal test pieces. Minimum average energy 
value (E) 4.2 kpm 

Thickness t (mm) 

t ~ 20 
20 < t ~ 30 
30 < t ~40 

Test temperature (° C) 
0 

-20 
-40 

NOTES 

!/ For seamless pipes and fittings normal practice applies. The use of longitudinal and spirally welded 
pipe should be specially approved by the Administration. 

11 Grade D up to 20 mm and E hull structural steel may be used subject to special agreement with the 
Administration except for independent tanks types B and C and process pressure vessels. In such cases 
impact tests should be conducted on each piece. 

l/ An approved control rolling procedure may be substituted for normalizing by special agreement with 
the Administration. 

~ Where the specified minimum yield point exceeds 50 kp/mm2 particular attention should be given to 
the hardness of the weld and heat affected zone. 
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TABLE62 

···- - ··- -·-- ·---···-· -·· -·- ·- ·-·-·-· ···-; 

PLATES, SLCTIONS AND FORGINCS-u FOH CARCO fANKS. 
SlCONDARY 8ARRIERS AND PROCESS PRFSSUR[ VESSELS 

F-OR DESIGN TEMPERATURES BE LOW 0°C AND DOWN TO --55°C 

\,-1.:ix .mum thickness 20 rnrn ;i 
.... ·---·------------ ··-·-------·--··--·---------····-------·· ..•. ···-···-·-·- ····-·-·---·-··--····--·······-····-------- 

C.H[MICAL COMPOSITION AND HEAT TREATMENT 

CARBON-MANGANESE STEEL lJ Fully killed 

r 
\...., 

0 16% max 11 

Chemical composition (ladle analysis) 
Mn S1 S 

0.70-1.60% 0 10-0.50% 0.03~)% max 
Optional addrnons Alloys and qrarn refining elements rnav be ger·,erally 1n accordance with 

the followmg. 
N, 

0 80<;>1o max 
c, 

0 25% max 
Mo 

0 08% max 

Normal ized or quenched and tempered .ii 

i..----··- 

Alurruruurn treated f ;r1e grain steei 

Cu 
0.35% max 

r-~b 
0 05% max. 

i TENSILE AND TOUGHNESS ( IMPACT) TEST REOUI REMENTS 

PLATES 

SECTIONS 

CHARPY V-NOTCH TEST 

PLATES 

SECTIONS AND FORGINGSll 

p 
0.035% max. 

V 
0.10% max. 

Each "piece" to be tested 

Batch test 

Test temperatures 5°C below the design temperature 
or -20°C whichever 1s lower 

Transverse test pieces. Minimum average energy 
value (E) 2.8 kpm 

Longitudinal test pieces. Minimum average energy 
value (E) 4.2 kprn 

NOTES 

JJ The Charpy V-notch and chemistry requirements for forgings may be specially considered by the 
Administration 

Y For materials more than 20 mm thick, the Charpy V-notch values should be specially agreed with the 
Administration, but in no case should they be less than those given in this table. 

li Grade D and E hull structural steel may be used subject to special agreement with the Administration, 
except for independent tanks types B and C and process pressure vessels, provided a .minimum 
temperature limitation of -10°C for Grade D and -'.25°C tor Grade E is applied. In such cases an 
,rnpact test should be conducted on each piece and should meet the requirements for the grade of 
steel referred to in 6.1.9. 

~ By special agreement with the Administration, the carbon content may be increased to 0.18% maxi­ 
mum provided the design temperature is not lower than -40°C. 

.SJ A lower minimum design temperature may be specially ayreed with the Administration for quenched 
a~ti tempered steel, provided that the maximum carbon content does not exceed 0.14%. 
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TABLE 6.3 

---· ·- 

PLATES, SECTIONS AND FORGINGS_!/ FOR CARGO TANKS, 
SECONDARY BARRIERS AND PROCESS PRESSURE VESSELS 

FOR DESIGN TEMPERATURES BELOW -55°C AND DOWN TO -165°C_11 

I Maximum thickness 20 mm-11 I 

L 
! Minimum design I Impact test I Chemical composit.on-v and heat treatment temperature (° C) temperature (° C) 

-60 1-1 /2% Nickel steel - normalized -65 

-65 2-1 /4% Nickel steel - normalized or -70 
normalized and ternpered t/ 

~ 
-90 3-1 /2% N ickef steel - normalized or -95 

normalized and tempered JI 
-105 5% Nickel steel - normalized or -110 

normalized and tempered JI ~J 

-165 9% Nickel steel - double normalized and -196 
tempered or quenched and tempered 

-165 Austenitic steels, such as types 304, 304L, -196 
316, 316L, 321, 327 and 347 
Solution treated-" 

-165 Aluminium alloys; such as type 5083 annealed Not required 
-165 Alloy steel - 36% nickel Not required 

TENSILE AND TOUGHNESS (IMPACT) TEST REQUIREMENTS 

PLATES Each "piece" to be tested 

SECTIONS AND FORGINGS Batch test 

CHARPY V-NOTCH TEST 

PLATES Transverse test pieces. Minimum average energy 
value (E) 2.8 kpm 

SECTIONS AND FORGINGS Longitudinal test pieces. Minimum average energy 
value (E) 4.2 kpm 

- 
NOTES 
.Ji The impact test required for forgings used in critical applications should be subject to special considera­ 

tion by the Administration. 
11 The requirements for design temperatures below -165°C should be specially agreed with the Administra­ 
tion. 

11 For materials more than 20 mm thick the Charpy V-notch values should be specially agreed with the 
Administration but in no case should they be less than those given in this table. 

!/ The chemical composition limits should be approved by the Administration. 
11 A lower minimum design temperature for quenched and tempered steels may be specially agreed with 
the Administration. 

J/ A specially heat treated. such as triple heat treated 5% Nick.el steel may be Ul8d down to -165°C upon 
special agreement with the Administration, provided that the impact t•ts are c•rrted out at -196°C. 

1J The impact test may be omitted subject to agreement with the Administration. 
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TABLE 6.4 

r 
i 
i 

I 
I 

~ 

Maximum thickness 20 m~ 

Minimum 
design Cherrucal Composition" and 

tempera tu re Heat Treatment 

PIPES (SEAMLESS AND WELDED),JJ FORGINGS-.Y AND CASTINGS_y FOR 
CARGO AND PROCESS PIPING FOR DESIGN TEMPERATURES 

BELOW 0°C AND DOWN TO --165°C--¥ 

I (°Cl~ 
(OC) energy (E) (kpm) 

~. Cirbon-ma-nganese steel Fully- killed I - 
~ 2.8 

l 1 tine grain. Normalized or as agreed3 

I --70 '2-1 /4% Nickel steel Normalized or 
---·· 
-75 3.5 

I normalized and tempered-2' 

-105 3- 1 /2% N rckel steel. Normal .zed or --110 3.5 
normalized and ternper ed-" 

-165 9% Nickel steel ~ Double -196 3.5 
normalized and tempered or 
quenched and tempered 

Austenitic steels, such as types 304, -196 4.2 
304L, 316, 316L, 327 and 347. 
Solution treated~ 

Aluminium alloys, such as Not required 
type 5083 annealed 

TENSILE AND TOUGHNESS ( IMPACT) TEST REOUI REMENTS 
Each batch to be tested 
IMPACT TEST - Longitudinal test pieces 

·c Impact Test 

I Test temperature I Minimum average ; 

NOTES 
Ji The use of longitudinal and spirally welded pipe should be specially approved by the Administration . 
.JI The requirements for forgings and castings may be subject to special considerstion by the Administration. 
--¥ The requirements for design temperatures below -165° C shou Id be specially agreed with the 

Administration. 
~ For materials with a wall thickness exceeding 20 mm, the Charpy V-notch values should be approved by 

the Administration, but in no case should they be less than those given in this table. 
21 The composition limits should be approved by the Administration. 
J!I The test temperature should be 5°C below the minimum design temperature. 
]J A lower design temperature may be specially agreed with the Administration for quenched and 

tempered materials. 
~ This chemical composition is not suitable for castings . 
.!!I Impact tests may be omitted subject to agreement with the Administration. 
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TABLE 6.5 

PLATES AND SECTIONS FOR HULL STRUCTURES 
REOUI RED BY 4.9 1 AND 4.9.4 

Minimum design 
temperature of Thickness t ( mm) Steel G rades=' 
hu 11 structures 

(OC) 

0 and above - Normal. practice 

-10 t ~ 12.5 I B 
125<t~25.5 I D I 

t > 25.5 I E 

-25 t ~ 12 5 D 
t > 12.5 E 

Below -25 - In accordance 
with Table 6.2J/ 

NOTES 

JI The thickness limitation of Table 6.2 does not apµly to plates and sections for hull structures. 

JI Steel grades in accordance with 6.1.9. 
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6.3 Welding and non-destructive testing 

6 3.1 General -- The r equ.rernents o! this section cm~ those: qnH:rally employed tor carbon, 
carbon-manganese, nickel allov and stainless steels, and mav l or m the basis for acceptance 
testing of other material At the drscret.on of the Adrrurustrauon. impact testing of stainless 
steel and aluminium alloy weldments may be omitted and other tests may be specially 
required tor any material 

6 3.2 Welding consumables intended tor welding of cargo tanks should be in accordance with 
Recognized Standards unless otherwise agreed w1 th the Administration. Deposited weld metal 
tests and butt weld tests should be required for all welding consumables, unless otherwise 
specially agreed with the Adrnmrstr auon The results obtained from tensile and Charpy 
V-notch impact tests should be in accordance wrth Recognized Standards. The chemical compo­ 
sition of the deposited weld metal should be recorded for information and approval. 

6.3.3 Welding procedure tests for cargo tanks and process pressure vessels 

(a) Procedure tests are requ ired for al I butt welds and the test assemblies shou Id be 
representative of. 

Each base material 

Each type of consumable and welding process 
Each welding position. 

For butt welds in plates, the test assemblies should be so prepared that the rolling 
direction is parallel to the direction of welding The range of thickness qualified 
by each welding procedure test should be ,n accordance with Recognized 
Standards. Radiographic or ultrasonic testing may be performed at the option of 
the fabricator or the Administration. Procedure tests for consumables intended for 
fillet welding should be in accordance with Recognized Standards. In such cases 
consumables should be selected which exhibit satisfactory impact properties. 

(b) The following tests should be required from each test assembly: 

(i) Cross-weld tests. 

(ii) Transverse bend tests: These bend tests may be face, root or side bends 
at the discretion of the Administration. However, longitudinal bend tests 
may be required in lieu of transverse bend tests in cases where the base 
material and weld metal have different strength levels. 

(iii) One set of three Charpy V-notch impacts should be made generally at each 
of the fol lowing locations, as shown in Figure 6.1: 

Centre line of the welds 
Fusion line (F.L.) 

1 mm from the F.L. 
3 mm from the F. L. 
5 mm from the F.L. 

( iv) Macrosection, microsection and hardness survey may also be required by 
the Administration. 

6.3.4 Test requirements 

(a) Tensile tests· Generally, tensile strength should not be less than the specified 
minimum tensile strength for the appropriate parent materials. The Administra­ 
tion may also require that the transverse weld tensile strength should not be less 
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than the specif red minimum tensile strength for the weld metal, where the weld 
metal has a lower tensile strength than that of the parent metal. In every case, 
the posinon of fracture 1s to be reported for information. 

(b) Bend tests No fracture 1s acceptable after a 180° bend over a former of a 
diameter four times the thickness of the test pieces, unless otherwise specially 
required by or agreed with the Administration. 

