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Procedure for calculation and verification of the
Energy Efficiency Design Index (EEDI)

Introduction

This procedure applies to all cases of Class Societies’ involvement in conducting the survey
and certification of EEDI in accordance with regulations 5, 6, 7, 8 and 9 of MARPOL Annex VI
as a Verifier defined in the IMO “2074 Guidelines on Survey and Certification of the Energy
Efficiency Design Index (EEDI)”as amended in MEPC.1/Circ.855.

1 Definitions

“Industry Guidelines” means the “2015 Industry Guidelines for calculation and verification of
the Energy Efficiency Design Index (EEDI)” as submitted to MEPC 68 that may be revised in
order to remain in line with the relevant IMO Guidelines.

“Verifying Society” is a Society which conducts the survey and verification of EEDI of a ship.

“Witnessing Society” is a Society which has witnessed the towing tank test of a ship of the
same type as the ship whose EEDI is verified by the Verifying Society. “Ship of the same
type” is defined in IMO “20714 Guidelines on Survey and Certification of the Energy Efficiency
Design Index (EEDI)”.

“Witnessing protocol” is a document showing evidence of the withessing and acceptance of
the towing tank test by the Witnessing Society, with indication such as date, signature and
possible remarks of the attending surveyor.

2 Scope of the Procedure

The scope of this procedure is defined in Part | of the Industry Guidelines.

3 Calculation of EEDI

The procedure to compute the EEDI is documented in Part Il of the Industry Guidelines. For
the purpose of this Procedural Requirement, calculation of the EEDI is to be performed in
accordance with IMO “2014 Guidelines on the method of calculation of the attained Energy

Efficiency Design Index (EEDI) for new ships” and Part Il of the Industry Guidelines, as
amended.

Note:
1.  This Procedural Requirement applies from 1 July 2013.
2. Rev.1 of this Procedural Requirement applies from 1 July 2016.

3.  Rev.2 of this Procedural Requirement applies from 1 July 2019.
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(cont)

4 Verification of EEDI

The procedure to verify the EEDI is documented in Part lll of the Industry Guidelines,
together with Appendixes 1, 3, 4 and 5. For the purpose of this Procedural Requirement,
verification of the EEDI is to be performed in accordance with IMO “2014 Guidelines on
Survey and Certification of the Energy Efficiency Design Index (EEDI)” and Part |ll of the
Industry Guidelines, as amended.

A sample of document to be submitted to the Verifier including additional information for
verification is provided in Appendix 2 of the Industry Guidelines.

5 Acceptance of towing tank tests withessed by another Society

Further to the agreement of the submitter of the EEDI Technical File and the Shipowner, a
Verifying Society may accept towing tank tests reports witnessed by another Society if the
towing tank tested ship is of the same type as the ship of which the EEDI is verified.

Copies of the following documents are to be provided to the Verifying Society, with due
consideration given to the protection of the Intellectual Property Rights (IPR) as indicated
under paragraph 14 of the Industry Guidelines:

- Calculation of the reference speed of the verified ship explicitly making reference to the
speed power curves of the tank tested ship model

- Witnessing protocol of the tank tested ship endorsed by the surveyor of the Withessing
Society

- Towing tank test report of the tank tested ship

On specific request of the Verifying Society, the following additional information is to be
submitted:

- Ship lines and model particulars, loading and operating conditions of the tank tested
ship as described in 4.2.7.2 of IMO “2014 Guidelines on Survey and Certification of the
Energy Efficiency Design Index (EEDI)” as amended, showing that the verified ship and
the tank tested ship are of the same type

If some of the relevant information is held by the original Witnessing Society, the submitter
should authorize the Witnessing Society to make the information available to the Verifying
Society.

6 New ship (as per MARPOL Annex VI Regulation 2) designed before the entry into
force of the MARPOL Annex VI amendments introducing the EEDI

It is expected that the towing tank tests of a new ship performed before the entry into force of
MARPOL Annex VI amendments introducing the EEDI have not been witnessed by a Verifier.
In this case, towing tank test results provided by a tank test organization with quality control
certified according to a recognized scheme or with experience acceptable to the Verifying
Society may be accepted by the Verifying Society.

Attached:

2015 Industry Guidelines for calculation and verification of the Energy Efficiency Design Index
(EEDI)

End of
Document
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2015 INDUSTRY GUIDELINES FOR CALCULATION AND VERIFICATION OF THE ENERGY
EFFICIENCY DESIGN INDEX (EEDI)

TABLE OF CONTENTS

Part | - Scope of the Industry Guidelines

1 Scope of the GUIdeliNes. ... ..ot 2
Part Il - Explanatory notes on calculation of EEDI

2 INEFOTUCHION. ... e s 4
3 EEDIformula...... ... 4
4 Fuel consumption and fuel conversion factor................ccocoiiiiiin 5
5 Capacity, power and speed...........ccouiiiiiiiiiii e 6
6 Shaft generator and shaft motor................ 7
7 Weather factor fu. . ... 13
8 Correction factor for ship specific design elements fj............................ 13
9 Capacity factor fi........ccoooii 14
10  Cubic capacity correction factor f. and cargo gears factorfi............................. 14
11 Innovative energy efficient technologies...............coooiiiiiii 14
12 Example of calculation. ..o 15
Part lll — Verification of EEDI

13 Verification PrOCESS. .. .. ittt n e 17
14 Documents to be submitted.............cooiiiiiiiii 17
15  Preliminary verification at the design stage................coooiiiiiii s, 19
16  Final verification at seafrial.................... . 23
17  Verification of the EEDI in case of major conversion..............cc.c.oeieiinnnnn, 25
1 Appendix 1. Review and witness points................ooooiiniiii 27
2 Appendix 2. Sample of document to be submitted to the verifier...................... 30
3 Appendix 3. Verifying the calibration of model test equipment.......................... 46
4 Appendix 4. Review and withessing of model test procedures......................... 52
5 Appendix 5. Sample report "preliminary verification of EEDI".......................... 59
6 Appendix 6. Sample calculations of EEDI................ccooiiiiiiii e 60

I-’age Tof75



2015 Industry Guidelines for calculation and verification of EEDI

Part | - Scope of the Industry Guidelines

1 Scope of the Guidelines
1.1 Objective

The objective of these Industry Guidelines for calculation and verification of the Energy
Efficiency Design Index (EEDI), hereafter designated as “the Industry Guidelines”, is to
provide details and examples of calculation of attained EEDI and to support the method and
role of the verifier in charge of conducting the survey and certification of EEDI in compliance
with the following IMO Resolutions:

e 2018 Guidelines on the method of calculation of the attained Energy Efficiency
Design Index (EEDI) for new ships, Res. MEPC.308(73) adopted on 26 October
2018, as amended, referred to as the "IMO Calculation Guidelines" in the present
document

e 2014 Guidelines on survey and certification of EEDI, Res. MEPC.254(67) adopted
on 17 October 2014, as amended, referred to as the "IMO Verification Guidelines" in
the present document

e 2013 interim Guidelines for determining minimum propulsion power to maintain the
manoeuvrability of ships in adverse conditions, Res. MEPC.232(65) as amended

e 2013 Guidance on treatment of innovative energy efficiency technologies for
calculation and verification of the attained EEDI, MEPC.1/Circ.815

In the event that the IMO Guidelines are amended, then pending amendment of these
Industry Guidelines, calculation and verification of EEDI are to be implemented in compliance
with the amended IMO Guidelines.

1.2 Application

These Guidelines apply to new ships as defined in regulation 2.23 of MARPOL Annex VI of
400 gross tonnage and above of the types defined in regulations 2.25 to 2.31, 2.33 to 2.35,
2.38 and 2.39, as follows:

Bulk carrier

Gas carrier

LNG carrier (contracted on or after 1 September 2015)

Cruise passenger ship having non-conventional propulsion (contracted on or after 1
September 2015)

Tanker

Container ship

General cargo ship

Ro-ro cargo ship (vehicle carrier) (contracted on or after 1 September 2015)
Ro-ro cargo ship (contracted on or after 1 September 2015)

Ro-ro passenger ship (contracted on or after 1 September 2015)
Refrigerated cargo carrier

Combination carrier

The calculation and verification of EEDI shall be performed for each:
1. new ship before ship delivery
2. new ship in service which has undergone a major conversion
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3. new or existing ship which has undergone a major conversion that is so extensive
that the ship is regarded by the Administration as a newly constructed ship
The Industry Guidelines shall not apply to ships which have non-conventional propulsion,
such as diesel-electric propulsion, turbine propulsion or hybrid propulsion systems, with the
exception of cruise passenger ships with diesel-electric propulsion and LNG carriers having
diesel-electric or steam turbine propulsion systems.

The Industry Guidelines shall not apply to cargo ships having ice-breaking capability as
defined in regulation 2.42 of MARPOL Annex VI As a consequence, the Industry Guidelines
apply to cargo vessels with ice class up to and including Finnish-Swedish ice class 1A Super
or equivalent unless they qualify as a ship with ice-breaking capability in which case they are
exempt. The intermediate Polar Classes, hamely PC4 and PC5, need to demonstrate ice-
breaking capability through ice trials to qualify. In the initial stages, ice-breaking capability can
be demonstrated based on ice tank tests.
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Part |l - Explanatory notes on calculation of EEDI

2 Introduction

The attained Energy Efficiency Design Index (EEDI) is a measure of a ship's energy
efficiency determined as follows:

€0y amizzion

EEDI = Transpert werk

The CO2 emission is computed from the fuel consumption taking into account the carbon
content of the fuel. The fuel consumption is based on the power used for propulsion and
auxiliary power measured at defined design conditions.

The transport work is estimated by multiplying the ship capacity as defined under 2.3 of the
IMO Calculation Guidelines by the ship’s reference speed at the corresponding draft. The
reference speed is determined at 75% of the rated installed power in general and 83% of the
rated installed propulsion power for LNG carriers having diesel electric or steam turbine
propulsion systems.

3 EEDI formula
The EEDI is provided by the following formula:

. £ EEF P - Snoppe FCacpg) 1B G TP+ L] BT Pyt = EE frgcn Bovagy il Coan SFbimm — B8 Faprose Piry uio Cruie FPoce
Foboke Capattoy £ ¥oor

With the following notes:

The global fi factor may also be written:
fi= dBuwy

where each individual fi factor is explained under section 9 of this document.

If part of the normal maximum sea load is provided by shaft generators, the term
Far-Cran-SFCr may be replaced by:

(Pag — 075 = EZT° Popgeo)-Crag- SFCep + 075 + EiE1° Poroy - Crus g SFCmeny
. ) :
with the condition %75 * Zi=1° Prrow) = Far.

Where the total propulsion power is limited by verified technical means as indicated under
section 6, the term (X% Pye i - Conm iy SFCxpen + Ziny: Prraqyy - Cras-SFCy5) 1S to be
replaced by 75 percent of the limited total propulsion power multiplied by the average
weighted value of (SFCme.Crme) and (SFCag.Crag).

Due to the uncertainties in the estimation of the different parameters, the accuracy of the
calculation of the attained EEDI cannot be better than 1%.

Therefore, the values of attained and required EEDI have to be reported with no more than
three significant figures (for instance, 2.23 or 10.3) and the checking of Regulation 20,
chapter 4 of MARPOL Annex Vl is to be verified in accordance with this accuracy.
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4 Fuel consumption and Fuel Conversion Factor
41 General

The conversion factor CF and the specific fuel consumption, SFC, are determined from the
results recorded in the parent engine NOx Technical File as defined in paragraph 1.3.15 of
the NOx Technical Code 2008.

The fuel grade used during the test of the engine in the test bed measurement of SFC
determines the value of the CF conversion factor according to the table under 2.10f the IMO
Calculation Guidelines.

SFC is the corrected specific fuel consumption, measured in g/kWh, of the engines. The
subscripts ME(i) and AE(i) refer to the main and auxiliary engine(s), respectively. SFCag is the
power-weighted average among SFCag()of the respective engines i.

For main engines certified to the E2 or E3 test cycles of the NOx Technical Code 2008, the
engine Specific Fuel Consumption (SFCueg) is that recorded in the test report included in a
NOx Technical File for the parent engine(s) at 75% of MCR power.

For engines certified to the D2 or C1 test cycles of the NOx Technical Code 2008, the engine
Specific Fuel Consumption (SFCakgqy) is that recorded in the test report included in a NOx
Technical File for the parent engine(s) at 50% of MCR power or torque rating.

The SFC is to be corrected to the value corresponding to the ISO standard reference
conditions using the standard lower calorific value of the fuel oil (42,700kJ/kg), referring to
ISO 15550:2002 and ISO 3046-1:2002.

For LNG driven engines for which SFC is measured in kJ/kVWh, the SFC value is to be
converted to g/kWh using the standard lower calorific value of the LNG (48,000 kJ/kg),
referring to the 2006 IPCC Guidelines.

For those engines which do not have a test report included in a NOx Technical File because
its power is below 130 kW, the SFC specified by the manufacturer is to be used.

At the design stage, in case of unavailability of test reports in the NOx Technical File, the
SFC value given by the manufacturer with the addition of the guarantee tolerance is to be
used.

4.2 Dual-fuel engines

Gas fuel may be used as primary fuel for one or more of the main and auxiliary engine(s) in
accordance with paragraph 4.2.3 of the IMO Verification Guidelines.

For these dual-fuel engines, the C¢ factor and the Specific Fuel Consumption for gas (LNG)
and for pilot fuel should be combined at the relevant EEDI load point as described in 2.5.1
and Appendix 4 of the IMO Calculation Guidelines.

4.3 LNG carriers with steam turbine propulsion
The Specific Fuel Consumption of the steam turbine should be determined during the running

tests of the main boilers and steam turbines on board under load during the sea trials. For
preliminary estimate of EEDI, manufacturer’s certificate is to be used.
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5 Capacity, power and speed
5.1 Capacity

The capacity of the ship is computed as a function of the gross tonnage for cruise passenger
ships and of the deadweight for other types of ships as indicated under 2.3 of the IMO
Calculation Guidelines.

For the computation of the deadweight according to 2.4 of the IMO Calculation Guidelines,
the lightweight of the ship and the displacement at the summer load draught are to be based
on the results of the inclining test or lightweight check provided in the final stability booklet. At
the design stage, the deadweight may be taken in the provisional documentation.

5.2 Power

The installed power for EEDI determination is taking into account the propulsion power and in
general a fixed part of the auxiliary power, measured at the output of the crankshaft of main
or auxiliary engine.

The power Pye is defined as 75% MCR of all main engines in general.

For LNG carriers having diesel electric propulsion system, the power Pue is 83% of the rated
output of the electrical propulsion motor(s) divided by the electrical chain efficiency from the

output of the auxiliary engines to the output of the propulsion motor(s).

For LNG carriers having steam turbine propulsion system, the power Pyg is 83% of the rated
installed power of steam turbines.

The total propulsion power is conventionally taken as follows:

wiE wPTE
E Fyem -+ z FPorpeny-Terrgnd-Tzem
i=1 =1

In this formula:
« The value of PME(i) may be limited by verified technical means (see 6 below)

e The total propulsion power may be limited by verified technical means. In particular
an electronic engine control system may limit the total propulsion power, whatever
the number of engines in function (see 6 below)

The auxiliary power can be nominally defined as a specified proportion of main engine power
aiming to cover normal maximum sea load for propulsion and accommodation'. The nominal
values are 2.5% of main engine power plus 250 kW for installed main engine power equal to
or above 10 MW. 5% of main engine power will be accounted if less than 10 MW main engine
power is installed. Alternatively, as explained below, the value for auxiliary power can be
taken from the electric power table (EPT) of the ship.

1 by paragraphs 2.5.6.1 to 2.5.6.3 of the IMO Calculation Guidelines.
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In addition, if shaft motors are installed, then in principle 75% of the shaft motor power is
accounted for in the EEDI calculation. Detailed explanation about this is given in section 6.

For Passenger ships, Ro-Ro Passenger Ships and Cruise Passenger Ships, the Pag value
should be estimated by the electric power (excluding propulsion) in conditions when the ship
is engaged in a voyage at reference speed (Vies), as given in the electric power table (EPT),
divided by the average efficiency of the generator(s) weighted by power.

As an option for other vessel types, if the difference between Pae value calculated by
paragraphs 2.2.5.6.1 to 2.2.5.6.5 of Res. MEPC.308(73) and Pae based on EPT, leads to a
variation of the computed EEDI value exceeding 1%, the value for auxiliary power could be
taken from the EPT.

5.3 Speed Vief

The speed Vet is the ship speed, measured in knots, verified during sea trials and corrected
to be given in the following ideal conditions:
« indeep water of 15°C
« assuming the weather is calm with no wind, no current and no waves
« inthe loading condition corresponding to the Capacity
« at the total propulsion power defined in 5.2 taking into account shaft generators and
shaft motors

6 Shaft generator and shaft motor
6.1 Introduction and background

As for 2.5.2 and 2.5.3 of IMO Calculation Guidelines, content of this section applies to ships
other than LNG carriers having diesel-electric propulsion system. For LNG carriers with
diesel-electric propulsion, the factor 0.75 between the propulsion power and the rated power
is to be replaced by 0.83.

Ships need electrical power for the operation of engine auxiliary systems, other systems,
crew accommodation and for any cargo purposes. This electrical power can be generated by
diesel-generator sets (gen-sets), shaft generators, waste heat recovery systems driving a
generator and possibly by new innovative technologies, e.g. solar panels.

Diesel-generator sets and shaft generators are the most common systems. While diesel-
generator sets use a diesel engine powering a generator, a shaft generator is driven by the
main engine. It is considered that due to the better efficiency of the main engine and
efficiency of the shaft generator less CO- is emitted compared to gen-set operation.

The EEDI formula expresses the propulsion power of a vessel as 75% of the main engine
power Pue. It is also termed shaft power Ps, which corresponds to the ship’s speed Vit in the
EEDI formula.

Pae - the auxiliary power - is also included in the EEDI formula. However, this power demand
is largely dependent on loading and trading patterns and it must also incorporate safety
aspects, for example, the provision of a spare generator set. As noted in section 5, the
auxiliary power can generally be taken into account as a fixed proportion of the main engine
power (i.e. nominally 2.5% plus 250kWV) 2.

2 c.f.: precise instruction in IMO Calculation Guidelines.
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The use of shaft generators is a well proven and often applied technology, particularly for
high electrical power demands related to the payload e.g. reefer containers. Usually a ship
design implements a main engine to reach the envisaged speed with some provision of sea
margin. For the use of a shaft generator past practice and understanding was to install a
bigger main engine to reach the same speed compared to the design without a shaft
generator and to then have the excess power available from the main engine at any time for
generation of electrical power. As a rule of thumb, one more cylinder was added to the main
engine to cover this additional power demand.

The difficulty with this issue for calculation of the EEDI is that the excess power could be
used to move the ship faster in the case where the shaft generator is not in use which would
produce a distortion between ship designs which are otherwise the same.

The IMO Calculation Guidelines take these circumstances into account and offer options for
the use of shaft generators. These options are described in detail, below.

Further, electric shaft motors operate similarly to shaft generators; sometimes a shaft
generator can act as a shaft motor. The possible influence of shaft motors has also been
taken into account in the IMO Calculation Guidelines and is also illustrated, below.

6.2 Main engine power without shaft generators

The main engines are solely used for the ship's propulsion. For the purpose of the EEDI, the
main engine power is 75 % of the rated installed power MCRye for each main engine:

P, =0.75xMCR

ME (i) ME (i)
6.3 Main engine power with shaft generators

Shaft generators produce electric power using power from the prime mover (main engine).
Therefore the power used for the shaft generator is not available for the propulsion. Hence
MCRwe is the sum of the power needed for propulsion and the power needed for the shaft
generator. Thus at least a part of the shaft generator's power should be deductible from the
main engine power (Pug).

The power driving the shaft generator is not only deducted in the calculation. As this power is
not available for propulsion this yields a reduced reference speed. The speed is to be
determined from the power curve obtained at the sea trial as explained in the schematic
figure provided in paragraph 2.5 of the IMO Calculation Guidelines.

It has been defined that 75% of the main engine power is entered in the EEDI calculation. To
induce no confusion in the calculation framework, it has therefore also been defined to take
into account 75% of the shaft power take off.

For the calculation of the effect of shaft generators, two options are available.
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6.3.1 Option1

For this option, Pprog) is defined as 75% of the rated electrical output power MCRpr1o of each
shaft generator. The maximum allowable deduction is limited by the auxiliary power Pae as
described in Paragraph 2.6 in the IMO Calculation Guidelines.

Then the main engine power Py is:

PPTO(i) =0.75 XMCRPTO(I’)
S Pz =0T X S(MCRy 15y = Porogy) With 075X Pogo(y S Pag

This means, that only the maximum amount of shaft generator power that is equal to Pag is
deductible from the main engine power. In doing so, 75% of the shaft generator power must
be greater than the auxiliary power calculated in accordance to Para. 2.5.6 of the IMO
Calculation Guidelines.

Higher shaft generators output than Page will not be accounted for under option 1.
6.3.2 Option2

The main engine power Pye to be considered for the calculation of the EEDI is defined as
75% of the power to which the propulsion system is limited. This can be achieved by any
verified technical means, e.g. by electronic engine controls.

Pry = 0.75x P, Shaft limit

This option is to cover designs with the need for very high power requirements (e.g.,
pertaining to the cargo). With this option it is ensured that the higher main engine power
cannot be used for a higher ship speed. This can be safeguarded by the use of verified
technical devices limiting the power to the propulsor.

For example, consider a ship having a 15 MW main engine with a 3 MW shaft generator. The
shaft limit is verified to 12 MW. The EEDI is then calculated with only 75% of 12 MW as main
engine power as, in any case of operation, no more power than 12 MW can be delivered to
the propulsor, irrespective of whether a shaft generator is in use or not.

It is to be noted that the guidelines do not stipulate any limits as to the value of the shaft limit
in relation to main engine power or shaft generator power.

6.3.3  The use of specific fuel oil consumption and CF-factor

Shaft generators are driven by the main engine, therefore the specific fuel oil consumption of
the main engine is allowed to be used to the full extent if 75% of the shaft generator power is
equal to Pag.

In the case shaft generator power is less than Pae then 75% of the shaft generator power is
calculated with the main engine's specific fuel oil consumption and the remaining part of the
total Pag power is calculated with SFC of the auxiliaries (SFCag).

The same applies to the conversion factor Cr, if different fuels are used in the EEDI
calculation.
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6.4 Total shaft power with shaft motors

In the case where shaft motor(s) are installed, the same guiding principles as explained for
shaft generators, above, apply. But in contrast to shaft generators, motors do increase the
total power to the propulsor and do increase ships’ speed and therefore must be included in
the total shaft power within the EEDI calculation. The total shaft power is thus main engine(s)
power plus the additional shaft motor(s) power:

2 Puie (0 + 2 Ppxi (), shaft

Where:

Y \ppn(i).shatt CPSMIMK() * rip 7 1))

and IP me may be O(zero) if the ship is a diesel-electric cruise passenger ship.

Similar to the shaft generators, only 75% of the rated power consumption PsM,max(i.e. rated

motor output divided by the motor efficiency) of each shaft motor divided by the weighted
average efficiency of the generator(s) rj— is taken into account for EEDI calculation3.

PTI(I)

Figure 1.1 provides the notations used for the power and efficiencies used in IMO Calculation
Guidelines and the present document.

Figure 1.1: flow of power in a generic shaft motor installation

A power limitation similar to that described above for shaft generators can also be used for
shaft motors. So if a verified technical measure is in place to limit the propulsion output, only
75% of limited power isto be used for EEDI calculation and also for that limited power Vrd is
determined.

The efficiency of shaft generators in the previous section has consciously not been taken into account in
the denominator as inefficient generators) would increase the deductible power.
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A diagram is inserted to highlight where the mechanical and electrical efficiencies or the
related devices (PTI and Generator’s) are located:

0,75.Pan,T«< (75% rated power consunptlon)

D Shaft
r PTI.Shaft Motor

(ppit) \]

0,75. PsMmaj (76% rated power consurmption) 1 P PTO

PTI.Shaft Shaft ME
= Motor Shaft Gen Main Engine

(nppS>

Figure 1.2: Typical arrangement of propulsion and electric power system
6.5 Calculation examples
For these calculation examples the ships' following main parameters are set as:

MCRme = 20,000 kW

Capacity = 20,000 DWT

Cfme = 3.206

Ctae =3.206

SFCme = 190 g/kWh

SFCae =215 g/kWh

Wfef = 20 kn (without shaft generator/motor)

6.5.1 One main engine, no shaft generator

MCRm = 20,000kW
Ru = 015XMCRm =0.%5x 20000AF/=15000cr
PM = (0,05« 20000+ 250/4W= 150

EEDI = ((15,000x 3.206x190)+ (750x 3.206x 215))/(20x 20,000)
=24.19CO;/trim
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6.5.2 One main engine, 0.75 x Pr1o<Pag, option 1

MCR,,, = 500k
Py = 500K 5 0.75 = 375k
MCR,;; = 20,000k
Py =0.75%(MCR,; — Py, )= 0.75x (20,0006 —375kW ) =14,719%W
P,, =(0.0255 MCR,; )+ 250/ = 750k
Vs = 19.8%n: Thespeedat P, determined from the power curve
EEDI = (P % Cy ¥ SCF )4 (0755 Py % Cp 1y ¥ SCFy )4 (P =0.75% Py Y5 Cy iy % SFC ( WADW T 50w,
=238 ¢CO,/tnm = 1%

6.5.3 One main engine, 0.75 X Ppro=Pag, option 1

MCR,,,, =1,333kW
Pryo = 1,333 % 0.75 = 1L,0OOKIW

MCR,,, = 20,000k
Py = 0.75%(MCR,y — Py )= 0.75x (20,0006 —1,000k ) =14,250kW
P,, =(0.025%MCR,; )+ 250k =750k

V. =19.71kn: Thespeedat F,, determined from the power curve
EEDI = (P % Cy ¥ SCF J4(0.75% By % Cy % SCF g WADWT 50, )
=232 ¢gCO,/tnm =~ 4%

6.5.4 One main engine with shaft generator, 0.75 x Ppro> Pag, option 1

MCR,, = 2,000kW
0.75% P,,, = 0.75% 2,000k % 0.75 = 1,125k P, = P,
MCR,,, = 20,000k
Py =0.75% (MCR,; — Py, ) = 0.75% (20,0006l — 1,000kl ) = 14,250k
P,, =(0.025x% MCR,, )+ 250k = 750k
Vi =19.71kmn . Thespeedat P, determined from the power curve
EEDI = ((Pyy % Cp yg % SCFy )+ (0.75% Py  Cp oy % SCFy WADWT v, )

=232gC0O,/tnm = 4%

=P, /0.775=1,000kW

6.5.5 One main engine with shaft generator, 0.75 x Ppro> Pag, option 2

MCR,, = 2,000k
MCR,,, = 20,000kl
Pypsims = 18,000k
Py = 0755 Py )= 0.755 (18,0007 ) = 13,500k
P, =(0.025% MCR,;, )+ 250/ =750k
v,y =19.4lkn: Thespeedat By determined from the power curve
EEDI = (P % Cp 1y ¥ SFCo )+ (P X C g xSFCo WIDWT v, )
=224 gCO,/thm =~ 7%
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6.5.6 One main engine, one shaft motor

MCR,; = 18,000kl
P,y = 0.75xMCR,; = 0.75x 18,000kl = 13,500k

Py= {0.025>< [MCRME + %}4— 250kW = {0.0ZSX [18,000+ 121?'9]14- 250kW = T754kW

75 J

Pt = 200067
Py = 0.75% Py, /17— = 1,612.9K
Moy = 0.97
77057 =093
Pshaﬁ =Py + PPTI.Shaft =Pgt (PPTI Wppy ) e = 13,500k + (1612.9- 0.97)-0.93 = 14,955kW

Gen
v,y = 20kn

EEDI = (P % C \p < SFCy 1+ (Pg xC i xSFC i Y (Popy Cy < SFC 1 JADWT xv,,, )
=246gCO,/thm  ~—-2%

7 Weather factor fy

fwis a non-dimensional coefficient indicating the decrease of speed in representative sea
conditions of wave height, wave frequency and wind speed (e.g. Beaufort Scale 6), and is
taken as 1.0 for the calculation of attained EEDI.

When a calculated f,, factor is used, the attained EEDI using calculated f,, shall be presented
as "attained EEDlyeather” in order to clearly distinguish it from the attained EEDI under
regulations 20 in MARPOL Annex VI.

Guidelines for the calculation of the coefficient f for the decrease of ship speed in respective
sea conditions are provided in MEPC.1/Circ.796.

8 Correction factor for ship specific design elements f;
Except in the cases listed below, the value of the f; factor is 1.0.

For Finnish-Swedish ice class notations or equivalent notations of the Classification
Societies, the f; correction factor is indicated in 2.8.1 of the IMO Calculation Guidelines?.

For shuttle tankers with propulsion redundancy defined as oil tankers between 80,000 and
160,000 deadweight equipped with dual-engines and twin-propellers and assigned the class
notations covering dynamic positioning and propulsion redundancy, the fj factor is 0.77.

The total shaft propulsion power of shuttle tankers with redundancy is usually not limited by
verified technical means.

For ro-ro cargo and ro-ro passenger ships, the factor firoro is to be computed according to
2.8.3 of the IMO calculation Guidelines.

For general cargo ships, the factor f; is to be computed according to 2.8.4 of the IMO
Calculation Guidelines.

fi factors for ice-class and for ship’s type can be cumulated (multiplied) for ice-classed general
cargo ships or ro-ro cargo or ro-ro passenger ships.
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9 Capacity factor f;
Except in the cases listed below, the value of the f; factor is 1.0.

Foer Finnish-Swedish ice class notations or equivalent notations of the Classification
Societies, the f, correction factor is indicated in 2.11.1 of the IMO Calculation Guidelines.#

For a ship with voluntary structural enhancement, the fivse factor is to be computed according
to 2.11.2 of the IMO Calculation Guidelines.

For bulk carriers and oil tankers built in accordance with the Common Structural Rules and
assigned the class notation CSR, the ficsr factor is to be computed according to 2.11.3 of the
IMO Calculation Guidelines.

fi capacity factors can be cumulated (multiplied), but the reference design for calculation of
fivse is to comply with the ice notation and/or Common Structural Rules as the case may be.

10 Cubic capacity correction factor f. and cargo gears factor fi
Except in the cases listed below, the value of the f. and fi factors is 1.0.

For chemical tankers as defined in regulation 1.16.1 of MARPOL Annex Il, the f; factor is to
be computed according to 2.12.1 of the IMO Calculation Guidelines.

For gas carriers having direct diesel driven propulsion constructed or adapted and used for
the carriage in bulk of liquefied natural gas, the f. factor is to be computed according to 2.12.2
of the IMO Calculation Guidelines. This factor is not to be applied to LNG carriers defined in
regulation 2.38 of MARPOL Annex VI.

For ro-ro passenger ships having a DWT/GT-ratio of less than 0.25, the cubic capacity
correction factor feropax is to be computed according to 2.12.3 of the IMO Calculation
Guidelines.

For general cargo ships only equipped with cranes, side loaders or ro-ro ramps, the f
correction factor is to be computed according to 2.14 of the IMO Calculation Guidelines.

11  Innovative energy efficient technologies
Innovative energy efficient technologies are to be taken into account according to the 2013

Guidance on treatment of innovative energy efficiency technologies for calculation and
verification of the attained EEDI, MEPC.1/Circ.815.

Tables 1 and 2 in IMO Calculation Guidelines refer to Finnish/Swedish ice classed ships usually trading in
the Baltic Sea. Justified alternative values for fi and fj factors may be accepted for ice-classed ships outside
this scope of application (e.g. very large ships or POLAR CLASS)
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12 Example of calculation

12.1 List of input parameters for calculation of EEDI

The input parameters used in the calculation of the EEDI are provided in Table 1.

The values of all these parameters are to be indicated in the EEDI Technical File and the
documents listed in the “source” column are to be submitted to the verifier.

For electrical generator, the rated electrical output in kW is related to the rated apparent
power output in kVVA by the following relation: MCRpro (kW) = KVApro * 0.8 where 0.8 is the
conventional power factor.

Table 1: input parameters for calculation of EEDI

Symbol Name ; Sou P
Service Capacity, f;, fiand For the
notation f. factors ship
Class fj for shuttle tanker, | Classification file
notations ficsr
Ice notation fi, fj for ice class

Lpp Length fi, fj for ice class,
between firoro, fj for general
perpendiculars | cargo ships
(m)

Bs Breadth (m) firoRo, fij fOr general

cargo ships

ds Summer load firoro, fj for general
line draught cargo ships
(m)

v Volumetric firoro, fj for general
displacement cargo ships

A Displacement | deadweight, fise, final stability file
@ summer feropax, fi for general
load draught (t) | cargo ships

LWT Ligthweight (t) | deadweight, fise, Sheets of Submitter

ficsr, feropax fi for calculation for
general cargo lightweightreferencedesign
ships lightweight check report

GT Gross tonnage | Capacity, feropax

Pae Auxiliary EEDI Note: Computed from
engine power engines & PTls powers
(kW) or electric power table

Vrer Reference EEDI, firoro, fj for Sea trial report
speed (knot) general cargo

ships

Cube Total cubic fc for chemical Tonnage file
capacity of the | tankers and gas
cargo tanks carriers
(m3)

SWL Safe working fi for general cargo
load of the ships
crane ()

Reach Reach of the fi for general cargo
crane (m) ships
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3 Usage Source 5C

MCR Rated installed | Pue EIAPP certificate or Per

power (kV\) nameplate (if less than engine (
130 kW) nME +

MCRiim Limited rated Pue with PTO Verification file nGEN)
output power option 2
after PTO in
(kW)

MPPwmotor Rated output Pue for LNG Certificate of the product
of motor (kW) | carriers having

diesel electric
propulsion system

n Electrical Pume for LNG
efficiency carriers having

diesel electric
propulsion system

MCRsteamTurtine | Rated installed | Pwe for LNG Certificate of the product
power (KW} carriers having

steam turbine
propulsion system
Fuel grade Cr, SFC NOX Technical File of the
parent engine

SFC Corrected EEDI NOx Technical File of the
specific fuel parent engine
consumption
(9/kWWh)

KVArTO Rated Pwme Nameplate of the shaft Per shaft
electrical generator generator
apparent (nPTO)
output power
(kVA)

Peri,shatt Mechanical EEDI Nameplate of the shaft Per shaft
output power motor motor
(kW) (nPTI)

nen efficiency power

NGEN efficiency power Per

generator
(nGEN)

PsHaFTim Limited shaft Limited power Verification file Per
propulsion where means of shaftline
power (KWW) limitation are fitted (nSHAFT)

12.2 Sample calculation of EEDI

A sample of document to be submitted to the verifier is provided in Appendix 2.

In addition, Appendix 6 contains a list of sample calculations of EEDI, as follows:
« Appendix 6.1: Cruise passenger ship with diesel-electric propulsion
o Appendix 6.2: LNG carrier with diesel-electric propulsion
« Appendix 6.3: Diesel-driven LNG carrier with re-liquefaction system
o Appendix 6.4: LNG carrier with steam turbine propulsion
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Part 11l - Verification of EEDI

13 Verification process

Attained EEDI is to be computed in accordance with the IMO Calculation Guidelines and Part
Il of the present Industry Guidelines. Survey and certification of the EEDI are to be conducted

on two stages:
1. preliminary verification at the design stage
2. final verification at the sea trial

The flow of the survey and certification process is presented in Figure 2.

PRELIMINARY VERIFICATION FINAL VERIFICATION

Check sea trials
programime

Previous experience
or ISO 9000?

Yes

Audit & check quality control Attend sea trials
documentation

|
[Check EEDI computation and procedure

to obtain the speed curves
(Examine justifications for il thec% ﬁni‘gg;
omission of tank tests, if any) OF VRep
1

Agree test plan

I
Check ship model
& propeller

| { Issue certificate ]
Witness key tank tests
|

i A
Issue pre-verification
report J

Figure 2: Flow of survey and certification process by verifier

14 Documents to be submitted

A sample of documents to be submitted to the verifier including additional information for
verification is provided in Appendix 2.

The following information is to be submitted by the submitter to the verifier at the design

stage:
Table 2: documents to be submitted at the design stage

EEDI Technical File EEDI Technical File as defined in the IMO Verification
Guidelines. See example of the EEDI Technical File in
Appendix 1 of IMO Verification Guidelines.
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NOx Technical File

Copy of the NOx Technical File and documented summary of
the SFC correction for each type of main and auxiliary engine
with copy of EIAPP certificate.

Note: if the NOx Technical File has not been approved at the
time of the preliminary verification, the SFC value with the
addition of the guarantee tolerance is to be provided by
Manufacturer. In this case, the NOx Technical File is to be
submitted at the final verification stage.

Electric Power Table

If Pae is significantly different from the values computed using
the formula in 2.5.6.1 or 2.5.6.2 of the IMO Calculation
Guidelines

Ship lines and model
particulars

- Lines of ship
- Report including the particulars of the ship model and
propeller model

Verification file of power
limitation technical
arrangement

If the propulsion power is voluntarily limited by verified
technical means

Power curves

Power-speed curves predicted at full scale in sea trial
condition and EEDI condition

Description of the towing
tank test facility and towing
tank test organisation quality
manual

If the verifier has no recent experience with the towing tank
test facility and the towing tank test organization quality
system is not ISO 9001 certified.

- Quality management system of the towing tank test
including process control, justifications concerning
repeatability and quality management processes

- Records of measuring equipment calibration as described in
Appendix 3

- Standard model-ship extrapolation and correlation method
(applied method and tests description)

Gas fuel oil general
arrangement plan

If gas fuel is used as the primary fuel of the ship fitted with
dual fuel engines. Gas fuel storage tanks (with capacities)
and bunkering facilities are to be described.

Towing Tank Tests Plan

Plan explaining the different steps of the towing tank tests
and the scheduled inspections allowing the verifier to check
compliance with the items listed in Appendix 1 concerning
tank tests

Towing Tank Tests Report

- Report of the results of the towing tank tests at sea trial and
EEDI condition as required in Appendix 4

- Values of the experience-based parameters defined in the
standard model-ship correlation method used by the towing
tank test organization/shipyard

- Reasons for exempting a towing tank test, only if applicable
- Numerical calculations report and validation file of these
calculations, only if calculations are used to derive power
curves

Ship reference speed Vyes

Detailed calculation process of the ship speed, which is to
include the estimation basis of experience-based
parameters such as roughness coefficient, wake scaling
coefficient

The following information is to be submitted by the submitter to the verifier at the final
verification stage (and before the sea trials for the programme of sea trials):
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Table 3: documents to be submitted at the final verification stage

Programme of sea trials Description of the test procedure to be used for the speed
trial, with number of speed points to be measured and
indication of PTO/PTI to be in operation, if any.

Sea frials report Report of sea trials with detailed computation of the
corrections allowing determination of the reference speed Vet
Final stability file Final stability file including lightweight of the ship and

displacement table based on the results of the inclining test or
the lightweight check

Final power curves Final power curve in the EEDI condition showing the speed
adjustment methodology

Revised EEDI Technical File | Including identification of the parameters differing from the
calculation performed at the initial verification stage

Ship lines Lines of actual ship

In line with the IMO Verification Guidelines (4.1.2), it is recognized that the documents listed
above may contain confidential information of submitters, which requires Intellectual Property
Rights (IPR) protection. In the case where the submitter wants a non-disclosure agreement
with the verifier, the additional information is to be provided to the verifier upon mutually
agreed terms and conditions.

15 Preliminary verification at the design stage
15.1 Scope of the verifier work
For the preliminary verification of the EEDI at the design stage, the verifier:

« Review the EEDI Technical File, check that all the input parameters (see 12.1
above) are documented and justified and check that the possible omission of a
towing tank test has been properly justified

e Check that the ITTC procedures and quality system are implemented by the
organization conducting the towing tank tests. The verifier should possibly audit the
quality management system of the towing tank if previous experience is insufficiently
demonstrated

« Witness the towing tank tests according to a test plan initially agreed between the
submitter and the verifier

e Check that the work done by the towing tank test organisation is consistent with the
present Guidelines. In particular, the verifier will check that the power curves at full
scale are determined in a consistent way between sea trials and EEDI loading
conditions, applying the same calculation process of the power curves and
considering justifiable differences of experience based parameters between the two
conditions

« Issue a pre-verification report

15.2 Definitions

Experience-based parameters means parameters used in the determination of the scale
effects coefficients of correlation between the towing tank model scale results and the full
scale predictions of power curves.
This may include:

1. Hull roughness correction

2. Wake correction factor

3. Air resistance correction factor (due to superstructures and deck load)

4. Appendages correction factor (for appendages not present at model scale)
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5. Propeller cavitation correction factor

6. Propeller open-water characteristics correction
7. Cp and Cy (see below)

8. ACrc and Awg (see below)

Ship of the same type means a ship of which hull form (expressed in the lines such as sheer
plan and body plan) excluding additional hull features such as fins and of which principal
particulars are identical to that of the base ship.

Definition of survey methods directly involving the verifier: Review and Withess.

Review means the act of examining documents in order to determine identification and
traceability and to confirm that requested information are present and that EEDI calculation
process conforms to relevant requirements.

Witness means the attendance at scheduled key steps of the towing tank tests in accordance
with the agreed Test Plan to the extent necessary to check compliance with the survey and
certification requirements.

15.3 Towing tank tests and numerical calculations

There are two loading conditions to be taken into account for EEDI: EEDI loading condition
and sea trial condition.

The speed power curves for these two loading conditions are to be based on towing tank test
measurements. Towing tank test means model towing tests, model self-propulsion tests and
model propeller open water tests.

Numerical calculations may be accepted as equivalent to model propeller open water tests.

A towing tank test for an individual ship may be omitted based on technical justifications such
as availability of the results of towing tank tests for ships of the same type according to 4.2.5
of the IMO Verification Guidelines.

Numerical calculations may be submitted to justify derivation of speed power curves, where
only one parent hull form have been verified with towing tank tests, in order to evaluate the
effect of additional hull features such as fore bulb variations, fins and hydrodynamic energy
saving devices.

These numerical tests may include CFD calculation of propulsive efficiency at reference
speed Vi as well as hull resistance variations and propeller open water efficiency.

In order to be accepted, these numerical tests are to be carried out in accordance with
defined quality and technical standards (ITTC 7.5-03-01-04 at its latest revision or
equivalent). The comparison of the CFD-computed values of the unmodified parent hull form
with the results of the towing tank tests must be submitted for review.

156.4 Qualification of verifier personnel
Surveyors of the verifier are to confirm through review and witness as defined in 15.2 that the
calculation of EEDI is performed according to the relevant requirements listed in 1.1. The

surveyors are to be qualified to be able to carry out these tasks and procedures are to be in
place to ensure that their activities are monitored.

15.5 Review of the towing tank test organisation quality system
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The verifier is to familiarize with the towing tank test organization test facilities, measuring
equipment, standard model-ship extrapolation and correlation method (applied method and
tests description) and quality system for consideration of complying with the requirements of
15.6 prior to the test attendance when the verifier has no recent experience of the towing tank
test facilities.

When in addition the towing tank test organization quality control system is not certified
according to a recognized scheme (ISO 9001 or equivalent) the following additional
information relative to the towing tank test organization is to be submitted to the verifier:

1. descriptions of the towing tank test facility; this includes the name of the facility, the
particulars of towing tanks and towing equipment, and the records of calibration of
each monitoring equipment as described in Appendix 3

2. quality manual containing at least the information listed in the ITTC Sample quality
manual (2002 issue) Records of measuring equipment calibration as described in
Appendix 3

15.6 Review and Witness

The verifier is to review the EEDI Technical File, using also the other documents listed in
table 2 and submitted for information in order to verify the calculation of EEDI at design stage.
This review activity is described in Appendix 1. Since detailed process of the towing tank
tests depends on the practice of each submitter, sufficient information is to be included in the
document submitted to the verifier to show that the principal scheme of the towing tank test
process meets the requirements of the reference documents listed in Appendix 1 and
Appendix 4.

Prior to the start of the towing tank tests, the submitter is to submit a test plan to the verifier.
The verifier reviews the test plan and agrees with the submitter which scheduled inspections
will be performed with the verifier surveyor in attendance in order to perform the verifications
listed in Appendix 1 concerning the towing tank tests.

Following the indications of the agreed test plan, the submitter will notify the verifier for the
agreed tests to be witnessed. The submitter will advise the verifier of any changes to the
activities agreed in the Test Plan and provide the submitter with the towing tank test report
and results of trial speed prediction.

15.7 Model-ship correlation

Model-ship correlation method followed by the towing tank test organization or shipyard is to
be properly documented with reference to the 1978 ITTC Trial prediction method given in
ITTC Recommended Procedure 7.5-02-03-1.4 rev.02 of 2011 or subsequent revision,
mentioning the differences between the followed method and the 1978 ITTC trial prediction
method and their global equivalence.

Considering the formula giving the total full scale resistance coefficient of the ship with bilge
keels and other appendages:

+§ ,
Cre = 5%.[{1-:— k}.Cpg + BCp + G4l + G + Cags + Capps

The way of calculating the form factor k, the roughness allowance ACr, the correlation
allowance Ca, the air resistance coefficient Caas and the appendages coefficient Capps are to
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be documented (if they are taken as 0, this has to be indicated also), as indicated in Appendix
4.

The correlation method used is to be based on thrust identity and the correlation factors is to
be according to method 1 (Cp - Cm) or method 2 (ACfc - Awe) of the 1978 ITTC Trial
prediction method. If the standard method used by the towing tank test organization doesn't
fulfil these conditions, an additional analysis based on thrust identity is to be submitted to the
verifier.

The verifier will check that the power-speed curves obtained for the EEDI condition and sea
trial condition are obtained using the same calculation process and properly documented as
requested in Appendix 4 “Witnessing of model test procedures”. In particular, the verifier will
compare the differences between experience based coefficients Cp and AC fc between the
EEDI condition (V fui) and sea trial condition if different from EEDI condition (v) with the
indications given in Figures 3.1 and 3.2 extracted from a SAJ-ITTC study on a large number
of oil tankers. If the difference is significantly higher than the values reported in the Figures, a
proper justification of the values is to be submitted to the verifier.

NB: The trends in Figures 3.1 and 3.2 are based on limited data and may be revised in the
future. The displayed trends depend on the method used to analyze the model tests behind
the data including the form factor and other correlation factor relations. Other values may be
accepted if based on sufficient number of data.

020 r i
(5 CP=(Dp-CpFull
0.15

010 S

<o 0,05

-0.10 L
v/vH

Figure 3.1: Variation of Cp- Cptuii as a function of the displacement ratio
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Figure 3.2: Variation of aCfcas a function of the displacement ratio
15.8 Pre-verification report

The verifier issues the report on the "Preliminary Verification of EEDI" after it has verified the
attained EEDI at the design stage in accordance with paragraphs 4.1 and 4.2 of the IMO
Verification Guidelines.

A sample of the report on the “Preliminary Verification of EEDI” is provided in Appendix 5.
16  Final verification at sea trial
16.1 Seatrial procedure

For the verification of the EEDI at sea trial stage, the verifier shall:

« Examine the programme of the sea trial to check that the test procedure and in
particular that the number of speed measurement points comply with the
requirements of the IMO Verification Guidelines (see note below).

« Perform a survey to ascertain the machinery characteristics of some important
electric load consumers and producers included in the EPT, if the power ¢ a. is
directly computed from the EPT data’s.

e Attend the sea trial and notes the main parameters to be used for the final
calculation of the EEDI, as given under 4.3.3 of the IMO Verification Guidelines
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+ Review the sea trial report provided by the submitter and check that the measured
power and speed have been corrected accordingly (see note below).

o Check that the power curve estimated for EEDI condition further to sea trial is
obtained by power adjustment.

« Review the revised EEDI Technical File.

« Issue or endorse the International Energy Efficiency Certificate.

Note: For application of the present Guidelines, sea conditions and ship speed should be
measured in accordance with ITTC Recommended Procedure 7.5-04-01-01.1 Speed and
Power Trials Part 1; 2014 or ISO 15016:2015.

Table 4 lists the data which are to be measured and recorded during sea trials:

Ta

ble 4. Measured data during sea trials

i

Remark

Time and duratldn of sea
trial

Draft marks readings

Air and sea temperature

Main engine setting Machinery log
Yo Course direction (rad) Compass
Vs Speed over ground (m/s) GPS
n Propeller rom (rpm) Tachometer
Ps Power measured (kW) Torsion meter or strain gauges (for

torque measurement) or any alternative
method that offer an equivalent level of
precision and accuracy of power

measurement
Viwr Relative wind velocity (m/s) | Wind indicator
Wir Relative wind direction (rad) | See above
Tm Mean wave period (seas Visual observation by multiple
and swell) (s) observers supplemented by hindcast

data or wave measuring devices (wave
buoy, wave radar, etc.)

Him Significant wave height See above
(seas and swell) (m)

X Incident angle of waves ( See above
seas and swell) (rad)

Sr Rudder angle (rad) Rudder

B Drift angle (rad) GPS

Prior to the sea trial, the programme of the sea trials and , if available, additional documents
listed in table 3 are to be submitted to the verifier in order for the verifier to check the
procedure and to attend the sea trial and perform the verifications included in Appendix 1
concerning the sea trial.

The ship speed is to be measured at sea trial for at least three power settings of which range
includes the total propulsion power defined in 5.2 according to the requirements of the IMO
Verification Guidelines 4.3.6. This requirement applies individually to each ship, even if the
ship is a sister ship of a parent vessel.

If it is physically impossible to meet the conditions in the ISO15016:2015 or ITTC
Recommended Procedure 7.5-04-01-01, a practical treatment shall be allowed based on the
documented mutual agreement among the owner, the verifier and the shipbuilder.
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16.2 Estimation of the EEDI reference speed Vger

The adjustment procedure is applicable to the most complex case where sea trials cannot be
conducted in EEDI loading condition. It is expected that this will be usually the case for cargo
ships like bulk carriers for instance.

Ship speed should be measured in accordance with ISO 15016:2015 or ITTC Recommended
Procedure 7.5-04-01-01.1, including the accuracy objectives under paragraph 1 of ITTC
Recommended Procedure 7.5-04-01-01.2. In particular, if the shaft torque measurement
device cannot be installed near the output flange of main engine, then the efficiency from the
measured shaft power to brake horse power should be taken into account.

Using the speed-power curve obtained from the sea trials in the trial condition, the conversion
of ship's speed from the trial condition to the EEDI condition shall be carried out by power
adjustment as defined in Annex | of ISO 15016:2015.

The reference speed Vr should be determined based on sea trials which have been carried
out and evaluated in accordance with ISO 15016:2015 or equivalent (see note in 16.1).

Reference is made to paragraph 3 of Appendix 2 (Figure 3.1) where an example is provided.

16.3 Revision of EEDI Technical File

The EEDI Technical File is to be revised, as necessary, by taking into account the results of
sea trials. Such revision is to include, as applicable, the adjusted power curve based on the
results of sea trial (namely, modified ship speed under the condition as specified in paragraph
2.2 of the IMO Calculation Guidelines), the finally determined deadweight/gross tonnage and
the recalculated attained EEDI and required EEDI based on these modifications.

The revised EEDI Technical File is to be submitted to the verifier for the confirmation that the
revised attained EEDI is calculated in accordance with regulation 20 of MARPOL Annex VI
and the IMO Calculation Guidelines.

17  Verification of the EEDI in case of major conversion

In this section, a major conversion is defined as in MARPOL Annex VI regulation 2.24 and
interpretations in MEPC.1/Circ.795/Rev2, subject to the approval of the Administration.

For verification of the attained EEDI after a major conversion, no speed trials are necessary if
the conversion or modifications don't involve a variation in reference speed.

In case of conversion, the verifier will review the modified EEDI Technical File. If the review
leads to the conclusion that the modifications couldn’t cause the ship to exceed the applicable
required EEDI, the verifier will not request speed trials.

If such conclusion cannot be reached, like in the case of a lengthening of the ship, or
increase of propulsion power of 10% or more, speed trials will be required.

If an Owner voluntarily requests re-certification of EEDI with IEE Cerfificate reissuance on the
basis of an improvement to the ship efficiency, the verifier may request speed trials in order to
validate the attained EEDI value improvement.

If speed trials are performed after conversion or modifications changing the attained EEDI
value, tank tests verification is to be requested if the speed trials conditions differ from the
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EEDI condition. In this case, numerical calculations performed in accordance with defined
quality and technical standards (ITTC 7.5-03-01-04 at its latest revision or equivalent)
replacing tank tests may be accepted by the verifier to quantify influence of the hull
modifications.

In case of major conversion of a ship without prior EEDI, EEDI computation is not required,
except if the Administration considers that due to the extensive character of the conversion,
the ship is to be considered as a new one.
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01

APPENDIX 1
Review and withess points

EEDI Technical File Review IMO Verification Documents in table 2
Guidelines
This document
02 Limitation of power Review IMO Calculation Verification file of Only If means of limitation are fitted
Guidelines limitation technical
means
03 Electric Power Table Review | Appendix 2 to IMO EPT Only if PAE is significantly different from the
Calculation Guidelines EPT-EEDI form values computed using the formula in
Appendix 2 to IMO 2.5.6.1 to 2.5.6.3 of the IMO Calculation
Verification Guidelines Guidelines
04 Calibration of towing tank | Review Appendix 3 Calibration repotrts Check at random that measuring devices
test measuring & are well identified and that calibration
equipment withess reports are currently valid
05 Model tests — ship model | Review Appendix 4 Ship lines plan & Checks described in Appendix 4.1
& offsets table
withess Ship model report
06 Model tests — propeller Review Appendix 4 Propeller model report | Checks described in Appendix 4.2
model &
withess
07 Model tests — Resistance | Review Appendix 4 Towing tank tests Checks described in Appendix 4.3
test, Propulsion test, & report Note: propeller open water test is not
Propeller open water test | witness needed if a stock propeller is used. In this

case, the open water characteristics of the
stock propeller are to be annexed to the
towing tank tests report.
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08

Docurﬁents in table 2

Model-ship extrapolation | Review | ITTC 7.5-02-03-01.4 1978 Check that the ship-model correlation is
and correlation ITTC performance based on thrust identity with correlation
prediction method (rev.02 factor according to method 1 ( Cp — Cy) or
of 2011 or subsequent method 2 (ACrc - Awg)
revision)
Check that the power-speed curves
Appendix 4 obtained for the EEDI condition and sea ftrial
condition are obtained using the same
This document 15.7 calculation process with justified values of
experience-based parameters
09 Numerical calculations Review ITTC 7.5-03-01-04 (latest | Report of calculations For justification of calculations replacing
replacing towing tank revision) or equivalent model tests refer to 15.3.
tests
10 Electrical machinery Witness | Appendix 2 to IMO Only if Pae is computed from EPT
survey prior to sea trials Verification Guidelines
11 Programme of sea trials | Review IMO Verification Programme of sea trials | Check minimum number of measurement
Guidelines points (3)
Check the EEDI condition in EPT (if Pae is
computed from EPT)
12 Sea trials Witness | 1ISO 15016:2015 or ITTC Check:
7.5-04-01-01.1 (latest = Propulsion power, particulars of the
revision) engines
*  Draught and trim
*  Sea conditions
*  Ship speed
= Shaft power & rpm
Check operation of means of limitations of
engines or shaft power (if fitted)
Check the power consumption of selected
consumetrs included in sea trials condition
EPT (if Pae is computed from EPT)
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13 Sea trials — corrections Review ISO 15016:2015 or ITTC Sea trials report Check that the displacement and trfm of the
calculation Recommended Procedure ship in sea trial condition has been obtained
7.5-04-01-01.2 with sufficient accuracy

Check compliance with ISO 15016:2015 or
ITTC Recommended Procedure 7.5-04-01-

01.2
14 Sea trials — adjustment Review | This document 16.2 Power curves after sea | Check that the power curve estimated for
from trial condition to trial EEDI condition is obtained by power
EEDI condition _ adjustment
15 EEDI Technical File — Review | IMO Verification Revised EEDI Check that the file has been updated
revised after sea trials Guidelines Technical File according to sea trials results
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APPENDIX 2

Sample of document to be submitted to the verifier including
additional information for verification

Caution
Protection of Intellectual Property Rights

This document contains confidential information (defined as additional information) of
submitters. Additional information should be treated as strictly confidential by the verifier and
failure to do so may lead to penalties. The verifier should note following requirements of IMO
Verification Guidelines:

“4.1.2 The information used in the verification process may contain confidential information of
submitters, which requires Intellectual Property Rights (IPR) protection. In the case where
the submitter want a non-disclosure agreement with the verifier, the additional information
should be provided to the verifier upon mutually agreed terms and conditions.”

Revision list

B 01/05/2014 | Final stage: sections 1 to 16 XYZ YYY 2ZZ

A 01/01/2013 | Design stage: sections 110 13 | XXX YYY ZZz

REV. | ISSUE DESCRIPTION DRAWN | CHECKED | APPROVED
DATE
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1 General
This calculation of the Energy Efficiency Design Index (EEDI) is based on:
« Resolution MEPC.203(62) and MEPC.251(66) amendments to include regulations
on energy efficiency in MARPOL Annex VI
« Resolution MEPC.308(73) 2018 Guidelines on the method of calculation of the
attained Energy Efficiency Design Index (EEDI) for new ships

Calculations are being dealt with according to the Industry Guidelines on calculation and
verification of EEDI, 2015 issue.

2 Data

21 Main parameters

Parameter

Owner

Builder YARD

Hull No. 12346

IMO No. 94111 XX

Ship's type Bulk carrier

Ship classification notations | HULL, MACH, Bulk

Carrier CSR

BC-A (holds 2 and 4 may
be empty) ESP
GRAB[20]

Unrestricted Navigation
AUT-UMS, GREEN

PASSPORT,
INWATERSURVEY,
MON-SHAFT

HULL PARTICULARS

Length overall 191.0m

Length between perpendiculars 185.0m

Breadth, moulded 32.25m

Depth, moulded 179 m

Summer load line draught, moulded 12.70 m

Deadweight at summer load line draught 55000 DWT

Lightweight 11590 tons

Owner’s voluntary structural enhancements | No

MAIN ENGINE

Type & manufacturer BUILDER 6SRT60ME

Specified Maximum Continuous Rating 9200 kW x 105 rpm

(SMCR)

SFC at 75% SMCR 171 g/kWh See paragraph

10.1
Number of set 1
Fuel type Diesel/Gas oil

AUXILIARY ENGINES
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Type & manufacturer BUILDER 5X28

Specified Maximum Continuous Rating 650 kW x 700 rpm

(SMCR)

SFC at 50% SMCR 205 g/kWwh See paragraph
10.2

SFC at 75% SMCR (In case if Pae 199 g/kWh See paragraph

significantly different from 2.5.6 of IMO 10.2

EEDI Calculation Guidelines)

Number of set 3

Fuel type

Diesel/Gas oil

OVERVIEW OF PROPULSION SYSTEM
AND ELECTRICITY SUPPLY SYSTEM

See section 4

SHAFT GENERATORS

Type & manufacturer None
Rated electrical output power

Number of set 0
SHAFT MOTORS

Type & manufacturer None
Rated power consumption

Efficiency

Number of set 0

MAIN GENERATORS

Type & manufacturer

BUILDER AC120

Rated output 605 k\We
Efficiency 0.93
Number of set 3
PROPULSION SHAFT

Propeller diameter 59m
Propeller number of blades 4
Voluntarily limited shaft propulsion power No

Number of set

ENERGY SAVING EQUIPMENT

See section 9

Description of energy saving equipment

Propeller boss cap fins

Power reduction or power output

None

2.2 Preliminary verification of attained EEDI

TOWING TANK TEST ORGANIZATION

Identification of organization TEST corp. See section 6.
ISO Certification or previous experience? Previous
experience
TOWING TANK TESTS
Exemption of towing tank tests No

Process and methodology of estimation of

See section 7
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the power curves

Ship model information

See subparagraph 7.2.1

Propeller model information

See subparagraph 7.2.2

EEDI & sea trial loading conditions

EEDI:
mean draft: 12.7 m
TrimO0

Sea trial ( ballast ):
mean draft: 5.8 m

(as necessary, as defined in IMO EEDI
Calculation Guidelines)

difference from
2.5.6 of IMO EEDI

Trim 2.6 m by

stern
Propeller open water diagram (model, ship) See paragraph 7.4
Experience based parameters See paragraph 7.3
Power curves at full scale See section 3
Ship Reference speed 14.25 knots
ELECTRIC POWER TABLE Significant See section 5

Calculation

Guidelines
CALCULATION OF ATTAINED EEDI 5.06 See section 11
CALCULATION OF REQUIRED EEDI 527 See section 12

CALCULATION OF ATTAINED EEDlyeather

Not calculated

See section 13

2.3 Final verification of attained EEDI

POWER CURVES See section 3
Sea trial report with corrections See section 15
Ship Reference speed 14.65 knots
FINAL DEADWEIGHT See section 14
Displacement 66171 tons

| Lightweight 11621 tons
Deadweight 54550 DWT
FINAL ATTAINED EEDI 4.96 See section 16

3 Power curves

The power curves estimated at the design stage and modified after the sea trials are given in

Figure 3.1.
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<Full, p
Ballast, s

Ballast, p

Figure 3.1: Power curves
4 Overview of propulsion system and electric power system
Figure 4.1 shows the connections within the propulsion and electric power supply systems.

The characteristics of the main engines, auxiliary engines, electrical generators and
propulsion electrical motors are given in table 2.1.
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Figure 4.1 scheme of the propulsion and power generation systems

Electric power table

The electric power for the calculation of EEDI is provided in table 5.1.

Grou

P

w

W

< W W w

Table 5.1: Electric power table for calculation of Pae

Description

STEERING GEAR

HULL CATHODIC PROTECTION
CRANE

COMPASS

RADAR NO.1

RADAR NO.2

NAVIGATION EQUIPMENT
INTERNAL COMM. EQUIPMENT
RADIO EQUIPMENT

MOORING EQ.

MAIN COOLING SEA WATER
PUMP NO.1

MAIN COOLING SEAWATER
PUMP NO.2

MAIN COOLING SEAWATER
PUMP NO.3

LT COOLING FW PUMP NO.1
LT COOLING FW PUMP NO.2
LT COOLING FW PUMP NO.3

Mech.
Power
“pm"

N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.

28,0
28,0

28,0
28,0
28,0
28,0

El

Motor
output

N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.

30

30

30
30
30
30

Efficie
n. "e"

N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.

0,925
0,925

0,925
0,925
0,925
0,925
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Rated
el.
Power

45,0
10
10,00
0,5
1,3
13
50
25
3,5
7,0

30,3
30,3

30,3
30,3
30,3
30,3

load
facto
rekT

0,9
1

0,2
1

N N A

0,9
0,9

0,9
0,9
0,9
0,9

duty
facto
r

“kd™

o o
[ = S N ¢ B N Y

0,66
0,66

0,66
0,66
0,66
0,66

time
facto
okt

0,

Sl T N R R O

01
01
01

i

use
facto
r
"y

0,27
1,00
0,20
1,00
0,50
0,50
1,00
0,10
0,10
0,10

0,59
0,59

0,59
0,59
0,59
0,59

Necessa
ry power
"Pload"

12.2
10,0
2,0
0,5
0,7
0,7
5,0
0,2
0,4
0,7

18,0
18,0

18,0
18,0
18,0
18,0
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Necessa
facto | ry power
r "Pload’

duty
facto | facto
r

p

|Ikdll Ilkull
B M/E COOLING WATER PUMP NO.1 13,0 15 05 1] 0,50 72

18 |B M/E COOLING WATER PUMP NO.2 13,0 15 0,9 05 11 0,50 72

19(C MAIN LUB. OIL PUMP NO.1 55,0 90 0,94 5851 09 05 11 0,45 26,3

20]|C MAIN LUB. OIL PUMP NO.2 55,0 90 0,94 5851 09 05 11 045 263

211C H.F.O. TRANSFER PUMP 6,0 75 0,88 6,8 1 1 01| 0,10 07

22|C D.O. TRANSFER PUMP 6,0 75 0,88 6.8 1 1 01| 0,10 0,7

23|C L.O. TRANSFER PUMP 1,4 25 0,8 1,8 1 1 01| 0,10 0,2
TECHNICAL FRESH WATER PUMP

24|C NO.1 25 35 0,85 29 1 05f 01] 0,05 01
TECHNICAL FRESH WATER PUMP

2%|C NO.2 25 35 0,85 29 1 051 01] 005 01

26|C E/R SUPPLY FAN NO.1 14,0 20 0,9 155] 09 1 1 0,90 14,0

271C E/R SUPPLY FAN NO.2 14,0 20 0,9 1551 09 1 1] 0,90 14,0

28|C E/R SUPPLY FAN NO.3 14,0 20 0,9 1551 09 1 1 0,90 14,0

2]|C E/R SUPPLY FAN NO.4 14,0 20 0,9 1551 09 1 1 0,90 14,0
PURIFIER ROOM

30|C EXH.VENTILATOR 25 3 0,82 30f 09 1 1( 0,90 2.7

31|C PUMP HFO SUPPLY UNIT NO.1 2.1 0,8 261 09 05 11 0,45 1,2

32|C PUMP HFO SUPPLY UNIT NO.2 2.1 0,8 261 09! 05 1] 0,45 1,2
CIRC. PUMP FOR HFO SUPPLY

33|C UNIT NO.1 2,8 35 0,84 331 09 05 1] 0,45 1,5
CIRC. PUMP FOR HFO SUPPLY

34|C UNIT NO.2 2,8 3.5 0,84 33 09} 05 11 0,45 1,5

35]|C H.F.O. SEPARATOR NO.1 N.A. N.A. N.A. 65 09 05| 09| OH1 26

36]|C H.F.O. SEPARATOR NQO.2 N.A. N.A. N.A. 65 09] 05| 09| 0,41 26

37|C MAIN AIR COMPRESSER NO.1 N.A. N.A. N.A. 43,0 1 051 01] 0,05 22

38|C MAIN AIR COMPRESSER NO.2 N.A. N.A. N.A. 43,0 1 051 01] 0,05 22

39]|C SERVICE AIR COMPRESSER N.A. N.A. N.A. 22,0 1 1 01| 0,10 22

40| C VENT. AIR SUPPLY N.A. N.A. N.A. 1,0 1 1 05| 0,50 0,1

41|C BILGE WATER SEPARATOR N.A. N.A. N.A. 1,5 1 1 01| 0,10 0,2

42| C M/E L.O. SEPARATOR N.A. N.A. N.A. 85 09 1 02| 0,18 1,2

43| C G/E L.O. SEPARATOR N.A. N.A. N.A. 651 09 1 02| 0,18 1,2

441D HYDROPHORE PUMP NQ.1 2,8 4 0,84 33 1 051 01] 005 0,2

451D HYDROPHORE PUMP NQ.2 2,8 4 0,84 33 1 05f 01] 005 02
HOT WATER CIRCULATING PUMP

46D NO.1 05 1,0 0,8 0,8 1 05 02| 010 0,1
HOT WATER CIRCULATING PUMP

471D NO.2 05 1,0 0,8 0,8 1 051 02| 010 0,1
E/R WORKSHOP WELDING SPACE

48 | E EXH. 0,5 0,8 0,8 061 09 1 1 0,90 06

49| F ECR COOLER UNIT N.A. N.A. N.A. 4,2 1 1 05| 0,50 2,1
FAN FOR AIR CONDITIONING

50| F PLANT N.A. N.A. N.A. 80i 09 1 05| 0,45 36
COMP. AIR CONDITIONING PLANT

5| F NO.1 N.A. N.A. N.A. 100} 09 1 05| 0,45 4,5
COMP. AIR CONDITIONING PLANT

52 |F NO.2 N.A. N.A. N.A. 100} 0,9 1 05| 0,45 4,5
COMP. AIR CONDITIONING PLANT

53| F NO.3 N.A. N.A. N.A. 100} 0,9 1 05| 0,45 4,5
COMP. AIR CONDITIONING PLANT

54| F NO.4 N.A. N.A. N.A. 1001 09 1 05| 0,45 4.5
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El Rated Necessa
Motor el. ry power
output Power "Pload"
wppn f - e |
G N.A. N.A. 1,51 09 1 0,5 0,45 0,7
COMP. FOR GALLEY AIR COND.
56 |G PLANT N.A. N.A. N.A. 35| 09 1 0,5 0,45 1,6
571G REF. COMPRESSOR NO.1 N.A. N.A. N.A. 4,0 1 05| 0,1] 0,05 0,2
58(G REF. COMPRESSOR NO.2 N.A. N.A. N.A. 4,0 1 05| 0,1 0,05 0,2
591G GALLEY EQUIPMENT N.A. N.A. N.A. 80,0 0S5 1 01| 0,05 40
60 |H VAC. COLLECTION SYSTEM 2,4 3,0 0,8 3,0 1 1 1] 1,00 3,0
61[H GALLEY EXH. 1,2 1,5 0,8 1,5 1 1 1[ 1,00 1,5
62 |H LAUNDRY EXH. 0,1 0,15 0,8 0,1 1 1 1( 1,00 0,1
63 |H SEWAGE TREATMENT N.A. N.A. N.A. 4,5 1 1 01{ 0,10 0,5
64 [H SEWAGE DISCHARGE 3 7,5 0,88 34| 09 1 0,1] 0,09 0,3
65]1 ACCOMMODATION LIGHTING N.A. N.A. N.A. 16,0 1 1 05 05 8,0
66 |1 E/R LIGHTING N.A. N.A. N.A. 18,0 1 1 1] 1,00 18,0
67! NAVIGATION LIGHTING N.A. N.A. N.A. 0,9 1 0,5 1| 0,50 0,4
681 BACK. NAV. LIGHTING N.A. N.A. N.A. 0,9 1 0,5 1] 0,50 04
TOTAL POWER 354,0
Pae = Total Power / (average efficiency of generators) = 354/0.93 = 381 kW

6 Towing Tank test organization quality system
Towing tank tests will be performed in TEST corp.
The quality control system of the towing tank test organization TEST corp. has been

documented previously (see report 100 for the ship hull No. 12345) and the quality manual
and calibration records are available to the verifier.

The measuring equipment has not been modified since the issue of report 100 and is listed in
table 6.1.

Table 6.1: List of measuring equipment

inufacturer | Model

Propeller B&N 6001 Calibrate
dynamometer 01/01/2011

7 Estimation process of power curves at design stage
71 Test procedure

The tests and their analysis are conducted by TEST corp. applying their standard correlation
method (document is given in annex 1).

The method is based on thrust identity and references ITTC Recommended Procedure 7.5 -
02 - 03 -1.4 ITTC 1978 Trial Prediction Method (in its latest reviewed version of 2011), with
prediction of the full scale rpm and delivered power by use of the Cp — Cy correction factors.

The results are based on a Resistance Test, a Propulsion Test and use the Open Water
Characteristics of the model propeller used during the tests and the Propeller Open VWater
Characteristics of the final propeller given in 7.4.
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Results of the resistance tests and propulsion tests of the ship model are given in the report
of TEST corp. given in annex 2.

7.2 Speed prediction

The ship delivered power Pp and rate of revolutions nsare determined from the following
equations:

By = oy

g = Ly Hg

Where Cy and Cp are experience-based factors and Pps (resp. ns) are the delivered power
(resp. rpm) obtained from the analysis of the towing tank tests.

The ship total resistance coefficient Cts is given by:

Where:

Ss: ship hull wetted surface, here 9886 m?

Sek: wetted surface of bilge keels

k: form factor. Here 1+k = 1.38 over the speed range, determined according to ITTC
standard procedure 7.5-02-02-01

Crs: ship frictional resistance coefficient (computed according to ITTC 1957 formula)

ACE: roughness allowance, computed according to Bowden-Davison formula. Here ACF =
0.000339

Cr: residual resistance coefficient

Cans:  air resistance coefficient
Capps:  ship appendages (propeller boss cap fins) resistance coefficient, computed as
provided in annex 2.

The air resistance coefficient is computed according to the following formula:
Bardarg
Ps-S5

Caaz = Cpar
Where:

Cpa is the air drag coefficient, here 0.8

pa and ps are the air density and water density, respectively
Ays is the projected wind area, here 820 m?

Caas = 7.9.10%

The delivered power Pp results of the towing tank tests are summarized in table 7.1 for the
EEDI condition (scantling draft) and in table 7.2 for the sea trial condition (light ballast draft).

Table 7.1: results of trial prediction in EEDI condition
Model reference: SX100 - model scale: 40
Loading condition: EEDI loading condition (12.70 m draft)
Resistance test: Propulsion test: POO1 Model propeller:
R0O0O1 Prop01
Ship Wake Propeller | Propeller rpmon Delivered
speed V | factor thrust Ts torque Qs | ship ns Power Pp

(knot) wm-wrs | (kN) (kNm) (kW)
12 0.098 522 467 78 3781
12.5 0.093 578 514 82 4362
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13 0.089 638 563 86 5004
13.5 0.081 701 815 g0 5710
14 0.079 768 669 93 6486
14.5 0.086 838 727 97 7333
15 0.091 912 786 101 8257
15.5 0.099 990 849 105 9261

Experience-based factor Cp: 1.01
Experience based factor Cn: 1.02

Table 7.2: results of trial prediction in sea trial condition
Model reference: SX100 - model scale: 40
Loading condition: Sea trial condition (5.80 m draft)

Resistance test: . . Model propeller:
ROO2 Propulsion test: POO2 Prop01
Ship Wake Propeller | Propeller rom on Delivered
speed V |factor thrust Ts  |torque Qs sFr)1ip n Power Pp
(knot)  |wrmwis [(kN) (kNm) s (KWW)
12 0,079 406 379 72 2974
12,5 0,081 451 418 76 3445
13 0,083 500 459 79 3968
13,5 0,085 551 503 83 4545
14 0,087 606 549 87 5181
14,5 0,088 664 597 90 5878
15 0,091 725 648 94 6641
15,5 0,089 790 701 98 7474

Experience-based factor Cp: 1.05
Experience based factor Cy: 1.03

The predicted results are represented on the speed curves given in Figure 3.1. The EEDI
condition results are indexed (Full, p), the sea trial condition results (Ballast, p).

7.3 Ship and propeller models
The ship model is at scale A = 40. The characteristics are given in table 7.3.

Table 7.3: characteristics of the ship model

Identification (model number or similar) SX 100

Material of construction Wood

Principal dimensions

Length between perpendiculars (Lpp) 4625 m

Length of waterline (Lw) 4700 m

Breadth (B) 0.806 m

Draught (T) 0317 m

Design displacement (4) (kg, fresh water) 1008.7 kg

Wetted surface area 6.25 m?

Details of turbulence stimulation Sand strips

Details of appendages rudder

Tolerances of manufacture +/- 2.5 mm on length
+/- 1 mm on breadth
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The propeller model used during the tests is a stock model with the following characteristics:

Table 7.4: characteristics of the stock propeller used during the tests

Identification (model number or similar) PropOl

Materials of construction aluminium

Blade number 4

Principal dimensions

Diameter 147.5 mm

Pitch-Diameter Ratio (P/D) 0.68

Expanded blade Area Ratio (AdAg 0.60

Thickness Ratio (t/D) 0.036

Hub/Boss Diameter (oh) 25 mm

Tolerances of manufacture Diameter (D): +0.10 mm

Thickness (t): +0.10 mm
Blade width (c):  +0.20 mm
Mean pitch at each radius (P/D):
............ + 0.5% of design value.

7.4 Open water characteristics of propeller

The open water characteristics of the stock model propeller are given in annex 2. The open
water characteristics of the ship propeller are given in Figure 7.1.

Figure 7.1: open water characteristics of ship propeller
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8 Lines and offsets of the ship
The ships lines and offsets table are given in Annex 3.

9 Description of energy saving equipment

9.1 Energy saving equipment of which effects are expressed as Pageriy and/or Pemj) in
the EEDI calculation formula

None here.
9.2 Other energy saving equipment
The propeller boss cap fins are described in annex 4.

10 Justification of SFC (documents attached to NO, technical file of the parent
engine)

10.1 Main engine

The shop test report for the parent main engine is provided in annex 5.1. The SFOC has
been corrected to ISO conditions.

10.2 Auxiliary engine

The technical file of the EIAPP certificate of the auxiliary engines is provided in annex 5.2.
The SFOC has been corrected to ISO conditions.

11  Calculation of attained EEDI at design stage
11.1 Input parameters and definitions

The EEDI quantities and intermediate calculations are listed in table 11.1:

Table 11.1: Parameters in attained EEDI calculation

s

Crme 3.206 Marine Diesel oil is used for shop test of the main engine
Pne 6900 kW | No shaft generator installed ( Ppro = 0)
MCR is 9200 kW PME = 0.75x9200 = 6 900 kW
SFCwme 171 g/kWwh | According to parent engine shop test report in ISO conditions (see
10.1)
CFaEe 3.206 Marine diesel oil is used for shop test of the auxiliary engine
Ppri 0 No shaft motor installed
Pae 381 kwv MCR of the engine is 9200 kW, less than 10000k
‘ N T Py
Pag =0.05.0) MCRyg + <5100,

=1
Pae = 0.05*9200 = 460 k\W

According to electric power table included in table 5.1, Y Pload(i) =
354 kW

The weighted average efficiency of generators = 0.93
(KWelec/kWmech)

Pae = YPload(j) / 0.93 = 381 kW

The difference (460 — 381) KW is expected to vary EEDI by slightly
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more than 1%, so 381 kW s considered.