(c) Charpy V-notch impact tests: Charpy tests shou Id be conducted at the tempera­ 
ture prescribed for the base material being Joined. The results of weld metal 
impact tests, minimum average energy (E), should be no less than 2.8 kprn. The 
weld metal requirements for subsize specimens and single energy values should 
be in accordance with 6.1.4. The results of fusion I me and heat affected zone 
impact tests should show a minimum average energy ( E) in accordance with 
the transverse or tonqrtudrnal requirements of the base material, whichever is 
applicable, and for subsize specimens, the minimum average energy (E) should 
be in accordance with 6.1.4. If the material thickness does not permit machining 
either full S1Ze or standard subsize specimens, the testing procedure and 
acceptance standards should be in- accordance with Recognized Standards. 

6.3.5 Welding procedure tests for piping should be carried out and should be similar to 
those detailed for cargo tanks 1n 6.3.3. Unless otherwise specially agreed with the Administra­ 
tion, the test requirements should be in accordance with 6.3.4. 

6.3.6 Production weld tests 

(a) For all cargo tanks and process pressure vessels except integral and membrane 
tanks, production tests shou Id generally be performed for approximately each 
50 m of butt weld Joints and should be representative of each welding position. 
For secondary barriers, the same type production tests as required for primary 
tanks should be performed except that the number of tests may be reduced 
subject to agreement with the Administration. Tests, other than those specified 
in .sub-paragraphs (b), (c) and (d) of this paragraph, may be required for cargo 
tanks or secondary barriers at the discretion of the Administration. 

(b) The production tests for independent tanks types A and 8 and semi-membrane 
tanks should include the following tests: 

(i) Bend tests, and where required for procedure tests one set of three 
Charpy V-notch tests should be made for each 50 m of weld. The Charpy 
V-notch tests should be made with specimens having the notch alternately 
located in the centre of the weld and in the heat affected zone ( most 
critical location based on procedure qua I if ication resy,lts). For austenitic 
stainless steel, all notches should be in the centre of the weld. 

(ii) The test requirements are the same as the applicable test requirements 
listed in 6.3.4 except that impact tests that do not meet the prescribed 
energy requirements may still be accepted, upon special consideration by 
the Administration, by passing a drop weight test. In such cases, two drop 
weight specimens should be tested for each set of Charpy specimens that 
failed and both must show "no break" performance at the temperature 
at which the Charpy tests were conducted. 

(c) In addition to those tests listed in sub-paragraph (a) of this paragraph for 
independent tank type C and process pressure vessels, transverse weld tensile 
tests are required. The test requirements are listed in 6.3.4 except that impact 
tests that do not meet the prescribed energy requirements may still be accepted 
upon special consideration by the Administration, by passing a drop weight test. 
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In such cases. two drop weight specimens should be tested for each set of Charpy 
specimens that tJ1lc!d, and both rnust show "no break" performance at the 
temperature at which the Charpy tests were conducted 

(d) Production tests for integral and membrane tanks should be in accordance with 
Recognized Standards, 

6.3. 7 Non-destructive testing 

(a) (i) For independent tanks Lype A and semi-membrane tanks where the design 
temperature is -20° C or less, and for independent tanks type B regardless 
of temperature, all full penetration welds of the shell plating of cargo tanks 
should be 100 per cent inspected by radicqraph ic testing. 

(ii) Where the design temperature is higher than -20°C, all full penetration 
welds in way of intersections and at least 10 per cent of the remaining full 
penetration welds of tank structures should be inspected by radiographic 
testing. 

(iii) In each case the remaining tank structure including the welding of stiffeners 
and other fittings and attachments should be examined by magnetic particle 
or dye penetrant methods as considered necessary by the Administration. 
All testing procedures and acceptance standards should be in accordance 
with Recognized Standards. The Administration may accept an approved 
ultrasonic testing procedure in lieu of radiographic testing, but may in 
addition require supplementary testing by radiography at selected locations. 
Further, the Administration may require ultrasonic testing in addition to 
normal radiographic testing. 

(b) Inspection of independent tanks type C and process pressure vessels should be 
carried out in accorance with Chapter IV. 

(c) For integral and membrane tanks, special weld inspection procedures and accept­ 
ance criteria should be in accordance with Recognized Standards. 

(d) Inspection of piping should be carried out in accordance with the requirements 
of Chapter V. 

(e) The secondary barrier should be radiographed as considered necessary by the 
Administration. Where the outer shell of the hull is part of the secondary barrier, 
all sheer strake butts and the intersections of all butts and seams in the side shell 
should be tested by radiography. 
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Specimen 'l 
-----~ I 

i, : 
-+.-- - --- ' 

II I \ 

I 

I 
T = Material thickness 12.5 mm or less 

( 1) ([ of weld (3) : HAZ, 1 mm from fusion line 
(2) Fusion line i4) : HAZ, 3 mm from fusion line 

(5) : HAZ, 5 mm from fusion line 

2nd side 

Specimen (t_ 

T = Material thickness greater than 12.5 mm 
(1) : (t of weld 
(2) : Fusion line 
(3): HA4, 1 mm from fusion line 
(4): HAZ, 3 mm from fusion line 
(5): HAZ, 5 mm from fusion line 

Figure 6.1 - Orientation and location of Charpy V-notch specimen 
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CHAPTER VII - CARGO PRESSURE/TEMPERATURE CONTROL 

7 .1 General 

7 1.1 Unless the entire carqo system 1s designed to withstand the full gauge vapour pressure 
of the cargo under condrtrons of the upper ambient design temperatures, maintenance of the 
cargo tank pressure below the MARVS should be provided by one or more of the following 
means, except as otherwise provided in this section. 

(a) A system which regulates the pressure in the cargo tanks by the use of mechanical 
refrigeration. 

(b) A system whereby the boll-off vapours are utilized as fuel for shipboard use 
and/or waste heat system subject to the provrsions of Chapter XV I. This system 
may be used at all times, including while ,n port and while manoeuvring, provided 
that a means of disposmq of excess energy is provided, such as a steam dump 
system, that 1s satisfactory to the Administration 

(c) A system allowing the product to warm up and increase in pressure. The insula­ 
tion and/or cargo tank design pressure should be adequate to provide for a 
suitable margin for the operating time and temperatures involved. The system 
should be acceptable to the Administration in each case. 

(d) Other systems acceptable to the Administration. 

(e) In addition to the above means, the Administration may permit certain cargoes to 
be controlled by venting cargo vapours to the atmosphere at sea. This may also 
be permitted in port with the permission of the receiving Administration. 

7.1.2 The systems required by 7.1.1 should be constructed, fitted and tested to the satisfac­ 
tion of the Administration. Materials used in their construction should be suitable for use with 
the cargoes to be carried. For normal service, the upper ambient design temperatures should 
be: 

Sea 32°C 
Air 45°C. 

For service in especially hot or cold zones these temperatures should be increased or reduced 
as appropriate by the Administration. 

7.1.3 For certain highly dangerous cargoes specified in Chapter XVI I, the cargo containment 
system should be capable of withstanding the full vapour pressure of the cargo under condi­ 
tions of the upper ambient design temperatures irrespective of any system provided for dealing 
with boil-off gas. 

7 .2 Refrigeration systems 

7 .2.1 A refrigeration system shou Id consist of one or more units capable of maintaining the 
required cargo pressure/temperature under conditions of the upper ambient desiqn tempera­ 
t.rres. Unless an alternative means of controlling the cargo pressure/temperature is provided to 
the satisfaction of the Administration, a stand-by unit (or units) affording spare capacity at 
least equal to the largest required single unit should be provided. A "stand-by unit" should 
consist of a compressor with its driving motor, control system and any necessary fittings to 
permit operation independently of the normal service units. A stand-by heat exchanger 
should be provided unless the normal heat exchanger for the unit has an excess capacity of at 
least 25 per cent of the largest required capacity. Separate piping systems are not required. 
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7.2.2 (a) Where two or more refrigerated cargoes wt1iUi mav ,ec.1c1 chemically in a 
dangerous manner are carried s1 multaneously, special consideration should be 
given to the retrrqerat 10n systems to avoid the possibtl i tv of mixing cargoes. For 
the carriage of such cargoes, separate retnqeration systems, each complete with a 
stand-by unit as specified in 7 2.1, should be provided for each cargo. However, 
where cooling 1s provided by an indirect or combined system and leakage in the 
heat exchangers cannot cause mixing of the cargoes under any envisaged condi­ 
tion, separate refrigeration units need not be fitted. 

(b) Where two or more refrigerated cargoes are not mutually soluble under the condr­ 
nons of carriage, so that their vapour pressures would he additive on mixing, 
special consrderanon should be given to the refr rqerauon systems to avoid the 
possibil rtv of mixing cargoes. 

7.2.3 Where cooling water 1s required in refnqeranon systems, an adequate supply should be 
provided by a pump or pumps used exclusively tor this purpose. This purnp(s) should have at 
least two sea suction lines, where practicable leading from sea-chests one port and one star­ 
board. A spare pump of adequate capacity should be provided, which may be a pump used 
for other services so long as its use for cooling would not interfere with any other essential 
service. 

7 2.4 The refrigeration system may be arranged in one of the following ways: 

(a) a direct system where evaporated cargo 1s compressed, condensed and returned 
to cargo tanks. For certain cargoes specrtred in Chapter XVI I this system should 
not be used, 

(b) an indirect system where cargo or evaporated cargo is cooled or condensed by 
refrigerant without being compressed; 

(c) a combined system where evaporated cargo is compressed and condensed in a 
cargo/refrigerant heat exchanger and returned to the cargo tanks. For certain 
cargoes specified in Chapter XVI I this system should not be used. 

7.2.5 All primary and secondary refrigerants must be compatible with each other and with 
the cargo with which they may come into contact. The heat exchange may take place either 
remotely from the cargo tank or by cooling coils fitted inside or outside the cargo tank. 
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CHAPTER VIII - CARGO VENT SYSTEMS 

8.1 General 

All cargo tanks should be provided with a pressure relief system appropriate to the design 
of the cargo containment system and the cargo being carried. Hold spaces, interbarrier spaces 
and cargo piping which may be subject to pressures beyond their design capabilities should 
also be provided with a suitable safety relief system. The pressure safety relief system should 
be connected to a vent piping system designed so as to minimize the possibility of cargo 
vapour accumulating about the decks, or entering accommodation service and control station 
spaces, and machinery spaces, or other spaces where it may create a dangerous condition. 
Pressure control systems specified by Chapter VII should be independent of the safety relief 
valves. 

8.2 Pressure relief systems 

8.2.1 Each cargo tank with a volume exceeding 20 m3 should be fitted with at least two 
pressure relief valves of approximately equal capacity, suitably designed and constructed for 
the prescribed service. For cargo tanks with a volume not exceeding 20 m3, a single relief 
valve may be fitted. 

8.2.2 I nterbarrier spaces should be provided with pressure relief devices to the satisfaction of 
the Administration. 

8.2.3 The setting of the pressure relief valves should not be higher than the maximum 
pressure for which the cargo tank is designed. 

8.2.4 Pressure relief valves should be connected to the highest part of the cargo tank above 
deck level. Pressure relief valves on cargo tanks with a working temperature below 0°C should 
be arranged to prevent their becoming inoperative due to ice formation when they are closed. 
Due consideration should be given to the construction and arrangement of pressure relief 
valves on cargo tanks subject to low ambient temperatures. 

8.2.5 Pressure relief valves should be prototype tested to ensure that the valves have the 
capacity required. Each valve should be tested to ensure that it opens at the prescribed 
pressure setting with an allowance not exceeding +10% for O to 1.5 kp/cm2, ±6% for 1.5 to 
3.0 kp/cm2, + 3% for 3.0 kp/cm2 and above. Pressure relief valves should be set and sealed 
by a competent authority acceptable to the Administration and a record of this action, 
including the values of set pressure, should be retained aboard the ship. 

8.2.6 In the case of cargo tanks permitted to have more than one relief valve setting, this 
may be accomplished by: 

(a) installing two or more properly set and sealed valves and providing means as 
necessary for isolating the valves not in use from the cargo tank; or 

(b) installing relief valves whose settings may be changed by the insertion of previously 
approved spacer pieces or alternate springs or by other similar maans not requiring 
pressure testing to verify the new set pressure. All other valve adjustments should 
be sealed. 

8.2.7 The changing of the set pressure under the provisions of 8.2.6 should be carried out 
under the supervision of the master in accordance with procedures approved by the Administra­ 
tion and specified in the ship's operating manual. Changes in set pressures should be recorded 
in the ship's log and a sign posted in the cargo control room, if provided, and at each relief 
valve, stating the set pressure. 
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8.2.8 Stop valves or othe, means of blank1r1ri uff pipes between tanks and pressure relref 
valves to facrlrtate maintenance should not be fitted unless all the following arrangements are 
provided 

(a) suitable arrangements to prevent more than one pressure relief valve being out of 
service at the same time, 

(b) a device which automatically and in a clearly visible way indicates which one ot 
the pressure relief valves 1s out of service, and 

(c) pressure relief valve capacmes are such that 1f one valve 1s out of service the 
remaining valves should have the combrned relieving capacity required by ~.5. 
However, this capacity may be provided by all valves 1f a suitably maintained 
spare valve 1s carried on board. 

8.2.9 Each pressure relief valve installed on a cargo tank should be connected to a venting 
system, which should be so constructed that the discharge of gas will be directed upwards 
and arranged so as to minimize the possibility of water or snow entering the vent system 
The height of vent exits should be not less than ~ or 6 m whichever is greater, above the 
weather deck and 6 m above the working area and the fore and aft gangway. 

8.2.10 Cargo tank pressure relief valve vent exits should be arranged at a distance at least 
equal to 8 or 25 m, whichever is less, from the nearest air intake or opening to accommoda­ 
tion, service and control station spaces, or other gas-safe spaces. For ships less than 90 m in 
length, smaller distances may be permitted by the Administration. All other vent exits 
connected to the cargo containment system should be arranged at a distance of at least 10 m 
from the nearest air intake or opening to accommodation, service and control station spaces, 
or other gas-safe spaces. 

8.2. 11 Al I other cargo vent ex its not dealt with in other chapters should be arranged in 
accordance with 8.2.9 and 8.2.10. 

8.2.12 If cargoes which react in a hazardous manner with each other are carried simul­ 
taneously, a separate pressure relief system should be fitted for each cargo carried. 

8.2.13 In the vent piping system, means for draining liquid from places where it may 
accumulate should be provided. The pressure relief valves and piping should be so arranged 
that I iqu id can under no circumstances accumulate in or near the pressure relief valves. 

8.2.14 Suitable protection screens should be fitted on vent outlets to prevent the ingress 
of foreign objects. 

8.2.15 All vent piping should be so designed and arranged that it will not be damaged by 
temperature variations to which it may be exposed, or by the ship's motions. 

8.2.16 The back pressure in the vent lines from the pressure relief valves should be taken 
into account in determining the flow capacity required by 8.5. 

8.2.17 Pressure relief valves should be positioned on the cargo tank so that they will remain 
in the vapour phase under conditions of 15° list and 0.015L trim, where L is as defined in 
1 .4.25. 

8.3 Additional pressure relieving system 

8.3.1 Where required by 15.1.4(b), an additional pressure relieving system of sufficient 
capacity to prevent the tank from becoming liquid fuil at any time during relief under the 
fire conditions referred to in 8.5 should be fitted to each tank. This pressure relieving system 
shou Id consist of: 
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(a) a relief valve(s) set at a pressure corresponding to the gauge vapour pressure of 
the cargo at the reference temperature defined in 15.1.4(b); and 

(b) an over-ride arrangement to prevent its normal operation. This arrangement should 
include fusible elements designed to melt at temperatures between 98°C and 
104°C and to cause the relief valve specified in sub-paragraph (a) of this para­ 
graph to become operable. Locations for the fusible elements should include the 
vicinity of the relief valve. The system should become operable upon loss of 
system power if provided. The over-ride arrangement should not be dependent on 
any source of ship's power. 

8.3.2 The exhaust of such pressure relief valves may be led to the venting system referred to 
in 8.2.9. If separate venting arrangements are fitted these should be in accordance with the 
requirements of 8.2.9 to 8.2.15. 

8.4 Vacuum protection systems 

8.4.1 Cargo tanks designed to withstand a maximum external pressure differential exceeding 
0.25 kp/cm2 and capable of withstanding the maximum external pressure differential which 
can be attained at maximum discharge rates with no vapour return into the cargo tanks, or 
by operation of a cargo refrigeration system, need no vacuum relief protection. 

8.4.2 Cargo tanks designed to withstand a maximum external pressure differential not 
exceeding 0.25 kp/cm1, or tanks which cannot withstand the maximum external pressure 
differential that can be attained at maximum discharge rates with no vapour return into the 
cargo tanks, or by operation of a cargo refrigeration system, or by sending boil-off vapour 
to the machinery spaces, should be fitted with: 

(a) two independent pressure switches to sequentially alarm and subsequently stop 
all suction of cargo liquid or vapour from the cargo tank, and refrigeration equip­ 
ment if fitted, by suitable means at a pressure sufficiently below the maximum 
external designed pressure differential of the cargo tank; or 

(b) vacuum relief valves with a gas flow capacity at least equal to the maximum cargo 
discharge rate per cargo tank, set to open at a pressure sufficiently below the 
external design differential pressure of the cargo tank; or 

(c) other vacuum relief systems acceptable to the Administration. 

8.4.3 Subject to the requirements of Chapter XVI I, the vacuum relief valves should admit an 
inert gas, cargo vapour or air to the cargo tank and should be arranged to minimize the 
possibitity of the entrance of water or snow. If cargo vapour is admitted, it should be from a 
source other than the cargo vapour lines. 

8.4.4 The vacuum protection system should be capable of being tested to ensure that it 
operates at the prescribed pressure. 

8.5 Size of valves 

Pressure relief valves should have a combined relieving capacity for each cargo tank to 
discharge the greater of the following with not more than a 20 per cent rise il1 cargo tank 
pressure above the MARVS: 

(a) the maximum capacity of the cargo tank inerting system if the maximum attain­ 
able working pressure of the cargo tank inerting system exceeds the MARVS of the 
cargo tanks; or 

RESOLUTION A.328(IX)  adopted on 12 November 1975 
CODE FOR THE CONSTRUCTION AND EQUIPMENT OF 

SHIPS CARRYING LIQUEFIED GASES IN BULK



- 69 - A IX/Res.328 

(b) vapours generated under fire exposure computed using the following formula. 

Q = FGAo.82 

where: 

0 = minimum required rate of discharge in cubic metres (cubic feet) per minute 
of air at standard condrnons of 0° C and 1.03 kp/cm2 (60° F and 14.7 psi a) 

F fire exposure factor for different cargo tank types 

F = 1.0 tanks without insulation located on deck, 

F = 0.5 tanks above the deck when msulanon 1s approved by the Administra­ 
tion. (Approval will be based on the use of an approved fire-proofing 
material, the thermal conductance of insulation, and its stability under 
fire exposure.), 

F 0.5 uninsulated independent tanks installed 1n holds; 

F 0.2 insulated independent tanks in holds (or uninsulated independent tanks 
in insulated holds), 

F 0.1 insulated independent tanks in merted holds (or uninsulated inde- 
pendent tanks 1n inerted, insulated holds); 

F = 0.1 membrane and semi-membrane tanks. 

For independent tanks partly protruding through the open deck, the fire expo­ 
sure factor should be determined on the basis of the surface areas above and 
below deck. 

G = gas factor. 

(i) metric units (ii) British units 

G = 177 lzr 
LC V M 

with: 

L = latent heat of the material being vapourized at relieving conditions, 
in Kcal/kg (Btu per pound); 

C -= constant based on relation of specific heats k, shown in Table 8.1; 
if k is not known C = .606(315) should be used; 

Z ., compressibility factor of the gas at relieving conditions; 
if not known, Z = 1.0 should be used; 

T -= temperature in degrees K = (273 + degrees C) 
( A = (460 + degrees F)) at the relieving conditions, i.e. 
120 per cent of the pressure at which the pressure relief valve 1s 
set; 

M = molecular weight of the product. 
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TABLE 8.1 - CONSTANT C 

-- 
C C 

k k 
metric British metric British 

-- 

1.00 .606 315 1.52 .704 366 
1.02 .611 318 1.54 .707 368 
1.04 .615 320 1.56 .710 369 
1.06 .620 322 1.58 .713 371 
1.08 .624 324 1.60 .716 372 
1.10 .628 327 1.62 .719 374 
1.12 .633 329 1.64 .722 376 
1.14 .637 331 1 .66 725 377 
1.16 .641 333 1.68 .728 379 
1 .18 .645 335 1.70 .731 380 
1.20 .649 337 1.72 .734 382 
1.22 .652 339 1.74 .736 383 
1.24 .656 341 1.76 .739 384 
1.26 .660 343 1.78 .742 386 
1.28 .664 345 1.80 .745 387 
1.30 .667 347 1.82 .747 388 
1.32 .671 349 1.84 .750 390 
1.34 .674 351 1.86 .752 391 
1.36 .677 352 1.88 .755 392 
1.38 .681 354 1.90 .758 394 
1.40 .685 356 1.92 .760 395 
1.42 .688 358 1.94 .763 397 
1.44 .691 359 1.96 .765 398 
1.46 .695 361 1.98 .767 399 
1.48 .698 363 2.00 .770 400 
1.50 .701 364 2.02 .772 401 

2.20 .792 ,412 

A s external surface area of the tank in ml (sq ft) 
for different tank types: 

for body of revolution type tanks 
A "" external surface area; 

for other than bodies of revolution type tanks 
A • external surface area less the projected bottom surface area; 

for tanks consisting of an array of pressure vessel tanks: 
(i) insulation on the ship's structure: 

A • external surface area of the hold less its projected bottom area; 
(ii) insulation on-the tank structure: 

A = external surface area of the array of pressure vessels txcluding 
insulation, less the projected bottom area as shown in Figure 8.1. 
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Figure 8.1 
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CHAPTER IX - ENVIRONMENTAL CONTROL FOR 
CARGO CONTAINMENT SYSTEMS 

9.1 Environmental control within cargo tanks and cargo piping systems 

9.1.1 A piping system should be provided to enable each cargo tank to be safely gas-freed, 
and to be safely purged with cargo gas from a gas-free cond men. Tile system should be 
arranged to minimize the possibil 1ty of pockets of gas or air remaining after gas-freeing or 
purging. 

9.1.2 A sufficient number of gas sampling points should be provided for each cargo tank in 
order to adequately monitor the progress of purging and qas-freeinq. Gas sampling connexions 
should be valved and capped above the main deck. 

9.1.3 For flammable gases, the system should be arranged to minimize the possibility of a 
flammable mixture existing in the cargo tank during any part of the gas-freeing operation by 
utilizing an inerting medium as an intermediate step. In addition, the system should enable 
the cargo tank to be purged with an iner unq medium prior to filling with cargo vapour or 
liquid, without permitting a flammable mixture to exist at any time within the cargo tank. 

9.1.4 Piping systems which may contain cargo should be capable of being gas-freed and 
purged as provided in 9.1.1 and 9.1.3. 