SFCae 199 g/kWh | According to technical file of EIAPP certificate in ISO conditions
(at 75% (see 10.2). According to 2.7.1 of IMO EEDI Calculation Guidelines
MCR) the SFCae at 75% MCR should be used as Pae is significantly
different from 2.5.6 of IMO EEDI Calculation Guidelines.
Pest 0] No mechanical energy efficient devices
The propeller boss cap fins act by reducing ship resistance
PaEett 0 No auxiliary power reduction
fesi Not relevant here (see above)
fi 1.0 The ship is a bulk carrier without ice notations. fj=1.0
fi 1.017 No ice notation fice = 1.0

No voluntary structural enhancement for this ship fiyse = 1.0

The ship has the notation Bulk carrier CSR:

ficsk = 1 + 0.08*LWTcsr / DWTcsr = 1+0.08*11590/55000 = 1.017
fi = fuce X fivse X ficse = 1.017

fw 1.0 For attained EEDI calculation under regulation 20 and 21 of
MARPOL Annex VI, fwis 1.0
fe 1.0 The ship is a bulk carrier fc = 1.0
Capacity 55000 For a bulk carrier, Capacity is deadweight = 55 000 tons
Vret 14.25 At design stage, reference speed is obtained from the towing tank
knots test report and delivered power in scantling draft (EEDI) condition

is given in table 7.1

Intable 7.1 Pp = 1.0 x Pye = 6900 kW

The reference speed is read on the speed curve corresponding to
table 7.1 at intersection between curve Full, p and 6900 kW

Vet = 14.25 knots

11.2 Result

For this vessel, Attained EEDI is:
(08 73 R Bucp 0o+ Cracose FPCacosd + B Crse - I o + L S EET Brron — Ei’ By Piswrr b Craw TP — B Barruiy Bogyreip Coasar SF G}
FrECopeeite £, %y,

Attained EEDI = (6900*3.206*171+381*3.206*199) / (1.017*55000%14.25) = 5.05 g/t.nm
12 Required EEDI

According to MARPOL Annex VI, Chapter 4, Regulation 21, the required EEDI is:
(1-x/100) x reference line value

The reference line value = a*b® where a, b, ¢ are given for a bulk carrier as:

a= 961.79 b = deadweight of the ship ¢ = 0.477

So reference line value =5.27 g/t.nm

In Phase O (between 1 Jan 2013 and 31 Dec 2014) above 20000 DWT, x =0

So Required EEDI =5.27 g/t.nm

Figure 12.1 provides the relative position of attained EEDI with reference to required value.
As a conclusion, for this vessel:

e attained EEDI = 5.05 g/t.nm
e required EEDI =527 g/t.nm
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» Regulation criteria is satisfied with 4.2% margin

Energy Efficiency Design Index

Figure 12.1: Required EEDI value
13  Calculation of attained EEDIwedher
Not calculated.
14  Lightweight check report

The lightweight check report is provided in annex 6. The final characteristics of the ship are:

Displacement 66171 tons
Lightweight 11621 tons
Deadweight 54550 DWT

15 Seatrial report with corrections

The sea trial report is provided in annex 7. The results of the sea trial after corrections by
BSRAand ITTC standard methods are given on curve Ballast,s on Figure 3.1.

16 Calculation of attained EEDI at final stage
16.1 Recalculated values of parameters

The EEDI quantities and intermediate calculations are listed in table 16.1. Parameters which
have not been modified from the preliminary verification stage are marked “no change”.
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Table 16.1: Parameters in attained EEDI calculation (final stage)

EEDI Value Remarks

quantity

Ceme 3.206 No change

Pue 6900 kW No change

SFCue 171 g/kvwh | No change

CFae 3.206 No change

Peri 0 No change _

Pae 381 kW The electric power table has been validated and endorsed (see
the electric power table form in annex 8)

SFCaeat 199 g/kvwh | No change

75% MCR

Peft 0 No change

Paker 0 No change

fert No change

fi 1.0 No change

fi 1.017 Deadweight and lightweight are computed from lightweight check:
ficsk = 1 + 0.08*LWTcsr / DWTcsr = 1+0.08*11621/54550 = 1.017
fi= fi|c|5 X fNSE X flCSR =1.017 (unchanged)

fe 1.0 No change

Capacity 54550 DWT | Deadweight has been computed from the lightweight check. See
14.

Vret 14.65 knots | The reference speed in EEDI condition has been adjusted
according to the delivered power adjustment methodology defined
in Industry Guidelines.

The reference speed is read on the speed curves diagram in
Figure 3.1
Vref = 14.65 knots

16.2 Final result

Attained EEDI = (6900*3.206*171+381*3.206*199) / (1.017*54550*14.65) = 4.95 g/t.nm

Required EEDI in Phase 0: 961.79*5455004/" = 5.29 g/t.nm

Regulation criteria is satisfied with 6.4% margin
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Annex 1

Annex 2

Annex 3

Annex 4

Annex 5

Annex 6

Annex 7

Annex 8

List of annexes to the Document

Standard model-ship extrapolation and correlation method

Towing tank tests report

Ship lines and offsets table

Description of energy saving equipment

5.1 NOx Technical File of main engine(s)

5.2 NO, Technical File of auxiliary engines

Lightweight check report

Sea trials report

EPT-EEDI form
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APPENDIX 3
Verifying the calibration of model test equipment

Quality Control System

The existence of a Quality Control System is not sufficient to guarantee the correctness of the
test procedures; QS, including 1ISO 9000, only give documentary evidence what is to be and
has been done. Quality Control Systems do not evaluate the procedures as such.

The Test institute should have a quality control system (QS). If the QS is not certified ISO
9000 a documentation of the QS should be shown. A Calibration Procedure is given in ITTC
Recommended Procedures 7.6-01-01.

1. Measuring Equipment

An important aspect of the efficient operation of Quality System according to measuring
equipment is a full identification of devices used for the tests.

Measuring equipment instruments shall have their individual records in which the following
data shall be placed:

- name of equipment

- manufacturer

- model

- Series

- laboratory identification number ( optionally)

- status ( verified, calibration, indication )

Moreover the information about the date of last and next calibration or verification shall be
placed on this record. All the data shall be signed by authorised officer.

2. Measuring Standards

Measuring standards used in laboratory for calibration purposes shall be confirmed (verified)
by Weights and Measures Office at appropriate intervals (defined by the Weights and
Measures Office).

All measuring standards used in laboratory for the confirmation purposes shall be supported
by certificates, reports or data sheets for the equipment confirming the source, uncertainty
and conditions under which the results were obtained.

3.  Calibration

The calibration methods may differ from institution to institution, depending on the particular
measurement equipment. The calibration shall comprise the whole measuring chain (gauge,
amplifier, data acquisition system etc.).

The laboratory shall ensure that the calibration tests are carried out using certified measuring
standards having a known valid relationship to international or nationally recognised
standards.

a) Calibration Report

“Calibration reports” shall include:
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- identification of certificate for measuring standards

- description of environmental conditions

- calibration factor or calibration curve

- uncertainty of measurement

- minimum and maximum capacity” for which the error of measuring instrument is
within specified (acceptable) limits.

b) Intervals of Confirmation

The measuring equipment (including measuring standards) shall be confirmed at appropriate
(usually periodical) intervals, established on the basis of their stability, purpose and wear. The
intervals shall be such that confirmation is carried out again prior to any probable change in
the equipment accuracy, which is important for the equipment reliability. Depending on the
results of preceding calibrations, the confirmation period may be shortened, if necessary, to
ensure the continuous accuracy of the measuring equipment.

The laboratory shall have specific objective criteria for decisions concerning the choice of
intervals of confirmation.

©) Non - Conforming Equipment
Any item of measuring equipment

- that has suffered damage,

- that has been overloaded or mishandled,

- that shows any malfunction,

- whose proper functioning is subject to doubt,

- that has exceeded its designated confirmation interval, or

- the integrity of whose seal has been violated, shall be removed from service by
segregation, clear labelling or cancelling.

Such equipment shall not be returned to service until the reasons for its nonconformity have
been eliminated and it is confirmed again.

If the results of calibration prior to any adjustment or repair were such as to indicate a risk of
significant errors in any of the measurements made with the equipment before the calibration,
the laboratory shall take the necessary corrective action.

4. Instrumentation
Especially the documentation on the calibration of the following Instrumentation should be
shown.

a) Carriage Speed

The carriage speed is to be calibrated as a distance against time. Period between the
calibrations is to be in accordance with the internal procedure of the towing tank test
organisation.

b)  Water Temperature
Measured by calibrated thermometer with certificate (accuracy 0.1°C).

c)  Trim Measurement
Calibrated against a length standard. Period between the calibrations is to be in accordance
with the internal procedure of the towing tank test organisation.

d) Resistance Test
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Resistance Test is a force measurement. It is to be calibrated against a standard weight.
Calibration normally before each test series.

e) Propulsion Test

During Self Propulsion Test torque, thrust and rate of revolutions are measured. Thrust and
Torque are calibrated against a standard weight. Rate of revolution is normally measured by
a pulse tachometer and an electronic counter which can be calibrated e.g. by an oscillograph.

Period between the calibrations is to be in accordance with the internal procedure of the
towing tank test organisation.

f) Propeller Open Water Test

During Propeller Open Water Test torque, thrust and rate of revolutions are measured. Thrust
and Torque are calibrated against a standard weight. Rate of revolution is normally measured
by a pulse tachometer and an electronic counter which can be calibrated e.g. by an
oscillograph.

Period between the calibrations is to be in accordance with the internal procedure of the
towing tank test organisation.

Examples of documentation sheets are given in the Annexes 1 and 2:
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ANNEX 1: SAMPLE OF MEASURING EQUIPMENT CARD

Status
Work Instructions Calibrated ]
Calibration Instructions Indication ]
Verified at Verified ]
Date of Certificate. Period Date of Next | Responsible | Department Approval
Check No. Check
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ANNEX 2: SAMPLE OF CALIBRATION CERTIFICATE.

CALIBRATION CERTIFICATE

for
PROPELLER

Calibration Instructions = ::]  Calibrated by :
Dateofcalibraon [ Checkedby

:l Date of purchased
[ ] coetifcateto

ificate No
iﬁt:’ateh!p -
ificate No
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CALIBRATION RESULTS

Environmental condition

Note : tests and computations results are included in report |:|
Prepared by : .................... Approved by @ ... Date i ...
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APPENDIX 4
Review and witnessing of model test procedures

The Model Tests is to be withessed by the verifier. Special attention is to be given to the
following items:

1.  Ship Model
Hydrodynamic Criteria

a)  Model Size: The model should generally be as large as possible for the size of the
towing tank taking into consideration wall, blockage and finite depth effects, as well as
model mass and the maximum speed of the towing carriage (ITTC Recommended
Procedure 7.5-02-02-01 Resistance Test).

b)  Reynolds Number: The Reynolds Number is to be, if possible, above 2.5x 105,

c) Turbulence Stimulator: In order to ensure turbulent flow, turbulence stimulators have to
be applied.

Manufacture Accuracy

With regard to accuracy the ship model is to comply with the criteria given in ITTC
Recommended Procedure 7.5-01-01-01, Ship Models.

The following points are to be checked:
a) Main dimensions: Lpp, B.

b)  Surface finish: Model is to be smooth. Particular care is to be taken when finishing the
model to ensure that geometric features such as knuckles, spray rails, and boundaries
of transom sterns remain well-defined.

c) Stations and Waterlines: The spacing and numbering of displacement stations and
waterlines are to be properly defined and accurately marked on the model.

d)  Displacement. The model is to be run at the correct calculated displacement. The
model weight is to be correct to within 0.2% of the correct calculated weight
displacement. In case the marked draught is not met when the calculated displacement
has been established the calculation of the displacement and the geometry of the
model compared to the ship has to be revised. (Checking the Offsets).

Documentation in the report

Identification (model number or similar)

Materials of construction

Principal dimensions

Length between perpendiculars (Lpp)

Length of waterline (Lw.)

Breadth (B)

Draught (7)

For multihull vessels, longitudinal and transverse hull spacing
Design displacement (4) (kg, fresh water)
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Hydrostatics, including water plane area and wetted surface area
Details of turbulence stimulation

Details of appendages

Tolerances of manufacture

2. Propeller Model

The Manufacturing Tolerances of Propellers for Propulsion Tests are given IN ITTC
Recommended Procedures 7.5-01-01-01, Ship Models Chapter 3.1.2. Attention: Procedure
7.5 = 01-02-02 Propeller Model Accuracy is asking for higher standards which are applicable
for cavitation tests and not required for self-propulsion tests.

Propeller Model Accuracy

Stock Propellers

During the “stock-propeller” testing phase, the geometrical particulars of the final design
propeller are normally not known. Therefore, the stock propeller pitch (in case of CPP) is
recommended to be adjusted to the anticipated propeller shaft power and design propeller
revolutions. (ITTC Recommended Procedure 7.5-02-03-01.1 Propulsion/Bollard Pull Test).

Adjustable Pitch Propellers
Before the Tests the pitch adjustment is to be controlled.

Final Propellers

Propellers having diameter (D) typically from 150 mm to 300 mm is to be finished to the
following tolerances:

Diameter (D) £ 0.10 mm

Thickness (t) £ 0.10 mm

Blade width (c) £ 0.20 mm

Mean pitch at each radius (P/D): + 0.5% of de-sign value.

Special attention is to be paid to the shaping accuracy near the leading and trailing edges of
the blade section and to the thickness distributions. The propeller will normally be completed
to a polished finish.

Documentation in the report
Identification (model number or similar)
Materials of construction

Principal dimensions

Diameter

Pitch-Diameter Ratio (P/D)

Expanded blade Area Ratio (Ae/Ao)
Thickness Ratio (t/D)

Hub/Boss Diameter (dh)

Tolerances of manufacture

3. Model Tests
a) Resistance Test

The Resistance Test is to be performed acc. to ITTC Recommended Procedure 7.5-02-02-01
Resistance Test.

Documentation in the report

Model Hull Specification:
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- Identification (model number or similar)
- Loading condition
- Turbulence stimulation method
- Model scale
- Main dimensions and hydrostatics (see ITTC Recommended Procedure 7.5-01-01-
01 Ship Models and chapter 2 of this paper).
Particulars of the towing tank, including length, breadth and water depth
Test date
Parametric data for the test:
- Water temperature
- Water density
- Kinematic viscosity of the water
- Form factor (even if (1+k) =1.0 is applicable, this is to be stated)
- ACF or Ca

For each speed, the following measured and extrapolated data is to be given as a minimum:
- Model speed
- Resistance of the model
- Sinkage fore and aft, or sinkage and trim

b) Propulsion Test

The Propulsion Test is to be performed acc. to ITTC Recommended Procedure 7.5-02-03-
01.1 Propulsion Test/Bollard Pull.

Documentation in the report
Model Hull Specification:
- ldentification (model humber or similar)
- Loading condition
- Turbulence stimulation method
- Model scale
- Main dimensions and hydrostatics (see ITTC Recommended Procedure 7.5-01-01-
01 Ship Models and chapter 2 of this paper).
Model Propeller Specification:
- ldentification (model number or similar)
- Model Scale
- Main dimensions and particulars (see ITTC Recommended Procedure 7.5-01-01-01
Ship Models and chapter 3 of this paper)
Particulars of the towing tank, including length, breadth and water depth
Test date
Parametric data for the test:
- Water temperature
- Water density
- Kinematic viscosity of the water
- Form factor (even if (1+k) = 1.0 is applicable, this is to be stated)
- ACrorCa
- Appendage drag scale effect correction factor (even if a factor for scale effect
correction is not applied, this is to be stated).

For each speed the following measured data and extrapolated data is to be given as a
minimum:

- Model speed

- External tow force

- Propeller thrust,

- Propeller torque
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- Rate of revolutions.
- Sinkage fore and aft, or sinkage and trim
- The extrapolated values are also to contain the resulting delivered power Pp,

c) Propeller Open Water Test

In many cases the Propeller Open Water Characteristics of a stock propeller will be available
and the Propeller Open Water Test need not be repeated for the particular project. A
documentation of the Open Water Characteristics (Open Water Diagram) will suffice.

In case of a final propeller or where the Propeller Open Water Characteristics is not available
the Propeller Open Water Test is to be performed acc. to ITTC Recommended Procedure
7.5-02-03-02.1 Open Water Test.

Documentation in the report
Model Propeller Specification:
- ldentification (model number or similar)
- Model scale
- Main dimensions and particulars (see recommendations of ITTC Recommended
Procedure 7.5-01-01-01 Ship Models and chapter 3 of this paper)
- Immersion of centreline of propeller shaft in the case of towing tank
Particulars of the towing tank or cavitation tunnel, including length, breadth and water depth
or test section length, breadth and height.
Test date
Parametric data for the test:
- Water temperature
Wiater density
Kinematic viscosity of the water
Reynolds Number (based on propeller blade chord at 0.7R)

For each speed the following data is to be given as a minimum:
- Speed
- Thrust of the propeller
- Torque of the propeller
- Rate of revolution
- Force of nozzle in the direction of the propeller shaft (in case of ducted propeller)

Propeller Open Water Diagram
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4. Speed Trial Prediction

The principal steps of the Speed Trial Prediction Calculation are given in ITTC
Recommended Procedure 7.5 - 02 - 03 -1.4 ITTC 1978 Trial Prediction Method (in its latest
reviewed version of 2011). The main issue of a speed trial prediction is to get the loading of
the propeller correct and also to assume the correct full scale wake. The right loading of the
propeller can be achieved by increasing the friction deduction by the added resistance (e.g.
wind resistance etc.) and run the self-propulsion test already at the right load or it can be
achieved by calculation as given in Procedure 7.5-02-03-1.4.

A wake correction is always necessary for single screw ships. For twin screw ships it can be
neglected unless the stern shape is of twin hull type or other special shape.

The following scheme indicates the main components of a speed trial prediction. It is to be
based on a Resistance Test, a Propulsion Test and an Open Water Characteristics of the
used model propeller during the tests and the Propeller Open Water Characteristics of the
final propeller.

Documentation
Model Hull Specification:
- ldentification (model number or similar)
- Loading condition
- Turbulence stimulation method
- Model scale
- Main dimensions and hydrostatics (see ITTC Recommended Procedure 7.5-01-01-
01 Ship Models and chapter 2 of this paper).
Model Propeller Specification:
- Main dimensions and particulars (see ITTC Recommended Procedure 7.5-01-01-01
Ship Models and chapter 3 of this paper)

Particulars of the towing tank, including length, breadth and water depth
Resistance Test Identification (Test No. or similar)

Propulsion Test Identification (Test No. or similar)

Open Water Characteristics of the model propeller

Open Water Characteristics of ship propeller

Ship Specification:

Projected wind area

- Wind resistance coefficient

- Assumed BF

- Cpand C,
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Principle Scheme for Speed Trial Prediction

For each speed the following calculated data is to be given as a minimum:
- Ship speed
- Model wake coefficient
- Ship wake coefficient
- Propeller thrust on ship
- Propeller torque on ship
- Rate of revolutions on ship
- Predicted power on ship (delivered power on Propeller(s) Pd)
- Sinkage fore and aft, or sinkage and trim
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Scheme for review and witnessing Model Tests

Checking of Model Testing Procedure

Yes

Certification

Hydrodynamic

o Tank blockage
Criteria

Mode! Quallty Stations and

W aterlines

Check accuracy by
draught - Correct? ~~AN 0o —
displacement

Offsets

Extrapolation See scheme for
Method Trial Prediction
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APPENDIX 5

Sample report “Preliminary Verification of EEDI”

ATTESTATION

PRELIMINARY VERIFICATION OF ENERGY EFFICIENCY DESIGN INDEX (EEDI)

by VERIFIER

Ship particulars:

Ship Owner:

Shipyard:

Ship's Name:

IMO Number:

Hull number:

Building contract date:

Type of ship:

Port of registry:

Deadweight:

Summary results of EEDI

Statement N° EEDI/2015/XXX

Reference speed VV.V knots
Attained EEDI XXX g/t.nm
Required EEDI Y.YY g/t.nm

Supporting documents

Title

ID and/or remarks

EEDI Technical File

RRRR dated 01/01/2015

This is to certify:

1 That the attained EEDI of the ship has been calculated according to the 2014
Guidelines on the method of calculation of the attained Energy Efficiency Design
Index (EEDI) for new ships, IMO resolution MEPC. 245(66).

2 That the preliminary verification of the EEDI shows that the ship complies with the
applicable requirements in regulation 20 and regulation 21 of MARPOL Annex VI
amended by resolutions MEPC.203(62) and MEPC. 251(66).

Completion date of preliminary verification of EEDI: xx/xx/xxxx

Issued at: on:

Signature of the Verifier
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APPENDIX 6
Sample calculations of EEDI

Content

Appendix 6.1: Cruise passenger ship with diesel-electric propulsion
Appendix 6.2: LNG carrier with diesel-electric propulsion
Appendix 6.3: Diesel-driven LNG carrier with re-liquefaction system

Appendix 6.4: LNG carrier with steam turbine propulsion
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Appendix 6.1
Sample calculation for diesel-electric cruise passenger ship

1.  Preliminary calculation of attained EEDI at design stage

Attained EEDI for cruise passenger ship having diesel electric propulsion system is calculated
as follows at design stage.
For a diesel-electric cruise passenger ship:
Pmve = 0, Pen ¢0, Ppro=0

1)  Input
The table below lists the input information needed at the design stage and verified at the final
stage:
Sym Name
MPP Rated output of 2 x 20000 | From EEDI technical file
electric propulsion | kW
motors
NeTi Efficiency of 0.945 From electric power table
transformer +
converter +
propulsion motor at
75% of rated motor
output
NGEN Power-weighted 0.974 Calculation from individual generator
average efficiency efficiencies given in electric power table:
of generators 0.975*19000+0.972*14000/(14000+19000)
HLOADwax | Consumed electric | 15779 kW | From electric power table for the most
power excluding demanding cruise contractual conditions
propulsion in cruise (here extreme summer conditions 28°C
most demanding during 80% of the time)
conditions
SFCae Power-weighted 185 g/kwwh | From NOx technical file
average of specific
oil consumption
among all engines
at 75% of the MCR
power
GT Cross Tonnage 160000 From EEDI technical file
ums

MCR of auxiliary diesel engines

MPP

2) Calculation of ZPer
The input is the rated output of the electric propulsion motors, MPP, which can be identified
with the quantity noted Pprishatin 2.5.3 of the “2014 guidelines on the method of calculation of
the attained energy efficiency design index (EEDI) for new ships”.

The term Per is then computed as follows:

19,000 kW x 2 + 14,000 kW x 2

20,000 kWW x 2

SFCae recorded in the test report annexed to the NOx technical file at 75% of MCR power
and corrected to the ISO standard reference conditions.

185 g/kWh for both types of engines (19,000 kW and 14,000 kW)
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o E(0.75 x MPP(i)}
Z Porsyn

err % fgen

Z % 0.75 % 20,000
z Porpeyy = ———————

0.945 % 0974
z Porigey

Where npr is the chain efficiency of the transformer, frequency converter and electric motor,
as given by the manufacturer at 75% of the rated motor output and neen is the weighted
average efficiency of the generators.

32,693 kW

3) Value of Pae

Pae is estimated by the consumed electric power, excluding propulsion, in most demanding
(i.e. maximum electricity consumption) cruise conditions as given in the electric power table
provided by the submitter, divided by the average efficiency of the generators.

The most demanding conditions maximise the design electrical load and correspond to
contractual ambient conditions leading to the maximum consumption off heating ventilation
and air conditioning systems, in accordance with Note 2 of the “2014 guidelines on the
method of calculation of the attained energy efficiency design index (EEDI) for new ships”.

In this example, the most demanding condition corresponds to extreme summer conditions,
where the external air temperature is 28°C during 80% of the time.

_ HLOAD,,,
ﬂGen
_15779kW
0974
=16.200kW

P

AE

4) Vs at EEDI condition

Vyer is obtained by the preliminary speed-power curves as the model tank test results at EEDI
condition at design stage. Suppose that Vs of 22.5 kn is obtained at 75% of MPP, in this
example calculation at design stage.

§) Calculation of the attained EEDI at design stage

EEDI is calculated in accordance with paragraph 2 of the “2014 guidelines on the method of
calculation of the attained energy efficiency design index (EEDI) for new ships”. The primary
fuel is marine Gas Oil in this example.

(Pag + 2 Py (D) (Cpay +SFC )
Capacity -V,

_ (16200+32593)x185x3.206
"~ 160,000(UMS) x 22.5(kn)

EEDI =

8.04

2.  Final calculation of attained EEDI at sea trial
Aftained EEDI at sea trial of cruise passenger ship having diesel electric propulsion system is
calculated as follows.
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1) Typical configuration and example of measurement points at sea trial

Switch Board
enerator
C) 9
Propulsion— Freq. | e Foc FO
motor —  CONV b©H Serv.
Tk
& a a
& FOC o
Propulsion —  Freq <2 ) P 40 corv
Tk
& -© Sr5*
Pae .e
JL

Motor chain efficiency m  Generator efficiency ng,

2)  Specifications

Chain efficiency of the electric motor npn and generator efficiency rlGan can be confirmed
during the sea trials at EEDI conditions (i.e. 75% of the rated motor output) taking into
account the power factor coscp of the electric consumers.

SFCae is computed form the NOXx technical file if this file was not available at the preliminary
stage.

Gross tonnage is confirmed at 160,000 urns.

Prior to sea trials, an on-board survey is performed to ensure that data read on the
nameplates of the main electrical pieces of equipment comply with those recorded in the
submitted electric power table.

3) vref at EEDI condition

\fetis obtained by the speed-power curves as a result of the sea trial in accordance with
paragraph 4.3.9 of the “2013 guidelines on survey and certification of the energy efficiency
design index (EEDI)”. Suppose that \tef of 18.7kn is obtained at 75% of MPP, in this example
calculation at sea trial.

During the sea trials, the shaft power transferred to the propellers pptishat must be obtained. It
could be measured by a torsiometer fitted on the propeller shaft, or obtained from the
computation of the power consumption of the motor psm through the following relation:

por/ cfraff = Pw * uprr
4) Calculation of the attained EEDI at sea trial
EEDI is calculated in accordance with paragraph 2 of the “2014 guidelines on the method of

calculation of the attained energy efficiency design index (EEDI) for new ships”. The primary
fuel is marine Gas Oil in this example.
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(PA.E + ZPPTI(i))'(CFAE 'SFCAJZ)
EEDI = L
Capacity -V,

_ (16200 +32593)x185x3206 __ .
160,000(UMS) x 22.7(kmn) '
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Appendix 6.2
Sample calculation for LNG carrier having diesel electric propulsion system

1.  Preliminary calculation of attained EEDI at design stage
Attained EEDI for LNG carrier having diesel electric propulsion system at design stage is
calculated as follows.

1) Specifications

MCR of main engines 10,000 (kW) x 3 + 6,400 (kW) x 1
MPPotor 24,000 (kW)

SF Cme(i)_electric, gas mode at 75% of MCR
162.0 (g/lkWh) (for 10,000 (kVWW)-Engines) (SFC with the addition of
the guarantee tolerance)
162.6 (g/kWh) (for 6,400 (kW)-Engine) (Ditto)

SF Cueq_piottuel 6.0 (9/kWh) (for 10,000 (kV\)-Engines), 6.1 (g/kWWh) (for 6,400
(kW)-Engine)
Deadweight 75,000 (ton)

2) Relectricar @t design stage

Reiectricar 1S Set as 0.913 in accordance with paragraph 2.5.1 of the “2014 guidelines on the
method of calculation of the attained energy efficiency design index (EEDI) for new ships™.

3) Calculation of Pue

Pue is calculated in accordance with paragraph 2.5.1 of the “2014 guidelines on the method
of calculation of the attained energy efficiency design index (EEDI) for new ships”.

P =083 M Puscer.

ME
Retectricar

24,000
0.913

=083x

= 21 818(kW)

4) Calculation of Pae

Pac is calculated in accordance with paragraph 2.5.6.1 and 2.5.6.3 of the “2014 guidelines on

the method of calculation of the attained energy efficiency design index (EEDI) for new ships”.

4 o i
AME ZP«"E&"?
Pir= 0.025%( ) MCRygy; +-2 ) +250 and or;

1=t

075
! H

+ CargoTankCapacity; y; * BOR = COP, ey, * Rociigues {1} andor ot Applicable}

P
+0.33% D SFC i coomods g% {2) mdor,  (NetApplicable)
g,\t:.-f
+0.02% > PMEH )

= {10025 24.000) +250} +0+0+{0.02 - 21818}
= 1,286(kW)
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Note:
*1: The value of MPPwmioris used instead of MCRme in accordance with paragraph 2.5.6.3.3.

5) \fref at EEDI condition

vmf is obtained by the preliminary speed-power curves as the model tank test results at EEDI
condition at design stage. Suppose that vmf of 18.4kn is obtained at 83% of MPPMotor, in this
example calculation at design stage.

¢) Calculation of the attained EEDI at design stage

EEDI is calculated in accordance with paragraph 2 of the “2014 guidelines on the method of
calculation of the attained energy efficiency design index (EEDI) for new ships”. The primary
fuel is LNG in this example calculation. In this case, SFCAE(i)_eiectric, gas mode at 75%ofmer iS equal to
SFCME(i)_electric, gas mode at 75%0f MCR, L SFCAE(i)_Pilotfuel is equal to SFCiviE(i)_Pilotfuel-

nﬁ' PME '("FME Gas ' w tJds B Pliotfuel "SF C w Pllotfuel ) S’ ’ _Gas "SFC AE ljas I (" p _ Pitanyas! 'S F C Motfael
Capacity 1Vref
_ 21,818 x(2.750 x 162.1 +3.206 x 6.0)+,286 x (2.750 x 162.1 +3.206 x6.0) _ ? %g
75,000(DWT) x18.4(kn)
Note:

*1: The average weighed value of SFQVH() eedric, gsnuea 75%a0fmer and SFCAK() _dedric, gesmck
a 75%fmer is used;
162.0x10,000 (KW)x3+1 62.6x6,400 (KW)
jo ;000 (KW)X3+6,400 (KW) = 102.1(g/kWh)

*2:  The average weighed value of SFCMHj) Fidfus and SFCAH|) pdfis is used;.
6.0x10,000(kW>: 3+6.1x6,400(kW)
I 000(kW), 3+6=400(kW) = 6.0(g/kWh)

2. Final calculation of attained EEDI at sea trial
Attained EEDI for LNG carrier having diesel electric propulsion system at sea trial is
calculated as follows.

1) Typical configuration and example of measurement points at sea trial

Propulsion Motor Input(i)_ eatrial

Switch Board bEHE

. Fuel Consumptionopseatrial
Gear efficiency Electrical efficiency

P)electrical
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2) Specifications

MCR of main engines 10,000 (kW) x 3 + 6,400 (kW) x 1

MPPMotor 24,000 (k\l\’)

SF Cweqi)_electric, gas mode at 75% of MCR
161.6 (g/kWwh) (for 10,000 (kW)-Engines) (SFC of the test report in
the NOx technical file)
162.2 (g/lkWh) (for 6,400 (kW)-Engine) (Ditto)

SF Cweg_pitotiuel 6.0 (9/kWh) (for 10,000 (kWW)-Engines), 6.1 (g/kWh) (for 6,400
(kWW)-Engine)
Deadweight 75,500 (ton)

3)  Retectricar At sea trial

Relectricar IS Set as 0.913 in accordance with paragraph 2.5.1 of the “2014 guidelines on the
method of calculation of the attained energy efficiency design index (EEDI) for new ships”.

4) Calculation of Pue

Pue is calculated in accordance with paragraph 2.5.1 of the “2014 guidelines on the method
of calculation of the attained energy efficiency design index (EEDI) for new ships”.

MPP
P, =083x e

Netectricat

24,000
0.913

=083x

=21 818(kW)

5) Calculation of Pae

Pae is calculated in accordance with paragraph 2.5.6.1 and 2.5.6.3 of the “2014 guidelines on

the method of calculation of the attained energy efficiency design index (EEDI) for new ships”.

nPTI

nME Z PPTI(i)
Py =| 0.025% (3 MCRg ) + ElOT—) +250 and/or,
i=l .

xR

reliquefy

+ CargoTankCapacity 1, < BOR % COP,, (1) and/or; (Not Applicable)

liguefy
nME

P,
+0.33x% Z]SFCMEUL&MW X 1‘32(8 -+(2) and/or; (Not Applicable)

nME
+0.02% Y Pty (3
i=1

={(0.025%24,000)+ 250} + 0+ 0+ (0.02x 21,818}
=1,286 (kW)

Note:
*1: The value of MPPuaor is used instead of MCRwe in accordance with paragraph 2.5.6.3.3.

6)  Vwrat EEDI condition

Vyer is obtained by the speed-power curves as a result of the sea trial in accordance with
paragraph 4.3.9 of the “2013 guidelines on survey and certification of the energy efficiency
design index (EEDI)". Suppose that Vyrof 18.5kn is obtained at 83% of MPPwotor, in this
example calculation at sea trial.
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7) Calculation of the attained EEDI at sea trial

EEDI is calculated in accordance with paragraph 2 of the “2014 guidelines on the method of

calculation of the attained energy efficiency design index (EEDI) for new ships”. The primary

fuel is LNG in this example calculation. In this case, SFCag_etectic, gas mode at 75% of Mcr iS equal to

SF Ceq)_electric, gas mode at 75% of MCr, @nd SFCag piiotuer is €qual to SFCue)_piotiuer-

P, ME '(CFME_Ga: - SF CME _Gas + CFME_PiIoI/‘ueI - SF Cm_Pilo)fuel )+ Py '(CFAE_Gas -SF CAE_Ga.r + CFAEjilo:/ml - SF CA.E_HloI/ueI)
Capacity -V,

_ 21818x(2.750%161.7 + 3.206x 6.0)+1,286 x (2.750x161.7 + 3.206 % 6.0)

N 75,500(DWT) x18.5(kn)

EEDI =

=17.67

Note:

*1:  The average weighed value of SFCweg_etectic, gas mode at 75% of Mcr @Nd SF C ag()_electric, gas mode
at 75% of MCR 1S Used;.
161.6x10,000(kW)x3+162.2x6,400(kW)

10,000(KW)x3+6,400(KW)

*2:  The average weighed value of SFCwe_riotuer and SFCagq_riiotuer IS Used;.

6.0x10,000(KW)<3+6.1x6,400(KW)
10,000(kW )% 3+6,400(kW)

— 161.7(g/kWh)

= 6.0(g/KWh)
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Appendix 6.3
Sample calculation for LNG carrier having diesel driven with re-liquefaction system

1.  Preliminary calculation of attained EEDI at design stage
Attained EEDI for LNG carrier having diesel driven with re-liquefaction system at design stage
is calculated as follows.

1)  Specifications

MCR megp 18,660 x 2 (kW) = 37,320 (kW)
SFCmeqy_at 75% of MCR 165.0 (g/kVWh)
SF Cag(y_at 50% of MGR 198.0 (g/kVvh)
CargoTankCapacityine 211,900 (m3)
BOR 0.15 (%/day)
COPcooling 0.166
COPreliquery 15.142

[ cop,., - ziii‘(kgfmz).x S k) 1 1yn ]

()% 3600(sec)x COP,, ;...

Rreliquefy 1
Deadweight 109,000 (ton)

2) Calculation of Pye

Pue is calculated in accordance with paragraph 2.5.1 of the “2014 guidelines on the method
of calculation of the attained energy efficiency design index (EEDI) for new ships”.
Py = 0.75xMCR,

ME (i)

=0.75x(18,660+ 18,660)= 27 990(kW)
3) Calculation of Pae

Pae is calculated in accordance with paragraph 2.5.6.1 and 2.5.6.3 of the “2014 guidelines on
the method of calculation of the attained energy efficiency design index (EEDI) for new ships”.

Pae=0.025x X 0.0meq + 250
+ CargoTankCaipacityine X BOR x COP riiquety X Rroliquety
=0.025 x 37,320 +250
+211,900x 0.15/100 x 15.142 x 1
= 5,996 (kW)

4)  Verat EEDI condition
Vrer is obtained by the preliminary speed-power curves as the model tank test results at EEDI
condition at design stage.

Suppose that Vir of 19.7kn is obtained at 75% of MCRueg), in this example calculation at
design stage.

§) Calculation of the attained EEDI on design stage
EEDI is calculated in accordance with paragraph 2 of the “2014 guidelines on the method of
calculation of the attained energy efficiency design index (EEDI) for new ships”.
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Py -Cop -SFC p + Py -C oy -SFC
Capacity - Vs

27,990 % 3.206 X 165.0+5,996 x 3.206 < 198.0

- 109,000(DWT) x 19.7(kn)

EEDI =

=8.668

2.  Final calculation of attained EEDI at sea trial
Attained EEDI for LNG carrier having diesel driven with re-liquefaction system at sea trial is
calculated as follows.

1)  Specifications

MCR weg 18,660 x 2 (kW) = 37,320 (kW)

SF Cweq)_at 75% of MCR 165.5 (g/kwWh)

SF Cag()_at 50% of MCR 198.5 (g/kVWh)

Cargo TankCapacityine 211,900 (m3)

BOR 0.15 (%/day)

co Pcooling 0.166

co Preliquefy 15.142
cop._ 425 (kg / m)x 511(kJ [ kg) 15142

Y T 04 () x3600(5eC)x COP oy
Rrellquefy 1
Deadweight 109,255 (ton)

SFCwe)_at 75% of Mcr @nd SFCagq)_at 50% of Mcr are in accordance with paragraph 2.7.1 of the
“2014 guidelines on the method of calculation of the attained energy efficiency design index
(EEDI) for new ships”.

Deadweight is in accordance with paragraph 4.3.10 of the “2013 guidelines on survey and
certification of the energy efficiency design index (EEDI)".

2) Measured values at sea trial
Relation between SHPsearias and Ship's speed shall be measured and verified at sea trial.
3) Calculation of Pue

Pue is calculated in accordance with paragraph 2.5.1 of the “2014 guidelines on the method
of calculation of the attained energy efficiency design index (EEDI) for new ships”.

=0.75xMCR, g,
=0.75x (18,660 +18,660) = 27, 990(kW)

PME(i)

4) Calculation of Pae

Pae is calculated in accordance with paragraph 2.5.6.3 of the “2014 guidelines on the method
of calculation of the attained energy efficiency design index (EEDI) for new ships”.

Pae=0.025x X 0.0meq + 250
+ CargoTankCaipacityine X BOR X COPreiiquety X Rretiquety
=0.025 x 37,320 +250
+ 211,900 x 0.15/100 x 15.142 x 1
= 5,996 (kW)
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5)  Virat EEDI condition

Ve is obtained by the speed-power curves as a result of the sea trial in accordance with
paragraph 4.3.9 of the"2013 guidelines on survey and certification of the energy efficiency
design index (EEDI)".

Suppose that Vier of 19.8kn is obtained at 75% of MCRwme, in this example calculation at sea
trial.

6) Calculation of the attained EEDI at sea trial
EEDI is calculated in accordance with paragraph 2 of the “2014 guidelines on the method of
calculation of the attained energy efficiency design index (EEDI) for new ships”.

P

EEDI _ L1uz Cog SFC yy + Py -Cryy -SIC

Capacity -V,
_ 27,990 x 3.206x165.5+5,996 x 3.206 x198.5
109,255(DWT) x 19.8(kn)

—8.629
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Appendix 6.4
Sample calculation for LNG carrier having steam turbine propulsion system

1.  Preliminary calculation of attained EEDI at design stage

Attained EEDI for LNG carrier having steam turbine propulsion system at design stage is
calculated as follows.

1)  Specifications

MCR steam turbine 25,000 (kVV)
SF Cstoam rbine 241.0 (g/kWh)
Deadweight 75,000 (ton)

2) Calculation of Pue

Pue is calculated in accordance with paragraph 2.5.1 of the“2014 guidelines on the method of
calculation of the attained energy efficiency design index (EEDI) for new ships”.
PME = O'SBXMCRStEamTqutnE

= 0.83% 25,000 = 20,750(kW)
3) Calculation of Pae

Pae is treated as 0(zero) because electric load (Pgenerator_seatriar) is supposed to be included in
SF CsteamTurbine, in accordance with paragraph 2.5.6.3 and 2.7.2.1 of the “2014 guidelines on

the method of calculation of the attained energy efficiency design index (EEDI) for hew ships”.
Pae=0
4)  Verat EEDI condition

Vier is obtained by the preliminary speed-power curves as the model tank test results at EEDI
condition at design stage.

Suppose that Vyrof 18.7kn is obtained at 83% of MCR swamrumine, in this example calculation
at design stage.

§) Calculation of the attained EEDI on design stage

EEDI is calculated in accordance with paragraph 2 of the “2014 guidelines on the method of
calculation of the attained energy efficiency design index (EEDI) for new ships”.
The primary fuel is LNG in this example calculation.

P

gpy — P Cona “SFC g + Py C g -SFC

Capacity -V,
20,750 % 2.750 x 241 .0+0
"~ 75,000(DWT) x18.7(kn)

=9.81

2, Final calculation of attained EEDI at sea trial
Attained EEDI for LNG carrier having steam turbine propulsion system at sea trial is
calculated as follows.
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1) Typical configuration and example of measurement points at sea trial

In addition to the above, in order to correct measured Fuel Consumption to the design
conditions corresponding to the SNAME condition, inlet air temperature, sea water
temperature, steam temperature, steam pressure, etc. are measured, as appropriate.

Pae is treated as o (zero) because electric load (Pgenerator_seatnai) is supposed to be included in
SFCsteamTutirg in accordance with paragraph 2.5.6.3 and 2.7.2.1 of the “2014 guidelines on
the method of calculation of the attained energy efficiency design index (EEDI) for new ships”.

2)  Specifications

MCRsteam turire 25,000 (kW)
SFCsteam turire 241 .0 (g/kwh)
Deadweight 75,000 (ton)

3) Measured values at sea trial

Pgenerator_seatrial 980 (kW)
SH P setridl 21,520 (kW)
Fuel Consumption seatriai  5.95 x 10s (g/hour)

Each Fuel Consumptiona)_ Stria should be corrected in accordance with paragraph 2.7.2 of the
“2014 guidelines on the method of calculation of the attained energy efficiency design index
(EEDI) for new ships”.

Coefficient of flow meter 1.0010
Steam temperature 500 degree Celsius
Steam pressure 5.85 (MPaG)
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Condenser vacuum 725 (mmHg)
Dist. water production 28.5 (t/day)
Inlet air temperature of FAN 45 degree Celsius

Lower calorific value of fuel used at sea trial 42,030 (kJ/kg)

4)  Calculation of SFCstamturbine at sea trial
SF Csteamrurtine is calculated in accordance with paragraph 2.7.2 of the “2014 guidelines on the
method of calculation of the attained energy efficiency design index (EEDI) for new ships”.
FuelConsum ption _Soatral
SteamTurbine _ seatrial i) SHP
5.95x10°
~ 21520
595x10°
~Ta1s20
% 0.9999 x1.0028
=240.7 (g/KW/h)

SFC

seatrial

><C1><C2xC3><C4xC‘5><Cﬁ><C‘.,*1

% 0.9871x 0.8756 x1.0010 x 1.0001 x 1.0035

Note:

*1:  SFC should be corrected to the value corresponding to SNAME and EEDI conditions, in
accordance with paragraph 2.7.2 .2 and .3 of the “2014 guidelines on the method of
calculation of the attained energy efficiency design index (EEDI) for new ships”.
Coefficients from C1 to C7 represent as follows.

C1: Coefficient of electric power to the electric load equivalent to

Pac = 0.025 X MCR sioam turbine + 250 = 875 (kW)

C2: Coefficient of LCV to the standard LCV of 48,000 kJ/kg for LNG fuel
C3: Coefficient of flow meter

C4: Coefficient of steam temperature and steam pressure

C5: Coefficient of condenser vacuum for steam turbine

C6: Coefficient of water feed of condenser

C7: Coefficient of inlet air temperature

SF Csteamrurbine is calculated as the value to include all losses of machinery and, gears
necessary for main propulsion system and the specified electric load of Pak.

Minimum two SFCsteamtumine at around the EEDI power are obtained at the sea trial. However
in this example calculation, all SFCsteamTurine (i) are supposed to the same value of 240.7
g/kWwh.

5) Calculation of Pue

Pue is calculated in accordance with paragraph 2.5.1 of the “2014 guidelines on the method
of calculation of the attained energy efficiency design index (EEDI) for new ships”.
RME = O'SBXMCRS[ezmTurbme

= 0.83x 25,000 = 20,750(kW)
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6) Calculation of Pas

Pae is treated as 0(zero) because electric load (Pgenerator_seatriar) is supposed to be included in
SFCsteamTurbine, in accordance with paragraph 2.5.6.3 and 2.7.2.1 of the “2014 guidelines on
the method of calculation of the attained energy efficiency design index (EEDI) for new ships”.

Pae=0

7)  Ver at EEDI condition

Vier is obtained by the speed-power curves as a result of the sea trial in accordance with
paragraph 4.3.9 of the “2013 guidelines on survey and cettification of the energy efficiency
design index (EEDI)".

Suppose that Vir of 18.8kn is obtained at 83% of MCR steamtursine, in this example calculation
at sea ftrial.

8) Calculation of the attained EEDI at sea trial

EEDI is calculated in accordance with paragraph 2 of the “2014 guidelines on the method of
calculation of the attained energy efficiency design index (EEDI) for new ships”.

The primary fuel is LNG in this example calculation.

P

EED] _ tuz 'CFME 'SFCME +PAE 'CFAE 'SFCAE

Capacity -V,
_ 20,750%x2.750% 240.7+0 _ 074
75,000 DWT) x18.8(kn)

End of
Document
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Rudders, Sole Pieces and Rudder Horns

$10.1 General
1.1 Basic assumptions

1.1.1 This UR applies to ordinary profile rudders, and to some enhanced profile rudders with
special arrangements for increasing the rudder force.

1.1.2 This UR applies to rudders made of steel.

1.2 Design considerations

1.2.1 Effective means are to be provided for supporting the weight of the rudder without
excessive bearing pressure, e.g. by a rudder carrier attached to the upper part of the rudder
stock. The hull structure in way of the rudder carrier is to be suitably strengthened.

1.2.2 Suitable arrangements are to be provided to prevent the rudder from lifting.

1.2.3 In rudder trunks which are open to the sea, a seal or stuffing box is to be fitted above
the deepest load waterline, to prevent water from entering the steering gear compartment and
the lubricant from being washed away from the rudder carrier. If the top of the rudder trunk is
below the deepest waterline, two separate stuffing boxes are to be provided.

1.3 Materials

1.3.1 Welded parts of rudders are to be made of approved rolled hull materials.

1.3.2 Material factor k for normal and high tensile steel plating may be taken into account
when specified in each individual rule requirement. The material factor k is to be taken as

defined in UR S4, unless otherwise specified.

1.3.3 Steel grade of plating materials for rudders and rudder horns are to be in accordance
with UR S6.

Note:

1. Changes introduced in Rev.3 are to be uniformly implemented by IACS Members for
ships contracted for construction on or after 1 January 2013.

2. The “contracted for construction” date means the date on which the contract to build the
vessel is signed between the prospective owner and the shipbuilder. For further details
regarding the date of “contract for construction”, refer to IACS Procedural Requirement
(PR) No. 29.

3. Changes introduced in Rev.4 are to be uniformly implemented by IACS Members for
ships contracted for construction on or after 1 July 2016.

4. Changes introduced in Rev.5 are to be uniformly implemented by IACS Members for
ships contracted for construction on or after 1 July 2019.

o

Changes_introduced in Rev.6 are to be uniformly implemented by IACS Members for
ships contracted for construction on or after 1 January 2021.
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1.3.4 Rudder stocks, pintles, coupling bolts, keys and cast parts of rudders are to be made of
rolled, forged or cast carbon manganese steel in accordance with UR W7, W8 and W11.

1.3.5 For rudder stocks, pintles, keys and bolts the specified minimum yield stress is not to
be less than 200 N/mm?2. The requirements of this UR are based on a material's specified
minimum yield stress of 235 N/mm?. If material is used having a_specified minimum vyield stress
differing from 235 N/mm? the material factor k is to be determined as follows:

N e ¢
235
_[235 = (_]

O-F ReH
with
e = 0.75 for &= Ry > 235 N/mm?
e = 1.00 for & Rey < 235 N/mm?

& Ren = specified minimum yield stress,_in {N/mm?), of material used, and is not to be
taken greater than 0.70r or 450 N/mm?, whichever is the smaller value.

or = tensile strength_in {N/mm3}, of material used,
1.4 Welding and design details

1.4.1 Slot-welding is to be limited as far as possible. Slot welding is not to be used in areas
with large in-plane stresses transversely to the slots or in way of cut-out areas of semi-spade
rudders.

When slot welding is applied, the length of slots is to be minimum 75 mm with breadth of 2 ¢,
where t is the rudder plate thickness, in mm. The distance between ends of slots is not to be
more than 125 mm. The slots are to be fillet welded around the edges and filled with a suitable
compound, e.g. epoxy putty. Slots are not to be filled with weld.

Continuous slot welds are to be used in lieu of slot welds. When continuous slot welding is
applied, the root gap is to be between 6-10 mm. The bevel angle is to be at least 15°.

1.4.2 In way of the rudder horn recess of semi-spade rudders, the radii in the rudder plating
except in way of solid part in cast steel are not to be less than 5 times the plate thickness, but
in no case less than 100 mm. Welding in side plate is to be avoided in or at the end of the radii.
Edges of side plate and weld adjacent to radii are to be ground smooth.

1.4.3 Welds between plates and heavy pieces (solid parts in forged or cast steel or very thick
plating) are to be made as full penetration welds. In way of highly stressed areas e.g. cut-out
of semi-spade rudder and upper part of spade rudder, cast or welding on ribs is to be arranged.
Two sided full penetration welding is normally to be arranged. Where back welding is
impossible welding is to be performed against ceramic backing bars or equivalent. Steel
backing bars may be used and are to be continuously welded on one side to the heavy piece.

1.4.4 Requirements for welding and design details of rudder trunks are described in $S10.9.3.

1.4.5 Requirements for welding and design details when the rudder stock is connected to the
rudder by horizontal flange coupling are described in S10.6.1.4.
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1.4.6 Requirements for welding and design details of rudder horns are described in $10.9.2.3.
1.5 Equivalence

1.5.1 The Society may accept alternatives to requirements given in this UR, provided they
are deemed to be equivalent.

1.5.2 Direct analyses adopted to justify an alternative design are to take into consideration all
relevant modes of failure, on a case by case basis. These failure modes may include, amongst
others: yielding, fatigue, buckling and fracture. Possible damages caused by cavitation are also
to be considered.

1.5.3 If deemed necessary by the Society, lab tests, or full scale tests may be requested to
validate the alternative design approach.

$10.2 Rudder force and rudder torque
21 Rudder blades without cut-outs

2.1.1 The rudder force upon which the rudder scantlings are to be based is to be
determined from the following formula:

Cr = KiaKoa-Ksa-132--A=-V/2 [N]

Wwhere:

Cr = rudder force [NI:

A = area of rudder blade [m?);

v = maximum service speed_in<{knots}, with the ship on summer load waterline.
When the speed is less than 10 knots, V is to be replaced by the expression:
Vmin=(V +20)/3
For the astern condition the maximum astern speed is to be used, however, in
no case less than:

Vasmm = 05 V

K1 = factor depending on the aspect ratio A of the rudder area_:

Ky = (A +2)/3, with Anot to be taken greater than 2.;

A = b2/Air

b = mean height of the rudder area, in {m}. Mean breadth and mean height of rudder
are calculated according to the coordinate system in Fig. 1.;

A: = sum of rudder blade area A and area of rudder post or rudder horn, if any, within
the height b_in fm%.:

K2 = coefficient depending on the type of the rudder and the rudder profile according
to Table 1.;

Ks 0.8 for rudders outside the propeller jet.;

1.15 for rudders behind a fixed propeller nozzle.;
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= 1.0 otherwise.;

Figure 1
Table 1
. Ko
Profile Type Ahead condition Astern condition
NACA-00 series Goéttingen
’ 1.10 0.80
Flat side
1.10 0.90
Hollow
1.35 0.90
High lift rudders
T T 1.70 notknown: 1.30
Fish tail
I 1.40 0.80
Single plate

|-°age 4 of 40
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Mixed profiles (e.g. HSVA)

1.21

0.90

2.1.2 The rudder torque is to be calculated for both the ahead and astern condition according

to the formula:

Qr = Crr [Nm]

r = c(a-ky) [m]

c = mean breadth of rudder area,-nx-[m} see Fig. 1.

o = 0.33 for ahead condition,

a = 0.66 for astern condition.

ki = A//A

Ar = portion of the rudder blade area situated ahead of the centre line of the rudder
stock.

rmn = 0.1¢c fm}  for ahead condition,_in m.

2.2 Rudder blades with cut-outs (semi-spade rudders)

The total rudder force Cris to be calculated according to $10.2.1.1. The pressure distribution
over the rudder area, upon which the determination of rudder torque and rudder blade strength
is to be based, is to be derived as follows:

The rudder area may be divided into two rectangular or trapezoidal parts with areas A;and A,
so that A = A; + Az (see Figure 2).

I-Dage 5 of 40
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Ap =A gt Ay
Ay = At Ay

Figure 2

The levers ri and r2 are to be determined as follows:

ry = ¢1(a—kq) [m]
rs = C2(a—ks) [m]
C1, C2 = mean breadth of partial areas A; A, determined, where applicable, in

accordance with Figure 1.
ki = Au/A%

ko = Ax/Az
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[
[
1

(cont) Ay

portion of Ay situated ahead of the centre line of the rudder stock,

Aza =_portion of A, situated aft of the centre line of the rudder stock.

Az = portion of A situated ahead of the centre line of the rudder stock,
a = 0.33 for ahead condition,
o = 0.66 for astern condition_

For parts of a rudder behind a fixed structure such as the rudder horn:

o 0.25 for ahead condition,

o 0.55 for astern condition,

The resulting force of each part may be taken as:

Cr1 = CR% [N]
A
Crz = CR7\2— [N]

The resulting torque of each part may be taken as:

Cr1r1 [Nm]

Qr1

Crzrz [Nm]

Qr2

The total rudder torque is to be calculated for both the ahead and astern condition according
to the formula:

Qr = Qri+ Qrz [Nm]
For ahead condition Qris not to be taken less than:

Ac, +AcC,

Qgmin = 0.1Cq A
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§$10.3 Rudder strength calculation

31 The rudder force and resulting rudder torque as given in S10.2 causes bending
moments and shear forces in the rudder body, bending moments and torques in the rudder
stock, supporting forces in pintle bearings and rudder stock bearings and bending moments,
shear forces and torques in rudder horns and heel pieces. The rudder body is to be stiffened
by horizontal and vertical webs enabling it to act as a bending girder.

3.2 The bending moments, shear forces and torques as well as the reaction forces are to
be determined by a direct calculation or by an approximate simplified method considered
appropriate by each individual society. For rudders supported by sole pieces or rudder horns
these structures are to be included in the calculation model in order to account for the elastic

support of the rudder body. Guidelines for calculation of bending moment and shear force
distribution are given in an annex to this UR.

$10.4 Rudder stock scantlings

4.1 The rudder stock diameter required for the transmission of the rudder torque is to be
dimensioned such that the torsional stress is not exceeding the following value:

T, = 68/k [N/mm?

The rudder stock diameter for the transmission of the rudder torque is therefore not to be less
than:

d,=423/0.k  [mm]

Qr

total rudder torque,_in {Nmj, as calculated in $S10.2.1.2 and/or S10.2.2.

k

material factor for the rudder stock as given in $10.1.3.5,
4.2 Rudder stock scantlings due to combined loads

If the rudder stock is subjected to combined torque and bending, the equivalent stress in the
rudder stock is not to exceed 118 / k_in N/mm?2,

k = material factor for the rudder stock as given in S10.1.3.5.

The equivalent stress is to be determined by the formula:
0, =+Jo% +317 [N/mm?]
Bending stress: o, =102x10° M/d’ [N/mm?]
Torsional stress: 7, =5.1x10° Q, /d; [N/mm?]
The rudder stock diameter is therefore not to be less than:
d,=d,1+4/3M/Q, )  [mm]

M = bending moment,_in [Nm}_at the station of the rudder stock considered.
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4.3 Before significant reductions-in rudder stock diameter are granted due to the application
of steels with specified minimum vyield stresses exceeding 235 N/mm? are-granted; the Society
may require the evaluation of the rudder stock deformations. Large deformations of the rudder
stock are to be avoided in order to avoid excessive edge pressures in way of bearings.

$10.5 Rudder blade
5.1 Permissible stresses

The section modulus and the web area of a horizontal section of the rudder blade are to be
such that the following stresses will not be exceeded:

a) In general, except in way of rudder recess sections where b) applies
() bending stress Op 110/k [N/mm?]
(i) shear stress 7 50/k [N/mm?2]

iii) equivalent stress o, = o’ + 312 120/k [N/mm?
e b

k = material factor for the rudder plating as given in S$S10.1.3.2.
b) In way of the recess for the rudder horn pintle on semi-spade rudders
() bending stress op 75 [N/mm?]
(i) shear stress 7 50 [N/mm?]

(iiiy equivalent stress o, = 1/62 +37? 100 [N/mm?]
Note: The stresses in b) apply equally to high tensile and ordinary steels.

5.2 Rudder plating

The thickness of the rudder side, top and bottom plating is not to be less than:

t=55s8vVky\d+C,10* /A +2.5 [mm]

d = summer loadline draught_in {m}.;
Cr = rudder force,_ in {N}, according to $10.2.1.1_;
A = rudder area, in fm?}.

f=1y1.1-05(s/b) : max. 1.00ifbis225,

s = smallest unsupported width of plating,_in {fm}.;
b = greatest unsupported width of plating_in fm}.
k = material factor for the rudder plating as given in $10.1.3.2,
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The thickness of the nose plates may be increased to the discretion of each Society. The
thickness of web plates is not to be less than the greater of 70% of the rudder side plating
thickness and 8 mm.

The rudder plating in way of the solid part is to be of increased thickness per S10.5.3.4.

53 Connections of rudder blade structure with solid parts

5.3.1 Solid parts in forged or cast steel, which house the rudder stock or the pintle, are to be
provided with protrusions, except where not required as indicated below.

These protrusions are not required when the web plate thickness is less than:

- 10 mm for web plates welded to the solid part on which the lower pintle of a semi-spade
rudder is housed and for vertical web plates welded to the solid part of the rudder stock
coupling of spade rudders.

- 20 mm for other web plates.

5.3.2 The solid parts are in general to be connected to the rudder structure by means of two
horizontal web plates and two vertical web plates.

5.3.3 Minimum section modulus of the connection with the rudder stock housing.
The section modulus of the cross-section of the structure of the rudder blade, in cm?, formed

by vertical web plates and rudder plating, which is connected with the solid part where the
rudder stock is housed is to be not less than:

2
H, -H k
W, = csdf[mj =107 [cm?]
E 5
where:
Cs = coefficient, to be taken equal to:
= 1.0 if there is no opening in the rudder plating or if such openings are closed by
a full penetration welded plate.
= 1.5 if there is an opening in the considered cross-section of the rudder.
dc = rudder stock diameter, in fmmj.
He = vertical distance between the lower edge of the rudder blade and the upper edge
of the solid part, in fmi.
Hx = vertical distance between the considered cross-section and the upper edge of
the solid part, in m}.
k = material factor for the rudder blade plating as given in $10.1.3.2.
ks = material factor for the rudder stock as given in $10.1.3.5.
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The actual section modulus of the cross-section of the structure of the rudder blade is to be
calculated with respect to the symmetrical axis of the rudder.

The breadth of the rudder plating, in m, to be considered for the calculation of section modulus
is to be not greater than:

b Sy+2Hx/3 [m]

where:

Sv spacing between the two vertical webs, in {m}, (see Figure 3).

Where openings for access to the rudder stock nut are not closed by a full penetration welded
plate, they are to be deducted.

Hx
i f
. ¥ ¥
%“ Access to the
— ratdderstock
l t 7 \ l ] nut, if any
H/3 | H,/3
B !
z : %Q
Ny
i \
. // s
v &

Section x-x

Page 11 of 40 IACS Req. 1986/Rev.6 2019



$10

S10 B 3

(cont)

N
3

>
‘\Kq

Hix

R R
NN "s.k %

WR %

lmjr"

Access to the
~rudder stock
nut, if any

H./3 i H/3
i

Section x-x

Figure 3 Cross-section of the connection between rudder blade structure and rudder

stock housing, example with opening in only one side shown

5.3.4 The thickness of the horizontal web plates connected to the solid parts, in mm, as well
as that of the rudder blade plating between these webs, is to be not less than the greater of the

following values:

t =12t [mm]
ty = 0.045ds?/sy  [mm]
where:
t = defined in $10.5.2.
ds = diameter, in fmm}, to be taken equal to:

= dc, as per S10.4.2, for the solid part housing the rudder stock.
= dp, as per S10.7.1, for the solid part housing the pintle,

sy = spacing between the two horizontal web plates, in fmmi.
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The increased thickness of the horizontal webs is to extend fore and aft of the solid part at least
to the next vertical web.

5.3.5 The thickness of the vertical web plates welded to the solid part where the rudder stock
is housed as well as the thickness of the rudder side plating under this solid part is to be not
less than the values obtained, in mm, from Table 2.

Table 2 Thickness of side plating and vertical web plates

Thickness of vertical web Thickness of rudder plating, in
plates, in mm mm
Type of rudder
Rudder blade | o yder blade | RUdder Plade |\ eq with
without : - without -
. with opening . opening
opening opening
Rudder supported by 12¢ 16¢ 124 14¢
sole piece ’ ' ’ ’
Semi-spade and spade
rudders 1.4¢ 20t 1.3¢ 16t

t = thickness of the rudder plating, in mm, as defined in $10.5.2

The increased thickness is to extend below the solid piece at least to the next horizontal web.
54 Single plate rudders
5.4.1 Mainpiece diameter

The mainpiece diameter is calculated according to S10.4.1 and S10.4.2 respectively. For spade
rudders the lower third may taper down to 0.75 times stock diameter.

5.4.2 Blade thickness

The blade thickness is not to be less than:

t,=15sVVk+25 [mm]

where:

s = spacing of stiffening arms_in fm}; not to exceed 1 m_;

14 = speed, in knots, see S10.2.1.1.

k = material factor for the rudder plating as given in $S10.1.3.2,
543 Arms

The thickness of the arms is not to be less than the blade thickness
ta = to [mm]

The section modulus is not to be less than:
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(cont) C: = horizontal distance from the aft edge of the rudder to the centreline of the rudder
stock, in m_
k = material factor as given in S10.1.3.2 or S10.1.3.5 respectively.

$10.6 Rudder stock couplings
6.1 Horizontal flange couplings

6.1.1 The diameter of the coupling bolts is not to be less than:

d, =0.624/d’ k, [ne k., [mm]

d = stock diameter, taken equal to the greater of the diameters d; or d. according to
$10.4.1 and S10.4.2_in fmm}.

n = total number of bolts, which is not to be less than 6.;

em = mean distance,_in f[mm};_of the bolt axes from the centre of the bolt system.
ks = material factor for the stock as given in $10.1.3.5.5

ko = material factor for the bolts as given in $10.1.3.5.

6.1.2 The thickness of the coupling flanges, in mm, is not to be less than the greater of the
following formulae:

—_—

t. =d, Kk,

t,=09d,

ks = material factor for flange as given in $10.1.3.5_;

kp = material factor for the bolts as given in $10.1.3.5.;

dp = bolt diameter, in mm, calculated for a number of bolts not exceeding 8.

6.1.3 The width of material between the perimeter of the bolt holes and the perimeter of the
flange is not to be less than 0.67 dp.

6.1.4 The welded joint between the rudder stock and the flange is to be made in accordance
with Figure 4 or equivalent.
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R=100 mm

U3>alb>1/5

final machining
after welding

Figure 4 Welded joint between rudder stock and coupling flange
6.1.5 Coupling bolts are to be fitted bolts and their nuts are to be locked effectively.
6.2 Vertical flange couplings

6.2.1 The diameter of the coupling bolts, in mm, is not to be less than:

d, =0.81d/Vn x [k, [k,

where:
d = stock diameter,_in fmmi}, in way of coupling flange.;
n = total number of bolts, which is not to be less than 8.;
ko = material factor for bolts as given in $10.1.3.5_
ks = material factor for stock as given in $10.1.3.5.

6.2.2 The first moment of area of the bolts about the centre of the coupling, m, is to be not
less than:

m = 0.00043 o® [cm3]
6.2.3 The thickness of the coupling flanges is to be not less than the bolt diameter, and the
width of the flange material between the perimeter of the bolt holes and the perimeter of the

flange is to be not less than 0.67 dp.

6.2.4 Coupling bolts are to be fitted bolts and their nuts are to be locked effectively.
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(cont) 6.3.1 Tapering and coupling length

Cone couplings without hydraulic arrangements for mounting and dismounting the coupling
should have a taper ¢ on diameter of 1:8 - 1:12.;

where:

c = (do—-d,)/f (see Figure 5 and 5b)

The diameters do and d, are shown in Figure 5 and the cone length, £ is defined in Figure 5b.

The cone coupling is to be secured by a slugging nut. The nut is to be secured, e.g. by a
securing plate.

The cone shapes are to fit exactly. The coupling length £is to be, in general, not less than 1.5d,.

O {j(} ,,,,, 4‘% ¢ s d‘} ........ .
. insuiation - insutation
e finer
sealing/ sealing’
- insulation A insulation
,,,, o o e

]
#

N

o i f ~ e
z el
S T 2 g, WO
{ SECLNg securing
g plate for Lo plate for
nut aut

Figure 5 Cone coupling with key

E Tl

]

Figure 5a — Gudgeon outer diameter(d,) measurement
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Sealing

Rudder stock -
Coupling

length: £

Cone
length: &c

Eigure 5b Cone length and coupling length

6.3.2 Dimensions of key

For couplings between stock and rudder a key is to be provided, the shear area of which, in
cm?, is not to be less than:

_ 17550 _17.550,
a0 py AR,
where:
QF = design yield moment of rudder stock, in Nm.

3

d
0, =0.02664

Where the actual diameter d: is greater than the calculated diameter di, the diameter ds is to
be used. However, di, applied to the above formula need not be taken greater than 1.145 d;.

ds = stock diameter, in mm, according to S10.4.1.
k = material factor for stock as given in $10.1.3.5.
dk = mean diameter of the conical part of the rudder stock, in mm, at the key.

&e1 Ronr = specified minimum yield stress of the key material, in N/mm?2,

The effective surface area, in cm?, of the key (without rounded edges) between key and rudder
stock or cone coupling is not to be less than:

5Q,': a SQF
a, =_——— =
dkon dyRep2
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where:

&r1 Rerz = specified minimum vyield stress of the key, stock or coupling material, in N/mm?,
whichever is less.

6.3.3 The dimensions of the slugging nut are to be as follows (see Figure 5):
external thread diameter:  dy20.65 d,
height: h,2 0.6 dg
outer diameter: dn21.2dy 0r1.5dg

whichever is the greater.
6.3.4 Push up
It is to be proved that 50% of the design yield moment is solely transmitted by friction in the
cone couplings. This can be done by calculating the required push-up pressure and push-up
length according to S$10.6.4.2 and S10.6.4.3 for a torsional moment Q’r = 0.5QFf.
6.3.5 Notwithstanding the requirements in S10.6.3.2 and S10.6.3.4, where a key is fitted to
the coupling between stock and rudder and it is considered that the entire rudder torque is
transmitted by the key at the couplings, the scantlings of the key as well as the push-up force

and push-up length are to be at the discretion of the Society.

6.4 Cone couplings with special arrangements for mounting and dismounting the
couplings

6.4.1 Where the stock diameter exceeds 200 mm, the press fit is recommended to be effected
by a hydraulic pressure connection. In such cases the cone is to be more slender, ¢ =1:12 to
~1:20.

In case of hydraulic pressure connections, the nut is to be effectively secured against the rudder
stock or the pintle.

For the safe transmission of the torsional moment by the coupling between rudder stock and
rudder body the push-up pressure and the push-up length are to be determined according to
510.6.4.2 and S10.6.4.3 respectively.
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6.4.2 Push-

Securing } dg (

fiat bar !

Figure 6 Cone coupling without key

up pressure

The push-up pressure is not to be less than the greater of the two following values:

preq1 =

req2 =

where:

ZZQF 10°  [N/mm2]
dmérrpo

62M b10° [N/mm?]
£2d

m
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QF = design yield moment of rudder stock, as defined in S10.6.3.2 in Nm.

dm = mean cone diameter_in fmm]; see Figure 5.

£ = eene- coupling length _in fmm}.

uo = frictional coefficient, equal to 0.15.

M, = bending moment in the cone coupling (e.g. in case of spade rudders), in {Nmj.

It has to be proved by the designer that the push-up pressure does not exceed the permissible
surface pressure in the cone. The permissible surface pressure, in N/mm?, is to be determined
by the following formula:

_ 0.95R4(1 — a?)

Pperm = —— =z P [N'mm?]
where:
Py = %103
Ren = specified minimum vyield stress of the material of the gudgeon, in {N/mm?},
a = dm/da,
dm = diameter, in fmm} see Figure 5.
da = outer diameter of the gudgeon, in fmm}, see Figure 5 and Figure 5a. (The least

diameter is to be considered).

The outer diameter of the gudgeon in mm shall not be less than 1.25 do, with dp defined in
Figure 5.

6.4.3 Push-up length

The push-up length AZ, in mm, Af is to comply with the following formula:

Al <A< AL,

preqdm 0-8Rtm
Ad) = 7t mm
E (1 —a )C c [mm]

erm 0.
e, = o n_ O8Rm ]
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Py
g
I

mean roughness, in mm, taken equal to 0.01.

(9]
]

taper on diameter defined in $10.6.3.1.

Note: In case of hydraulic pressure connections the required push-up force P, in N, for the
cone may be determined by the following formula:

P, = PreqdmT t’(§+ 0.02)

The value 0.02 is a reference for the friction coefficient using oil pressure. It varies and depends
on the mechanical treatment and roughness of the details to be fixed. Where due to the fitting
procedure a partial push-up effect caused by the rudder weight is given, this may be taken into
account when fixing the required push-up length, subject to approval by the Society.

$10.7 Pintles

71 Scantlings

The pintle diameter, in mm, is not to be less than:

d,=0.35,Bk,
where:
B = relevant bearing force, in N.
kp = material factor for pintle as given in $10.1.3.5.

7.2 Couplings
7.2.1 Tapering

Pintles are to have a conical attachment to the gudgeons with a taper on diameter not greater
than:

1:8 - 1:12 for keyed and other manually assembled pintles applying locking by slugging nut.
1:12 - 1:20 on diameter for pintles mounted with oil injection and hydraulic nut.
7.2.2 Push-up pressure for pintle

The required push-up pressure for pintle, in N/mm?, is to be determined by the following
formula:

Preg = O.4B1Td; [N/mm?]

m

where:
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B

Supporting force in the pintle, in {N}.

do Pintle diameter, in fmm}; see Figure 5.

The push-up length is to be calculated similarly as in $10.6.4.3, using required push-up
pressure and properties for the pintle.

7.3 The minimum dimensions of threads and nuts are to be determined according to
S10.6.3.3.

74 Pintle housing

The length of the pintle housing in the gudgeon is not to be less than the pintle diameter dp. dp
is to be measured on the outside of liners.

The thickness of the pintle housing is not to be less than 0.25 d.

$10.8 Rudder stock bearing, rudder shaft bearing and pintle bearing
8.1 Liners and bushes
8.1.1 Rudder stock bearing

Liners and bushes are to be fitted in way of bearings. The minimum thickness of liners and
bushes is to be equal to:

. 8 mm for metallic materials and synthetic material.
22 mm for lignum material.

¢ min

¢ tmin

8.1.2 Pintle bearing

The thickness of any liner or bush, in mm, is neither to be less than:

t=001B

where:
B = relevant bearing force, in {N].
nor than the minimum thickness defined in $10.8.1.1.
8.2 Minimum bearing surface
An adequate lubrication is to be provided.

The bearing surface A, (defined as the projected area: length x outer diameter of liner) is not
to be less than:

Ap = P/qa [mm?

where:
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P

reaction force_in {N}, in bearing as determined in S10.3.2.;

Qa allowable surface pressure according to the table below.

The maximum allowable surface pressure g, for the various combinations is to be taken as
reported in Table 3. Higher values than given in the table may be taken in accordance with
makers’ specifications if they are verified by tests:

Table 3 -Maximum Allowable surface pressure g,

Bearing material ga [N/mm?]
lignum vitae 2.5
white metal, oil lubricated 4.5

synthetic material with hardness between—60-

2)
and-70 greater than 60 Shore D" 5.5
steel® and bronze and hot-pressed bronze- 70

graphite materials

Notes:

1) Indentation hardness test at 23°C and with 50% moisture, are to be carried out according
to a recognized standard. Synthetic bearing materials are to be of an approved type.

2) Surface pressures exceeding 5.5 N/mm? may be accepted in accordance with bearing
manufacturer's specification and tests, but in no case more than 10 N/mm?2.

3)  Stainless and wear-resistant steel in an approved combination with stock liner.
8.3 Bearing Dimensions
The length/diameter ratio of the bearing surface is not to be greater than 1.2.
The bearing length L, of the pintle,_in mm, is to be such that:
DpsL,s1.2Dp

where:

Dp = Actual pintle diameter_in mm, measured on the outside of liners.

8.4 Bearing clearances

With metal bearings, clearances should not be less than d, / 1000 + 1.0_in fmmj, on the
diameter.

If non-metallic bearing material is applied, the bearing clearance is to be specially determined
considering the material’s swelling and thermal expansion properties. This clearance is not to
be taken less than 1.5 mm on bearing diameter unless a smaller clearance is supported by the
manufacturer's recommendation and there is documented evidence of satisfactory service
history with a reduced clearance.

$10.9 Strength of sole pieces and of rudder horns
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9.1 Sole piece

— Y — |

i

{50

Figure 7 Sole piece
The section modulus around the vertical )-axis is not to be less than:
Z: = Mprk/80 [cm3)]
The section modulus around the transverse gy)-axis is not to be less than:
zZ, =052
The sectional area is not to be less than:

Bi1k /48 [mm2]

As

k

material factor as given in $S10.1.3.2 or $10.1.3.5 respectively.
9.1.1 Equivalent stress

At no section within the length 50 is the equivalent stress to exceed 115 / k,_in N/mm?. The
equivalent stress is to be determined by the following formula:
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(cont)
where:

Op = Mp/Zyx) [N/mm?]

T = B;/As [N/mm3]

M, = bending moment at the section considered [Nm].

Mp = Bsx [Nm]

Mbpmax= B1 50 [Nm]

By = supporting force in the pintle bearing, in{N}, (normally B;= Cr/?2).

=
]

material factor as given in S10.1.3.2 or S10.1.3.5 respectively.

9.2 Rudder horn

When the connection between the rudder horn and the hull structure is designed as a curved
transition into the hull plating, special consideration is to be given to the effectiveness of the
rudder horn plate in bending and to the stresses in the transverse web plates.

The bending moments and shear forces are to be determined by a direct calculation or in line
with the guidelines given in Annex S10.5 and Annex S10.6 for semi spade rudder with one

elastic support and semi spade rudder with 2-conjugate elastic support respectively.

The section modulus around the horizontal x-axis is not to be less than:

Zx Mp k /67 [cm?]

Mp bending moment at the section considered_in {Nm}.x

The shear stress is not to be larger than:

T 48/ k [N/mm?};

k material factor as given in S10.1.3.2 or S10.1.3.5 respectively.
9.2.1 Equivalent stress

At no section within the height of the rudder horn is the equivalent stress to exceed 120 / k_in
N/mm2. The equivalent stress is to be calculated by the following formula:

o, =0 +3C +72)  [Nmm2:

Oy = Mp/2Zx [N/mm?};
T = By/Ap [N/mm?];
B; = supporting force in the pintle bearing,_in {N}.
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(cont) T, = Mr10°/2 Arts [N/'mm2:
Mr = torsional moment_in {Nmi;.
Ar = area in the horizontal section enclosed by the rudder horn_in fmm?2:,
ty = plate thickness of rudder horn_in fmmj;.

k material factor as given in $10.1.3.2 or $10.1.3.5 respectively.
9.2.2 Rudder horn plating

The thickness of the rudder horn side plating is not to be less than:

t=2.4JLk  [mm]

where:
L = Rule length as defined in UR S2_in m.;
k = material factor as given in S10.1.3.2 or S10.1.3.5 respectively.

9.2.3 Welding and connection to hull structure

The rudder horn plating is to be effectively connected to the aft ship structure, e.g. by
connecting the plating to side shell and transverse/ longitudinal girders, in order to achieve a
proper transmission of forces, see Figure 8.

Brackets or stringer are to be fitted internally in horn, in line with outside shell plate, as shown
in Figure 8.
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Figure 8 Connection of rudder horn to aft ship structure

Transverse webs of the rudder horn are to be led into the hull up to the next deck in a sufficient
number.

Strengthened plate floors are to be fitted in line with the transverse webs in order to achieve a
sufficient connection with the hull.

The centre line bulkhead (wash-bulkhead) in the after peak is to be connected to the rudder
horn.

Scallops are to be avoided in way of the connection between transverse webs and shell plating.
The weld at the connection between the rudder horn plating and the side shell is to be full
penetration. The welding radius is to be as large as practicable and may be obtained by
grinding.

9.3 Rudder trunk

The requirements in this section apply to trunk configurations which are extended below stern
frame and arranged in such a way that the trunk is stressed by forces due to rudder action.

9.3.1 Materials, welding and connection to hull

The steel used for the rudder trunk is to be of weldable quality, with a carbon content not
exceeding 0.23% on ladle analysis or a carbon equivalent Ceq not exceeding 0.41%.
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Plating materials for rudder trunks are in general not to be of lower grades than corresponding
to class Il as defined in UR S6.

The weld at the connection between the rudder trunk and the shell or the bottom of the skeg is
to be full penetration.

The fillet shoulder radius r, in mm, (see Figure 9) is to be as large as practicable and to comply
with the following formulae:

r=0.1d;

without being less than:

r = 60 [mm] when o2 40/ k [N/mm?]

r = Otd—without-beingtess—than 30 [mm] when o< 40 / k [N/'mm?]
where:

dc = rudder stock diameter axis defined in $10.4.2.

fod = bending stress in the rudder trunk, in N/mm?2.

k = material factor as given in $10.1.3.2 or $10.1.3.5 respectively.

The radius may be obtained by grinding. If disk grinding is carried out, score marks are to be
avoided in the direction of the weld. The radius is to be checked with a template for accuracy.
Four profiles at least are to be checked. A report is to be submitted to the Surveyor.

Rudder trunks comprising of materials other than steel are to be specially considered by the
Society.

[~ Radiustobe congidered

Radius tobe considered

Figure 9 Fillet shoulder radius
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9.3.2 Scantlings

due-te-rudder-action-tThe scantlings of the trunk are to be such that:
- the equivalent stress due to bending and shear does not exceed 0.35 &g, Ret.

- the bending stress on welded rudder trunk is to be in compliance with the following
formula:

c=80/k [N/mm?]
with:
o) = bending stress in the rudder trunk, as defined in $10.9.3.1.

k = material factor for the rudder trunk as given in $10.1.3.2 or $10.1.3.5
respectively, not to be taken less than 0.7.

s Rey = specified minimum vyield stress,_in @&N/mm2) of the material used.