9.1.5 Inert gas utilized in these procedures may be furnished from ashore or from the ship. 

9.2 Environmental control within the hold spaces (cargo containment systems other 
than independent tanks type C) 

9.2.1 lnterbarrier and hold spaces associated with cargo containment systems for flammable 
gases requiring full secondary barriers should be inerted with a suitable dry inert gas and main­ 
tained inerted with make-up gas provided by a shipboard inert gas generation system, or by 
shipboard storage which should be sufficient for normal consumption for at least thirty days. 

9.2.2 (a) I nterbarrier and hold spaces associated with cargo containment systems for 
flammable gases requiring partial secondary barriers should be inerted with 
suitable, dry inert gas and maintained inerted with make-up gas provided by a 
shipboard inert gas generation system or by shipboard storage which should 
be sufficient for normal consumption for at least thirty days; alternatively 

(b) Except as limited by Chapter XVI I, the Administration may allow the spaces 
referred to in sub-paragraph (a) of this paragraph to be filled with dry air 
provided that the ship maintains a stored charge of inert gas or is fitted with an 
inert gas generation system sufficient to inert the largest of these spaces; and 
provided that the configuration of the spaces and the relevant vapour detection 
systems, together with the capability of the inerting arrangements, ensure that 
any leakage from the cargo tanks will be rapidly detected and inerting effected 
before a dangerous condition can develop. Equipment for the provision of 
sufficient dry air of suitable qua I ity to satisfy the expected dema'nd should be 
provided. 

9.2.3 For non-flammable gases, the spaces referred to in 9.2.1 and 9.2.2 · may be maintained 
with a suitable dry air or inert atmosphere. 
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9.3 Environmental control of spaces surrounding independent tanks type C 

Spaces surround I nu re1r1ut~ra tcd car qo t.m ks not hav: r 1u secondary barriers shou Id be 
filled with suitable dry inert gas or dry air and be maintained in this condrtion with make-up 
inert gas provided by a shipboard inert gas generation system, shipboard storage of inert gas, 
or dry air provided by suitable air drying equipment 

9.4 lnerting 

9 4.1 lnertmq refers to the process of providing a non-combustible environment by the 
addition of compatible gases, which may be carried in storage vessels or manufactured on 
board the ship or supplied from the shore. The inert gases should be compatible chemically 
and operationally, at all temperatures likely to occur within the spaces to be mer ted. with 
the materials of construction of the spaces and the cargo. T'-1e dew points of the gases should 
be taken into consideration 

9.4.2 Where inert gas is also stored for fu e-frqhtmq purposes, 1t should be carried in separate 
containers and should not be used for cargo services. 

9.4.3 Where inert gas 1s stored at temperatures below 0°C, either as a liquid or vapour, the 
storage and supply system should be so designed that the temperature of the ship's structure 
is not reduced below the limiting values imposed on 1t. 

9.4 4 Arrangements suitable for the cargo carried shou Id be provided to prevent the back 
flow of cargo vapour into the inert gas system. 

9 4.5 The arrangements should be such that each space being inerted can be isolated and the 
necessary controls and rel 1ef valves etc. shou Id be provided for controlling pressure in these 
spaces. 

9.5 Inert gas production on board 

9.5.1 The equipment should be capable of producing inert gas with an oxygen content at no 
time greater than 5 per cent by volume subject to the Special Requirements of Chapter XVI I. 
A continuous reading oxygen content meter should be fitted to the inert gas supply from the 
equipment and should be fitted with an alarm set at a maximum of 5 per cent oxygen content 
by volume subject to the requirements of Chapter XVI I. Additionally, where inert gas is made 
by an onboard process of fractional distillation of air which involves the storage of the 
cryogenic liquefied nitrogen for subsequent release, the liquefied gas entering the storage vessel 
shou Id be monitored for traces of oxygen to avoid possible initial high oxygen enrichment of 
the gas when released for inerting purposes. 

9.5.2 An inert gas system should have pressure controls and monitoring arrangements 
appropriate to the cargo containment system. A means acceptable to the Administration, 
located in the cargo area, of preventing return of cargo gas should be provided. 

9.5.3 Spaces containing inert gas generating plants should have no direct access to accommoda­ 
tion, service or control station spaces, but may be located in machinery spaces. If such plants 
are located in machinery spaces or other spaces outside the cargo tank area, t)No non-return 
valves, or equivalent devices should be fitted in the inert gas main in the cargo area as required 
in 9.5.2. Inert gas piping should not pass through accommodation, service or control station 
spaces. 

9.5.4 Flame burning equipment for generating inert gas should not be located within the 
cargo area. Special consideration may be given to the location of inert gas generating equip­ 
ment using the catalytic combustion process. 
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CHAPTER X - ELECTRICAL ARRANGEMENTS 

10.1 General 

10.1.1 The provisions of this chapter are applicable to ships carrying flammable products 
and should be applied in conjunction with Part C of Chapter 11 of the 1974 Safety Conven­ 
tion. 

10.1.2 Electrical installations should be such as to rninumz e the risk of fire and explosion 
from flammable products. Electrical installations complying with this chapter should not be 
considered as a source of ignition for the purposes of Cbaoter 111. 

10.1.3 Administrations should take appropriate steps to ensure uniformity in the imple­ 
mentation and application of the provisions of th is chapter in respect of electrical installations.* 

10.1.4 Electrical equipment and/or wiring should not be installed in gas-dangerous spaces or 
zones unless essential for operational purposes, when the exceptions I isted in 10.2 are 
permitted. 

10.1. 5 Where electrical equipment is installed in gas-dangerous spaces or zones as provided in 
10.1.4, it should be to the satisfaction of the Administration and approved by the relevant 
authorities recognized by the Administration for operation in the flammable atmosphere 
concerned. 

10.2 Types of equipment 

Certified safe type equipment may be fitted in gas-dangerous spaces and zones in 
accordance with the following paragraphs: 

10.2.1 Intrinsically safe electrical equipment and wiring may be titted in all gas-dangerous 
spaces and zones as defined in 1.4.16. 

10.2.2 Carqo containment systems: 

Submerged cargo pump motors and their supply cables. Arrangements should be 
made to automatically shut down the rr vors in the event of low liquid level. This may be 
accomplished by sensing low pump discnarqe pressure, low motor current, or low liquid level. 
This shutdown should be alarmed at the cargo control station. Cargo pump motors should be 
capable of b:eing isolated from their electrical supply during gas-freeing operations. 

10.2.3 Hold spaces where cargo is carried in a cargo containment system requiring a 
secondary barrier: 

Supply cables for submerged cargo pump motors. 

10.2.4 Hold spaces where cargo is carried in a cargo containment system not requiring a 
secondary barrier; spaces separated from the hold spaces described in 1.4.16(d)(i) by a single 
qas-tiqht steel boundary: 

(a) Through runs of cables. 

(b) Lighting fittings with pressurized enclosures or of the flame-proof type. The 
lighting system should be divided between at least two branch circuits. All 
switches and protective devices should interrupt all poles or phases and be 
located in a gas-safe space. 

* Reference is made to the Recommendations published by the International Electrotechnical Commission 
and in particular to Publication 92-5, Chapter XX, Tankers. 

RESOLUTION A.328(IX)  adopted on 12 November 1975 
CODE FOR THE CONSTRUCTION AND EQUIPMENT OF 

SHIPS CARRYING LIQUEFIED GASES IN BULK

PBARRETO
Pencil



- 75 - A rx/Res.328 

(c) r lame-proof rnuturs lur valve operauon tor car qo or ballast systems may be 
installed 1n spaces described in 1.4 16(e). 

( d) E lectncal depth sound ir iSJ or log devices and I rnpressed cur rent cathodic protection 
system anodes or electrodes. These devices should be housed in gas-tight enclosures. 

(e) Flame-proof general alarm audible indrcarors may be installed in spaces described 
in 1.4.16(e} 

10.2.5 Cargo pump rooms and carqo compressor rooms 

(a) Lighting fittings with pressurized enclosures or of the flame-proof type. The 
lighting system should be divided between at least two branch circuits. All 
switches and protective devices should interrupt all poles or phases and be 
I ocated in a gas-safe space. 

(b) Electric motors for driving cargo pumps or carqo compressors should be separated 
from these spaces by a gas-tight bulkhead or deck. Flexible couplings or other 
means of maintaining alignment should be fitted to the shafts between the driven 
equipment and its motors and, in addinon. su .table glands should be provided 
where the shafts pass through the gas-tight bulkhead or deck. Such electric 
motors and associated equipment should be located in a compartment complying 
with Chapter XII. 

(c) Where operational or structural requirements are such as to make it impossible 
to comply with the method described in sub-paragraph (b) of this paragraph, 
motors of the following certified safe types may be installed in cargo pump 
rooms or cargo compressor rooms, provided they are of: 

( i) increased safety type with flame-proof enclosure, or 

( ii) pressurized type. 

(d) Flame-proof general alarm audible indicator. 

10.2.6 Zones on open decks or non-enclosed spaces on open deck, within 3 m of any cargo 
tank outlet, gas or vapour outlet, cargo pipe flange, cargo valves or entrances and ventilation 
openings to cargo pump rooms and cargo compressor rooms, zones on the open deck over 
the cargo area and 3 m forward and aft of the cargo area on the open deck and up to a 
height of 2.4 m above the deck; zones within 2.4 m of the outer surface of a cargo contain­ 
ment system where such surface ts exposed to the weather. 

(a) Certified safe type equipment. 

(b) Through runs of cables. 

10.2.7 Enclosed or semi-enclosed spaces in which pipes containing carqe products are located 
and compartments for cargo hoses: 

(a) Lighting fittings with pressurized enclosures or of the flame-proof type. The lighting 
system should be divided between at least two branch circuits. All switches and pro­ 
tective devices should interrupt all poles or phases and be located in a gas-safe space. 

(b) Through runs of cables. 

10.2.8 Enclosed or semi-enclosed spaces having a direct opening into any gas-dangerous space 
or zone should have electrical installations complying with the requirements for the space or 
zone to which the opening leads. 

10.2.9 Electrical equipment within spaces protected by air-locks should be of the certified 
safe type unless arranged to be de-energized by measures required by 3.6.4. 
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CHAPTER XI - FIRE PROTECTION AND FIRE EXTINGUISHING 

11.1 Structural fire protection 

11.1.1 The relevant structural fin: protection provisions ( 1 e. Regulations 56, 57, 58 and 59) 
of Chapter 11-2 of the 197 4 Safety Convention shou Id applv to al I ships. 

11.1.2 All sources of 1gnit1on should be excluded from spaces where flammable vapour may 
be present except as otherwise provided in Chapters X and XV I. 

11.2 Fire water main equipment 

11.2.1 All ships, irrespective of Sile, carrying products which are subject to this Code should 
comply with the requirements of Regulations 5 and 52 of Chapter 11-2 of the 1974 Safety 
Convention, except that the required fire pump capacity and fire main and water service pipe 
diameter should not be limited by the provisions of paragraphs (a)(ii) and (c)(i) of Regula­ 
tion 5 when the fire pump and fire main are used as part of the water spray system as 
permitted by 11.3.3. In addition, the requirements of Regulation 5(c)(ii) should be met 
at a pressure of at least 5.0 kp/cm2. 

11.2.2 The arrangements should be such that at least two Jets of water can reach any part of 
the deck in the cargo area and those portions of the cargo containment system and tank 
covers above the deck. The necessary number of fire hydrants should be located to satisfy the 
above arrangements and to comply with the requirements of paragraphs (c) ( ii) and ( iv) of 
Regulation 52 of Chapter 11-2 of the 1974 Safety Convention, with hose lengths not 
exceeding 33 m. 