For calculation of bending stress, the span to be considered is the distance between the mid-
height of the lower rudder stock bearing and the point where the trunk is clamped into the shell
or the bottom of the skeg.
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Annex

Guidelines for calculation of bending moment
and shear force distribution

AnnexS$10.1 General

The evaluation of bending moments, shear forces and support forces for the system rudder—
rudder stock may be carried out for some basic rudder types as outlined in AnnexS10.2-
AnnexS10.6.
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AnnexS$10.2 Spade rudder

Data for the analysis
f10 - 30 = Lengths of the individual girders of the system, in fm.}
10— 130 = Moments of inertia of these girders, in fem“}

Load of rudder body:
Pr = Cr/(f0 103 [kN/m]

Moments and forces

The moments and forces may be determined by the following formulae:

My, = Crfoo+ (f10(2C1+cC2)/3(cs+c2))) [Nm]
Bz = Mp/¥3 [N]
B> = Cr+Bs [N]
B
.
A

Bysterm M o

Figure A1
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(cont) Data for the analysis
{10 - 30 = Lengths of the individual girders of the system, in {m.}
I10 — 130 = Moments of inertia of these girders, in fcm4.}
Load of rudder body:
Pr = Cr/((f0+£0)103) [kN/m]

Moments and forces

For spade rudders with rudders trunks the moments, in Nm, and forces, in N, may be
determined by the following formulae:

Mg is the greatest of the following values:
Mcr1 = Cri1 (CG1z—{19)
Mcrz = Cr2 (f10— CG2z)
where:
Cr1 : Rudder force over the rudder blade area A,
Cre2 : Rudder force over the rudder blade area Az,
CG ¢z : Vertical position of the centre of gravity of the rudder blade area A;from base.

CG 2z : Vertical position of the centre of gravity of the rudder blade area A,from base.

Crk = Cr1+Cre
Bz = (Mcrz2-Mcr1)/ (20 + £30)
B = Cr+Bs .
3
LS ¢ HE
lao —
Ay M Mcgy Cra E
620 ] CR1 /\*f\ i_ T i ] Zii
Cri1 v 1B2-Cry b0
A f -
¢ 2 l — Mera
C1a brE
! z-0
System M Q
Figure A 2
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AnnexS$10.4 Rudder supported by sole piece

Data for the analysis
{10 - £50 = Lengths of the individual girders of the system, in {m_
I10 — Iso = Moments of inertia of these girders, in fcm“}

For rudders supported by a sole piece the length £ is the distance between lower edge of
rudder body and centre of sole piece and Iy the moment of inertia of the pintle in the sole piece.

) moment of inertia of sole piece around the z-axis, in fcm4}

50

effective length of sole piece_in {m}.;

Load of rudder body:

Pr = CR/(fm 103) [kN/m]
Z = spring constant of support in the sole piece.
Z = 6.18 X I50 / I50° [KN/m]

Moments and forces

Moments and shear forces are indicated in Figure A 3

P e | B33 ] e
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! —
. ™
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|

=
&

Systam

Figure A 3
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AnnexS10.5

Semi spade rudder with one elastic support

Data for the analysis

10 - 50 =Lengths of the individual girders of the system, in {m};.

l10 — Iso =Moments of inertia of these girders_in fcm*}

4
4

fo

fo

In

ft

fe

Fr

t;

e(z)

spring constant of support in the rudder horn_;
1/ (fp + f) [KN/m] for the support in the rudder horn (Figure A 4).:

unit displacement of rudder horn,_in [m,]-due to a unit force of 1 kN acting in the
centre of support.;

1.30%/(6.18 Iy) [m/kN] (guidance value)

moment of inertia of rudder horn around the x-axis, in fcm*} (see also Figure A
4).;

unit displacement due to torsion_;

de? u, /t,/3.14x10°F?) KN

mean sectional area of rudder horn_in {m2}

breadth,_in fmm}_of the individual plates forming the mean horn sectional area.
thickness within the individual breadth u;, in fmm.

Height of the rudder horn, in m, defined in Figure A 4. This value is measured
downwards from the upper rudder horn end, at the point of curvature

transition, to the mid-line of the lower rudder horn pintle_;

distance as defined in Figure A 5_in m.

Load of rudder body:

Pr1o

Pr2o

Cre / (£10 x 103 [KN/m];

Cr1 / (f20 x 10%) [KN/m];

for Cr, Cr1, Cr2, See S10.2.

Moments and forces

Moments and shear forces are indicated in Figure A 4.

Rudder horn

The loads on the rudder horn are as follows:

My

bending moment = B; z [Nm], Mbmax=B1d  [Nm]

Page 34 of 40 IACS Req. 1986/Rev.6 2019



$10

shear force = By [N]

S10 9

(cont) M1(z)

torsional moment = By e(z) [Nm]

An estimate for By is:

Bi = Crb/(tw +1{3) [N]

3
&

IETHAIERE:

BB ARAL
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Figure A 4
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Figure A5
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Annex S10.6 Semi spade rudder with 2-conjugate elastic support

Data for the analysis

K11, K22, K12 : Rudder horn compliance constants calculated for rudder horn with 2-conjugate
elastic supports (Figure A 6).The 2-conjugate elastic supports are defined in terms of horizontal

displacements, y;, by the following equations:
at the lower rudder horn bearing:

Y1 = -Ki2Bz-Kz2 B
at the upper rudder horn bearing:

y2 = - K1 B2-K2Bq

where:

y1, y2 . Horizontal displacements, in m, at the lower and upper rudder horn bearings,
respectively.

B4, B> : Horizontal support forces, in kN, at the lower and upper rudder horn bearings,
respectively.

K11, K22, K2 - Obtained, in m/kN, from the following formulae:

3 2
K,=13- 2 A
3EJ,, GJy,
3 2 2
Ky =13 A +A(d A)+e/\
|3EJ,, 2EJ,, | G,
B 2 2 3 2
K, =13 A +A(d /\)+A(d A) +(d A) ,ed
3EJ,, EJ, EJ,, 3EJ,, | GJ,

d : Height of the rudder horn, in m, defined in Figure A 6. This value is measured
downwards from the upper rudder horn end, at the point of curvature transition, to the
mid-line of the lower rudder horn pintle.

A : Length, in m, as defined in Figure A 6. This length is measured downwards from the
upper rudder horn end, at the point of curvature transition, to the mid-line of the upper
rudder horn bearing. For A = 0, the above formulae converge to those of spring constant
Z for a rudder horn with 1-elastic support, and assuming a hollow cross section for this
part.

e : Rudder-horn torsion lever, in m, as defined in Figure A 6 (value taken at z = d/2).
Jin : Moment of inertia of rudder horn about the x axis, in m4, for the region above the

upper rudder horn bearing. Note that J4, is an average value over the length A (see Figure
A 6).
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upper and lower rudder horn bearings. Note that J2, is an average value over the length
(cont) d - A (see Figure A 6).
Jin : Torsional stiffness factor of the rudder horn, in m4.

For any thin wall closed section:
4F,’

ui
s

Fr: Mean of areas enclosed by outer and inner boundaries of the thin walled section of
rudder horn, in m2.

Jn =

u;: Length, in mm, of the individual plates forming the mean horn sectional area.
ti: Thickness, in mm, of the individual plates mentioned above.
Note that the Ji value is taken as an average value, valid over the rudder horn height.
Load of rudder body:
Prio = Cre/ (€10 x 10% [KN/m]:
Prao = Cgi1/(f20 x 10%) [KN/m];
for Cr, Cry, Cr2, See S10.2.2,
Moments and forces
Moments and shear forces are indicated in Figure A 6.
Rudder horn bending moment

The bending moment acting on the generic section of the rudder horn is to be obtained, in Nm,
from the following formulae:

. between the lower and upper supports provided by the rudder horn:
My=Farz
. above the rudder horn upper-support:

My =Farz + Faz (z - dy)
where:

Fas : Support force at the rudder horn lower-support, in N, to be obtained according to
Figure A 6, and taken equal to B;.

Faz : Support force at the rudder horn upper-support, in N, to be obtained according to
Figure A 6, and taken equal to Bo.
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(cont)

z : Distance, in m, defined in Figure A 7, to be taken less than the distance d, in m, defined
in the same figure.

dy : Distance, in m, between the rudder-horn lower and upper bearings (according to
Figure A6, dy=d-A).

Rudder horn shear force

The shear force Qp acting on the generic section of the rudder horn is to be obtained, in N,
from the following formulae:

. between the lower and upper rudder horn bearings:
QH = Far

. above the rudder horn upper-bearing:
Qn = Far + Faz

where:

Fa1, Faz : Support forces, in N.

The torque acting on the generic section of the rudder horn is to be obtained, in Nm, from the
following formulae:

. between the lower and upper rudder horn bearings:
Mr=Farep
. above the rudder horn upper-bearing:

Mr=Farez +Fazep
where:

Fa1, Faz : Support forces, in N,

€z : Torsion lever, in m, defined in Figure A 7.
Rudder horn shear stress calculation

For a generic section of the rudder horn, located between its lower and upper bearings, the
following stresses are to be calculated:

T5: Shear stress, in N/mm?2, to be obtained from the following formula:

o= fa
5= AH
T . Torsional stress, in N/mm?, to be obtained for hollow rudder horn from the following
formula:
Mp1073
Ty = ——
™ 2Fpty
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(cont) For solid rudder horn, 7+ is to be considered by the Society on a case by case basis.

For a generic section of the rudder horn, located in the region above its upper bearing, the
following stresses are to be calculated:

Ts. Shear stress, in N/mm?2, to be obtained from the following formula:

_ Fap + Eyp

Tg A
H

T : Torsional stress, in N/mm?, to be obtained for hollow rudder horn from the following

formula:
My1073
Tp = ———

For solid rudder horn, T is to be considered by the Society on a case by case basis where:
Fa1, Faz : Support forces, in Ns
An . Effective shear sectional area of the rudder horn, in mm?, in y-direction.:
Mr: Torque, in Nm.;

Fr: Mean of areas enclosed by outer and inner boundaries of the thin walled section of
rudder horn, in m2.:

ty : Plate thickness of rudder horn, in mm. For a given cross section of the rudder horn,
the maximum value of 7 is obtained at the minimum value of t4.

Rudder horn bending stress calculation

For the generic section of the rudder horn within the length d, the following stresses are to be
calculated:

Os : Bending stress, in N/mm?, to be obtained from the following formula:

where:
My : Bending moment at the section considered, in Nm.

Wy : Section modulus, in cm?3, around the Xx-axis (see Figure A 7).
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IACS Unified Interpretations (Ul) SC 191 for the
application of amended SOLAS regulation II-
1/3-6 (resolution MSC.151(78)) and revised
Technical provisions for means of access for
inspections (resolution MSC.158(78))

Note:

(&

This Ul is to be applied by IACS Members and Associates when acting as recognized
organizations, authorized by flag State Administrations to act on their behalf, unless
otherwise advised, from 1 January 2005.

Rev.1 (May 2005) introduced new Annex to Ul SC 191. Rev.1 is to be applied by IACS
Members and Associates from 1 July 2005.

Rev.2 (Oct.2005) re-categorized the Annex to Ul SC191 (Rev.1) as Recommendation
No.91.

Rev.2 (Oct.2005 / Corr. Dec. 2005) is to be applied by IACS Members and Associates
to ships contracted for construction on or after 1 May 2006.

Refer to IMO MSC/Circ. 1176.

The ‘contracted for construction’ date means the date on which the contract to build the
vessel is signed between the prospective owner and the shipbuilder. For further details

about the date of ‘contract for construction’, refer to IACS Procedural Requirement (PR)
No. 29.

Rev.3 is to be applied by IACS Members and Associates from 1 October 2006.

Rev.4 is to be applied by IACS Members to ships contracted for construction from
1 July 2012.

Rev.5 is to be applied by IACS Members to ships contracted for construction from
24 June 2013.

Rev.6 is to be applied by IACS Members to ships contracted for construction from
1 July 2015.

Rev.7 is to be applied by IACS Members to ships contracted for construction from
1 July 2016.

Rev.8 is to be applied by IACS Members to ships contracted for construction from
1 July 2019.

Page 1 of 49 IACS Int. 2004/Rev.8 2019



SC191

SC
191

(cont)

SOLAS regulation 11-1/3-6, section 1
1 Application

11 Except as provided for in paragraph 1.2, this regulation applies to oil tankers of 500
gross tonnage and over and bulk carriers, as defined in regulation 1X/1, of 20,000 gross
tonnage and over, constructed on or after 1 January 2006.

1.2 Oil tankers of 500 gross tonnage and over constructed on or after 1 October 1994
but before 1 January 2005 shall comply with the provisions of regulation 11-1/12-2 adopted by
resolution MSC.27(61).

Interpretation
Qil tankers:

This regulation is only applicable to oil tankers having integral tanks for carriage of oil in bulk,
which is contained in the definition of oil in Annex 1 of MARPOL 73/78. Independent oil tanks
can be excluded.

Regulation 1I-1/3-6 is not normally applied to FPSO or FSO unless the Administration decides
otherwise.

Technical Background

Means of Access (MA) specified in the Technical provisions contained in resolution
MSC.158(78) are not specific with respect to the application to integral cargo oil tanks or also
to independent cargo oil tanks. ESP requirements of oil tankers have been established
assuming the target cargo oil tanks are integral tanks. The MA regulated under SOLAS
regulation II-1/3-6 is for overall and close-up inspections as defined in regulation [X/1.
Therefore it is assumed that the target cargo oil tanks are those of ESP, i.e. integral cargo
tanks.

Regulation 11-1/3-6 is applicable to FPSO or FSO if they are subject to the scope of ESP as
contained in reselution-A-104827-2041 the ESP Code}, as amended.

Ref.

SOLAS regulation 1X/1 and resolution-A-1049027) (2011 the ESP Code), as amended.
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SOLAS regulation 11-1/3-6, paragraph 2.1

21 Each space shall be provided with a permanent means of access to enable,
throughout the life of a ship, overall and close-up inspections and thickness measurements of
the ship’s structures to be carried out by the Administration, the company, as defined in
regulation 1X/1, and the ship’s personnel and others as necessary. Such means of access
shall comply with the requirements of paragraph 5 and with the Technical provisions for
means of access for inspections, adopted by the Maritime Safety Committee by resolution
MSC.133(76), as may be amended by the Organization, provided that such amendments are
adopted, brought into force and take effect in accordance with the provisions of article VIII of
the present Convention concerning the amendment procedures applicable to the Annex other
than chapter 1.

Interpretation
Each space for which close-up inspection is not required such as fuel oil tanks and void

spaces forward of cargo area, may be provided with a means of access necessary for overall
survey intended to report on the overall conditions of the hull structure.
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SOLAS regulation 11-1/3-6, paragraph 2.2

22 VWhere a permanent means of access may be susceptible to damage during normal
cargo loading and unloading operations or where it is impracticable to fit permanent means of
access, the Administration may allow, in lieu thereof, the provision of movable or portable
means of access, as specified in the Technical provisions, provided that the means of
attaching, rigging, suspending or supporting the portable means of access forms a permanent
part of the ship’s structure. All portable equipment shall be capable of being readily erected or
deployed by ship’s personnel.

Interpretation

Some possible alternative means of access are listed under paragraph 3.9 of the Technical
Provisions for means of access for inspection(TP). Always subject to acceptance as
equivalent by the Administration, alternative means such as an unmanned robot arm, ROV’s
and dirigibles with necessary equipment of the permanent means of access for overall and
close-up inspections and thickness measurements of the deck head structure such as deck
transverses and deck longitudinals of cargo oil tanks and ballast tanks, are to be capable of:

. safe operation in ullage space in gas-free environment;

) introduction into the place directly from a deck access.

VWhen considering use of alternative means of access as addressed by paragraph 3.9 of the
TP, refer to IACS Recommendation No.81 “Guidelines for Approval/Acceptance of Alternative
Means of Access”.

Technical Background

Innovative approaches, in particular a development of robot in place of elevated

passageways, are encouraged and it is considered worthwhile to provide the functional
requirement for the innovative approach.
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SOLAS regulation 11-1/3-6, paragraph 2.3

23 The construction and materials of all means of access and their attachment to the
ship's structure shall be to the satisfaction of the Administration. The means of access shall
be subject to survey prior to, or in conjunction with, its use in carrying out surveys in
accordance with regulation 1/10.

Interpretation
Inspection

The MA arrangements, including portable equipment and attachments, are to be periodically
inspected by the crew or competent inspectors as and when it is going to be used to confirm
that the MAs remain in serviceable condition.

Procedures

1.  Any Company authorised person using the MA shall assume the role of inspector and
check for obvious damage prior to using the access arrangements. Whilst using the MA
the inspector is to verify the condition of the sections used by close up examination of
those sections and note any deterioration in the provisions. Should any damage or
deterioration be found, the effect of such deterioration is to be assessed as to whether
the damage or deterioration affects the safety for continued use of the access.
Deterioration found that is considered to affect safe use is to be determined as
“substantial damage” and measures are to be put in place to ensure that the affected
section(s) are not to be further used prior effective repair.

2. Statutory survey of any space that contains MA shall include verification of the
continued effectiveness of the MA in that space. Survey of the MA shall not be
expected to exceed the scope and extent of the survey being undertaken. If the MA is
found deficient the scope of survey is to be extended if this is considered appropriate.

3. Records of all inspections are to be established based on the requirements detailed in
the ships Safety Management System. The records are to be readily available to
persons using the MAs and a copy attached to the MA Manual. The latest record for the
portion of the MA inspected is to include as a minimum the date of the inspection, the
name and title of the inspector, a confirmation signature, the sections of MA inspected,
verification of continued serviceable condition or details of any deterioration or
substantial damage found. A file of permits issued is to be maintained for verification.

Technical Background

It is recognised that MA may be subject to deterioration in the long term due to corrosive
environment and external forces from ship motions and sloshing of liquid contained in the
tank. MA therefore is to be inspected at every opportunity of tank/space entry. The above
interpretation is to be contained in a section of the MA Manual.
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SOLAS regulation 11-1/3-6, paragraph 3.1
3 Safe access to cargo holds, cargo tanks, ballast tanks and other spaces

3.1 Safe access* to cargo holds, cofferdams, ballast tanks, cargo tanks and other
spaces in the cargo area shall be direct from the open deck and such as to ensure their
complete inspection. Safe access to double bottom spaces or to forward ballast tanks may be
from a pump-room, deep cofferdam, pipe tunnel, cargo hold, double hull space or similar
compartment not intended for the carriage of oil or hazardous cargoes.

* Refer to the Revised recommendations for entering enclosed spaces aboard ships, adopted
by the Organization by resolution A.1050(27).

Interpretation

Access to a double side skin space of bulk carriers may be either from a topside tank or
double bottom tank or from both.

The wording "not intended for the carriage of oil or hazardous cargoes” applies only to
"similar compartments”, i.e. safe access can be through a pump-room, deep cofferdam, pipe
tunnel, cargo hold or double hull space.

Technical Background

Unless used for other purposes, the double side skin space is to be designed as a part of a
large U-shaped ballast tank and such space is to be accessed through the adjacent part of
the tank, i.e. topside tank or double bottom/bilge hopper tank. Access to the double side skin
space from the adjacent part rather than direct from the open deck is justified. Any such
arrangement is to provide a directly routed, logical and safe access that facilitates easy
evacuation of the space.
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SOLAS regulation 11-1/3-6, paragraph 3.2

3.2 Tanks, and subdivisions of tanks, having a length of 35 m or more shall be fitted with
at least two access hatchways and ladders, as far apart as practicable. Tanks less than 35 m
in length shall be served by at least one access hatchway and ladder. When a tank is
subdivided by one or more swash bulkheads or similar obstructions which do not allow ready
means of access to the other parts of the tank, at least two hatchways and ladders shall be
fitted.

Interpretation

A cargo oil tank of less than 35 m length without a swash bulkhead requires only one access
hatch.

Where rafting is indicated in the ship structures access manual as the means to gain ready
access to the under deck structure, the term “similar obstructions" referred to in the regulation
includes internal structures (e.g., webs >1.5m deep) which restrict the ability to raft (at the
maximum water level needed for rafting of under deck structure) directly to the nearest
access ladder and hatchway to deck. When rafts or boats alone, as an alternative means of
access, are allowed under the conditions specified in resolution A.1049(27) (2011 the ESP
Code)-, as amended, permanent means of access are to be provided to allow safe entry and
exit. This means:

a) access direct from the deck via a vertical ladder and small platform fitted approximately
2m below the deck in each bay; or

b)  access to deck from a longitudinal permanent platform having ladders to deck in each
end of the tank. The platform shall, for the full length of the tank, be arranged in level
with, or above, the maximum water level needed for rafting of under deck structure. For
this purpose, the ullage corresponding to the maximum water level isto be assumed
not more than 3m from the deck plate measured at the midspan of deck transverses
and in the middle length of the tank. (See Figure below). A permanent means of access
from the longitudinal permanent platform to the water level indicated above is to be
fitted in each bay (e.g., permanent rungs on one of the deck webs inboard of the
longitudinal permanent platform).
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SOLAS regulation 11-1/3-6, paragraph 4.1

4 Ship structure access manual

4.1 A ship’s means of access to carry out overall and close-up inspections and thickness
measurements shall be described in a Ship structure access manual approved by the
Administration, an updated copy of which shall be kept on board. The Ship structure access
manual shall include the following for each space:

A plans showing the means of access to the space, with appropriate technical
specifications and dimensions;

.2 plans showing the means of access within each space to enable an overall inspection
to be carried out, with appropriate technical specifications and dimensions. The plans
shall indicate from where each area in the space can be inspected;

.3  plans showing the means of access within the space to enable close-up inspections to
be carried out, with appropriate technical specifications and dimensions. The plans shall
indicate the positions of critical structural areas, whether the means of access is
permanent or portable and from where each area can be inspected;

4 instructions for inspecting and maintaining the structural strength of all means of access
and means of attachment, taking into account any corrosive atmosphere that may be
within the space;

5 instructions for safety guidance when rafting is used for close-up inspections and
thickness measurements;

6 instructions for the rigging and use of any portable means of access in a safe manner;
.7 aninventory of all portable means of access; and

8 records of periodical inspections and maintenance of the ship’s means of access.

Interpretation

The access manual is to address spaces listed in paragraph 3 of the regulation 11-1/3-6.

As a minimum the English version is to be provided.

The ship structure access manual is to contain at least the following two parts:

Part 1: Plans, instructions and inventory required by paragraphs 4.1.1 to 4.1.7 of regulation II-
1/3-6. This part is to be approved by the Administration or the organization recognised by the
Administration.

Part 2: Form of record of inspections and maintenance, and change of inventory of portable
equipment due to additions or replacement after construction. This part is to be approved for
its form only at new building.

The following matters are to be addressed in the ship structure access manual:

1.  The access manual is to clearly cover scope as specified in the regulations for use by
crews, surveyors and port State control officers.
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2. Approval/ re-approval procedure for the manual, i.e. any changes of the permanent,
portable, movable or alternative means of access within the scope of the regulation and
the Technical provisions are subject to review and approval by the Administration or by
the organization recognised by the Administration.

3.  Verification of MA is to be part of safety construction survey for continued effectiveness
of the MA in that space which is subject to the statutory survey.

4. Inspection of MA by the crew and/or a competent inspector of the company as a part of
regular inspection and maintenance (see interpretation for paragraph 2.3 of SOLAS
regulation 11-1/3-6).

5. Actions to be taken if MA is found unsafe to use.

6. In case of use of portable equipment plans showing the means of access within each
space indicating from where and how each area in the space can be inspected.

Refer to IACS Recommendation No.90 “Ship Structural Access Manual’

Page 9 of 49 IACS Int. 2004/Rev.8 2019



SC191

SC
191

(cont)

SOLAS regulation 11-1/3-6, paragraph 4.2

42 For the purpose of this regulation “critical structural areas” are locations which have
been identified from calculations to require monitoring or from the service history of similar or
sister ships to be sensitive to cracking, buckling, deformation or corrosion which would impair
the structural integrity of the ship.

Interpretation

1) Critical structural areas are to be identified by advanced calculation techniques for
structural strength and fatigue performance, if available, and feed back from the service
history and design development of similar or sister ships.

2) Reference is to be made to the following publications for critical structural areas,
where applicable:

- Qil tankers: Guidance Manual for Tanker Structures by TSCF;

- Bulk carriers: Bulk Carriers Guidelines for Surveys, Assessment and Repair of
Hull Structure by IACS;

- Qil tankers and bulk carriers: reselution-A-1049Q27-2041 the ESP Code), as

amended.

Technical Background

These documents contain the relevant information for the present ship types. However
identification of critical areas for new double hull tankers and double side skin bulk carriers of
improved structural design is to be made by structural analysis at the design stage, this
information is to be taken in to account to ensure appropriate access to all identified critical
areas.
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SOLAS regulation 11-1/3-6, paragraph 5.1
5 General technical specifications

51 For access through horizontal openings, hatches or manholes, the dimensions shall
be sufficient to allow a person wearing a self-contained air-breathing apparatus and
protective equipment to ascend or descend any ladder without obstruction and also provide a
clear opening to facilitate the hoisting of an injured person from the bottom of the space. The
minimum clear opening shall not be less than 600 mm x 600 mm. When access to a cargo
hold is arranged through the cargo hatch, the top of the ladder shall be placed as close as
possible to the hatch coaming. Access hatch coamings having a height greater than 900 mm
shall also have steps on the outside in conjunction with the ladder.

Interpretation

The minimum clear opening of 600 mm x 600 mm may have corner radii up to 100 mm
maximum. The clear opening is specified in MSC/Circ.686 to keep the opening fit for passage
of personnel wearing a breathing apparatus. In such a case where as a consequence of
structural analysis of a given design the stress is to be reduced around the opening, it is
considered approptriate to take measures to reduce the stress such as making the opening
larger with increased radii, e.g. 600 x 800 with 300 mm radii, in which a clear opening of 600
x 600 mm with corner radii up to 100mm maximum fits.

Technical Background

The interpretation is based upon the established Guidelines in MSC/Circ.686.

Ref.

Paragraphs 9 of Annex of MSC/Circ.686.
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SOLAS regulation 11-1/3-6, paragraph 5.2

5.2 For access through vertical openings, or manholes, in swash bulkheads, floors,
girders and web frames providing passage through the length and breadth of the space, the
minimum opening shall be not less than 600 mm x 800 mm at a height of not more than
600 mm from the bottom shell plating unless gratings or other foot holds are provided.

Interpretation

1. The minimum clear opening of not less than 600 mm x 800 mm may also include an
opening with corner radii of 300 mm. An opening of 600mm in height x 800mm in
width may be accepted as access openings in vertical structures where it is not
desirable to make large opening in the structural strength aspects, i.e. girders and
floors in double bottom tanks.

2. Subject to verification of easy evacuation of injured person on a stretcher the vertical
opening 850 mm x 620 mm with wider upper half than 600 mm, while the lower half
may be less than 600 mm with the overall height not less than 850 mm is considered
an acceptable alternative to the traditional opening of 600 mm x 800 mm with corner
radii of 300 mm.
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3. If a vertical opening is at a height of more than 600 mm steps and handgrips are to be

provided. In such arrangements it is to be demonstrated that an injured person can be
easily evacuated.

Technical Background

The interpretation is based upon the established Guidelines in MSC/Circ.686 and an
innovative design is considered for easy access by humans through the opening.

Ref.

Paragraphs 11 of Annex of MSC/Circ.686.
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Technical Provision, resolution MSC.158(78), paragraph 1.3
1. Preamble

1.3 In order to address this issue, the Organization has developed these Technical
provisions for means of access for inspections (hereinafter called the “Technical provisions”),
intended to facilitate close-up inspections and thickness measurements of the ship’s structure
referred to in SOLAS regulation 11-1/3-6 on Access to and within spaces in, and forward of,
the cargo area of oil tankers and bulk carriers. The Technical provisions do not apply to the
cargo tanks of combined chemical/oil tankers complying with the provisions of the IBC Code.

Interpretation

A "combined chemical/oil tankers complying with the provisions of the IBC Code" is a tanker
that holds both a valid IOPP certificate as tanker and a valid certificate of fitness for the
carriage of dangerous chemicals in bulk. i.e. a tanker that is certified to carry both oil cargoes
under MARPOL Annex | and Chemical cargoes in chapter 17 of the IBC Code either as full or
part cargoes.

The Technical provisions are to be applied to ballast tanks of combined chemical/oil tankers
complying with the provisions of the IBC Code.
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Technical Provision, resolution MSC.158(78), paragraph 1.4
1. Preamble

14 Permanent means of access which are designed to be integral parts of the structure
itself are preferred and Administrations may allow reasonable deviations to facilitate such
designs.

Interpretation

In the context of the above requirement, the deviation shall be applied only to distances
between integrated PMA that are the subject of paragraph 2.1.2 of Table 1.

Deviations shall not be applied to the distances governing the installation of underdeck
longitudinal walkways and dimensions that determine whether permanent access are
required or not, such as height of the spaces and height to elements of the structure (e.g.
cross-ties).
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Technical Provision, resolution MSC.158(78), paragraph 3.1

31 Structural members subject to the close-up inspections and thickness measurements
of the ship’s structure referred to in SOLAS regulation II-1/ 3-8, except those in double bottom
spaces, shall be provided with a permanent means of access to the extent as specified in
table 1 and table 2, as applicable. For oil tankers and wing ballast tanks of ore carriers,
approved alternative methods may be used in combination with the fitted permanent means
of access, provided that the structure allows for its safe and effective use.

Interpretation

The permanent means of access to a space can be credited for the permanent means of
access for inspection.

Technical Background

The Technical provisions specify means of access to a space and to hull structure for
carrying out overall and close up surveys and inspections. Requirements of MA to hull
structure may not always be suitable for access to a space. However if the MA for access to a
space can also be used for the intended surveys and inspections such MA can be credited for
the MA for use for surveys and inspections.
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Technical Provision, resolution MSC.158(78), paragraph 3.3

3.3 Elevated passageways forming sections of a permanent means of access, where
fitted, shall have a minimum clear width of 800 mm, except for going around vertical webs
where the minimum clear width may be reduced to 450 mm, and have guard rails over the
open side of their entire length. Sloping structure providing part of the access shall be of a
non-skid construction. Guard rails shall be 1,000 mm in height and consist of a rail and
intermediate bar 500 mm in height and of substantial construction. Stanchions shall be not
more than 3 m apart.

Interpretation

1.  Sloping structures are structures that are sloped by 5 or more degrees from horizontal
plane when a ship is in upright position at even-keel.

2. Guard rails are to be fitted on the open side and should be at least 1,000 mm in height.
For stand alone passageways guard rails are to be fitted on both sides of these
structures. Guardrail stanchions are to be attached to the PMA. The distance between
the passageway and the intermediate bar and the distance between intermediate bar
and the top rail shall hot be more than 500 mm.

3. Discontinuous top handrails are allowed, provided the gap does not exceed 50 mm.

The same maximum gap is to be considered between the top handrail and other structural
members (i.e. bulkhead, web frame, etc.).

The maximum distance between the adjacent stanchions across the handrail gaps is to be
350 mm where the top and mid handrails are not connected together and 350 mm when they
are cohnected together.

The maximum distance between the stanchion and other structural members is not to exceed
200 mm where the top and mid handrails are not connected together and 300 mm when they
are connected together.

VWhen the top and mid handrails are connected by a bent rail, the outside radius of the bent
part is not to exceed 100 mm (see Figure below).

R =100

A

50
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Ref.

Non-skid construction is such that the surface on which personnel walks provides
sufficient friction to the sole of boots even if the surface is wet and covered with thin
sediment.

“Substantial construction” is taken to refer to the as-designed strength as well as the
residual strength during the service life of the vessel. Durability of passageways
together with guard rails is to be ensured by the initial corrosion protection and
inspection and maintenance during services.

For guard rails, use of alternative materials such as GRP is to be subject to
compatibility with the liquid carried in the tank. Non-fire resistant materials are not to
be used for means of access to a space with a view to securing an escape route at a
high temperature.

Requirements for resting platforms placed between ladders are equivalent to those
applicable to elevated passageways.

Paragraph 10 of Annex to MSC/Circ.686
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Technical Provision, resolution MSC.1568(78), paragraph 3.4

3.4 Access to permanent means of access and vertical openings from the ship’s bottom
shall be provided by means of easily accessible passageways, ladders or treads. Treads
shall be provided with lateral support for the foot. VWhere the rungs of ladders are fitted
against a vertical surface, the distance from the centre of the rungs to the surface shall be at
least 150 mm. Where vertical manholes are fitted higher than 600 mm above the walking

level, access shall be facilitated by means of treads and hand grips with platform landings on
both sides.

Interpretation

Where the vertical manhole is at a height of more than 600 mm above the walking level, it
shall be demonstrated that an injured person can be easily evacuated.
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Technical Provision, resolution MSC.158(78), paragraph 3.5

35 Permanent inclined ladders shall be inclined at an angle of less than 70°. There shall
be no obstructions within 750 mm of the face of the inclined ladder, except that in way of an
opening this clearance may be reduced to 600 mm. Resting platforms of adequate
dimensions shall be provided normally at a maximum of 6 m vertical height. Ladders and
handrails shall be constructed of steel or equivalent material of adequate strength and
stiffness and securely attached to the structure by stays. The method of support and length of
stay shall be such that vibration is reduced to a practical minimum. In cargo holds, ladders
shall be designed and arranged so that cargo handling difficulties are not increased and the
risk of damage from cargo handling gear is minimized.

MA for access to ballast tanks, cargo tanks and spaces other than fore peak tanks:
For oil tankers:

1.  Tanks and subdivisions of tanks having a length of 35 m or more with two access
hatchways:

First access hatchway: Inclined ladder or ladders are to be used.
Second access hatchway:

i. A vertical ladder may be used. In such a case where the vertical distance is more than
6 m, vertical ladders are to comprise one or more ladder linking platforms spaced not more
than 6 m apart vertically and displaced to one side of the ladder.

The uppermost section of the vertical ladder, measured clear of the overhead obstructions in
way of the tank entrance, is not to be less than 2.5 m but not exceed 3.0 mand is to comprise
a ladder linking platform which is to be displaced to one side of a vertical ladder. However,
the vertical distance of the upper most section of the vertical ladder may be reduced to 1.6 m,
measured clear of the overhead obstructions in way of the tank entrance, if the ladder lands
on a longitudinal or athwartship permanent means of access fitted within that range. Adjacent
sections of the ladder are to be laterally offset from each other by at least the width of the
ladder (see paragraph 20 of MSC/Circ.686 and refer to the interpretation of Technical
Provision, resolution MSC.158(78), paragraph 3.13.2 and paragraph 3.13.6); or

ii.. Where an inclined ladder or combination of ladders is used for access to the space, the
uppermost section of the ladder, measured clear of the overhead obstructions in way of the
tank entrance, is to be vertical for not less than 2.5 m but not exceed 3.0m and is to comprise
a landing platform continuing with an inclined ladder. However, the vertical distance of the
upper most section of the vertical ladder may be reduced to 1.6 m, measured clear of the
overhead obstructions in way of the tank entrance, if the ladder lands on a longitudinal or
athwartship permanent means of access fitted within that range. The flights of the inclined
ladders are normally to be not more than 6 min vertical height. The lowermost section of the
ladders may be vertical for the vertical distance not exceeding 2.5 m.

2. Tanks less than 35 m in length and served by one access hatchway an inclined ladder
or combination of ladders are to be used to the space as specified in 1.ii above.

3. In spaces of less than 2.5 m width the access to the space may be by means of vertical
ladders that comprises one or more ladder linking platforms spaced not more than 6 m
apart vertically and displaced to one side of the ladder. The uppermost section of the
vertical ladder, measured clear of the overhead obstructions in way of the tank
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entrance, is not to be less than 2.5 m but not exceed 3.0 m and is to comprise a ladder
linking platform which is to be displaced to one side of a vertical ladder. However, the
vertical distance of the upper most section of the vertical ladder may be reduced to

1.6 m, measured clear of the overhead obstructions in way of the tank entrance, if the
ladder lands on a longitudinal or athwartship permanent means of access fitted within
that range. Adjacent sections of the ladder are to be laterally offset from each other by
at least the width of the ladder (see paragraph 20 of MSC/Circ.686 and refer to the
interpretation of Technical Provision, resolution MSC.158(78), paragraph 3.13.2 and
paragraph 3.13.6).

4.  Access from deck to a double bottom space may be by means of vertical ladders
through a trunk. The vertical distance from deck to a resting platform, between resting
platforms or a resting platform and the tank bottom is not to be more than 6 m unless
otherwise approved by the Administration.

MA for inspection of the vertical structure of oil tankers:

Vertical ladders provided for means of access to the space may be used for access for
inspection of the vertical structure.

Unless stated otherwise in Table 1 of TP, vertical ladders that are fitted on vertical structures
for inspection are to comprise one or more ladder linking platforms spaced not more than 6 m
apart vertically and displace to one side of the ladder. Adjacent sections of ladder are to be
laterally offset from each other by at least the width of the ladder (paragraph 20 of
MSC/Circ.686 and refer to the interpretation of Technical Provision, resolution MSC.158(78),
paragraph 3.13.2 and paragraph 3.13.6).

Obstruction distances

The minimum distance between the inclined ladder face and obstructions, i.e. 750 mm and, in
way of openings, 600 mm specified in TP 3.5 is to be measured perpendicular to the face of
the ladder.

Technical Background

It is a common practice to use a vertical ladder from deck to the first landing to clear
overhead obstructions before continuing to an inclined ladder or a vertical ladder displaced to
one side of the first vertical ladder.

Ref.

For vertical ladders: Paragraph 20 of the annex to MSC/Circ.686.
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Technical Provision, resolution MSC.158(78), paragraph 3.6

36 The width of inclined ladders between stringers shall not be less than 400 mm. The
treads shall be equally spaced at a distance apart, measured vertically, of between 200 mm
and 300 mm. When steel is used, the treads shall be formed of two square bars of not less
than 22 mm by 22 mm in section, fitted to form a horizontal step with the edges pointing
upward. The treads shall be carried through the side stringers and attached thereto by double
continuous welding. All inclined ladders shall be provided with handrails of substantial
construction on both sides fitted at a convenient distance above the treads.

Interpretation

1. Vertical height of handrails is not to be less than 890 mm from the center of the step
and two course handrails need only be provided where the gap between stringer and
top handrail is greater than 500 mm.

2. The requirement of two square bars for treads specified in TP, paragraph 3.6, is based
upon the specification of construction of ladders in paragraph 3(e) of Annex 1 to
resolution A.272(VIIl), which addresses inclined ladders. TP, paragraph 3.4, allows for
single rungs fitted to vertical surfaces, which is considered for a safe grip. For vertical
ladders, when steel is used, the rungs are to be formed of single square bars of not less
than 22 mm by 22 mm for the sake of safe grip.

3.  The width of inclined ladders for access to a cargo hold is to be at least 450 mm to
comply with the Australian AMSA Marine Orders Part 32, Appendix 17.

4.  The width of inclined ladders other than an access to a cargo hold is to be not less than
400 mm.

5.  The minimum width of vertical ladders is to be 350 mm and the vertical distance
between the rungs is to be equal and is to be between 250 mm and 350 mm.

6. A minimum climbing clearance in width is to be 600 mm other than the ladders placed
between the hold frames.

7.  The vertical ladders are to be secured at intervals not exceeding 2.5 m apart to prevent
vibration.

Technical Background

. TP, paragraph 3.6, is a continuation of TP, paragraph 3.5, which addresses inclined
ladders. Interpretations for vertical ladders are needed based upon the current
standards of IMO, AMSA or the industry.

. Interpretations 2 and 5 address vertical ladders based upon the current standards.

. Double square bars for treads become too large for a grip for vertical ladders and single
rungs facilitate a safe grip.

. Interpretation 7 is introduced consistently with the requirement and the interpretation of
TP, paragraph 3.4.
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1 91 . Annex 1 to resolution A.272(VIII).
(cont) e Australian AMSA Marine Orders Part 32, Appendix 17.

. ILO Code of Practice “Safety and Health in Dockwork” — Section 3.6 Access to Ship’s
Holds.
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Technical Provision, resolution MSC.158(78), paragraph 3.9.6

3.9.6 Portable ladders more than 5 m long may only be utilized if fitted with a mechanical
device to secure the upper end of the ladder.