11.2.3 Stop valves should be fitted in any cross-over provided and in the fire main(s) at the 
poop front and at intervals of not more than 40 m between hydrants on the deck in the cargo 
area for the purpose of isolating damaged sections of the main. 

11.2.4 All water nozzles provided for fire-fighting use should be of an approved dual-purpose 
type capable of producing either a spray or a jet. All pipes, valves, nozzles and other fittings 
in the fire-fighting systems should be resistant to corrosion by sea-water, for example by 
galvanized pipe, and to the effect of fire. 

11.2.5 Where the ship's engine room is unattended, arrangements should be made to start 
and connect to the fire main at least one fire pump by remote control from the bridge or 
other control station outside the cargo area. 

11.3 Water spray system 

11.3.1 On ships carrying flammable or toxic products, a water spray system for cooling, fire 
prevention and crew protection shou Id be installed to cover: 

(a) exposed cargo tank domes and any exposed parts of cargo tanks; 

(b) exposed on-deck storage vessels for flammable or toxic producss: 

(c) cargo liquid and vapour discharge and loading manifolds and the area of their 
control valves and any other areas where essential control valves are situated 
and which should be at least equal to the area of the drip trays provided; and 

(d) boundaries of superstructures, deckhouses and cargo control rooms facing the 
cargo area. 
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11.3.2 The system should be capable of covering all areas mentioned in 11.3.1 with a 
uniformly distributed water spray of at least 1 QQ/m2 per minute for horizontal projected 
surfaces and 4~/m1 per minute for vertical surfaces. On vertical surfaces, spacing of nozzles 
protecting lower areas may take account of anticipated rundown from higher areas. Stop 
valves should be fitted at intervals in the spray main for the purpose of isolating damaged 
sections. Alternatively, the system may be divided into two or more sections which may be 
operated independently provided the necessary controls are located together, aft of the cargo 
area. A section protecting any area included in 11.3.1 (a) and (b) should cover the whole of 
the athwartship tank grouping which includes that area. 

11. 3. 3 The capacity of the water spray pumps shou Id be su ff icient to del iver the required 
amount of water to all areas simultaneously or, where the system is divrded into sections, 
the arrangements and capacity should be such as to simultaneously supply water to any one 
section and the surfaces specified in 11.3.1 (c) and (d) Alternatively, the main fire pumps 
may be used for this service provided that their total capacity 1s increased by the amount 
needed for the spray system. In either case, a connexion, through a stop valve, should be 
made between the fire ma,n and water spray main outside the cargo area. 

11.3.4 Subject to the approval of the Administration, water pumps normally used for other 
services may be arranged to supply the water spray main 

11.3.5 All pipes, valves, nozzles and other fittings tn the water spray systems should be 
resistant to corrosion by sea-water, for example by galvanized pipe, and to the effect of fire. 

11.4 Dry chemical powder fire extinguishing systems 

11.4.1 Ships intending to carry flammable products should be fitted with a fixed dry 
chemical powder type extinguishing system(s) for the purpose of fighting fire on the deck in 
the cargo area and bow or stern cargo handling areas if applicable. The system and the dry 
chemical powder should be adequate for this purpose and satisfactory to the Administration. 

11.4.2 The. system should be capable of delivering powder from at least two hand hose lines 
or a combination monitor/hand hose line(s) to any part of the above-deck exposed cargo 
area including above-deck product piping. The system should be activated by an inert gas, 
such as nitrogen, used exclusively for this purpose and stored in pressure vessels adjacent to 
the powder containers. 

11.4.3 The system for use in the cargo area should consist of at least two independent 
self-contained dry chemical powder units with associated controls, pressurizing medium fixed 
piping, monitors or hand hose lines. For ships with a cargo capacity of less than 1,000 m3 

the Administration may permit only one such unit to be fitted. A monitor should be 
provided and so arranged as to protect the cargo loading and discharge.manifold areas and 
be capable of actuation and discharge locally and remotely. All hand hose lines and monitors 
should be capable of actuation at the hose storage reel or monitor. At least one hand hose 
line or monitor should be situated at the after end of the cargo area. 

11.4.4 A fire extinguishing unit having two or more monitors, hand hose lines, or combina­ 
tions thereof, should have independent pipes with a manifold at the powder container, unless 
a suitable alternative means is provided to ensure proper performance as approved by the 
Administration. Where two or more pipes are attached to a unit the arrangement should be 
such that any or all of the monitors and hand hose lines should be capable of simultaneous 
or sequential operation at their rated capacities. 

11.4.5 The capacity of a monitor should be not less than 10 kg/sec. Hand hose lines should 
be non-kinkable and be fitted with a nozzle capable of on/off operation and discharge at a 
rate not less than 3.5 kg/sec. The maximum discharge rate should be such as to allow opera­ 
tion by one man. The length of a hand hose line should not exceed 33 m. Where fixed piping 

RESOLUTION A.328(IX)  adopted on 12 November 1975 
CODE FOR THE CONSTRUCTION AND EQUIPMENT OF 

SHIPS CARRYING LIQUEFIED GASES IN BULK



A IX/Res.328 - 78 - 

1s provided between HH. powder contarnor and a h,md hose: I ,ne or monitor, the length of 
piping should not exceed that lenqth which 1s capable of maintaining the powder in a 
fluidized state during sustained or intermittent use, and which can be purged of powder when 
the system 1s shut down Hand hose lines and noz z les should be of weather resistant construc­ 
tion or stored in weather resistant housing or covers and be readily accessible. 

11.4.6 A sutf icrent quantity of dry chemical powder should be stored in each container to 
provide a minimum 45 second discharge time for all attached monitors and hand hose lines. 
Coverage from fixed monitors should be ,n accordance with the following requirements: 

Fixed monitors capacity (kg/sec. each) 

maximum distance of coverage (m) 

10 

10 

25 

30 

4b 

40 

Hand hose lines should be considered to have a maximum effective distance of coverage equal 
to the length of hose. Special consideration should be given where areas to be protected are 
substantially elevated above the monitor or hand hose reel locations. 

11.4. 7 Ships fitted with bow or stern loading and discharge arrangements should be provided 
with an additional dry chemical powder unit complete with at least one monitor and one hand 
hose line complying with the requirements of 11.4.1 to 11.4.6. This additional unit should be 
located to protect the bow or stern loading and discharge arrangements. The area of the cargo 
line forward or aft of -the cargo area should be protected by hand hose lines. 

11.5 Gas-dangerous enclosed spaces 

11.5.1 Enclosed spaces normally entered where flammable liquid or vapour leakage may 
occur, such as cargo compressor and pump rooms, should be provided with a fixed inerting/fire 
smothering installation. Carbon dioxide and steam smothering systems should be avoided unless 
due consideration is given to the danger of static electricity. 

11.5.2 Provision should be made for closure of ventilation and any other openings into the 
space and, where necessary, for an audible warning signal to be sounded within the space for 
the emergency escape of personnel before admission of the inerting/extinguishing medium. 

11.6 Firemen's outfits and protective clothing 

11.6.1 All ships should comply with the requirements of Regulation 52(j) of Chapter 11-2 
of the 1974 Safety Convention. In addition, on all ships carrying flammable products there 
should be stowed with each fireman's outfit a set of fire protective clothing having a water­ 
resistant outer surface and including a suitable helmet, gloves and boots, all of electrically 
non-conductive materials. Ships below 25,000 m3 capacity carrying flaflflmable products 
should carry at least three firemen's outfits and sets of fire protective clothing to protect 
the skin from radiant heat; ships of 25,000 m3 capacity and over should carry at least five 
outfits and sets. All protective clothing should be satisfactory to the Administration. 

11.6.2 Any breathing apparatus required as part of a fireman's outfit should be a self­ 
contained air-breathing apparatus having a capacity of at least 1,2002 of free air. 
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CHAPTER XII - MECHANICAL VENTILATION IN CARGO AREA 

12.1 Spaces required to be entered during normal cargo handling operations 

12.1.1 Electric motor rooms, cargo compressor and pump rooms, other enclosed spaces which 
contain cargo handling equipment and similar spaces in which cargo handling operations are 
performed should be fitted with mechanical ventilation systems capable of being controlled 
from outside such spaces. Provision shou Id be made to ventilate such spaces prior to entering 
the compartment and operating the equipment and a warning notice requiring the use of such 
ventilation should be placed outside the compartment. 

12.1.2 Mechanical venti la ti on inlets and outlets shou Id be arranged to ensure sufficient air 
movement through the space to avoid the accumulation of flammable or toxic vapours and to 
ensure a safe working environment, but in no case should the ventilation system have a 
capacity of less than 30 changes of air per hour based upon the total volume of the space. As 
an exception, gas-safe cargo control rooms may have 8 changes of air per hour. 

12. l .3 Ventilation systems should be fixed, and if of the negative pressure type, permit 
extraction from either or both upper and lower parts of the spaces dependent on the density 
of the vapours of the products carried. 

12.1.4 In rooms housing electric motors driving cargo compressors or pumps, spaces except 
machinery spaces containing inert gas generators, cargo control rooms if considered as gas-safe 
spaces and other gas-safe spaces within the cargo area, the ventilation should be of the positive 
pressure type. 

i 2.1.5 In cargo compressor and pump rooms and in cargo control rooms if considered gas­ 
dangerous, the ventilation should be of the negative pressure type. 

12.1.6 Ventilation exhaust ducts from gas-dangerous spaces should discharge upwards in 
locations at least 10 m in the horizontal direction from ventilation intakes and openings to 
accommodation, service and control station spaces and other gas-safe spaces. 

12.1.7 Ventilation intakes should be so arranged as to minimize the possibility of re-cycling 
hazardous vapours from any ventilation discharge opening. 

12.1.8 Ventilation ducts from gas-dangerous spaces should not be led through engine rooms, 
accommodation, service or control station spaces, except as allowed in Chapter XVI. 

12.1.9 Electric motors driving fans should be placed outside the ventilation ducts if the 
carriage of flammable products is intended. Ventilation fans should not produce a source of 
vapour ignition in either the ventilated space or the ventilation system associated with the 
space. Ventilation fans and fan ducts, in way of fans only, for gas-dangerous spaces should be 
of non-sparking construction defined as: 

(a) impellers and/or housing of non-metallic construction, due regard being paid to the 
elimination of static electricity; 

(b) impellers and housing of non-ferrous materials; 

(c) impellers and housing of austenitic (stainless) steel; 

(d) ferrous impellers and housing with not less than 13 mm design tip clearance. 

Anv combination of an aluminium or magnesium alloy fixed or rotating component and a 
fer(ous fixed or rotating component, regardless of tip clearance, is considered a sparking hazard 
and should not be used in these places. 
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12 1. 10 Spare parts shou lei be carried for each type of fan on board referred to in th is 
chapter. 

12.1.11 Protection screens of not more than 13 mm square mesh should be fitted in outside 
openings of ventilation ducts. 

12.2 Spaces not normally entered 

Hold spaces, interbarrier spaces, void spaces, cofferdams, spaces containing cargo piping 
and other spaces where cargo vapours may accumulate, shou Id be capable of being ventilated 
to ensure a safe environment when entry into the spaces is necessary. Where a permanent 
ventilation system 1s not provided for such spaces, approved means of portable mechanical 
ventilation should be provided. Where necessary owing to the arrangement of spaces, such as 
hold spaces and interbarrier spaces, essential ducting for such ventilation should be perma­ 
nently installed. Fans or blowers should be clear of personnel access openings, and should 
comply with 12.1.9. 
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CHAPTER Xiii - INSTRUMENTATION (GAUGING, GAS DETECTION) 

13. 1 General 

13.1.1 Each cargo tank shou Id be provided w1 th means for indicating level, pressure and 
temperature of the cargo. Pressure gauges and temperature indicating devices should be 
installed in the I iqu id and vapour piping systems, in cargo refrigerating installations and 
in the inert gas system as detailed in this chapter. 