Interpretation

A mechanical device such as hooks for securing at the upper end of a ladder is to be
considered as an appropriate securing device if a movement fore/aft and sideways can be
prevented at the upper end of the ladder.

Technical Background

Innovative design is to be accepted if it fits the functional requirement with due consideration
for safe use.
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Technical Provision, resolution MSC.158(78), paragraph 3.10 and 3.11

3.10 For access through horizontal openings, hatches or manholes, the minimum clear
opening shall not be less than 600 mm x 600 mm. VWhen access to a cargo hold is arranged
through the cargo hatch, the top of the ladder shall be placed as close as possible to the
hatch coaming. Access hatch coamings having a height greater than 900 mm shall also have
steps on the outside in conjunction with the ladder.

3.1 For access through vertical openings, or manholes, in swash bulkheads, floors,
girders and web frames providing passage through the length and breadth of the space, the
minimum opening shall be not less than 600 mm x 800 mm at a height of hot more than
600 mm from the passage unless gratings or other foot holds are provided.

Interpretation

See interpretation for paragraphs 5.1 and 5.2 of SOLAS regulation 11-1/3-6.
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Technical Provision, resolution MSC.1568(78), paragraph 3.13.1

3.13.  For bulk carriers, access ladders to a cargo hold shall be:

A where the vertical distance between the upper surface of adjacent decks or between
deck and the bottom of the cargo space is not more than 6 m, either a vertical ladder or an
inclined ladder; and

Interpretation

Either a vertical or an inclined ladder or a combination of them may be used for access to a

cargo hold where the vertical distance is 6 m or less from the deck to the bottom of the cargo
hold.
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Technical Provision, resolution MSC.1588(78), paragraph 3.13.2 and paragraph 3.13.6
3.13. For bulk carriers, access ladders to a cargo hold shall be:
.1 ...omissis.....

2 Where the vertical distance between the upper surface of adjacent decks or between
deck and the bottom of the cargo space is more than 6 m, an inclined ladder or series of
inclined ladders at one end of the cargo hold, except the uppermost 2.5 m of a cargo space
measured clear of overhead obstructions and the lowest 6 m may have vertical ladders,
provided that the vertical extent of the inclined ladder or ladders connecting the vertical
ladders is not less than 2.5 m.

The second means of access at the other end of the cargo hold may be formed of a series of
staggered vertical ladders, which should comprise of one or more ladder linking platforms
spaced not more than 6 m apart vertically and displaced to one side of the ladder. Adjacent
sections of ladder should be laterally offset from each other by at least the width of the ladder.
The uppermost entrance section of the ladder directly exposed to a cargo hold should be
vertical for a distance of 2.5 m measured clear of overhead obstructions and connected to a
ladder-linking platform.

3 ...omissis.....
4 ...omissis.....
5 ...omissis.....
6 In double-side skin spaces of less than 2.5 m width, the access to the space may be

by means of vertical ladders that comprise of one or more ladder linking platforms spaced
mnot more than 6 m apart vertically and displaced to one side of the ladder. Adjacent
sections of ladder should be laterally offset from each other by at least the width of the ladder.

.7 ...omissis.....

Interpretation

Adjacent sections of vertical ladder need to be installed so that the following provisions are
complied with:

- the minimum “lateral offset” between two adjacent sections of vertical ladder, is the
distance between the sections, upper and lower, so that the adjacent stringers are
spaced at least 200 mm apart, measured from half thickness of each stringer.

- adjacent sections of vertical ladder shall be installed so that the upper end of the lower
section is vertically overlapped, in respect to the lower end of the upper section, to a
height of 1500 mm in order to permit a safe transfer between ladders.

- no section of the access ladder shall be terminated directly or partly above an access
opening.

Technical Background

The aims of the above are to:
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Reduce the risk of accidents due to tiredness by providing a rest platform at appropriate

a.
SC intervals.

1 91 b.  Reduce the risk of collateral injury from falling or dropping items of equipment by
(cont) preventing the lateral overlap of two ladders.
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191 Vertical Ladder - Ladder through the linking platform
(cont)
Dimension
Horizontal separation
A between two vertical ladders, > 200 mm

stringer to stringer

Stringer height above landing

*
or intermediate platform > 1500* mm

Horizontal separation
between ladder and platform

*Note: the minimum height of the handrail of resting platform
is of 1000 mm (Technical Provision, resolution MSC. 158(78),
paragraph 3.3)

C 100 mm <C< 300 mm
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Figure “B”
SC Vertical Ladder - Side mount

191

(cont)

>A

B (mm)

Lower Section of Vertical Ladder

Dimension
Horizontal separation
A between two vertical ladders, > 200 mm
stringer to stringer
Stringer height above landing
B or intermediate platform > 1500* mm

Horizontal separation
C between ladder and platform 100 mm <C< 300 mm

*Note: the minimum height of the handrail of resting platform
is of 1000 mm (Technical Provision, resolution MSC. 158(78),
paragraph 3.3)
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Technical Provision, resolution MSC.158(78), paragraph 3.14

3.14 The uppermost entrance section from deck of the vertical ladder providing access to
a tank should be vertical for a distance of 2.5 m measured clear of overhead obstructions and
comprise a ladder linking platform, displaced to one side of a vertical ladder. The vertical
ladder can be between 1.6 m and 3 m below deck structure if it lands on a longitudinal or
athwartship permanent means of access fitted within that range.

Interpretation

Deck is defined as “weather deck”.
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Table 1 — Means of access for oil tankers, resolution MSC.158(78), paragraph 1.1

1 Water ballast tanks, except those specified in the right column, and cargo oil
tanks

Access to overhead structure

11 For tanks of which the height is 6 m and over containing internal structures,
permanent means of access shall be provided in accordance with .1 to .6:

Interpretation

1.  Sub-paragraphs .1, .2 and .3 define access to underdeck structure, access to the
uppermost sections of transverse webs and connection between these structures.

2.  Sub-paragraphs .4, .5 and .6 define access to vertical structures only and are linked to
the presence of transverse webs on longitudinal bulkheads.

3. If there are no underdeck structures (deck longitudinals and deck transverses) but there
are vertical structures in the cargo tank supporting transverse and longitudinal
bulkheads, access in accordance with sub-paragraphs from .1 through to .6 is to be
provided for inspection of the upper parts of vertical structure on transverse and
longitudinal bulkheads.

4, If there is no structure in the cargo tank, section 1.1 of Table 1 is not to be applied.

5. Section 1 of Table 1 is also to be applied to void spaces in cargo area, comparable in
volume to spaces covered by the regulation II-1/3-6, except those spaces covered by
Section 2.

6. The vertical distance below the overhead structure is to be measured from the
underside of the main deck plating to the top of the platform of the means of access at a
given |location.

7.  The height of the tank is to be measured at each tank. For a tank the height of which
varies at different bays, item 1.1 is to be applied to such bays of a tank that have height
6 mand over.

Technical Background

Interpretation 7: If the height of the tank is increasing along the length of a ship the

permanent means of access is to be provided locally where the height is above 6 m.

Ref.

Paragraph 10 of the annex to MSC/Circ.686.
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Table 1 — Means of access for oil tankers, resolution MSC.158(78), paragraph 1.1.2

1.1.2  atleast one continuous longitudinal permanent means of access at each side of the
tank. One of these accesses shall be at a minimum of 1.6 m to a maximum of 6 m below the
deck head and the other shall be at a minimum of 1.6 mto a maximum of 3 m below the deck
head;

Interpretation
There is need to provide continuous longitudinal permanent means of access when the deck

longitudinals and deck transverses are fitted on deck but supporting brackets are fitted under
the deck.
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Table 1 — Means of access for oil tankers, resolution MSC.158(78), paragraph 1.1.3
1.1.3 access between the arrangements specified in .1 and .2 and from the main deck to
either .1 or .2.

Interpretation

Means of access to tanks may be used for access to the permanent means of access for
inspection.

Technical Background

As a matter of principle, in such a case where the means of access can be utilised for the

purpose of accessing structural members for inspection there is no need of duplicated
installation of the MA.
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S C Table 1 — Means of access for oil tankers, resolution MSC.158(78), paragraph 1.1.4

1 91 1.1.4  continuous longitudinal permanent means of access which are integrated in the
structural member on the stiffened surface of a longitudinal bulkhead, in alignment, where

(cont) possible, with horizontal girders of transverse bulkheads are to be provided for access to the

transverse webs unless permanent fittings are installed at the uppermost platform for use of
alternative means as defined in paragraph 3.9 of the Technical provisions for inspection at
intermediate heights;

Interpretation

The permanent fittings required to serve alternative means of access such as wire lift
platform, that are to be used by crew and surveyors for inspection shall provide at least an
equal level of safety as the permanent means of access stated by the same paragraph.
These means of access shall be carried on board the ship and be readily available for use
without filling of water in the tank.

Therefore, rafting is not to be acceptable under this provision.

Alternative means of access are to be part of Access Manual which is to be approved on
behalf of the flag State.

For water ballast tanks of 5 m or more in width, such as on an ore carrier, side shell plating
shall be considered in the same way as “longitudinal bulkhead”.
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Table 1 — Means of access for oil tankers, resolution MSC.158(78), paragraph 2.1

2 Water ballast wing tanks of less than 5 m width forming double side spaces
and their bilge hopper sections

Access to the underdeck structure

21 For double side spaces above the upper knuckle point of the bilge hopper sections,
permanent means of access are to be provided in accordance with .1 and .2:

Interpretation
Section 2 of Table 1 is also to be applied to wing tanks designed as void spaces.

Paragraph 2.1.1 represents requirements for access to underdeck structures, while
paragraph 2.1.2 is a requirement for access for survey and inspection of vertical structures on
longitudinal bulkheads (transverse webs).

Technical Background

Regulation [I-1/3-6.2.1 requires each space to be provided with means of access. Though
void spaces are not addressed in the technical provisions contained in resolution
MSC.158(78) it is arguable whether MA is not required in void spaces. MA or portable means
of access are necessary arrangement to facilitate inspection of the structural condition of the
space and the boundary structure. Therefore the requirements of Section 2 of Table 1 is to be
applied to double hull spaces even designed as void spaces.
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Table 1 — Means of access for oil tankers, resolution MSC.158(78), paragraph 2.1.1

2, Wing water ballast tanks less than § m width forming double side spaces
and their bilge hopper sections

Access to the underdeck structure

2.1.1  \Where the vertical distance between horizontal uppermost stringer and deck head is
6 m or more, one continuous permanent means of access shall be provided for the full length
of the tank with a means to allow passing through transverse webs installed a minimum of 1.6
m to a maximum of 3 m below the deck head with a vertical access ladder at each end of
tank;

Interpretation

1.  For a tank, the vertical distance between horizontal upper stringer and deck head of
which varies at different sections, item 2.1.1 is to be applied to such sections that falls
under the criteria.

2. The continuous permanent means of access may be a wide longitudinal, which
provides access to critical details on the opposite side by means of platforms as
necessary on web frames. In case the vertical opening of the web frame is located in
way of the open part between the wide longitudinal and the longitudinal on the opposite
side, platforms shall be provided on both sides of the web frames to allow safe passage
through the web frame.

3.  Where two access hatches are required by SOLAS regulation 11-1/3-6.3.2, access
ladders at each end of the tank are to lead to the deck.
Technical Background

Interpretation 1: The interpretation of varied tank height in item 1 of Table 1 is applied to the
vertical distance between horizontal upper stringer and deck head for consistency.
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Table 1 — Means of access for oil tankers, resolution MSC.158(78), paragraph 2.1.2

2.1.2  continuous longitudinal permanent means of access, which are integrated in the
structure, at a vertical distance not exceeding 6 m apart; and

Interpretation

The continuous permanent means of access may be a wide longitudinal, which provides
access to critical details on the opposite side by means of platforms as necessary on
webframes. In case the vertical opening of the web is located in way of the open part
between the wide longitudinal and the longitudinal on the opposite side, platforms shall be
provided on both sides of the web to allow safe passage through the web.

A “reasonable deviation”, as noted in TP, paragraph 1.4, of hot more than 10% may be
applied where the permanent means of access is integral with the structure itself.
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Table 1 — Means of access for oil tankers, resolution MSC.158(78), paragraph 2.2

22 For bilge hopper sections of which the vertical distance from the tank bottom to the
upper knuckle point is 6 m and over, one longitudinal permanent means of access shall be
provided for the full length of the tank. It shall be accessible by vertical permanent means of
access at both ends of the tank.

Interpretation

1.  Permanent means of access between the longitudinal continuous permanent means of
access and the bottom of the space is to be provided.

2. The height of a bilge hopper tank located outside of the parallel part of vessel is to be
taken as the maximum of the clear vertical distance measured from the bottom plating
to the hopper plating of the tank.

3.  The foremost and aftmost bilge hopper ballast tanks with raised bottom, of which the
height is 6 m and over, a combination of transverse and vertical MA for access to the
upper knuckle point for each transverse web is to be accepted in place of the
longitudinal permanent means of access.

Technical Background

Interpretation 2: The bilge hopper tanks at fore and aft of cargo area narrow due to raised
bottom plating and the actual vertical distance from the bottom of the tank to hopper plating of
the tank is more appropriate to judge if a portable means of access could be utilized for the
purpose.

Interpretation 3: in the foremost or aftmost bilge hopper tanks where the vertical distance is 6
m or over but installation of longitudinal permanent means of access is not practicable
permanent means of access of combination of transverse and vertical ladders provides an
alternative means of access to the upper knuckle point.
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Table 2 — Means of access for bulk carriers, resolution MSC.158(78), paragraph 1.1

1

1.1

Cargo holds
Access to underdeck structure

Permanent means of access shall be fitted to provide access to the overhead

structure at both sides of the cross deck and in the vicinity of the centreline. Each means of
access shall be accessible from the cargo hold access or directly from the main deck and
installed at a minimum of 1.6 m to a maximum of 3 m below the deck.

Interpretation

1.

Means of access shall be provided to the crossdeck structures of the foremost and
aftermost part of the each cargo hold.

Interconnected means of access under the cross deck for access to three locations at
both sides and in the vicinity of the centerline is to be acceptable as the three means of
access.

Permanent means of access fitted at three separate locations accessible
independently, one at each side and one in the vicinity of the centerline is to be
acceptable.

Special attention is to be paid to the structural strength where any access opening is
provided in the main deck or cross deck.

The requirements for bulk carrier cross deck structure is also to be considered
applicable to ore carriers.

Technical Background

Pragmatic arrangements of the MA are provided.
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1 91 13 Access to the permanent means of access to overhead structure of the cross deck
may also be via the upper stool.
(cont)

Interpretation

Particular attention is to be paid to preserve the structural strength in way of access opening
provided in the main deck or cross deck.
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Table 2 — Means of access for bulk carriers, resolution MSC.158(78), paragraph 1.4

14 Ships having transverse bulkheads with full upper stools with access from the main
deck which allows monitoring of all framing and plates from inside, do not require permanent
means of access of the cross deck.

Interpretation

“Full upper stools” are understood to be stools with a full extension between top side tanks
and between hatch end beams.
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Table 2 — Means of access for bulk carriers, resolution MSC.158(78), paragraph 1.5

1.5 Alternatively, movable means of access may be utilized for access to the overhead
structure of cross deck if its vertical distance is 17 m or less above the tank top.

Interpretation

1. The movable means of access to the underdeck structure of cross deck need not
necessarily be carried on board the vessel. It is sufficient if it is made available when
needed.

2.  The requirements for bulk carrier cross deck structure is also to be considered

applicable to ore carriers.
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Table 2 — Means of access for bulk carriers, resolution MSC.1568(78), paragraph 1.6
Access to vertical structures

16 Permanent means of vertical access shall be provided in all cargo holds and built
into the structure to allow for an inspection of a minimum of 25 % of the total number of hold
frames port and starboard equally distributed throughout the hold including at each end in
way of transverse bulkheads. But in no circumstance shall this arrangement be less than 3
permanent means of vertical access fitted to each side (fore and aft ends of hold and mid-
span). Permanent means of vertical access fitted between two adjacent hold frames is
counted for an access for the inspection of both hold frames. A means of portable access
may be used to gain access over the sloping plating of lower hopper ballast tanks.

Interpretation

The maximum vertical distance of the rungs of vertical ladders for access to hold frames is to
be 350 mm.

If safety harness is to be used, means are to be provided for connecting the safety harness in
suitable places in a practical way.
Technical Background

The maximum vertical distance of the rungs of 350 mm is applied with a view to reducing
trapping cargoes.
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(cont)

Table 2 — Means of access for bulk carriers, resolution MSC.158(78), paragraph 1.7

17 In addition, portable or movable means of access shall be utilized for access to the
remaining hold frames up to their upper brackets and transverse bulkheads.

Interpretation

Portable, movable or alternative means of access also is to be applied to corrugated
bulkheads.
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(cont)

Table 2 — Means of access for bulk carriers, resolution MSC.158(78), paragraph 1.8
18 Portable or movable means of access may be utilized for access to hold frames up

to their upper bracket in place of the permanent means required in 1.6. These means of
access shall be carried on board the ship and readily available for use.

Interpretation
Readily available means;-

Able to be transported to location in cargo hold and safely erected by ship's staff.
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SC Table 2 — Means of access for bulk carriers, resolution MSC.1568(78), paragraph 2.3

1 91 23 Three permanent means of access, fitted at the end bay and middle bay of each
tank, shall be provided spanning from tank base up to the intersection of the sloping plate

(cont) with the hatch side girder. The existing longitudinal structure may be used as part of this

means of access.

Interpretation

If the longitudinal structures on the sloping plate are fitted outside of the tank a means of
access is to be provided.
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Table 2 — Means of access for bulk carriers, resolution MSC.158(78), paragraph 2.6

Bilge hopper tanks

25 For each bilge hopper tank of which the height is 8 m and over, one longitudinal
continuous permanent means of access shall be provided along the side shell webs and
installed at a minimum of 1.2 m below the top of the clear opening of the web ring with a
vertical access ladder in the vicinity of each access to the tank.

Interpretation

1.  The height of a bilge hopper tank located outside of the parallel part of vessel is to be
taken as the maximum of the clear vertical height measured from the bottom plating to
the hopper plating of the tank.

2. It is to be demonstrated that portable means for inspection can deployed and made
readily available in the areas where needed.
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(cont)

Table 2 — Means of access for bulk carriers, resolution MSC.158(78), paragraph 2.5.2
Bilge hopper tanks

252  Alternatively, the longitudinal continuous permanent means of access can be located
through the upper web plating above the clear opening of the web ring, at a minimum of 1.6
m below the deck head, when this arrangement facilitates more suitable inspection of
identified structurally critical areas. An enlarged longitudinal frame can be used for the
purpose of the walkway.

Interpretation

A wide longitudinal frame of at least 600 mm clear width may be used for the purpose of the
longitudinal continuous permanent means of access. The foremost and aftermost bilge
hopper ballast tanks with raised bottom, of which the height is 6 m and over, a combination of
transverse and vertical MA for access to the sloping plate of hopper tank connection with side
shell plating for each transverse web can be accepted in place of the longitudinal permanent
means of access.

Page 48 of 49 IACS Int. 2004/Rev.8 2019



SC191

SC
191

(cont)

Table 2 — Means of access for bulk carriers, resolution MSC.158(78), paragraph 2.6
28 If no access holes are provided through the transverse ring webs within 600 mm of
the tank base and the web frame rings have a web height greater than 1 m in way of side
shell and sloping plating, then step rungs/grab rails shall be provided to allow safe access
over each transverse web frame ring.

Interpretation

The height of web frame rings is to be measured in way of side shell and tank base.

Technical Background

In the bilge hopper tank the sloping plating is above the opening, while the movement of the
surveyor is along the bottom of the tank. Therefore the measurement of 1 mis to be taken
from the bottom of the tank.

End of
Document
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IACS Unified Interpretations (Ul) fer on the

application of SOLAS regulations to

conversions of Single-Hull Oil Tankers to
Double-Hull Oil Tankers or Bulk Carriers Sirgle

HulTankerto-Double- HulankeroerBulk
C arrior/Ore Carr

Reference table of the clarification of the applicability of SOLAS regulations

No. | Reg. Title/Content Note
1 1-1/1.3 Alterations and modifications of a major character As amended by
MSC.216(82)
2 111-1/3.2,2 & Protective coatings of dedicated seawater ballast As amended by
3.2, 4 tanks in all types of ships and double-side skin MSC.216(82)
spaces of bulk carriers
3 {1-1/3-6 Access to and within spaces in, and forward of, As amended by
the cargo area of oil tankers and bulk carriers MSC.194(80)
4 11-1/3-8 Towing and Mooring Equipment As amended by
MSC.194(80)
5 | ll-1/PartB & Rart-B+ Subdivision and stability As amended by
Part B-1 Rart-B1—Stability MSC.216(82)
6 |11-2/1.3 Repairs, alterations, modifications and outfitting
7 {11.4.2 Alterations and modifications of a major character
8 111/31.1.8 Survival craft and rescue boats Free—fal-lifeboats
9 |Vv/i22 Navigation bridge visibility
10 | Xll/4 Damage stability requirements applicable to bulk
carriers
H | XI/5.1 &5.2 Structural strength of bulk carriers
32 | XIl/6.1 Structural and other requirements for bulk carriers
B | XI6.2 Structural and other requirements for bulk carriers
M | XI/6.3 Structural and other requirements for bulk carriers As amended by
MSC.216(82) Annex 1
15 | XIl/6.4 Structural and other requirements for bulk carriers As amended by
MSC.216(82) Annex 1
3% | XI/7.1 Survey and maintenance of bulk carrier
H | XIi7.2 Survey and maintenance of bulk carrier
18 | Xll/8 Information on compliance with requirements for
bulk carriers
A8 | Xil/9 Requirements for bulk carriers not being capable
of complying with regulation 4.3 due to the design
configuration of their cargo holds
20 | XI1/10 Solid bulk cargo density declaration
23 | XI/11 Loading instrument
22 | XI/12 Hold, ballast and dry space water ingress alarms
23 | XI/13 Availability of pumping systems
24 | Xll/14 Restrictions from sailing with any hold empty
Note:
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1. This Ul is to be applied by IACS Mewmbers-and-AssociatesSocieties when acting as
SC recognized organizations, authorized by flag State Administrations to act on their
226 behalf, unless otherwise advised, from +Jaruary20091 January 2014.

(cont)
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SC226.1 Alterations and modifications of a major character
SOLAS Chapter II-1 Reg. 1.3 (as amended by MSC.216(82))

SOLAS Chapter II-1, Reg. 1 ‘Application’:

3 All ships which undergo repairs, alterations, modifications and oultfitting related thereto
shall continue to comply with at least the requirements previously applicable to these ships.
Such ships, if constructed before the date on which any relevant amendments enter into
force, shall, as a rule, comply with the requirements for ships constructed on or after that date
lo at least the same extent as they did before undergoing such repairs, alterations,
maodifications or outfitting. Repairs, alterations and modifications of a major character and
oultfitting related thereto shall meet the requirements for ships constructed on or after the date
on which any relevant amendments enter into force, in so far as the Administration deems
reasonable and practicable.”

Interpretation

1. The date on which a conversion occurs for the purposes of determining the
applicability of requirements for ships constructed on or after the date on which any
relevant amendments enters into force is to be:

.1 the date on which the contract is placed for the conversion; or

.2 in the absence of a contract, the date on which the work identifiable with the
specific conversion begqins; or

.3 the completion date of the conversion, if that occurs more than three years
after the date specified in subparagraph .1 above or 30 months after the date

specified in subparagraph .2 above, either as applicable.

2 As for paragraph 1 above, the following applies:

N Where the completion date of the conversion has been subject to delay
beyond the period referred to in paragraph 1.3 above due to unforeseen
circumstances beyond the control of the builder and the owner, the date on
which contract is placed for the conversion or, if applicable, the date on which
the work identifiable with the specific conversion begins may be accepted by
the Administration in lieu of the completion date of the conversion. The
treatment of such ships is to be considered by the Administration on a case-
by-case basis, bearing in mind the particular circumstances.

.2 It is important that ships accepted by the Administration under the provisions
of subparagraph .1 above are also to be accepted as such by port States. In
order to ensure this, the following practice is recommended to Administrations
when considering an application for such a ship:

.1 the Administration should thoroughly consider applications on a case-
by-case basis, bearing in mind the particular circumstances.
In doing so in the case of a ship converted in a foreign country, the
Administration may require a formal report from the authorities of the
country in which the ship was converted, stating that the delay was due
to unforeseen circumstances beyond the control of the builder and the

owner,
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when a ship is accepted by the Administration under the provisions of

SC .2
226
(cont)

.3

subparagraph .1 above, information on the conversion date annotated

on the relevant certificates is to be footnoted to indicate that the ship is

accepted by the Administration under the unforeseen delay in

completion of the conversion provisions of this interpretation; and

the Administration should report to the Organization on the identity of

the ship and the grounds on which the ship has been accepted under
the unforeseen delay in the completion of the conversion provisions of
this interpretation.

For conversions of single-hull oil tankers to double-hull oil tankers or bulk carriers, the

following is to apply:

1 Conversions of single-hull oil tankers to double-hull oil tankers or bulk carriers

is to be reqarded as modifications of a major character for the purposes of

SOLAS chapter II-1.

.2 Repairs, alterations and modifications of a major character include:

1

Substantial alteration of the dimensions of a ship, for example

lengthening of a ship by addinq a new midbody. The new midbody is to

comply with SOLAS chapter 1I-1.

A change of ship type, for example an oil tanker converted to a bulk

carrier. Any structure, machinery and systems that are added or
modified is to comply with SOLAS chapter Il-1, taking into account the

interpretation of SOLAS chapter 1I-1 requlations as contained herein.
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(cont)

SC226.2 Protective coatings of dedicated seawater ballast tanks in all types
of ships and double-side skin spaces of bulk carriers
SOLAS Chapter lI-1 Reg. 3-2, 2 and Reg. 3-2, 4 (as amended by
MSC.216(82))

SOLAS Chapter II-1, Reg. 3-2:

2 All dedicated seawater ballast tanks arranged in ships and double-side skin spaces
arranged in bulk carriers of 150 m in length and upwards shall be coated during construction
in accordance with the Performance standard for protective coatings for dedicated seawater
ballast tanks in all types of ships and double-side skin spaces of bulk carriers, adopted by the
Maritime Safety Committee by resolution MSC.215(82), as may be amended by the
Organization, provided that such amendments are adopted, brought into force and take effect
in accordance with the provisions of article Vil of the present Convention concerning the
amendment procedures applicable to the Annex other than chapter 1.”

and

4 Maintenance of the protective coating system shall be included in the overall ship’s
maintenance scheme. The effectiveness of the protective coating system shall be verified
during the life of a ship by the Administration or an organization recognized by the
Administration, based on the guidelines developed by the Organization.*"

Interpretation

1. For single-hull oil tanker conversion into double-hull oil tanker, SOLAS requlation Il-
1/3-2 as adopted by resolution MSC.216(82) is to apply to dedicated water ballast
tanks if constructed with all structural members being entirely new. If converting
existing spaces into water ballast tanks with part of the existing structural members
remaining in place, revised SOLAS requlation 11-1/3-2 (MSC.216(82)) need not be
applied. However, dedicated sea water ballast tanks are to have an efficient corrosion
prevention system such as hard protective coatings or equivalent and be of light
colour.

2. For single-hull oil tanker conversion into bulk carrier, SOLAS requlation 11-1/3-2 as
adopted by resolution MSC.216(82) is to apply to dedicated water ballast tanks and
double-side skin spaces of bulk carriers if constructed with all structural members
being entirely new. |f converting existing spaces into dedicated water ballast tanks or
double-side skin space of bulk carriers with part of the existing structural members
remaining in place, revised SOLAS requlation 11-1/3-2 (MSC.216(82)) need not be
applied. However, dedicated sea water ballast tanks are to have an efficient corrosion
prevention system such as hard protective coatings or equivalent and be of light

colour.
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(cont)

SC226.3 Access to and within spaces in, and forward of, the cargo area of

oil tankers and bulk carriers
SOLAS Chapter II-1 Reg. 3-6 (as amended by MSC.194(80))

Regulation texts are not inserted here.

Interpretation

1.

For single-hull oil tanker conversion into double-hull oil tanker

1.1

Permanent means of access contained in table 1 of the Technical provisions for

1.2

means of access for inspections (resolution MSC.158(78)) need not apply. However,
if, in the course of conversion, substantial new structures are added, these new
structures are to comply with the requlation.

The term "substantial new structures" means hull structures that are entirely renewed

1.3

or augmented by new double bottom and/or double-side construction (e.q., replacing
the entire structure within carqgo area or adding a new double bottom and/or double-
side section to the existing carqo area).

Additionally, an approved Ship Structure Access Manual is to be provided.

For single-hull oil tanker conversion into bulk carrier

2.1

Permanent means of access contained in table 2 of the Technical provisions for

2.2

means of access for inspections (resolution MSC.158(78)) need not apply. However,
if, in the course of conversion, substantial new structures are added, these new

structures are to comply with the requlation.

The term "substantial new structures” means hull structures that are entirely renewed

or augmented by new double bottom and/or double-side skin construction (e.q.,

replacing the entire structure within cargo area or adding a new double bottom and/or
double-side section to the existing carqo area).

Additionally, an approved Ship Structure Access Manual is to be provided.
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SC226.4 Towing and Mooring Equipment
SC SOLAS Chapter II-1 Reg. 3-8 (as amended by MSC.194(80))
226

Regulation texts are not inserted here.
(cont)

Interpretation

For single-hull oil tanker conversion into double-hull oil tanker or bulk carrier

This requlation is to be applied when equipment and fittings for mooring/towing are replaced,
modified or the safe working load of the existing equipment and fittings is known. Where the
latter cannot be ascertained, alternative compliance with SOLAS requlation [1-1/3-8 is to be
sought (e.q., the equipment is to be replaced, tested or modified).
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SC226.5 :
SC Subdivision and stability
226 SOLAS Chapter II-1 Part B and Part B-1 (as amended by
MSC.216(82) —te-be-implemented-from-dJanuary-2008)
(cont)
B 4 General Carge-shipsand-passengerships—butshal
: .
. go- e
II Y ; : S I Ij
the-HO-
B+ 5 tntact-stability Garge-ships-and-passengerships
infermation
be-supplied-to-the
master
B4 & Reguired-subdivision Carge-shipsand-passengerships
ndex—R
B4 + | Adained-subdivision Carge-ships-and-passengerships
ndex-A
;aG-tQ'r—P;
B+ | =2 |ca - : c - -
factors;
B+ 3 |R — c - I -

Regulation texts are not inserted here.

Interpretation

1, For single-hull oil tanker conversion into double-hull oil tanker

Qil tankers complying with damage stability requirements contained in Annex | to
MARPOL 73/78 (except for combination carriers with type B freeboards) may be
excluded from the damage stability requirements contained in SOLAS chapter |I-1,

part B-1.
2. For single-hull oil tanker conversion into bulk carrier
2.1 A bulk carrier which is assigned a B reduced freeboard complying with damage

stability requirements contained in requlation 27 of the 1966 Load Line Convention,
and resolutions A.320(1X) and A.514(13); or requlation 27 of the 1988 Load Line
Protocol, may be excluded from the damage stability requirements contained in
SOLAS chapter |I-1, part B-1.

2.2 For a bulk carrier which is assigned a B freeboard, SOLAS chapter Il-1, Parts B and
B-1 are to be applied.
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(cont)

SC226.6 Repairs, alterations, modifications and outfitting
SOLAS Chapter 1I-2 Reg. 1.3

SOLAS Chapter II-2, Reg. 1.3 'Repairs, alterations, modifications and outfitting’:

"3.1 All ships which undergo repairs, alterations, modifications and outfitting related thereto
shall continue to comply with at least the requirements previously applicable to these ships.
Such ships, if constructed before 1 July 2002, shall, as a rule, comply with the requirements
for ships constructed on or after that date to at least the same extent as they did before
undergoing such repairs, alterations, modifications or outfitting.

3.2 Repairs, alterations and modifications which substantially ailter the dimensions of a
ship or the passenger accommodation spaces, or substantially increase a ship's service life
and outfitting related thereto shall meet the requirements for ships constructed on or after 1
July 2002 in so far as the Administration deems reasonable and practicable.”

Interpretation

For single-hull oil tanker conversion into double-hull oil tanker or bulk carrier, new and

converted parts are to comply with the latest applicable requirements.
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SC226.7 Alterations and modifications of a major character
SOLAS Chapter lll Reg. 1.4.2

SOLAS Chapter Ill, Reg. 1 ‘Application’:

"4 For ships constructed before 1 July 1998, the Administration shall:
T ; and
2 ensure that when life-saving appliances or arrangements on such ships are

replaced or such ships undergo repairs, alterations or modifications of a major
character which involve replacement of, or any addition to, their existing life-
saving appliances or arrangements, such life-saving appliances or
arrangements, in so far as is reasonable and practicable, comply with the
requirements of this chapter. However, if a survival craft other than an
inflatable liferaft is replaced without replacing its launching appliance, or vice
versa, the survival craft or launching appliance may be of the same type as
that replaced.”

Interpretation

For single-hull oil tanker conversion into double-hull oil tanker or bulk carrier, this to be
considered as an alteration or modification of a major character.

s—For-Single-Hutl-Fankerto-Double-HuH-Fanker
Thi "y ; . ion.
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SC226.8 Survival craft and rescue boats Free-falHifebeats
SC SOLAS Chapter lll Reg. 31.1.8

(22)6 SOLAS Chapter lll, Reg. 31 ‘Survival craft and rescue boats”:
cont

"1.2  In lieu of meeting the requirements of paragraph 1.1, carqgo ships may carry:

.1 one or more free-fall lifeboats, complying with the requirements of section 4.7
of the Code, capable of being free-fall launched over the stern of the ship of
such aggregate capacity as will accommodate the total number of persons on
board; and

.2 in addition, one or more inflatable or rigid liferafts complying with the
requirements of section 4.2 or 4.3 of the Code, on each side of the ship, of
such aggregate capacity as will accommodate the total number of persons on
board. The liferafts on at least one side of the ship shall be served by
launching appliances.”

and

"1.8  Notwithstanding the requirements of paragraph 1.1, bulk carriers as defined in
regulation 1X/1.6 constructed on or after 1 July 2006 shall comply with the requirements of
paragraph 1.2."

Interpretation

1. For single-hull oil tanker conversion into double-hull oil tanker, this requlation is not
relevant.
2. For single-hull oil tanker conversion into bulk carrier, SOLAS requlation 111/31.1.8 is to

be met as for new ships, except where the space available for fitting and/or launching
a free-fall lifeboat in accordance with requlation [11/31.1.2.1 is not adequate, in which
case the Administration is to be contacted to determine whether or not existing
arrangement may be accepted.

»—For-Single-Hul-Fankerto-Beuble Hull-Tarnker
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SC226.9 Navigation bridge visibility
SC SOLAS Chapter V Reg. 22

226

Regulation text is not inserted here.
(cont)

Interpretation

For single-hull oil tanker conversion into double-hull oil tanker or bulk carrier, the level of
visibility possessed by the ship prior to the conversion at the ballast loading condition is to be
maintained after the conversion. Where a conversion involves the modification of structural
arrangements used to establish minimum bridqe visibility, the provisions of SOLAS requlation
V/22 is to apply.
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SC226.10 Damage stability requirements applicable to bulk carriers
SOLAS regulation XIl/4_structural strength of bulk carriers SOLAS

reqgulation XII/5.1 and 5.2, structural and other requirements for bulk carriers
SOLAS regulation XI1/6.1, XI1/6.2, X11/6.3 (MSC.216(82) Annex 1) and XII/6.4
MSC.216(82) Annex 1), survey and maintenance of bulk carriers SOLAS
reqgulation XII/7.1 and XIlI/7.2, information on compliance with requirements for
bulk carriers SOLAS regulation XII/8, Requirements for bulk carriers not being
capable of complying with requlation 4.3 due to the design confiquration of
their cargo holds SOLAS requlation XI1/9, Solid bulk cargo density declaration
SOLAS requlation XII/10, L oading instrument SOLAS requlation XII/11, Hold,
ballast and dry space water ingress alarms SOLAS requlation Xll/12, Availability
of pumping systems SOLAS requlation Xll/13, Restrictions from sailing with

any hold empty SOLAS requlation XII/14

Regqulation texts are not inserted here.

Interpretation

1. For single-hull oil tanker conversion into double-hull oil tanker, these requlations are
not relevant.

2. For single-hull oil tanker conversion into bulk carrier, the provisions of chapter XlI
applicable for ships constructed on or after the date on which conversion occurs, are
to be applied as for a new ship to the entire bulk carrier, i.e. all new and existing parts
and spaces, as indicated in the table below.

Table of application of the Requlations of SOLAS Chapter Xll to the conversions of Single
Hull Tankers to Bulk Carriers/Ore Carriers
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Requlation Applicability Note
4.1 Apply
4.2 Apply, based on the Unified
interpretations of SOLAS
requlations XlI/4.2 and
XI11/5.2 (MSC.1/Circ.1178).
43 NA
4.4 NA This requlation is referred
to within requlations 4.1
and 4.2
45 NA
4.6 Appl
4.7 Apply
5.1 Apply
52 Apply, based on the Unified
interpretations of SOLAS
requlations XlI1/4.2 and
X11/5.2 (MSC.1/Circ.1178).
6.1 NA
6.2 Apply
6.3 Apply
6.4 Apply
7.1 NA. However, SOLAS
requlation XI-1/2 is
applicable.
| 1.2 Apply
8.1 Apply
8.2 NA
8.3 NA
9 NA
10.1 Apply
10.2 NA
11.1 Apply
11.2 NA
11.3 Apply
121 Apply
12.2 Apply
123 NA
13.1 Apply
13.2 NA
14 NA
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End of
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(Rev.1
Nov 2012)
(Corr.1
Nov 2015)

Load testing of hooks for primary release of

lifeboats and rescue boats
(IMO Res. MSC.81(70), Part 2, Ch. 5.3.4)

Regulation

5.3.4 The connection of each release gear which is fixed to the boat should be subjected to a
load equal to the weight of the boat with its full complement of persons and equipment (or two
times the weight of the boat in the case of single fall systems). There should be no damage to
the release gear or its connection to the boat.

Interpretation

1. The above regulation applies only to lifeboats and rescue boats launched by falls.

2. The test does not apply to the secondary means of launching for freefall lifeboats.

3. The test may be carried out onboard the ship or onshore, either at the manufacturer’s plant
or at the shipyard, by using an appropriate mock-up of the launching arrangements which is
equivalent to the launching arrangement installed onboard the ship.

4. The “weight of the boat” to be considered for the load in the case of single fall systems is

the “weight of the boat with its full complement of persons and equipment”, which according
to MSC.81(70), Part 2, Paragraph 5.3.4 shall be multiplied by two.

Notes:

1. This Ul is to be uniformly implemented by IACS Societies on ships the keels of which
are laid from 1 July 2012.

2.  Rev.1 of this Ul is to be uniformly implemented by IACS Societies on ships the keels of
which are laid from 1 January 2014.

End of
Document
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Implementation of SOLAS II-1, Regulation 3-5
and MSC.1/Circ.1379

SOLAS Chapter II-1, Regulation 3-5

"From 1 January 2011, for all ships, new installation of materials which contain asbestos shall
be prohibited.”

MSC.1/Circ.1379

"In the context of this regulation, new installation of materials containing asbestos means any
new physical installation on board. Any material purchased prior to 1 January 2011 being
kept in the ship's store or in the shipyard for a ship under construction, should not be
permitted to be installed after 1 January 2011 as a working part.”