13.1.2 If the loading and unloading of the ship is performed by means of remotely controlled 
valves and pumps, all controls and indicators associated with a given cargo tank should be 
concentrated in one control posrtion. 

13.1.3 Instruments should be tested to ensure rehabilrtv in the working conditions and 
recalibrated at regular intervals. Testing procedures for instruments and the intervals between 
recalibration should be approved by the Administration. 

13.2 Level indicators for cargo tanks 

13.2.1 Each cargo tank should be fitted with at least one I iquid level gauging device, designed 
to operate at pressures not less than the MARVS of the cargo tank and at temperatures within 
the cargo operating temperature range. Where only one liquid level gauge is fitted it should be 
arranged so that any necessary maintenance can be carried out while the cargo tank is in 
service. 

13.2.2 Cargo tank liquid level gauges may be of the following types subject to any special 
requirement for particular cargoes shown in column "g" of Chapter XIX: 

(a) indirect devices, which determine the amount of cargo by means such as 
weighing or pipe flow meters; 

(b) closed devices, which do not penetrate the cargo tank, such as devices using 
radioisotopes or ultrasonic devices; 

(c) closed devices, which penetrate the cargo tank, but which form part of a closed 
system and keep the cargo from being released, such as float type systems, 
electronic probes, magnetic probes and bubble tube indicators. If a closed 
gauging device is not mounted directly on the tank it should be provided with 
a shut-off valve located as close as possible to the tank; 

(d) restricted devices, which penetrate the tank and when in use permit a small 
quantity of cargo vapour or I iqu id to escape to the atmosphere, such as fixed 
tube and slip tube gauges. When not in use, the devices should be kept com­ 
pletely closed. The design and installation shou Id ensure that no dangerous 
escape of cargo can take place when opening the device. Such gauging devices 
should be so designed that the maximum opening does not exceed 1.5 mm 
diameter or equivalent area, unless the device is provided with an excess flow 
valve. 

13.2.3 Sighting ports with a suitable protective cover and situated above the liquid level with 
an internal scale may be allowed by the Administration as a secondary means of gauging .for 
cargo tanks which are designed for a pressure not higher than 0.7 kp/cm2• 

13.2.4 Tubular gauge glasses should not be fitted. Gauge glasses of the robust type as fitted 
on high pressure boilers and fitted with excess flow valves may be allowed by the Administra­ 
tion for deck tanks, subject to any provisions of Chapter XV 11. 
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13.3 Liquid level alarms 

13.3.1 Except as pr ovrdud 1n 13.3 2. each cargo tank should be fitted with a high liqwd 
level alarm operaunq 1ndfipt!11cfon I ly of other I rqu 1d level ind rcators and giving an audible and 
visual warning when acuv.ued This uquid level alarm or another independent sensor should 
also automatically actuate t~w shut-off of the fiow of Cc.HUO to the tank in a manner which will 
both avoid excessive l1qu,d pressure 111 th(1 loading 111w and prevent the tank from becoming 
hquid full. 

13.3.2 Unless required otherwise in Chapter XVI I, a high hquro level alarm and automatic 
shut-off of cargo tank filling need not be required when the cargo tank is either: 

(a) a pressure tank with a volume of not more than 200 m3, or 

(b) designed to withstand the maximum possible pressure during the loading opera­ 
tion and such pressure 1s below that of the start to discharge pressure of the 
cargo tank relief valve. 

1 3.4 Pressure gauges 

13.4.1 The vapour space of each cargo tank should be provided with a pressure gauge which 
should incorporate an indrcator ,n the cargo control position. In addition, a high pressure 
alarm and, if vacuum protection is required, a low pressure alarm, should be provided on the 
bridge. Maximum and minimum allowable pressures should be marked on the indicators. 

13.4.2 Each cargo pump discharge line and each liquid and vapour cargo manifold should be 
provided with at least one pressure gauge. 

13.4.3 Local reading manifold pressure gauges should be provided to indicate the pressure 
between stop valves and hose connexions to the shore. 

13.4.4 Hold spaces and interbarrier spaces without open connexion to the atmosphere should 
be provided with pressure gauges. 

13.5 Temperature indicating devices 

13.5.1 Each cargo tank should be provided with at least two devices for indicating cargo 
temperatures, one placed at the bottom of the cargo tank and the second near the top of the 
tank, below the highest allowable liquid level. The temperature indicating devices should be 
marked to show the lowest temperature for which the cargo tank has been approved by the 
Administration. 

13.5.2 When cargo is carried in a cargo containment system with a secondary barrier at a 
temperature lower than -55°C, temperature indicating devices should be provided within the 
insulation or on the hull structure adjacent to cargo containment systems. The devices should 
give readings at regular intervals and, where applicable, audible warning of temperatures 
approaching the lowest for which the hull steel is suitable. 

13.5.3 If cargo is to be carried at temperatures lower than -55°C, the cargo tank boundaries, 
if appropriate for the design of the cargo containment system, should be fitted with tempera­ 
ture indicating devices as follows: 

(a) A sufficient number of devices to establish that an unsatisfactory temperature 
gradient does not occur. 

(b) On one tank a number of devices in excess of those required in sub-paragraph (a) 
of this paragraph in order to verify that the initial cool down procedure is 
satisfactory. These devices may be either temporary or permanent. When a series 
of similar ships is built, the second and successive ships need not comply with 
the requirements of this sub-paragraph. 
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13.5.4 Ihe number and posiuon of temperature .no.cannq devices should be to the sanstac­ 
non of the Ad rnirustr auon 

13.6 Gas detection requirements 

13.6.1 Gas detection equipment acceptable to the Adrnmistrauon and suitable for the gases 
to be carried should be provided in accordance with column "f'' of Chapter XIX. 

13.6.2 In every installation, the posmons of fixed samplinq heads should be determined with 
due regard to the density of the vapours of the products intended to be carried and the dilu­ 
tion resulting from compartment purging or ventilation. 

13.6.3 Pipe runs from sampling heads should not be led through gas-safe spaces except as 
permitted by 13.6. 5. 

13.6.4 Audible and visual alarms from the gas detection equipment, if required by this section, 
should be located on the bridge, in the cargo control position, and at the gas detector readout 
location. 

13.6. 5 Gas detection equipment may be located in the cargo control station, on the bridge or 
at other suitable locations. When located in a gas-safe space the following conditions should 
be met: · 

(a) gas-sampling lines should have shut-off valves or an equivalent arrangement to 
prevent cross-communication with gas-dangerous spaces; and 

(b) exhaust gas from the detector should be discharged to the atmosphere in a safe 
location. 

13.6.6 Gas detection equipment should be so designed that it may readily be tested. Testing 
and calibration should be carried out at regular intervals. Suitable equipment and span gas for 
this purpose should be carried on board. Where practicable, permanent connexions for such 
equipment should be fitted. 

13.6.7 A permanently installed system of gas detection and audible and visual alarms should 
be provided for: 

(a) cargo pump rooms; 

(b) cargo compressor rooms; 

(c) motor rooms for cargo handling machinery; 

(d) cargo control rooms unless designated as gas-safe; 

(e) other enclosed spaces in the cargo area where vapour may accumulate including 
hold spaces and interbarrier spaces for independent tanks other than type C; 

(f) ventilation hoods and gas ducts where required by Chapter XVI; and 

(g) air-locks. 

13.6.8 The gas detection equipment should be capable of sampling and analysing from each 
sampling head location sequentially at intervals not exceeding 30 minutes, except that in the 
case of gas detection for the ventilation hoods and gas ducts referred to in 13.6.7(f) sampling 
should be continuous. Common sampling lines to the detection equipment should not be fitted. 
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13.6.9 In the case of products which are toxic or toxic ,md flammable, the Administration 
may authorrz e the use of por table equipment, except when coiumn "h" of Chapter XIX refers 
to 17. 11, for tox 1c detection as an ai ternat 1ve to a permanently ins ta I led system, if used 
before entry of the spaces I rsted ,n 13.6. 7 by personnel and thereafter at 30 minute intervals 
whilst occupied by them. 

13.6.10 For the spaces I isred in 13.6. 7, alarms shou Id be activated for flammable products 
when the vapour concentration reaches 30 per cent of the lower flammable limit. 

13.6.11 In the case of flammable products, where cargo containment systems other than 
independent tanks are used, hold spaces and/or interbamer spaces should be provided with a 
permanently installed system of gas detection capable of measuring gas concentrations of O to 
100 per cent by volume. The detection equipment, equipped with audible and visual alarms, 
should be capable of sampling and detecting from each sampling head sequentially at intervals 
not exceeding 30 minutes. Alarms should be activated when the vapour concentration reaches 
the equivalent of 30 per cent of the lower flammable limit in air or such other limit as may 
be approved by the Administration in the light of particular cargo containment arrangements. 
Common sampling lines to the detection equipment should not be fitted. 

13.6.12 In the case of toxic gases, hold spaces and/or interbarrier spaces should be provided 
with a permanently installed piping system for obtaining gas samples from the spaces. Gas 
from these spaces should be sampled and analysed from each sampling head location by 
means of fixed or portable equipment at intervals not exceeding 4 hours and in any event 
before personnel enter the space and at 30 minute intervals whilst they remain therein. 

13.6.13 Every ship should be provided with at least two sets of portable gas detection equip­ 
ment acceptable to the Administration and suitable for the products to be carried. 

13.6.14 A suitable instrument for the measurement of oxygen levels in inert atmospheres 
should be provided. 

j 

RESOLUTION A.328(IX)  adopted on 12 November 1975 
CODE FOR THE CONSTRUCTION AND EQUIPMENT OF 

SHIPS CARRYING LIQUEFIED GASES IN BULK



- 85 - A IX/Res. 328 

CHAPTER XIV - PERSONNEL PROTECTION 

14.1 For protection of crew members engaged in loading and discharging operations, suitable 
protective equipment including eye protection should be provided taking into account the 
character of the products. 

14.2 Protective equipment should be kept in easily accessible places and in special lockers. 

14.3 Sufficient, but not less than 3 complete sets of safety equ iprnent. in addition to the 
equipment required by Chapter 11-2 of the 1974 Safety Convention, should be provided, 
each permitting personnel to enter and work in a gas. filled space. 

14.4 One complete set of safety equipment should consist of: 

(a) one self-contained air-breathing apparatus not using stored oxygen, having a 
capacity of at least 1200 I of free air; 

(b) protective clothing, boots, gloves and tight-fitting goggles; 

(c) steel cored rescue line with belt; and 

(d) explosion-proof lamp. 

14.5 An adequate suppiy of compressed air should be provided by a special compressor and 
at least 3 spare bottles per set. For small ships, the Administration may accept additional 
bottles of compressed air in lieu of the compressor. 

14.6 Safety equipment as required in 14.3 should be kept in a suitable, clearly marked 
locker in a readily accessible place. 

14.7 The compressed air equipment should be inspected at least once a month by a 
responsible officer and the inspection recorded in the ship's log book, and inspected and 
tested by an expert at least once a year. 

14.8 A stretcher which is suitable for hoisting an injured person from spaces below deck, 
should be kept in a readily accessible location. 

14.9 Medical first aid equipment including oxygen resuscitation equipment and antidotes, 
if available, for products carried should be provided on board. 
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CHAPTER XV - FILLING LIMITS FOR CARGO TANKS 

15.1 General 

1 5. 1 .1 No car qo tan ks shou Id be more than 98 per cent I 1q u id fu II at the reference tempera­ 
ture, except as permitted by 15.1.3. 

15.1.2 The maximum volume to which a cargo tank should be loaded is: 

where: 

VL = maximum volume to which the tank may be loaded 

V '"' volume of the tank 

dR "" density of cargo at the reference tempera tu re 

dl :: density of cargo at the loading temperature and pressure. 

15.1.3 The Administration may allow a greater filling limit than 98 per cent in 15. l.1 and 
15.1.2 at the reference temperature, taking into account the shape of the tank, arrangements 
of pressure relief valves, accuracy of level and temperature gauging and the difference between 
the loading temperature and the temperature corresponding to the vapour pressure of the 
cargo at the set pressure of the pressure relief valves, provided the conditions of 8.2.17 are 
maintained. 

15.1.4 For the purpose of this chapter only, "reference temperature" means: 

(a) The temperature corresponding to the vapour pressure of the cargo at the set 
pressure of the pressure relief valves when no cargo vapour pressure/temperature 
control as referred to in Chapter V 11 is provided. 

(b) The temperature of the cargo upon termination of loading, during transport, or 
at unloading, whichever is the greater, when a cargo vapour pressure/temperature 
control as referred to in Chapter V 11 is provided. If th is reference temperature 
would result in the cargo tank becoming liquid full before the cargo reaches a 
temperature corresponding to the vapour pressure of the cargo at the set 
pressure of the relief valves required in 8.2, an additional pressure relief system 
complying with 8.3 should be fitted. 

15.2 Information to be provided to the master 

The maximum allowable tank filling limits for each cargo tank should be indicated for 
each product which may be carried, for each loading temperature which may be applied and 
for the applicable maximum reference temperature, on a list to be approved by the Administra­ 
tion. Pressures at which the pressure relief valves, including those valves required by 8.3, have 
been set should also be stated on the list. A copy of the list should be perr1'anently kept oil 
board by the master. 
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CHAPTER XVI - USE OF CARGO AS FUEL 

16.1 Methane (LNG) 1s the only cargo whose vapour or boil-off gas may be utilized in main 
propelling machinery rooms and boiler rooms and in such rooms may be utilized only in 
boilers, inert gas generators, and combustion engines. 

16.2 Gas fuel lines should not pass through accommodation, service or control station spaces. 
Gas lines may pass through or extend into other spaces provided they fulfil one of the 
following: 

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

(b) The gas fuel lines should be installed in a mechanically exhaust ventilated pipe or 
duct. The air space between the outer and inner walls of piping or ducts should 
be equipped with mechanical ventilation having a capacity of at least 30 air 
changes per hour. The ventilation system should be arranged to maintain a 
pressure less than the atmospheric pressure. The fan motors should be placed out­ 
side the ventilation pipe or duct. The ventilation outlet should be placed in a 
position where no flammable gas-air mixture may be ignited. The ventilation inlet 
should be so arranged that gas or gas-air mixture will not be drawn into the 
system. The ventilation should always be in operation when there is gas in the 
supply pipeline. Continuous gas detection should be provided to indicate leaks 
and to shut down the gas fuel supply to the machinery space in accordance with 
16.10. The exhaust fan for th is duct shou Id be arranged so that the gas fuel 
supply to the machinery space will be cut off if the required air flow is not 
established and maintained. 

16.3 If a gas leak occurs, the gas fuel supply should not be operated until the leak has been 
found and repaired. Instructions to this effect should be placed in a prominent position in 
the machinery space. 

16.4 The double wall piping system or the ventilation duct provided for the gas fuel lines 
should terminate at the ventilation hood or casing required by 16.5. 

16. 5 A ventilation hood or casing should be provided for the areas occupied by flanges, 
valves, etc., and for the gas fuel piping at the gas utilization unit, such as boiler, diesel engine, 
gas turbine, which is not enclosed in the double wall piping system or ~ntilated duct. If this 
ventilation hood or casing is not served by the exhaust ventilation fan serving a duct as 
specified in 16.2(b). then it should be equipped with an exhaust ventilation system and con­ 
tinuous gas detection should be provided to indicate leaks and to shut down the gas fuel 
supply to the machinery space in accordance with 16.10. The exhaust fan should be arranged 
so that the gas fuel supply to the machinery space will be cut off if the exhaust ventilation 
is not functioning so as to produce the required air flow. The hood or casing should be 
installed or mounted to permit the ventilating air to sweep across the gas utilization unit 
and be exhausted at the top of the hood or casing. 

16.6 Each gas utilization unit should be provided with a set of three automatic valves. Two 
of these valves should be in series in the gas fuel pipe to the consuming equipment. The other 
valve should be in a pipe that vents, to a safe location in the open air, that portion of the gas 
fuel piping that is between the two series valves. These valves should be arranged so that 
failure of necessary forced draft, loss of flame on boiler burners, abnormal pressure in 
the gas fuel supply line, or failure of the valve control actuating medium will cause the two 
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gas fuel valves which are in series tu close automatically and cause the vent valve to open 
automatically Alternatively, the function of one of the series valves and the valve in the vent 
line can be incorporated into one valve body so arranged that when one of the above condi­ 
uons occurs, flow to the qas ut.hzauon unit will be blocked and the vent opened. 

16. 7 A master gas fuel valve that can be closed from within the machinery space should be 
provided outside the machinery space. The valve should be arranged so as to close auto­ 
matically 1f leakage of gas 1s detected, or loss of ventilation for the duct or casing or loss of 
pressurization of the double wall gas fuel piping occurs. 

16.8 Provision should be made for inerting and gas-freeing that portion of the gas fuel piping 
system located in the machinery space. 

16.9 Make-up air for the required ventilation air system and discharge of the air from the 
ventilation system should be respectively from and to a sate location. 

16.10 Gas detection systems provided in accordance with the requirements of 16.2 and 16.5 
should alarm at 30 per cent of the lower flammable limit and shut down the gas fuel supply 
to the machinery space before the gas concentration reaches 60 per cent of the lower 
flammable limit. 

16.11 All details of the gas fuel system should be submitted to the Administration for 
approval. 

16.12 The provisions of this chapter do not preclude the use of gas fuel for other services in 
other locations, such as cargo reliquefaction and inert gas generation, provided that such other 
services and locations should be subject to special consideration by the Administration. 
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CHAPTER XVII - SPECIAL REQUIREMENTS 

17.1 General 

Many of the products covered by the Code have individual characteristics which 
necessitate special requirements for their safe carriage. These are requirements additional to 
the general requirements of the Code. 

The provisions of this chapter are applicable where reference is made in column "h" 
of Chapter XI X. 

17 .2 Panonnel protection 

17 .2.1 Respiratory protection suitable for the products carried shou Id be available for every 
person on board. Two additional sets should be permanently located in the wheelhouse. 

17.2.2 Suitably marked decontamination showers and an eye wash should be available on 
deck in convenient locations. 

17.2.3 Three complete sets of safety equipment should be provided in addition to those 
required in 14.3. 

17 .2.4 Personnel should be protected against the effects of a major cargo release by the 
provision of a space within the accommodation area designed and equipped to the satisfaction 
of the Administration. 

17.2.5 For certain highly dangerous products, cargo control rooms should be of the gas-safe 
type only. 

17 .3 Materials of construction 

Materials which may be exposed to cargo during normal operations should be resistant 
to the corrosive action of the gases. In addition, the following materials of construction for 
cargo tanks, and associated pipelines, valves, fittings and other items of equipment should not 
be used for certain products as specified in column "h" of Chapter XIX: 

17 .3.1 Mercury, copper and copper bearing alloys, and zinc. 

17.3.2 Copper, silver, mercury, magnesium and other acetylide-forming metals. 

17 .3.3 Aluminium and aluminium bearing alloys. 

17 .4 Independent tank type C 

The provisions of 7 .1.3 apply. The design pressure of the cargo tank should take into 
account any padding premure and/or vapour discharge unloading pressure. 

17 .6 Aefrigffation ty1tem1 

17 .5.1 Only the indirect system described in 7 .2.4(b) should be used. 

17 .5.2 For ships in service in products which readily form dangerous peroxides, recondensed 
cargo should not be allowed to form stagnant pockets of uninhibited liquid. This may be 
achieved either by: 
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(a) using the indirect system described in 7 .2.4(b) with the condenser inside the 
cargo tank, or 

(b) using the direct system or comb.ned system described in 7.2.4(a) and (c) 
respectively or the indirect system described in 7.2.4(b) with the condenser 
outside the cargo tank, and designing the condensate system to avoid any 
places in which liquid could collect and be retained. Where this is impassible 
inhibited liquid should be added upstream of such a place. 

If the ship is to carry consecutive cargoes of such products with a ballast passage between, all 
uninhibited liquid should be removed prior to the ballast voyage. If a second cargo is to be 
carried between such consecutive cargoes the rel iquefaction system should be thoroughly 
drained and purged before loading the second cargo. Purging should be carried out using either 
inert gas or vapour from the second cargo, if compatible. Practical steps should be taken to 
ensure that polymers or peroxides do not accumulate in the ship's system. 

17 .8 Deck cargo piping 

One hundred per cent radiography of all butt welded joints in cargo piping exceeding 
75 mm in diameter is required. 

17.7 Bow or stern loading and discharge lines 

Bow or stern loading and discharging lines should not be led past accommodation, 
service or control station spaces on Type IG ships. Bow and stern loading and discharging 
lines installed on Type I IG/1 IPG ships should not be used for the transfer of toxic cargoes, 
unless specifically approved by the Administration. 

17 .8 Exclusion of air from vapour spaces 

Air should be removed from the cargo tanks and associated piping before loading and 
then subsequently excluded by: 

(a) introducing inert gas to maintain a positive pressure. Storage or production 
capacity of the inert gas should be sufficient to meet normal operating require­ 
ments and relief valve leakage. The oxygen content of inert gas should at no 
time be greater than 0.2 per cent by volume; or 

(b) control of cargo temperature such that a positive pressure is maintained at all 
times. 

17 .9 Moisture control 

For gases which are non-flammable and may become corrosive or react dangerously 
with water, moisture control is required to ensure that cargo tanks are dry before loading 
and that during discharge, dry air or cargo vapour is introduced to prevent negative pressures. 
For the purposes of this paragraph, dry air is air which has a dewpoint of -45°C or below 
at atmospheric pressure. 

17.10 Inhibition 

Care should be taken to ensure that the cargo is sufficiently inhibited to prevent 
polymerization at all times during the voyage. Ships should be provided with a certificate 
from the manufacturer stating: · 

(a) name and amount of inhibitor added; 
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(b) date inhibitor was added and the normally expected duration of its effectiveness; 
(c) any temperature limitations affecting the inhibitor; 

(d) the action to be taken should the length of the voyage exceed the effective life­ 
time of the inhibitors. 

17.11 Permanently installed toxic gas detectors 

17.11.1 Gas sampling lines should not be led into or through gas-safe spaces. Alarms referred 
to in 13.6.7 should be activated when the vapour concentration reaches the threshold 
Ii miting value. 

17.11.2 The alternative of using portable equipment in accordance with 13.6.9 should not 
be permitted. 

17 .12 Special requiremen11 for individual ga• 

17 .12.1 Ethyl•M oxide 

(a) The cargo piping and vent piping should be completely separate from all other 
systems. 

(b) Cargo tank vapour spaces and hold spaces should be inerted with an inert gas 
meeting the require men ts of 17 .8(a). 

(c) The cargo may be discharged only by deepwell pump or inert gas displacement. 

(d) The cargo should be refrigerated and maintained at less than 30°C. 

(e) The cargo tank pressure relief valve setting should not be less than 5.5 kp/crn? 
gauge. 