Unified Interpretations
SOLAS II-1, Regulation 3-5

1. Verification that "new installation of materials which contain asbestos” under SOLAS |I-
1/3-5 is not made on ships requires the Recognized Organization to review asbestos-free
declarations and supporting documentation, for the structure, machinery, electrical
installations and equipment covered by the SOLAS Convention, which is to be provided to the
Recognized Organization by shipyards, repair yards, and equipment manufacturers taking
into account appendix 8 of the 2011 Guidelines for the development of the inventory of
hazardous materials (resolution MEPC.197(62)) for:

- new construction (keel laid, or at a similar stage of construction, on or after 1 July
2012);

- conversions (contract date for the conversion or, in the absence of a contract, the date
on which the work identifiable with the specific conversion begins) on or after 1 July
2012;

NOTES:;

1. This Y4 Unified Interpretation is to be uniformly implemented by IACS Societies as-seen-
as-pessible~but not later than 1 July 2012.

2.  Revision 1 of this Unified Interpretation is to be uniformly implemented by IACS
Societies not later than 1 July 2013,
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MSC

2.

3.
part”

.1/Circ.1379

The phrase "new installation of materials containing asbestos”in MSC.1/Circ.1379:

means that material used (i.e., repaired, replaced, maintained or added) as a working
part of the ship as per Annex 1 which is installed on or after 1 July 2012 is required to
be documented with an asbestos-free declaration. The Recognized Organization will, in
consultation with the Company’s nominated person responsible to control asbestos-
containing material onboard as per the Safety Management System in accordance with
MSC/Circ.1045, audit this documentation during annual safety construction and safety
equipment surveys; and

does not preclude the stowage of material which contains asbestos onboard (e.g.,
spare parts existing on board as of 1 July 2012).

The phrase "should not be permitted to be installed after 1 January 2011 as a working
in MSC.1/Circ.1379 means that replacement, maintenance or addition of materials used

for the structure, machinery, electrical installations and equipment covered by the SOLAS
Convention which contain asbestos is prohibited.
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Annex 1
SC

245 |

(cont) Propeller shafting Packing with low pressure hydraulic piping flange
Packing with casing

Clutch

Brake lining

Synthetic stern tubes

Diesel engine Packing with piping flange
Lagging material for fuel pipe
Lagging material for exhaust pipe
Lagging material turbocharger

Turbine engine Lagging material for casing

Packing with flange of piping and valve for steam line,
exhaust line and drain line

Lagging material for piping and valve of steam line,
exhaust line and drain line

Boiler Insulation in combustion chamber

Packing for casing door

Lagging material for exhaust pipe

Gasket for manhole

Gasket for hand hole

Gas shield packing for soot blower and other hole
Packing with flange of piping and valve for steam
line, exhaust line, fuel line and drain line

Lagging material for piping and valve of steam line,
exhaust line, fuel line and drain line

Exhaust gas economizer Packing for casing door

Packing with manhole

Packing with hand hole

Gas shield packing for soot blower

Packing with flange of piping and valve for steam
line, exhaust line, fuel line and drain line

Lagging material for piping and valve of steam line,
exhaust line, fuel line and drain line

Incinerator Packing for casing door

Packing with manhole

Packing with hand hole

Lagging material for exhaust pipe

Auxiliary machinery (pump, Packing for casing door and valve
compressor, oil purifier, crane) Gland packing

Brake lining
Heat exchanger Packing with casing

Gland packing for valve
Lagging material and insulation
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(cont)

Valve Gland packing with valve, sheet packing with piping
flange
Gasket with flange of high pressure and/or high
temperature

Pipe, duct Lagging material and insulation

Tank (fuel tank, hot water, tank,
condenser), other equipments
(fuel strainer, lubricant oil
strainer)

Lagging material and insulation

Electric equipment

Insulation material

Ceiling, floor and wall in
accommodation area

Ceiling, floor, wall

Fire door

Packing, construction and insulation of the fire door

Inert gas system

Packing for casing, etc.

Air-conditioning system

Sheet packing, lagging material for piping and flexible
joint

Miscellaneous

Ropes

Thermal insulating materials

Fire shields/fire proofing

Space/duct insulation

Electrical cable materials

Brake linings

Floor tiles/deck underlay
Steam/water/vent flange gaskets
Adhesives/masticsffillers

Sound damping

Moulded plastic products

Sealing putty

Shaft/valve packing

Electrical bulkhead penetration packing
Circuit breaker arc chutes

Pipe hanger inserts

Weld shop protectors/burn covers
Fire-fighting blankets/clothing/equipment
Concrete ballast

Note:

The above list abeve is taken from IMO Resolution MEPC.197(62), Appendix 5, paragraph

2.2.2.1.

End of
Document
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MPC2 Operational manuals for oil discharge
ey  monitoring and control systems
Aug

2015) (Annex I, Regulation 31.4)

31.4 Instructions as to the operation of the system shall be in accordance with an operational
manual approved by the Administration. They shall cover manual as well as automatic
operations and shall be intended to ensure that at no time shall oil be discharged except in
compliance with the conditions specified in regulation 34 of this Annex.

Interpretation

For compliance with Regulation 31.4 of MARPOL - Annex | and Resolution MEPC.108(49) as
amended by Resolution MEPC.240(65), the Qil Discharge Monitoring and Control System
Operational Manual is to contain all the details necessary to operate and maintain the system
and should include at least the following information. The information may be grouped as
indicated, or in an equivalent manner.

Introduction : Particulars of the ship, together with the date on which the system was/is to be
installed and index to remainder of manual.
Text of Regulations 31 and 34 to be quoted in full.

Section 1 : Manufacturer's equipment manuals for major components of the system.
These may include installation, commissioning, operating and fault finding
procedures for the oil content monitor.

Section2 . Operations manual comprising a description of the ship's cargo ballast
systems, designated overboard discharges with sampling points, normal
operational procedures, automatic inputs, manual inputs (as applicable),
starting interlock and discharge valve control (as applicable), override system,
audible and visual alarms, outputs recorded and, where required for manual
input, flow rate when discharging by gravity and when pumping ballast
overboard. It should also include instructions for the discharge of oily water
following mal-function of the equipment.

The above information is to be supported by copies of relevant approved
diagrams.
Reference may be made to Section 1, where applicable.

Notes:

1.  Revision 1 of this Unified Interpretation is to be uniformly implemented by IACS
Societies for ships contracted for construction on or after 1 July 2016.

2. The “contracted for construction” date means the date on which the contract to build the
vessel is signed between the prospective owner and the shipbuilder. For further details
regarding the date of “contract for construction”, refer to IACS Procedural Requirement
(PR) No. 29.
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Section3 : Technical manual comprising fault finding schedules, maintenance record and
MPC 2 electrical, pneumatic and hydraulic schematic diagrams and descriptions of the
(cont) complete system.

Reference may be made to Section 1, where applicable.

Section4 : Test and check-out procedures to include a functional test at installation and
guidance notes for the Surveyors carrying out initial and in-service surveys.
Reference may be made to Section 1, where applicable.

Appendix | : Technical installation specification including location and mounting of
components, arrangements for maintaining integrity of 'safe’ zones, safety
requirements for electrical equipment installed in hazardous zones supported
by copies of approved drawings, sample piping layout and sample delay
calculations, design and arrangements of sampling probes, flushing
arrangements and zero setting.

Reference may be made to Section 1, where applicable.

Appendix Il : Copy of Type Approval Certificate and Workshop Certificates for major
components.

End of
Document
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MPC6 Calculation of the aggregate capacity of SBT

(1997)
{(Rev.1
Aug
2015)

(Regulation 19.3.4)
19.3.4 The aggregate capacity of ballast tanks

On crude oil tankers of 20,000 fonnes deadweight and above and product carriers of 30,000
tonnes deadweight and above, the aggregate capacity of wing tanks, double boftom tanks,
forepeak tanks and after peak tanks shall not be less than the capacity of segregated ballast
tanks necessary to meet the requirements of regulation 18 of this Annex. Wing tanks or
spaces and double bottom tanks used to meet the requirements of requlation 18 shall be
located as uniformly as practicable along the cargo tank length. Additional segregated ballast
capacity provided for reducing longitudinal hull girder bending stress, trim, etc. may be
located anywhere within the ship.

Interpretation
1. Any ballast carried in localized inboard extensions, indentations or recesses of the
double hull, such as bulkhead stools, should be excess ballast above the minimum

requirement for segregated ballast capacity according to regulation 18.

2. In calculating the aggregate capacity under regulation 19.3.4, the following should be
taken into account:

2.1 the capacity of engine-room ballast tanks should be excluded from the aggregate
capacity of ballast tanks;

2.2 the capacity of ballast tank located inboard of double hull should be excluded from the
aggregate capacity of ballast tanks (see figure 1).

Notes:

1.  This IACS Unified Interpretation was submitted to IMO and is contained in MEPC/Circ.
316 of 25th July 1996.

2.  Revision 1 of this Unified Interpretation is to be uniformly implemented by IACS
Societies for ships contracted for construction on or after 1 July 2016.

3.  The “contracted for construction” date means the date on which the contract to build the
vessel is signed between the prospective owner and the shipbuilder. For further details
regarding the date of “contract for construction”, refer to IACS Procedural Requirement
(PR) No. 29.

Page 1 of 3 JACS Int. 1997/Rev.1 2015



MPCé6

MPC6
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MPCG 2.3 spaces such as void spaces located in the double hull within the cargo tank length

(cont) should be included in the aggregate capacity of ballast tanks (see figure 2).
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End of
Document
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mobu IACS Unified Interpretations for the application
1 of MODU Code Chapter 2 paragraphs 2.1, 2.2,

(Ma . . . =
201 2.3, 2.4 and revised technical provisions for

55> means of access for inspections (resolution

MSC.158(78))

Note:

1. This Unified Interpretation is to be applied by IACS Societies on units contracted for
construction from 1 July 2016, unless they are provided with written instructions to
apply a different interpretation by the Administration on whose behalf they are
authorized to act as a Recognized Organization.

2. Rev.1is to be applied by IACS Societies on units contracted for construction from 1
January 2017, unless they are provided with written instructions to apply a different
interpretation by the Administration on whose behalf they are authorized to act as a
Recognized Organization.

23. The “contracted for construction” date means the date on which the contract to build the

vessel is signed between the prospective owner and the shipbuilder. For further details
regarding the date of “contract for construction”, refer to IACS Procedural Requirement
(PR) No. 29.
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(cont)

2009 MODU Code, section 2.2.2
2.2.2 Safe access to holds, tanks, ballast tanks and other spaces

2.2.21 Safe access to holds, cofferdams, tanks and other spaces should be direct from
the open deck and such as to ensure their complete inspection. Safe access may be from a
machinery space, pump-room, deep cofferdam, pipe tunnel, hold, double hull space or similar
compartment not intended for the carriage of oil or hazardous materials where it is
impracticable to provide such access from an open deck.

2.2.2.2 Tanks, and subdivisions of tanks, having a length of 35 m or more, should be
fitted with at least two access hatchways and ladders, as far apart as practicable. Tanks less
than 35 m in length should be served by at least one access hatchway and ladder. When a
tank is subdivided by one or more swash bulkheads or similar obstructions which do not allow
ready means of access to the other parts of the tank, at least two hatchways and ladders
should be fitted.

Interpretation

This regulation is only applicable to integral tanks. Independent tanks can be excluded. Also,
spud cans and jack cases of self-elevating units can be excluded.

The wording "not intended for the carriage of oil or hazardous materials" applies only to
"similar compartments”, i.e. safe access can be through a pump-room, deep cofferdam, pipe
tunnel, cargo hold or double hull space.

Technical Background

Means of Access (MA) specified in the Technical provisions contained in resolution
MSC.158(78) are not specific with respect to the application to integral tanks or also to
independent tanks. The MA regulated under 2.2.1.1 of the 2009 IMO MODU Code is for
overall and close-up inspections and thickness measurements of the unit’s structure.
Independent tanks are not considered part of the unit’s structure. Therefore it is assumed that
the target tanks are integral tanks.
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(cont)

2009 MODU Code, section 2.2.1.2

221.2 Where a permanent means of access may be susceptible to damage during
normal operations or where it is impracticable to fit permanent means of access, the
Administration may allow, in lieu thereof, the provision of movable or portable means of
access, as specified in the Technical provisions, provided that the means of attaching,
rigging, suspending or supporting the portable means of access forms a permanent part of
the unit’s structure. All portable equipment shall be capable of being readily erected or
deployed by unit’'s personnel.

Interpretation

Some possible alternative means of access are listed under paragraph 3.9 of the MODU
Technical Provisions for means of access for inspection (MODU TP). Always subject to
acceptance as equivalent by the Administration, alternative means such as an unmanned
robot arm, ROV’s with necessary equipment of the permanent means of access for overall
and close-up inspections and thickness measurements of the deck head structure such as
deck transverses and deck longitudinals of ballast tanks and other tanks, holds and other
spaces where gas hazardous atmosphere may be present, are to be capable of:

. safe operation in ullage space in gas-free environment;

. introduction into the place directly from a deck access.

When considering use of alternative means of access as addressed by paragraph 3.9 of the
MODU TP, refer to IACS Recommendation No.91 “Guidelines for Approval/Acceptance of
Alternative Means of Access”.

Technical Background

Innovative approaches, in particular a development of robot in place of elevated

passageways, are encouraged and it is considered worthwhile to provide the functional
requirement for the innovative approach.
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(cont)

2009 MODU Code, section 2.2.1.3

2.2.1.3 The construction and materials of all means of access and their attachment to the
unit’s structure should be to the satisfaction of the Administration. The means of access
should be subject to inspection prior to, or in conjunction with, its use in carrying out surveys
in accordance with section 1.6.

Interpretation
Note: This interpretation is to be contained in a section of the MA Manual.
Inspection

The MA arrangements, including portable equipment and attachments, are to be periodically
inspected by the crew or competent inspectors as and when it is going to be used to confirm
that the MAs remain in serviceable condition.

Procedures

1. Any Company authorised person using the MA shall assume the role of inspector and
check for obvious damage prior to using the access arrangements. Whilst using the MA the
inspector is to verify the condition of the sections used by close up examination of those
sections and note any deterioration in the provisions. Should any damage or deterioration be
found, the effect of such deterioration is to be assessed as to whether the damage or
deterioration affects the safety for continued use of the access. Deterioration found that is
considered to affect safe use is to be determined as “substantial damage” and measures are
to be put in place to ensure that the affected section(s) are not to be further used prior
effective repair.

2. Statutory survey of any space that contains MA shall include verification of the
continued effectiveness of the MA in that space. Survey of the MA shall not be expected to
exceed the scope and extent of the survey being undertaken. If the MA is found deficient the
scope of survey is to be extended if this is considered appropriate.

3. Records of all inspections are to be established based on the requirements detailed in
the MODU’s Safety Management System. The records are to be readily available to persons
using the MAs and a copy attached to the MA Manual. The latest record for the portion of the
MA inspected is to include as a minimum the date of the inspection, the name and title of the
inspector, a confirmation signature, the sections of MA inspected, verification of continued
serviceable condition or details of any deterioration or substantial damage found. A file of
permits issued is to be maintained for verification.

Technical Background
It is recognised that MA may be subject to deterioration in the long term due to corrosive

environment and external forces from unit motions and sloshing of liquid contained in the
tank. MA therefore is to be inspected at every opportunity of tank/space entry.
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(cont)

2009 MODU Code, paragraph 2.2.2.2

2222 Tanks, and subdivisions of tanks, having a length of 35 m or more, should be
fitted with at least two access hatchways and ladders, as far apart as practicable. Tanks less
than 35 m in length should be served by at least one access hatchway and ladder. When a
tank is subdivided by one or more swash bulkheads or similar obstructions which do not allow
ready means of access to the other parts of the tank, at least two hatchways and ladders
should be fitted.

Interpretation
A tank of less than 35 m length without a swash bulkhead requires only one access hatch.

Where rafting is indicated in the access manual as the means to gain ready access to the
under deck structure, the term “similar obstructions” referred to in the regulation includes
internal structures (e.g., webs >1.5m deep) which restrict the ability to raft (at the maximum
water level needed for rafting of under deck structure) directly to the nearest access ladder
and hatchway to deck. When rafts or boats alone, as an alternative means of access are
allowed, permanent means of access are to be provided to allow safe entry and exit. This
means:

a) access direct from the deck via a vertical ladder and small platform fitted approximately
2m below the deck in each bay; or

b)  access to deck from a longitudinal permanent platform having ladders to deck in each
end of the tank. The platform shall, for the full length of the tank, be arranged in level
with, or above, the maximum water level needed for rafting of under deck structure. For
this purpose, the ullage corresponding to the maximum water level is to be assumed
not more than 3m from the deck plate measured at the midspan of deck transverses
and in the middle length of the tank. A permanent means of access from the
longitudinal permanent platform to the water level indicated above is to be fitted in each
bay (e.g. permanent rungs on one of the deck webs inboard of the longitudinal
permanent platform).
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(cont)

2009 MODU Code, section 2.2.3

2.2.3 Access manual

2231 A unit's means of access to carry out overall and close-up inspections and
thickness measurements should be described in an access manual which may be
incorporated in the unit's operating manual. The manual should be updated as necessary,
and an updated copy maintained on board. The access manual should include the following
for each space:

.1.1 plans showing the means of access to the space, with appropriate technical
specifications and dimensions;

.1.2 plans showing the means of access within each space to enable an overall inspection
to be carried out, with appropriate technical specifications and dimensions. The plans
should indicate from where each area in the space can be inspected;

.1.3 plans showing the means of access within the space to enable close-up inspections to
be carried out, with appropriate technical specifications and dimensions. The plans
should indicate the positions of critical structural areas, whether the means of access is
permanent or portable and from where each area can be inspected;

.1.4 instructions for inspecting and maintaining the structural strength of all means of access
and means of attachment, taking into account any corrosive atmosphere that may be
within the space;

.1.5 instructions for safety guidance when rafting is used for close-up inspections and
thickness measurements;

.1.6 instructions for the rigging and use of any portable means of access in a safe manner;
.1.7 an inventory of all portable means of access; and

.1.8 records of periodical inspections and maintenance of the unit's means of access.
Interpretation

The access manual is to address spaces listed in section 2.2.2.

As a minimum the English version is to be provided.

The access manual is to contain at least the following two parts:

Part 1: Plans, instructions and inventory required by paragraphs .1.1 to .1.7 of section 2.2.3.1.
This part is to be approved by the Administration or the organization recognised by the
Administration.

Part 2: Form of record of inspections and maintenance, and change of inventory of portable
equipment due to additions or replacement after construction. This part is to be approved for
its form only at new building.

The following matters are to be addressed in the access manual:

1. The access manual is to clearly cover scope as specified in the regulations for use by
crews, surveyors and port State control officers.
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(cont)

2. Approval / re-approval procedure for the manual, i.e. any changes of the permanent,
portable, movable or alternative means of access within the scope of the regulation and
the Technical provisions are subject to review and approval by the Administration or by
the organization recognised by the Administration.

3. Verification of MA is to be part of safety construction survey for continued effectiveness
of the MA in that space which is subject to the statutory survey.

4. Inspection of MA by the crew and/or a competent inspector of the company as a part of
regular inspection and maintenance (see interpretation for section 2.2.1.3).

5. Actions to be taken if MA is found unsafe to use.

6. In case of use of portable equipment plans showing the means of access within each
space indicating from where and how each area in the space can be inspected.

Refer to IACS Recommendation No.90 “Ship Structural Access Manual’
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(cont)

2009 MODU Code, section 2.2.3.2

2232 For the purpose of this paragraph “critical structural areas” are locations which
have been identified from calculations to require monitoring or from the service history of

similar or sister units to be sensitive to cracking, buckling, deformation or corrosion which
would impair the structural integrity of the unit.

Interpretation
Critical structural areas are to be identified by advanced calculation techniques for structural

strength and fatigue performance, if available, and feed back from the service history and
design development of similar or sister units.
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(cont)

2009 MODU Code, section 2.2.4.1
2.2.4 General technical specifications

2.2.41 For access through horizontal openings, hatches or manholes, the dimensions
should be sufficient to allow a person wearing a self-contained air-breathing apparatus and
protective equipment to ascend or descend any ladder without obstruction and also provide a
clear opening to facilitate the hoisting of an injured person from the bottom of a confined
space. The minimum clear opening should not be less than 600 mm x 600 mm. When access
to a hold is arranged through a flush manhole in the deck or a hatch, the top of the ladder
should be placed as close as possible to the deck or hatch coaming. Access hatch coamings
having a height greater than 900 mm should also have steps on the outside in conjunction
with the ladder.

Interpretation

The minimum clear opening of 600 mm x 600 mm may have corner radii up to 100 mm
maximum. The clear opening is specified in MSC/Circ.686 to keep the opening fit for passage
of personnel wearing a breathing apparatus. In such a case where as a consequence of
structural analysis of a given design the stress is to be reduced around the opening, it is
considered appropriate to take measures to reduce the stress such as making the opening
larger with increased radii, e.g. 600 x 800 with 300 mm radii, in which a clear opening of 600
X 600 mm with corner radii up to 100mm maximum fits.

Technical Background

The interpretation is based upon the established Guidelines in MSC/Circ.686.

Ref.

Paragraphs 9 of Annex of MSC/Circ.686.
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(cont)

2009 MODU Code, section 2.2.4.2

2242 For access through vertical openings, or manholes, in swash bulkheads, floors,
girders and web frames providing passage through the length and breadth of the space, the
minimum clear opening should be not less than 600 mm x 800 mm at a height of not more
than 600 mm from the bottom shell plating unless gratings or other foot holds are provided.

Interpretation

1. The minimum clear opening of not less than 600 mm x 800 mm may also include an
opening with corner radii of 300 mm. An opening of 600mm in height x 800mm in width may
be accepted as access openings in vertical structures where it is not desirable to make large
opening in the structural strength aspects, i.e. girders and floors in double bottom tanks.

2. Subject to verification of easy evacuation of injured person on a stretcher the vertical
opening 850 mm x 620 mm with wider upper half than 600 mm, while the lower half may be
less than 600 mm with the overall height not less than 850 mm is considered an acceptable
alternative to the traditional opening of 600 mm x 800 mm with corner radii of 300 mm.
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3. If a vertical opening is at a height of more than 600 mm steps and handgrips are to be

provided. In such arrangements it is to be demonstrated that an injured person can be easily
evacuated.

Technical Background

The interpretation is based upon the established Guidelines in MSC/Circ.686 and an
innovative design is considered for easy access by humans through the opening.

Ref.

Paragraphs 11 of Annex of MSC/Circ.686.
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(cont)

Appendix 1

Unified Interpretation of IMO Resolution MSC. 133(76), as amended by resolution MSC.
158(78), as applicable for MODUs

Note: This document has been derived from IMO Resolution 133(76) for the purpose of
interpretation for Mobile Offshore Drilling Units.

1. Preamble

1.1 It has long been recognized that the only way of ensuring that the condition of a
MODU'’s structure is maintained to conform to the applicable requirements is for all its
components to be surveyed on a regular basis throughout their operational life. This will
ensure that they are free from damage such as cracks, buckling or deformation due to
corrosion, overloading, or contact damage and that thickness diminution is within established
limits. The provision of suitable means of access to the hull structure for the purpose of
carrying out overall and close-up surveys and inspections is essential and such means
should be considered and provided for at the design stage.

1.2 MODUs should be designed and built with due consideration as to how they will be
surveyed by flag State inspectors and classification society surveyors during their in-service
life and how the crew will be able to monitor the condition of the MODU. Without adequate
access, the structural condition of the MODU can deteriorate undetected and major structural
failure can arise. A comprehensive approach to design and maintenance is required to cover
the whole projected life of the MODU.

1.8 In order to address this issue these Technical provisions for means of access for
inspections have been developed (hereinafter called the Technical provisions), intended to
facilitate close-up inspections and thickness measurements of the MODU'’s structure referred
to in 2009 MODU Code, paragraph 2.2 on Access.

1.4 Permanent means of access which are designed to be integral parts of the structure
itself are preferred and Administrations may allow reasonable deviations to facilitate such
designs.

Interpretation

In the context of the above requirement, the deviation shall be applied only to distances
between integrated PMA that are the subject of paragraph 2.1.2 of Table 1.

Deviations should not be applied to the distances governing the installation of underdeck
longitudinal walkways and dimensions that determine whether permanent access are
required or not, such as height of the spaces and height to elements of the structure (e.g.
cross-ties).

2, Definitions

For the purpose of these Technical provisions, the following definitions apply in addition to
those provided in the 2009 MODU Code, as amended:

A Rung means the step of a vertical ladder or step on the vertical surface.

.2 Tread means the step of an inclined ladder or step for the vertical access opening.
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MODU .3 Flight of an inclined ladder means the actual stringer length of an inclined ladder. For
1 vertical ladders, it is the distance between the platforms.
(cont)

4 Stringer means:
A the frame of a ladder; or

.2 the stiffened horizontal plating structure fitted on the side shell, transverse
bulkheads and/or longitudinal bulkheads in the space. For the purpose of
ballast tanks of less than 5 m width, the horizontal plating structure is
credited as a stringer and a longitudinal permanent means of access, if it provides
a continuous passage of 600 mm or more in width past frames or stiffeners on
the side shell or longitudinal or transverse bulkhead. Openings in stringer
plating utilized as permanent means of access shall be arranged with guard
rails or grid covers to provide safe passage on the stringer or safe
access to each transverse web.

.5 Vertical ladder means a ladder of which the inclined angle is 70° and over up to 90°. A
vertical ladder shall not be skewed by more than 2°.

.6 Overhead obstructions mean the deck or stringer structure including stiffeners above
the means of access.

7 Distance below deck head means the distance below the plating.

.8  Cross deck means the transverse area of the main deck which is located inboard and at
both sides of a transverse bulkhead. Between large hatches/holds or between
moonpool opening and hatches/holds of a drillship or column stabilized unit.

.9 Hold means any dry space other than a machinery space located within the hull of
surface units and self-elevating units or within the upper hull, columns or pontoons of
column-stabilized units. Dry storage spaces and void spaces are considered holds.

3. Technical provisions

3.1 Structural members subject to the close-up inspections and thickness measurements of
the MODU's structure referred to in 2009 MODU Code, section 2.2, except those in double
bottom spaces, shall be provided with a permanent means of access to the extent as
specified in table 1. Approved alternative methods may be used in combination with the fitted
permanent means of access, provided that the structure allows for its safe and effective use.

Interpretation

The permanent means of access to a space can be credited for the permanent means of
access for inspection.

Technical Background

The Technical provisions specify means of access to a space and to hull structure for
carrying out overall and close up surveys and inspections. Requirements of MA to hull
structure may not always be suitable for access to a space. However if the MA for access to a
space can also be used for the intended surveys and inspections such MA can be credited for
the MA for use for surveys and inspections.
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(cont)

3.2 Permanent means of access should as far as possible be integral to the structure of the
MODU, thus ensuring that they are robust and at the same time contributing to the overall
strength of the structure of the MODU.

3.3 Elevated passageways forming sections of a permanent means of access, where fitted,
shall have a minimum clear width of 600 mm, except for going around vertical webs where
the minimum clear width may be reduced to 450 mm, and have guard rails over the open side
of their entire length. Sloping structures providing part of the access shall be of a non-skid
construction. Guard rails shall be 1,000 mm in height and consist of a rail and an intermediate
bar 500 mm in height and of substantial construction. Stanchions shall be not more than 3 m
apart.

Interpretation

1. Sloping structures are structures that are sloped by 5 or more degrees from horizontal
plane when a unit is in upright position at even-keel.

2. Guard rails are to be fitted on the open side. For stand alone passageways guard rails
are to be fitted on both sides of these structures.

3. Discontinuous top handrails are allowed, provided the gap does not exceed 50 mm.

The same maximum gap is to be considered between the top handrail and other structural
members (i.e. bulkhead, web frame, etc.).

The maximum distance between the adjacent stanchions across the handrail gaps is to be
350 mm where the top and mid handrails are not connected together and 650 mm when they
are connected together.

The maximum distance between the stanchion and other structural members is not to exceed
200 mm where the top and mid handrails are not connected together and 300 mm when they
are connected together.

When the top and mid handrails are connected by a bent rail, the outside radius of the bent
part is not to exceed 100 mm (see Figure below).

R =100

1 R

Py

50
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1
(cont)

4. Non-skid construction is such that the surface on which personnel walks provides
sufficient friction to the sole of boots even if the surface is wet and covered with thin
sediment.

5.  “Substantial construction” is taken to refer to the designed strength as well as the
residual strength during the service life of the unit. Durability of passageways together with
guard rails is to be ensured by the initial corrosion protection and inspection and maintenance
during services.

6. For guard rails, use of alternative materials such as GRP is to be subject to
compatibility with the liquid carried in the tank. Non-fire resistant materials are not to be used
for means of access to a space with a view to securing an escape route at a high
temperature.

7. Requirements for resting platforms placed between ladders are equivalent to those
applicable to elevated passageways.

Ref.
Paragraph 10 of Annex to MSC/Circ.686

3.4 Access to permanent means of access and vertical openings from the MODU's bottom
shall be provided by means of easily accessible passageways, ladders or treads. Treads
shall be provided with lateral support for the foot. Where the rungs of ladders are fitted
against a vertical surface, the distance from the centre of the rungs to the surface shall be at
least 150 mm. Where vertical manholes are fitted higher than 600 mm above the walking
level, access shall be facilitated by means of treads and hand grips with platform landings on
both sides.

Interpretation

Where the vertical manhole is at a height of more than 600 mm above the walking level, it
shall be demonstrated that an injured person can be easily evacuated.

3.5 Permanent inclined ladders shall be inclined at an angle of less than 70°. There shall be
no obstructions within 750 mm of the face of the inclined ladder, except that in way of an
opening this clearance may be reduced to 600 mm. Resting platforms of adequate
dimensions shall be provided, normally at a maximum of 6 m vertical height. Ladders and
handrails shall be constructed of steel or equivalent material of adequate strength and
stiffness and securely attached to the structure by stays. The method of support and length of
stay shall be such that vibration is reduced to a practical minimum. In holds, ladders shall be
designed and arranged so that stores handling difficulties are not increased and the risk of
damage from stores handling gear is minimized.

MA for access to ballast tanks and other tanks:

1. Tanks and subdivisions of tanks having a length of 35 m or more with two access
hatchways:

First access hatchway: Inclined ladder or ladders are to be used.

Second access hatchway:
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(cont)

i. A vertical ladder may be used. In such a case where the vertical distance is more than
6 m, vertical ladders are to comprise one or more ladder linking platforms spaced not
more than 6 m apart vertically and displaced to one side of the ladder.

The uppermost section of the vertical ladder, measured clear of the overhead
obstructions in way of the tank entrance, is not to be less than 2.5 m but not exceed
3.0 m and is to comprise a ladder linking platform which is to be displaced to one side
of a vertical ladder. However, the vertical distance of the upper most section of the
vertical ladder may be reduced to 1.6 m, measured clear of the overhead obstructions
in way of the tank entrance, if the ladder lands on a longitudinal or athwartship
permanent means of access fitted within that range; or

ii. Where an inclined ladder or combination of ladders is used for access to the space, the
uppermost section of the ladder, measured clear of the overhead obstructions in way of
the tank entrance, is to be vertical for not less than 2.5 m but not exceed 3.0m and is to
comprise a landing platform continuing with an inclined ladder. However, the vertical
distance of the upper most section of the vertical ladder may be reduced to 1.6 m,
measured clear of the overhead obstructions in way of the tank entrance, if the ladder
lands on a longitudinal or athwartship permanent means of access fitted within that
range. The flights of the inclined ladders are normally to be not more than 6 m in
vertical height. The lowermost section of the ladders may be vertical for the vertical
distance not exceeding 2.5 m.

2. Tanks less than 35 m in length and served by one access hatchway an inclined ladder
or combination of ladders are to be used to the space as specified in 1.ii above.

3. In double hull spaces of less than 2.5 m width the access to the space may be by
means of vertical ladders that comprises one or more ladder linking platforms spaced not
more than 6 m apart vertically and displaced to one side of the ladder. The uppermost section
of the vertical ladder, measured clear of the overhead obstructions in way of the tank
entrance, is not to be less than 2.5 m but not exceed 3.0 m and is to comprise a ladder linking
platform which is to be displaced to one side of a vertical ladder. However, the vertical
distance of the upper most section of the vertical ladder may be reduced to 1.6 m, measured
clear of the overhead obstructions in way of the tank entrance, if the ladder lands on a
longitudinal athwartship permanent means of access fitted within that range. Adjacent
sections of the ladder are to be laterally offset from each other by at least the width of the
ladder (see paragraph 20 of MSC/Circ.686).

4.  Access from deck to a double bottom space may be by means of vertical ladders
through a trunk. The vertical distance from deck to a resting platform, between resting
platforms or a resting platform and the tank bottom is not to be more than 6 m unless
otherwise approved by the Administration.

MA for inspection of the vertical structure:

Vertical ladders provided for means of access to the space may be used for access for
inspection of the vertical structure.

Unless stated otherwise in Table 1 of MODU TP, vertical ladders that are fitted on vertical
structures for inspection are to comprise one or more ladder linking platforms spaced not
more than 6 m apart vertically and displace to one side of the ladder. Adjacent sections of
ladder are to be laterally offset from each other by at least the width of the ladder (paragraph
20 of MSC/Circ.686).
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(cont)

Obstruction distances

The minimum distance between the inclined ladder face and obstructions, i.e. 750 mm and, in
way of openings, 600 mm specified in MODU TP 3.5 is to be measured perpendicular to the
face of the ladder.

Technical Background

It is a common practice to use a vertical ladder from deck to the first landing to clear
overhead obstructions before continuing to an inclined ladder or a vertical ladder displaced to
one side of the first vertical ladder.

Ref.
For vertical ladders: Paragraph 20 of the annex to MSC/Circ.686.

3.6 The width of inclined ladders between stringers shall not be less than 400 mm. The
treads shall be equally spaced at a distance apart, measured vertically, of between 200 mm
and 300 mm. When steel is used, the treads shall be formed of two square bars of not less
than 22 mm by 22 mm in section, fitted to form a horizontal step with the edges pointing
upward. The treads shall be carried through the side stringers and attached thereto by double
continuous welding. All inclined ladders shall be provided with handrails of substantial
construction on both sides, fitted at a convenient distance above the treads.

Interpretation

1. Vertical height of handrails is not to be less than 890 mm from the centre of the step
and two course handrails are to be provided.

2. The requirement of two square bars for treads specified in MODU TP, paragraph 3.6, is
based upon the specification of construction of ladders in paragraph 3(e) of Annex 1 to
resolution A.272(VIll), which addresses inclined ladders. MODU TP, paragraph 3.4,
allows for single rungs fitted to vertical surfaces, which is considered for a safe grip. For
vertical ladders, when steel is used, the rungs are to be formed of single square bars of
not less than 22 mm by 22 mm for the sake of safe grip.

3. The width of inclined ladders for access to a hold is to be at least 450 mm to comply
with the Australian AMSA Marine Orders Part 32, Appendix 17.

4. The width of inclined ladders other than an access to a hold is to be not less than 400
mm.

5. The minimum width of vertical ladders is to be 350 mm and the vertical distance
between the rungs is to be equal and is to be between 250 mm and 350 mm.

6. A minimum climbing clearance in width is to be 600 mm other than the ladders placed
between the hold frames.

7. The vertical ladders are to be secured at intervals not exceeding 2.5 m apart to prevent
vibration.
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Technical Background

Ref.

3.7

MODU TP, paragraph 3.6, is a continuation of MODU TP, paragraph 3.5, which
addresses inclined ladders. Interpretations for vertical ladders are needed based upon
the current standards of IMO, AMSA or the industry.

Interpretations 2 and 5 address vertical ladders based upon the current standards.

Double square bars for treads become too large for a grip for vertical ladders and
single rungs facilitate a safe grip.

Interpretation 7 is introduced consistently with the requirement and the interpretation of
MODU TP, paragraph 3.4.

Annex 1 to resolution A.272(VIIl).
Australian AMSA Marine Orders Part 32, Appendix 17.

ILO Code of Practice “Safety and Health in Dockwork” — Section 3.6 Access to Ship’s
Holds.

For vertical ladders or spiral ladders, the width and construction should be in

accordance with international or national standards accepted by the Administration.

3.8

3.9

A

No free-standing portable ladder shall be more than 5 m long.

Alternative means of access include, but are not limited to, such devices as:
hydraulic arm fitted with a stable base;

wire lift platform;

staging;

rafting;

robot arm or remotely operated vehicle (ROV);

portable ladders more than 5 m long shall only be utilized if fitted with a mechanical
device to secure the upper end of the ladder;

Interpretation

A mechanical device such as hooks for securing at the upper end of a ladder is to be
considered as an appropriate securing device if a movement fore/aft and sideways can be
prevented at the upper end of the ladder.

Technical Background

Innovative design is to be accepted if it fits for the functional requirement with due
consideration for safe use.

7

other means of access, approved by and acceptable to the Administration.
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(cont)

Means for safe operation and rigging of such equipment to and from and within the spaces
shall be clearly described in the MODU'’s Structure Access Manual.

3.10 For access through horizontal openings, hatches or manholes, the dimensions shall be
sufficient to allow a person wearing a self-contained air-breathing apparatus and protective
equipment to ascend or descend any ladder without obstruction and also provide a clear
opening to facilitate the hoisting of an injured person from the bottom of a confined space.
The minimum clear opening shall not be less than 600 mm x 600 mm. When access to a hold
is arranged through a flush manhole in the deck or a hatch, the top of the ladder shall be
placed as close as possible to the deck or hatch coaming. Access hatch coamings having a
height greater than 900 mm shall also have steps on the outside in conjunction with the
ladder.

3.11 For access through vertical openings, or manholes, in swash bulkheads, floors, girders
and web frames providing passage through the length and breadth of the space, the
minimum clear opening shall be not less than 600 mm x 800 mm at a height of not more than
600 mm from the passage bottom plating unless gratings or other foot holds are provided.

Interpretation
See interpretation for sections 2.2.4.1and 2.2.4.2 of 2009 MODU Code.

3.12 The Administration may approve, in special circumstances, smaller dimensions for the
openings referred to in paragraphs 3.10 and 3.11, if the ability to traverse such openings or to
remove an injured person can be proved to the satisfaction of the Administration.

3.13 Access ladders to large holds and other similar spaces shall be:

A Where the vertical distance between the upper surface of adjacent decks or between
deck and the bottom of the hold is not more than 6 m, either a vertical ladder or an
inclined ladder.

Interpretation

Either a vertical or an inclined ladder or a combination of them may be used for access to a
large hold where the vertical distance is 6 m or less from the deck to the bottom of the hold.

.2 Where the vertical distance between the upper surface of adjacent decks or between
deck and the bottom of the hold is more than 6 m, an inclined ladder or series of
inclined ladders at one end of the hold, except the uppermost 2.5 m of a hold measured
clear of overhead obstructions and the lowest 6 m may have vertical ladders, provided
that the vertical extent of the inclined ladder or ladders connecting the vertical ladders is
not less than 2.5 m.

The second means of access at the other end of the hold may be formed of a series of
staggered vertical ladders, which should comprise of one or more ladder linking
platforms spaced not more than 6 m apart vertically and displaced to one side of the
ladder. Adjacent sections of ladder should be laterally offset from each other by at least
the width of the ladder. The uppermost entrance section of the ladder directly exposed
to a hold should be vertical for a distance of 2.5 m measured clear of overhead
obstructions and connected to a ladder-linking platform.
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Interpretation

Adjacent sections of vertical ladder need to be installed so that the following provisions are
complied with (refer to figure A and figure B):

The minimum “lateral offset”. between two adjacent sections of vertical ladder, is the
distance between the sections, upper and lower, so that the adjacent stringers are
spaced of at least 200 mm, measured from half thickness of each stringer.