(f) A safe jettisoning arrangement should be provided to allow the emergency 
discharge of the cargo in the event of uncontrollable self-reaction. 

(g) The following materials of construction should not be used with ethylene oxide: 
aluminium alloys 

copper and copper alloys 

silver and silver alloys 

magnesium and magnesium alloys 

types 416 and 442 stainless steel 

cast iron 
mercury 

asbestOI. 

(h) Before ethylene oxide is loaded, tanks should be thoroughly clean, dry, and free 
of rust. The tank should be purged with inert gas to displace air prior to 
pumping en the ethylene oxide. 

17.12.2 ,.thyl-mixtur, 

Only stabilized mixtures containing not more than 50 per cent methyl acetylene and 
not more than 65 per cent methyl acetylene and propadiene should be accepted as cargo. 
Special consideration should be given to the vapour temperature and pressure if direct 
refrigeration systems are used. 
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17. 12.3 Nitrogen 

Materials of construction and ancillary equipment such as insulation should be 
resistant to the effects of high oxygen concentrations caused by condensation and enrichment 
at the low temperatures attained in parts of the cargo system. Due consideration should be 
given to ventilation in such areas where condensation might occur to avoid the ·stratification 
of oxygen enriched atmosphere. 

17 .12.4 Ammonia 

Because high concentrations of ammonia 1n confined spaces can be flammable, the 
provisions of Chapter X for flammable products should be applied except in zones on the 
open deck. Liquid ammonia should never be sprayed into a tank containing air as there is a 
risk of creating a static electrical charge which could cause ignition. 

17. 1 2. 5 Chlorin• 

(to be developed) 

l 7 .12.6 Vinyl chloriM 

In case polymerization of vinyl chloride is prevented by addition of an inhibitor, 17 .10 
is applicable. In case no or insufficient inhibitor has been added, any inert gas used for the 
purposes of 17 .8 should contain not more oxygen than 0.1 per cent. Before loading is started, 
inert gas samples from the tanks and piping should be analysed. When vinyl chloride is 
carried, a positive pressure should always be maintained in the tanks, also during ballast 
voyages between successive carriages. 
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CHAPTER XVIII - OPERATING REQUIREMENTS 

18.1 Information required to be carried 

18.1.1 Information should be on board and available to all concerned, giving the necessary 
data for the safe carriage of the cargo. Such information should include for each product 
carried: 

(a) a full description of the physical and chemical properties necessary for the 
safe containment of the cargo; 

(b) action to be taken in the event of spills or leaks; 

(c) counter measures against accidental personal contact; 

(d) fire-fighting procedures and fire-fighting media; 

(e) procedures for cargo transfer, gas-freeing, ballasting, tank cleaning and changing 
cargoes; 

(f) special equipment needed for the safe handling of the particular cargo; 

(g) minimum inner hull steel temperatures, and 

(h) emergency procedures. 

18.1.2 Products required to be inhibited should be refused if the certificate required by 17.10 
is not supplied. 

18.2 Compatibility 

18.2.1 The master should ascertain that the product to be loaded and its characteristics are 
included upon and are within the limits indicated on the Certificate of Fitness provided for 
in 1.6 and the loading and stability booklet provided for in 2.2.3. 

18.2.2 Care should be taken to avoid dangerous chemical reactions if cargoes are mixed. 
This is of particular significance in respect of: 

(a) tank cleaning procedures required between successive cargoes in the same tank; 
and 

(b) simultaneous carriage of cargoes which react when mixed. This should be 
permitted only if the complete cargo systems including, but not limited to, 
cargo pipework, tanks, vent systems and refrigeration systems are physically 
separate. 

18.3 Penonnel training 

18.3.1 Personnel involved in cargo operations should be adequately trained in handling 
procedures. 

18.3.2 All personnel should be.adequately trained in the use of protective equipment pro­ 
vided on board and have basic training in the procedures, appropriate to their duties, necessary 
under emergency conditions. 
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18.3.3 Officers should be trained in emergency procedures t9 deal with conditions of leakage, 
spillage or fire involving the cargo and a suf trcient number of them should be instructed and 
trained in essential first aid for the cargoes carried. 

18.4 Entry into spaces 

18.4.1 Personnel should not enter cargo tanks, hold spaces, void spaces, cargo handling 
spaces or other enclosed spaces where gas may accumulate unless: 

(a) the gas content of the atmosphere in that space 1s determined by means of 
fixed or portable equipment to ensure oxygen sufficiency and the absence of 
tax ic atmosphere, or 

(b) personnel wear breathing apparatus and other necessary protective equipment 
and the entire operation is under the close supervision of a responsible officer. 

18.4.2 Personnel entenng any space designated as gas-dangerous on a ship carrying flammable 
products should not introduce any potential source of ignition into the space unless it has 
been certified gas-free and is maintained in that condition. 

18.5 Carriag, of cargo at low temperature 

18. 5.1 When carrying cargoes at low temperatures: 

(a) if provided, the heating arrangements associated with cargo containment systems 
should be operated in such a manner as to avoid the temperature falling below 
that for which the material of the hull structure is designed; 

(b) loading should be carried out in such a manner as to ensure that unsatisfactory 
temperature gradients do not occur in any cargo tank, piping, or other ancillary 
equipment; and 

(c) when cooling down tanks from temperatures at or near ambient, the cool down 
procedure laid down for that particular tank, piping and ancillary equipment 
should be followed closely. 

18.6 Protective clothing 

Personnel shou Id be made aware of the hazards associated with the cargo being handled 
and shou Id be instructed to act with care and wear the appropriate protective clothing as 
mentioned in 14.1 during cargo handling. 

18. 7 Systems and controls 

Cargo emergency shutdown and alarm systems involved in cargo transfer should be 
tested and/or checked before cargo handling operations begin. Essential cargo handling controls 
shou Id also be tested and/or checked prior to transfer operations. 

18.8 Cargo transfer operations 
Transfer operations including emergency procedures should be discussed between ship 

personnel and the persons responsible at the shore facility prior to commencement and 
communications maintained throughout the transfer operations. 

18.9 Additional operating requirements 

Additional operating requirements will be found in the following paragraphs of the Code: 
3.8.4, 7 .1.1 (e), 8.2. 5, 8.2.7, 9.4.2, 12.1.1, 12.1.10, 13.1.3, 14.2, 14.6, 14. 7, 14.8, 
15.1, 15.2, 16.3, 17.7, 17.8, 17.9, 17.12.l(h), 17.12.4. 
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Explanatory Notes to the Summary of Minimum Requirements 

Vapour detection 
required (column f) 

Gauging - types 
permitted (column g) 

I - Flammable vapour detection 

T - Toxic vapour detection 

0 - Oxygen analyser 

I + T - Flammable and toxic vapour detection 

I - Indirect or closed, as described in 
13.2.2(a) and (b) 

C - Indirect or closed, as described in 
13.2.2(a), (b) and (c) 

R - Indirect, dosed or restricted, as described 
in 13.2.2(a), (b), (c) and (d) 

Refrigerant gases Non-toxic and non-flammable gases 
such as: 

dichlorodifluoromethane ( 1028) 
dichloromonofluoromethane ( 1029) 
d ich I orotetrafluoroethane ( 1968) 
monochlorodifluoromethane ( 1018) 

monochlorotetrafluoroethane ( 1021) 

monochlorotrifluoromethane ( 1022) 
~ 
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APPENDIX 

Model Form of Certificate of Fitness for the 
Carriage of Liquefied Gases in Bulk 

CERTIFICATE OF FITNESS FOR THE CARRIAGE 
OF LIQUEFIED GASES IN BULK 

(Official Seal) 

Issued in pursuance of the 

IMCO CODE FOR THE CONSTRUCTION AND 
EQUIPMENT OF SHIPS CARRYING 

LIQUEFIED GASES IN BULK 

Under the authority of the Government of 

(full official dNifl,,ation of th• country) 

by . 
(full official ~;,nation of the competent p11rson or organization 

11Uthoriz«J by the Administration) 

Name of Distinctive Port of Cargo Ship Type 
Ship Number or Registry Capacity (Section 2.5 

Letter (m3) of the Code) JI 

~ 
Date of building or major conversion contract . 

Date on which keel was laid or ship was at a 
similar stage of construction or on which 
major conversion was commenced . 

The certificate should be drawn up in the official language of the issuing country. If 
the language used is neither English nor French, the text should include a translation 
into one of these languages. 
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THIS IS TO CERTIFY: 

1. That the above-mentioned ship is 

*(i) a ship as defined in 1.2.2 of the Code; 

*(ii) a ship as defined in 1.2.3 of the Code. 

2. ( i) That the ship has been surveyed in accordance with the provisions of section 1.6 of 
the Code; · 

(ii) that the survey showed that the structure, equipment, fittings, arrangements and 
materials of the ship and the conditions thereof are in all respects satisfactory and 
that the ship complies with the relevant provisions of the Code. 

3. That the following design criteria have been used: 

(a) 

(b) ambient water temperature ..... 0cJ1 
b. . •cJJ am ,ent air temperature . 

(c) Tank type Stress Factors-s Material.}} MARVS 
and number** A B C D 

Cargo piping 

** Tank numbers referred to in this list are identified on the annexed, signed and dated tank 
plan numbered 2A. 

(d) Mechanical properties of the cargo tank material were determined at °C~ 

4. That the ship is suitable for the carriage in bulk of the following products, provided that 
all relevant operational provisions of the Code are observed: ..V 

Conditions of Carriage 
Products (tank numbers, minimum tetnperature, 

maximum pressure, maximum density, 
tank loading conditions) 

• Continued on the annexed, signed and dated sheet(s) No. 1 A. 

* Tank numbers referred to in this list are identified on the annexed, signed and dated tank 
plan numbered 2A. 
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5. That in accordance with sections 1.5/2.7* the provisions of the Code are modified in 
respect of the ship in the fol lowing manner: 

This certificate is valid until the. . . . . . . . . . day of 19 

Issued at. . 
(place of issue of certificate) 

.................... 19 

The undersigned declares that he is duly authorized by the said Government to issue this 
certificate. 

(signature of official issuing the 
certificate and/or seal of issuing 
authority) 

(seal or stamp of the issuing authority, 
as appropriate) 

Notes on completion of certificate: 

JJ "Ship Type": Any entry under this column must relate to all relevant recommendations, e.g. 
an entry "Type 11 G" should mean Type IIG in all respects prescribed by the Code . 

.'JI Paragraph 3(a) and 3(b): The ambient temperatures accepted or required by the Administra­ 
tion for the purposes of 4.8.1 of the Code to be inserted . 

.}J Paragraph 3(c): Stress factors and materials as accepted or required by the Administration for 
the purposes of 4.5.1 (d)(i) and 4.5.1 (e) of the Code to be inserted. 

~ Paragraph 3(d): Room temperature or other temperature accepted by the Administration for 
the purposes of 4.5.1 (f) to be inserted . 

.JI Paragraph 4: Only products listed in Chapter XIX of the Code, or which have been evaluated 
by the Administration in accordance with paragraph 1.7.3 of the Code, sho~d be listed. In 

. respect of the latter "new" products, any Special Requirements provisionally prescribed 
should be noted. 

* Delete as appropriate. 
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Surveys 

This is to certify that at a survey required by section 1.6 of the Code, this ship was 
found to comply with the relevant provisions of the Code. 

Intermediate survey 

Place · . 
Signature and Seal of issuing authority 

Place . 
Signature and S.al of issuing authority 

Place . 
Signature and SIMI of lauing authority 

Place . 
Signature and S.I of iuulng authority 

Date . 

Date . 

D.ate . 

Date . 
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