Adjacent sections of vertical ladder shall be installed so that the upper end of the lower
section is vertically overlapped, in respect to the lower end of the upper section, to a
height of 1500 mm in order to permit a safe transfer between ladders.

No section of the access ladder shall be terminated directly or partly above an access
opening.

Technical Background

The aims of the above are to:

a.

Ensure there is a rest platform at appropriate intervals, reducing the risk of accidents
due to tiredness.

Reduce the risk of collateral injury from falling or dropping items of equipment, by
preventing the lateral overlap of two ladders.

A vertical ladder may be used as a means of access from a deck to a tank or space
below, where the vertical distance is 6 m or less between the deck and the longitudinal
means of access in the tank or the stringer or the bottom of the space immediately
below the entrance. The uppermost entrance section from deck of the vertical ladder of
the tank should be vertical for a distance of 2.5 m measured clear of overhead
obstructions and comprise a ladder linking platform, unless landing on the longitudinal
means of access, the stringer or the bottom within the vertical distance, displaced to
one side of a vertical ladder.

Unless allowed in .3 above, an inclined ladder or combination of ladders should be used
for access to a tank or a space where the vertical distance is greater than 6 m between
the deck and a stringer immediately below the entrance, between stringers, or between
the deck or a stringer and the bottom of the space immediately below the entrance.

In case of .4 above, the uppermost entrance section from deck of the ladder should be
vertical for a distance of 2.5 m clear of overhead obstructions and connected to a
landing platform and continued with an inclined ladder. The flights of inclined ladders
should not be more than 9 m in actual length and the vertical height should not normally
be more than 6 m. The lowermost section of the ladders may be vertical for a distance
of not less than 2.5 m.

In narrow spaces of less than 2.5 m width, the access to the space may be by means of
vertical ladders that comprise of one or more ladder linking platforms spaced not more
than 6 m apart vertically and displaced to one side of the ladder. Adjacent sections of
ladder should be laterally offset from each other by at least the width of the ladder.
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(cont) Adjacent sections of vertical ladder need to be installed so that the following provisions are
complied with (refer to figure A and figure B):

- The minimum “lateral offset”. between two adjacent sections of vertical ladder, is the
distance between the sections, upper and lower, so that the adjacent stringers are
spaced of at least 200 mm, measured from half thickness of each stringer.

- Adjacent sections of vertical ladder shall be installed so that the upper end of the lower
section is vertically overlapped, in respect to the lower end of the upper section, to a
height of 1500 mm in order to permit a safe transfer between ladders.

- No section of the access ladder shall be terminated directly or partly above an access
opening.

Technical Background
The aims of the above are to:

a. Ensure there is a rest platform at appropriate intervals, reducing the risk of accidents
due to tiredness.

b. Reduce the risk of collateral injury from falling or dropping items of equipment, by
preventing the lateral overlap of two ladders

.7 A spiral ladder is considered acceptable as an alternative for inclined ladders. In this
regard, the uppermost 2.5 m can continue to be comprised of the spiral ladder and
need not change over to vertical ladders.

3.14 The uppermost entrance section from deck of the vertical ladder providing access to a
tank should be vertical for a distance of 2.5 m measured clear of overhead obstructions and
comprise a ladder linking platform, displaced to one side of a vertical ladder. The vertical
ladder can be between 1.6 m and 3 m below deck structure if it lands on a longitudinal or
athwartship permanent means of access fitted within that range.

Interpretation

Deck is defined as “weather deck”.

Page 20 of 37 IACS Int. 2015/Rev.1 2015



MODU1

MODU Figure “A”

(cont) Vertical Ladder - Ladder through the linking platform
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MODU Figure “B”
1
(cont) Vertical Ladder - Side mount

N Lower Section of Vertical Ladder

Dimension

A Horizontal separation between
two vertical ladders, stringer to

- > 200 mm
stringer

B Stringer height above landing or
intermediate platform > 1500* mm

C Horizontal separation between

100 mm <C< 300
ladder and platform

mm

*Note: the minimum height of the handrail stanchions of
resting platform is of 1000 mm (Technical Provision,
resolution MSC. 158(78), paragraph 3.3)
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Table 1 - Means of access

1.1 For tanks of which the height is 6 m and
over containing internal structures,
permanent means of access shall be
provided in accordance with .1 to .6:

2.1 For water ballast tanks of less than 5 m width
(including double side spaces above the upper
knuckle point of the bilge hopper sections in
surface units), permanent means of access are to
be provided in accordance with .1 to .3:

A continuous athwartship permanent A where the vertical distance between
access arranged at each transverse horizontal uppermost stringer and deck head
bulkhead on the stiffened surface, at a is 6 m or more, one continuous longitudinal
minimum of 1.6 m to a maximum of 3 m permanent means of access shall be
below the deck head; provided for the full length of the tank with a
means to allow passing through transverse
webs installed at a minimum of 1.6 m to a
maximum of 3 m below the deck head with a
vertical access ladder at each end of the
tank;
2 at least one continuous longitudinal .2 continuous longitudinal permanent means of
permanent means of access at each access, which are integrated in the structure,
side of the tank. One of these accesses at a vertical distance not exceeding 6 m
shall be at a minimum of 1.6 mto a apart; and
maximum of 6 m below the deck head
and the other shall be at a minimum of
1.6 m to a maximum of 3 m below the
deck head;
3 access between the arrangements 3 plated stringers shall, as far as possible, be

specified in .1 and .2 and from the deck
above the tanks to either .1 or .2;

in alignment with horizontal girders of
transverse bulkheads.

.4 continuous longitudinal permanent
means of access which are integrated
in the structural member on the
stiffened surface of a longitudinal
bulkhead, in alignment, where possible,
with horizontal girders of transverse
bulkheads are to be provided for
access to the transverse webs unless
permanent fittings are installed at the
uppermost platform for use of
alternative means, as defined in
paragraph 3.9 of the MODU Technical
provisions, for inspection at
intermediate heights;

2.2 For pre-load tanks in self-elevating units,
reference is made to 1.3.
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2 Water ballast tanks of less th

.

deck and vertical structure

.5  for MODUs having cross-ties which are
6 m or more above tank bottom, a
transverse permanent means of access
on the cross-ties providing inspection of
the tie flaring brackets at both sides of
the tank, with access from one of the
longitudinal permanent means of
access in .4; and

2.3 For ballast tanks in columns of column-
stabilized units of which the vertical distance
between each watertight flat or between horizontal
stringers/non-tight flats is 6 m and over, one
permanent means of access shall be provided for
the full length of the tank in accordance with 2.1.
(Note: In columns, longitudinal means the
perimetral direction of the column and transversal
means the radial direction of the column)

.6 alternative means as defined in
paragraph 3.9 of the Technical
provisions may be provided as an
alternative to .4 for tanks other than
ballast tanks of which the height is less
than 17 m.

For surface units (ship- or barge-type) and
pontoons in column-stabilized units:

2.4 For bilge hopper sections of which the vertical
distance from the tank bottom to the upper
knuckle point is 6 m and over, one longitudinal
permanent means of access shall be provided for
the full length of the tank. It shall be accessible by
vertical permanent means of access at each end
of the tank.

1.2 For tanks of which the height is less than
6 m, alternative means as defined in
paragraph 3.9 of the Technical provisions or
portable means may be utilized in lieu of the
permanent means of access.

2.4.1 The longitudinal continuous permanent
means of access may be installed at a minimum
1.6 m to maximum 3 m from the top of the bilge
hopper section. In this case, a platform extending
the longitudinal continuous permanent means of
access in way of the webframe may be used to
access the identified structural critical areas.

1.3 Pre-load tanks in self-elevating units are
normally kept empty for a long duration when
the unit is in elevated mode. For such tanks
if due to their shape it is not practicable to fit
permanent means of access mentioned in 1.1
above, the Administration may permit the
provision of alternative means defined in
paragraph 3.9 of the Technical provisions
provided that the tank height is less than 17
m.

2.4.2 Alternatively, the continuous longitudinal
permanent means of access may be installed at a
minimum of 1.2 m below the top of the clear
opening of the web ring allowing a use of portable
means of access to reach identified structural
critical areas.
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1.4 For ballast tanks in columns of column- 2.5 Where the vertical distance referred to in 2.4 is

stabilized units, longitudinal means the less than 6 m, alternative means as defined in
perimetral direction of the column and paragraph 3.9 of the Technical provisions or
transversal means the radial direction of the portable means of access may be utilised in lieu of
column. the permanent means of access. To facilitate the

operation of the alternative means of access, in-
line openings in horizontal stringers shall be
provided. The openings shall be of an adequate
diameter and shall have suitable protective
railings.

Fore and aft peak tanks in surface units

1.5 For fore and aft peak tanks with a depth
of 6 m or more at the centre line of the
collision and aft end bulkheads, a suitable
means of access shall be provided for access
to critical areas such as the underdeck
structure, stringers, collision and aft end
bulkheads and side shell structure.

1.5.1 Stringers of less than 6 m in vertical
distance from the deck head or a stringer
immediately above are considered to provide
suitable access in combination with portable
means of access.

1.5.2 In case the vertical distance between
the deck head and stringers, stringers or the
lowest stringer and the tank bottom is 6 m or
more, alternative means of access as defined
in paragraph 3.9 of the Technical provisions
shall be provided.
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(cont)

Access to underdeck structure

3.1 For holds under main deck of which the
height is 6 m and over, permanent means of
access shall be fitted to provide access to the
overhead structure at both sides of the cross
deck and in the vicinity of the centreline.
Each means of access shall be accessible
from the hold access or directly from the main
deck and installed at a minimum of 1.6 m to a
maximum of 3 m below the deck.

4.1 Permanent means of access shall be fitted to
provide access to overhead and vertical
structures identified as critical structural areas as
defined in 2009 MODU Code, paragraph 2.2.3.2
and located at a height of 6 m or more from the
bottom of the space.

3.2 An athwartship permanent means of
access fitted on the transverse bulkhead at a
minimum 1.6 m to a maximum 3 m below the
cross-deck head is accepted as equivalent to
3.1.

4.1.1 When permanent means of access to critical
structural areas are not covered by sections 1, 2
and 3 above, continuous permanent access
arranged at the bulkhead on the stiffened surface
is to be provided at a maximum of 3 m below the
critical structural area, but not higher than 1.6 m
below the deck, throughout the extent of the
critical structural area.

3.3 Access to the permanent means of
access to overhead structure of the cross
deck may also be via the uppermost stringer.

4.2 For critical structural areas located at a height
of less than 6 m from the bottom of the space,
alternative means of access as defined in
paragraph 3.9 of the Technical provisions are to
be provided.

3.4 Alternatively, movable means of access
as defined in paragraph 3.9 of the MODU
Technical provisions, may be utilized for
access to the overhead structure of the cross
deck if its vertical distance is 17 m or less
above the bottom of the hold.

4.3 Suitable means of access into the interior of
the horizontal braces in column stabilized units
shall be provided. For access through vertical
openings, the requirements of 3.11 of the
Technical provisions shall be applied.
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(cont)

Appendix 1 Unified Interpretation of IMO Resolution 133(76) as applicable for MODUs
Table 1 — Means of access, paragraph 1.1

1.  Water ballast tanks, except those specified in the right column, and other tanks
Access to the underdeck and vertical structure

1.1 For tanks of which the height is 6 m and over containing internal structures, permanent
means of access shall be provided in accordance with .1 to .6:

Interpretation

1. For tanks containing oil products other than crude oil (e.g. fuel oil, diesel oil, base oil)
where lower corrosion is expected, section 1.1 of Table 1 is not to be applied. For tanks
containing products considered corrosive (e.g. brine, drilling mud), section 1.1 is to be
applied.

2. Sub-paragraphs .1, .2 and .3 define access to underdeck structure, access to the
uppermost sections of transverse webs and connection between these structures.

3. Sub-paragraphs .4, .5 and .6 define access to vertical structures only and are linked to
the presence of transverse webs on longitudinal bulkheads.

4. If there are no underdeck structures (deck longitudinals and deck transverses) but there
are vertical structures in the tank supporting transverse and longitudinal bulkheads,
access in accordance with sub-paragraphs from .1 through to .6 is to be provided for
inspection of the upper parts of vertical structure on transverse and longitudinal
bulkheads.

5. If there is no structure in the tank, section 1.1 of Table 1 is not to be applied.

6. The vertical distance below the overhead structure is to be measured from the
underside of the main deck plating to the top of the platform of the means of access at a
given location.

7. The height of the tank is to be measured at each tank. For a tank the height of which
varies at different bays, item 1.1 is to be applied to such bays of a tank that have height
6 m and over.

Technical Background

Interpretation 7: If the height of the tank is increasing along the length of a unit, the
permanent means of access is to be provided locally where the height is above 6 m.

Ref.

Paragraph 10 of the annex to MSC/Circ.686.
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Appendix 1 Unified Interpretation of IMO Resolution 133(76) as applicable for MODUs

Table 1 — Means of access, paragraph 1.1.2

1.1.2 at least one continuous longitudinal permanent means of access at each side of
the tank. One of these accesses shall be at a minimum of 1.6 m to a maximum of 6 m below
the deck head and the other shall be at a minimum of 1.6 m to a maximum of 3 m below the
deck head,;

Interpretation

There is need to provide continuous longitudinal permanent means of access when the deck

longitudinals and deck transverses are fitted on deck but supporting brackets are fitted under
the deck.

Page 28 of 37 IACS Int. 2015/Rev.1 2015



MODU1

MODU

(cont)

Appendix 1 Unified Interpretation of IMO Resolution 133(76) as applicable for MODUs
Table 1 — Means of access, paragraph 1.1.3

1.1.3 access between the arrangements specified in .1 and .2 and from the main deck
to either .1 or .2.

Interpretation

Means of access to tanks may be used for access to the permanent means of access for
inspection.

Technical Background
As a matter of principle, in such a case where the means of access can be utilised for the

purpose of accessing structural members for inspection there is no need of duplicated
installation of the MA.
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Appendix 1 Unified Interpretation of IMO Resolution 133(76) as applicable for MODUs
Table 1 — Means of access, paragraph 1.1.4

114 continuous longitudinal permanent means of access which are integrated in the
structural member on the stiffened surface of a longitudinal bulkhead, in alignment, where
possible, with horizontal girders of transverse bulkheads are to be provided for access to the
transverse webs unless permanent fittings are installed at the uppermost platform for use of
alternative means as defined in paragraph 3.9 of the MODU Technical provisions for
inspection at intermediate heights;

Interpretation

The permanent fittings required to serve alternative means of access such as wire lift
platform, that are to be used by crew and surveyors for inspection shall provide at least an
equal level of safety as the permanent means of access stated by the same paragraph.
These means of access shall be carried on board the unit and be readily available for use
without filling of water in the tank.

Therefore, rafting is not to be acceptable under this provision.

Alternative means of access are to be part of Access Manual which is to be approved on
behalf of the flag State.
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Appendix 1 Unified Interpretation of IMO Resolution 133(76) as applicable for MODUs
Table 1 — Means of access paragraph 2.1

2, Water ballast tanks of less than 5§ m width

Access to the underdeck and vertical structure

2.1 For water ballast tanks of less than 5 m width (including double side spaces above the
upper knuckle point of the bilge hopper sections in surface units), permanent means of
access are to be provided in accordance with .1 and .3:

Interpretation

Paragraph 2.1.1 represents requirements for access to underdeck structures, while
paragraph 2.1.2 is a requirement for access for survey and inspection of vertical structures on

longitudinal bulkheads (transverse webs).

Technical Background

MA or portable means of access are necessary arrangement to facilitate inspection of the
structural condition of the space and the boundary structure.
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Appendix 1 Unified Interpretation of IMO Resolution 133(76) as applicable for MODUs
Table 1 — Means of access, paragraph 2.1.1
2, Water ballast tanks of less than 5 m width

211 where the vertical distance between horizontal uppermost stringer and deck head
is 6 m or more, one continuous permanent means of access shall be provided for the full
length of the tank with a means to allow passing through transverse webs installed a
minimum of 1.6 m to a maximum of 3 m below the deck head with a vertical access ladder at
each end of tank;

Interpretation

1. For a tank, the vertical distance between horizontal upper stringer and deck head of
which varies at different sections, item 2.1.1 is to be applied to such sections that fall
under the criteria.

2. The continuous permanent means of access may be a wide longitudinal, which
provides access to critical details on the opposite side by means of platforms as
necessary on web frames. In case the vertical opening of the web frame is located in
way of the open part between the wide longitudinal and the longitudinal on the opposite
side, platforms shall be provided on both sides of the web frames to allow safe passage
through the web frame.

3. Where two access hatches are required by 2009 MODU Code, section 2.2.2.2, access
ladders at each end of the tank are to lead to the deck.

Technical Background

Interpretation 1: The interpretation of varied tank height in item 1 of Table 1 is applied to the
vertical distance between horizontal upper stringer and deck head for consistency.
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Appendix 1 Unified Interpretation of IMO Resolution 133(76) as applicable for MODUs

Table 1 — Means of access, paragraph 2.1.2

2.1.2 continuous longitudinal permanent means of access, which are integrated in the
structure, at a vertical distance not exceeding 6 m apart; and

Interpretation

The continuous permanent means of access may be a wide longitudinal, which provides
access to critical details on the opposite side by means of platforms as necessary on
webframes. In case the vertical opening of the web is located in way of the open part
between the wide longitudinal and the longitudinal on the opposite side, platforms shall be
provided on both sides of the web to allow safe passage through the web.

A “reasonable deviation”, as noted in MODU TP, paragraph 1.4, of not more than 10% may
be applied where the permanent means of access is integral with the structure itself.
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MODU Appendix 1 Unified Interpretation of IMO Resolution 133(76) as applicable for MODUs
(cont) Table 1 — Means of access, paragraph 2.2
For surface units (ship- or barge-type) and pontoons in column-stabilized units:

2.2 For bilge hopper sections of which the vertical distance from the tank bottom to the
upper knuckle point is 6 m and over, one longitudinal permanent means of access shall be
provided for the full length of the tank. It shall be accessible by vertical permanent means of
access at both ends of the tank.

Interpretation

1. Permanent means of access between the longitudinal continuous permanent means of
access and the bottom of the space is to be provided.

2. The height of a bilge hopper tank located outside of the parallel part of the unit is to be
taken as the maximum of the clear vertical distance measured from the bottom plating
to the hopper plating of the tank.

3. The foremost and aftmost bilge hopper ballast tanks with raised bottom, of which the
height is 6 m and over, a combination of transverse and vertical MA for access to the
upper knuckle point for each transverse web is to be accepted in place of the
longitudinal permanent means of access.

Technical Background

Interpretation 2: The bilge hopper tanks at fore and aft of unit's hull narrow due to raised
bottom plating and the actual vertical distance from the bottom of the tank to hopper plating of
the tank is more appropriate to judge if a portable means of access could be utilized for the
purpose.

Interpretation 3: in the foremost or aftmost bilge hopper tanks where the vertical distance is 6
m or over but installation of longitudinal permanent means of access is not practicable
permanent means of access of combination of transverse and vertical ladders provides an
alternative means of access to the upper knuckle point.
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Appendix 1 Unified Interpretation of IMO Resolution 133(76) as applicable for MODUs
Table 1 — Means of access, paragraph 3.1

3.1 Holds

Access to underdeck structure

3.1 For holds under main deck of which the height is 6 m or over, permanent means of
access shall be fitted to provide access to the overhead structure at both sides of the cross
deck and in the vicinity of the centreline. Each means of access shall be accessible from the
hold access or directly from the main deck and installed at a minimum of 1.6 m to a maximum
of 3 m below the deck.

Interpretation

1. Means of access shall be provided to the crossdeck structures of the foremost and
aftermost part of the each hold.

2. Interconnected means of access under the cross deck for access to three locations at
both sides and in the vicinity of the centreline is to be acceptable as the three means of
access.

3. Permanent means of access fitted at three separate locations accessible
independently, one at each side and one in the vicinity of the centreline is to be
acceptable.

4. Special attention is to be paid to the structural strength where any access opening is
provided in the main deck or cross deck.

Technical Background

Pragmatic arrangements of the MA are provided.
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(cont) Table 1 — Means of access, paragraph 3.3

3.3 Access to the permanent means of access to overhead structure of the cross deck may
also be via the uppermost stringer.

Interpretation

Particular attention is to be paid to preserve the structural strength in way of access opening
provided in the main deck or cross deck.
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(cont) Table 1 — Means of access, paragraph 3.4
3.4 Alternatively, movable means of access as defined in paragraph 3.9 of the MODU
Technical provisions may be utilized for access to the overhead structure of cross deck if its
vertical distance is 17 m or less above the bottom of the hold.

Interpretation

The movable means of access to the underdeck structure of cross deck need not necessarily
be carried on board the unit. It is sufficient if it is made available when needed.

End of
Document
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Anchoring, Mooring and Towing Equipment

1.  Anchoring equipment
1.1 Anchoring equipment for ships having Equipment Number EN below 205 to 50.

(a) The anchoring equipment given here under applies to ships which are not covered
under UR A1, i.e. for ships having 50 < EN < 205.

(b) The design basis of the anchoring equipment, i.e. the Equipment Number EN, is that
given in UR A1.

(¢) These recommendations are applicable to ships operating in unrestricted service.
Reductions of equipment may be considered for ships operating in restricted service.

Note:
References to UR A1 are preceded by ‘A1’ throughout this document.
1.1.1 Equipment number EN

The equipment of anchors and chain cables should be as given in Table 1 based on an
Equipment Number EN calculated in compliance with A1.2.
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Table1  Anchoring equipment

No.

Stockless bower Stockless Stud link chain cable Stream wire
1 0 anchors stream for bower anchors or chain
(co nt) anchor
Mass Mass Min. diameter
per per Total Mild Special Breaking
EN No. anchor anchor length steel quality Length strength
Gr. 1 Gr2or3
(kg (kg (m) (mm) (mm) (m) (KN)
1 2 3 4 5 6 7 8 9
50-70 2 180 60 220 14 125 80 64.7
70-90 2 240 80 220 16 14 85 735
90-110 2 300 100 247 5 17.5 16 85 80.0
110-130 2 360 120 2475 19 175 a0 89.2
130-150 2 420 140 275 20.5 175 90 981
150-175 2 480 165 275 22 19 a0 107.9
175-205 2 570 160 3025 24 205 a0 1177

1.1.2 Anchors

1.1.21 Types of anchors

1.1.2.1.1 Ordinary anchors

(@) The requirements under A1.4.1.1 should be complied with.

(b) The mass of stocked anchors, when used, and that of stream anchors, excluding the
stock should be 80% and the mass of the stock should be 20% of the mass as given in
Table 1 for stockless bower anchors.

1.1.2.1.2 High Holding Power (HHP) anchors

The requirements under A1.4.1.2 and A1.4.2 should be complied with.

1.1.2.1.3 Super High Holding Power (SHHP) anchors

The requirements under A1.4.1.3 and A1.4.2 should be complied with.

Page 2 of 20 IACS Rec. 1982/Rev.3 2016/Corr.1 2016



No.10

NO 1.1.2.2 Installation of the anchors on board

1 0 The bower anchors should be connected to their chain cables and ready for use. The stream
anchor should be ready to be connected with its cable.
(cont)
1.1.23 Proof testing of anchors
The requirements under A1.4.4 should be complied with.
1.1.3 Chain cables and wire ropes for anchors
1.1.3.1 Chain cables
{a) The anchors should be associated with stud link chain cables of one of the grades
under A1.5.2, Table 3. For equipment numbers EN up to 90, as an alternative to stud
link chain cables, short link chain cables may be used.
(b) Wire ropes for anchors may be adopted in compliance with 1.1.3.3

1.1.3.2 Proof and breaking loads of stud link chain cables

(a) The breaking loads (BL) and proof loads (PL) should be in compliance with the
requirements under A1.5.3.

(b) The test load values, rounded off from the loads defined in (a) above, which should be
used for testing and acceptance of chain cables with diameter between 11 and 19 mm
are given in Table 2,

Table 2 Test load values for stud link chain cables

Chain cable Grade 1 Grade 2 Grade 3
diameter Proof load Breaking Proof load Breaking Proof load Breaking

load load load
(mm) (kN) (kN) (kN) (kN) (kN) (kN)

1 2 3 4 5 6 7
11 35.8 51 51 717 7 102
12.5 46 65.7 65.7 92 92 132
14 57.9 82 82 116 1186 165
16 755 107 107 150 150 216
17.5 89 127 127 179 179 256
19 105 150 150 211 211 301

1.1.33 Wiire ropes for anchors

In alternative to the stud link or short link chain cables under 1.1.3.1, wire ropes may be used
for:

(a) bower anchors of ships below 40 m in length

(b) stream anchor as stipulated in Table 1.
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NO The wire ropes under (a) above should have:

1 0 (i) length equal to 1.5 times the corresponding tabular length of chain cable
(col. 5 of Table 1)
(cont)
(i) strength equal to that of tabular chain cable of Grade 1 (col. 2 and 3 of Table 2).

A short length of chain cable should be fitted between the wire rope and bower or stream
anchor having a length of 12.5 m or the distance between anchor in stowed position and
winch, whichever is less. All surfaces being in contact with the wire need to be rounded with a
radius of not less than 10 times the wire rope diameter (including stem).

Table 3 Mass of stud link chain cables

Minimum mass per Minimum mass per
length of 27.5 m length of 27.5 m
Chain cable With Dee With lugless Chain cable With Dee With lugless
diameter shackle shackle diameter shackle shackle
(mm) (Kg) (Kg) (mm) (Kg) (Kg)
26 410 405 78 3640 3535
28 480 475 81 3940 3820
30 550 545 84 4240 4105
32 620 615 87 4555 4405
34 700 690 Q0 4870 4705
36 785 775 92 5085 4905
38 875 860 95 5405 5210
40 965 950 97 5630 5425
42 1055 1040 100 5970 5745
44 1150 1130 102 6210 5970
46 1260 1240 105 6580 6320
48 1370 1345 107 6845 6575
50 1485 1455 111 7380 7080
52 1605 1575 114 7795 7475
54 1725 1690 117 8220 7870
56 1850 1810 120 8650 8270
58 1985 1945 122 8960 8550
60 2125 2075 124 9275 8835
62 2275 2220 127 9740 9270
64 2430 2370 130 10210 9710
66 2590 2525 132 10540 10005
68 2755 2685 137 11320 10750
70 2925 2850 142 12110 11500
73 3185 3100 147 12950 12300
76 3460 3360 152 13890 13200

1.2 Anchoring equipment for ships in deep and unsheltered water
1.2.1 Scope and application

The hereunder given recommendations address anchoring equipment for ships in deep and
unsheltered water which is not covered by UR A1 and 1.1. These recommendations may be
used to design or assess the adequacy of the anchoring equipment for ships intended to
anchor in water with depth up to 120 m, current with up to 1.54 m/s, wind with up to 14 m/s
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(cont)

and waves with significant height of up to 3 m. The scope of chain cable, being the ratio
between the length of chain paid out and water depth, is assumed to be not less than 3 to 4.
Furthermore, these recommendations are applicable to ships with an equipment length, as
defined in A1.2, of not less than 135 m.

1.2.2 Equipment Number for deep and unsheltered water

Anchors and chain cables should be in accordance with Table 4 and based on the Equipment
Number ENy obtained from the following equation:

3

EN, = 0.628L(%y‘5~3 +b(1- a)]L
where

a=1.83-10°L3%+ 2.09-10%-L2- 6.21-10%-L + 0.0866
b=0.156-L + 8.372

L = Equipment length of the ship in compliance with A1.2

EN = Equipment Number calculated in compliance with A1.2.
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Table4  Anchoring equipment for ships in unsheltered water with depth up to 120 m

No.
1 0 Equipment Number High holding power Stud link chain cable
EN stockless bower anchors for bower anchors
(cont) o
Min. diameter
) Not Mass per Length Special Extra special
Exceeding exceeding Number anchor quality quality
(Grade 2) (Grade 3)
(kg) (m) (mm) (mm)
1790 2 14150 1017.5 105 84

1790 1930 2 14400 990 105 84
1930 2080 2 14800 990 105 84
2080 2230 2 15200 990 105 84
2230 2380 2 15600 990 105 84
2380 2530 2 16000 990 105 84
2530 2700 2 15900 990 105 84
2700 2870 2 15800 990 105 84
2870 3040 2 15700 990 105 84
3040 3210 2 15600 990 105 84
3210 3400 2 15500 990 105 84
3400 3600 2 15400 990 105 84
3600 3800 2 16600 990 107 87
3800 4000 2 17800 962.5 107 87
4000 4200 2 18900 962.5 111 80
4200 4400 2 20100 9625 114 92
4400 4600 2 22000 962.5 117 95
4600 4800 2 22400 962.5 120 97
4800 5000 2 23500 962.5 124 29
5000 5200 2 24000 935 127 102
5200 5500 2 24500 207.5 132 107
5500 5800 2 25000 907.5 132 107
5800 6100 2 25500 880 137 111
6100 6500 2 25500 880 142 114
6500 6900 2 26000 8525 142 117
6900 7400 2 26500 8525 147 117
7400 7900 2 27000 825 152 122
7900 8400 2 27000 825 - 127
8400 8900 2 27000 797.5 - 127
8900 9400 2 27000 770 - 132
9400 10000 2 27000 770 - 137
10000 10700 2 27000 770 - 142
10700 11500 2 27000 770 - 142
11500 12400 2 29500 770 - 147
12400 13400 2 31500 770 - 152
13400 14600 2 34500 770 - 157
14600 2 38000 770 - 162

1.2.3 Anchors

The bower anchors should be connected to their chain cables and positioned on board ready
for use.

Anchors should be of the stockless High Holding Power (HHP) type. The mass of the head of
a stockless anchor, including pins and fittings, should not be less than 60% of the total mass
of the anchor. For the conditions of HHP anchors reference is made to A1.4.1.2 (a) and for
the approval and/or acceptance of HHP anchors reference is made to A1.4.1.2 (c).
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(cont)

The mass, per anchor, of bower anchors given in Table 4 is for anchors of equal mass. The
mass of individual anchors may vary to 7% of the tabular mass, but the total mass of anchors
should not be less than that recommended for anchors of equal mass.

Suitable arrangements should be provided for securing the anchors when stowed, see 1.3.3.

For manufacture of anchors reference is made to UR W29. For proof testing of the anchors
reference is made to A1.4.4.2.

1.2.4 Chain cables for bower anchors

Bower anchors should be associated with stud link chain cables of special (Grade 2) or extra
special (Grade 3) quality. The total length of chain cable, as given in Table 4 should be
reasonably divided between the two bower anchors. For the proof and breaking loads of stud
link chain cables reference is made to A1.5.3, Table 4.

For manufacture of anchor chain cables reference is made to UR VW18.

For the installation of the chain cables on board, 1.3 should be observed.

1.2.5 Anchor windlass and chain stopper

The windlass unit prime mover should be able to supply for at least 30 minutes a continuous
duty pull Zcont, in N, given by:

Zcont = 35 d2 + 134 mA
where

d = chain diameter, in mm, as per Table 4
ma = HHP anchor mass, in kg, as per Table 4

As far as practicable, for testing purpose the speed of the chain cable during hoisting of the
anchor and cable should be measured over 37.5 m of chain cable and initially with at least
120 m of chain and the anchor submerged and hanging free. The mean speed of the chain
cable during hoisting of the anchor from the depth of 120 m to the depth of 82.5 m should be
at least 4.5 m/min.

For the hull supporting structure of anchor windlass and chain stopper reference is made to
A1.7.

1.3 Installation of chain cables and anchors on board

1.3.1 Capacity and arrangement of anchor chain locker

(a) The chain locker should be of capacity and depth adequate to provide an easy direct
lead of the cables through the chain pipes and a self-stowing of the cables. The chain
locker should be provided with an internal division so that the port and starboard chain
cables may be fully and separately stowed.

(b) The chain locker boundaries and their access openings should be watertight as
necessary to prevent accidental flooding of the chain locker and damaging essential
auxiliaries or equipment or affecting the proper operation of the ship.

(¢) Adequate drainage facilities of the chain locker should be adopted.
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NO. 1.3.2 Securing of the inboard ends of chain cables

1 0 (a) The inboard ends of the chain cables should be secured to the structures by a fastening
(cont) able to withstand a force not less than 15% BL nor more than 30% BL (BL = breaking
load of the chain cable).

(b) The fastening should be provided with a mean suitable to permit, in case of emergency,
an easy slipping of the chain cables to sea, operable from an accessible position
outside the chain locker.

1.3.3 Securing of stowed anchors

(a) To hold the anchor tight in against the hull or the anchor pocket, respectively, it is
recommended to fit anchor lashings, e.g., a ‘devil's claw'.

(b) Anchor lashings should be designed to resist a load at least corresponding to twice the
anchor mass plus 10 m of cable without exceeding 40% of the yield strength of the
material.
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NO 2. Mooring and towing equipment
1 0 2.1 Mooring lines

(cont) The mooring lines for ships with Equipment Number EN of less than or equal to 2000 are
given in 2.1.1. For other ships the mooring lines are given in 2.1.2.

The Equipment Number EN should be calculated in compliance with A1.2. Deck cargo as
given by the loading manual should be included for the determination of side-projected area
A.

2.1.1 Mooring lines for ships with EN = 2000

The minimum recommended mooring lines for ships having an Equipment Number EN of less
than or equal to 2000 are given in Table 5.

For ships having the ratio A/EN > 0.9 the following humber of lines should be added to the
number of mooring lines as given by Table 5:

One line where 09« i <11,
EN
. A
two lines where 11< — 512,
EN
. A
three lines where 1.2< —.
EN
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Table5 Mooring lines for ships with EN <2000

No.

EQUIPMENT NUMBER MOORING LINES
1 0 Exceeding Not exceeding No. of Minimum length ~ Minimum breaking
mooring lines  of each line * strength
(cont) (m) (kN)
1 2 3 4 5
50 70 3 80 37
70 90 3 100 40
90 110 3 110 42
110 130 3 110 48
130 150 3 120 53
150 175 3 120 59
175 205 3 120 64
205 240 4 120 69
240 280 4 120 75
280 320 4 140 80
320 360 4 140 85
360 400 4 140 96
400 450 4 140 107
450 500 4 140 117
500 550 4 160 134
550 600 4 160 143
600 660 4 160 160
660 720 4 160 171
720 780 4 170 187
780 840 4 170 202
840 910 4 170 218
910 980 4 170 235
980 1060 4 180 250
1060 1140 4 180 272
1140 1220 4 180 293
1220 1300 4 180 309
1300 1390 4 180 336
1390 1480 4 180 352
1480 1570 5 190 352
1570 1670 5 190 362
1670 1790 5 190 384
1790 1930 5 190 411
1930 2000 5 190 437

*2.1.3 should be observed
2.1.2 Mooring lines for ships with EN > 2000

The minimum recommended strength and number of mooring lines for ships with an
Equipment Number EN > 2000 are given in 2.1.2.1 and 2.1.2.2, respectively. The length of
mooring lines is given by 2.1.3.

The strength of mooring lines and the number of head, stern, and breast lines (see Note) for
ships with an Equipment Number EN > 2000 are based on the side-projected area A,. Side
projected area A; should be calculated similar to the side-projected area A according to A1.2
but considering the following conditions:

. For oil tankers, chemical tankers, bulk carriers, and ore carriers the lightest ballast draft
should be considered for the calculation of the side-projected area A;. For other ships
the lightest draft of usual loading conditions should be considered if the ratio of the
freeboard in the lightest draft and the full load condition is equal to or above two. Usual
loading conditions mean loading conditions as given by the trim and stability booklet
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that are to be expected to regularly occur during operation and, in particular, excluding

N 0. light weight conditions, propeller inspection conditions, etc.
1 0 . Wind shielding of the pier can be considered for the calculation of the side-projected
(cont) area A unless the ship is intended to be regularly moored to jetty type piers. A height of

the pier surface of 3 m over waterline may be assumed, i.e. the lower part of the side-
projected area with a height of 3 m above the waterline for the considered loading
condition may be disregarded for the calculation of the side-projected area A;.

. Deck cargo as given by the loading manual should be included for the determination of
side-projected area A;. Deck cargo may not need to be considered if a usual light draft
condition without cargo on deck generates a larger side-projected area A than the full
load condition with cargo on deck. The larger of both side-projected areas should be
chosen as side-projected area A;.

The mooring lines as given here under are based on a maximum current speed of 1.0 m/s
and the following maximum wind speed vi, in m/s:

vw = 25.0-0.002 (A;—2000) for passenger ships, ferries, and car carriers
with 2000 m? < Ay < 4000 m?
= 21.0 for passenger ships, ferries, and car carriers
with A; > 4000 m?
= 250 for other ships

The wind speed is considered representative of a 30 second mean speed from any direction
and at a height of 10 m above the ground. The current speed is considered representative of
the maximum current speed acting on bow or stern (£10°) and at a depth of one-half of the
mean draft. Furthermore, it is considered that ships are moored to solid piers that provide
shielding against cross current.

Additional loads caused by, e.g., higher wind or current speeds, cross currents, additional
wave loads, or reduced shielding from non-solid piers may need to be particularly considered.
Furthermore, it should be observed that unbeneficial mooring layouts can considerably
increase the loads on single mooring lines.

Note:
The following is defined with respect to the purpose of mooring lines, see also figure below:

Breast line: A mooring line that is deployed perpendicular to the ship, restraining the ship in
the off-berth direction.

Spring line: A mooring line that is deployed almost parallel to the ship, restraining the ship in
fore or aft direction.

Head/Stern line: A mooring line that is oriented between longitudinal and transverse direction,
restraining the ship in the off-berth and in fore or aft direction. The amount of restraint in fore
or aft and off-berth direction depends on the line angle relative to these directions.
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N o Breast line Breast line
10 Stem line I /S’F:’i"g "".es\l Head line
(cont)

21.21 Minimum breaking strength
The minimum breaking strength, in kN, of the mooring lines should be taken as:
MBL=0.1" A+ 350
The minimum breaking strength may be limited to 1275 kN (130 t). However, in this case the

moorings are to be considered as not sufficient for environmental conditions given by 2.1.2.
For these ships, the acceptable wind speed w*, in nVs, can be estimated as follows:

. , MBL'
Vw = Vw :
MBL
where v is the wind speed as per 2.1.2, MBL* the breaking strength of the mooring lines
intended to be supplied and MBL the breaking strength as recommended according to the

above formula. However, the minimum breaking strength should not be taken less than
corresponding to an acceptable wind speed of 21 m/s:

2

MBL Z(EJ -MBL
VW

If lines are intended to be supplied for an acceptable wind speed vi.* higher than vy as per

2.1.2, the minimum breaking strength should be taken as:

*
Yu

2
MBL _[ J -MBL

v

2122 Number of mooring lines
The total number of head, stern and breast lines (see Note in 2.1.2) should be taken as:
n=8310% A/ +86

For oil tankers, chemical tankers, bulk carriers, and ore carriers the total number of head,
stern and breast lines should be taken as:

n=8310%-A +4

The total number of head, stern and breast lines should be rounded to the nearest whole
nhumber.

The number of head, stern and breast lines may be increased or decreased in conjunction
with an adjustment to the strength of the lines. The adjusted strength, MBL*, should be taken
as:
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MBL*=1.2 - MBL : n/n* < MBL for increased number of lines,

No.

10 MBL* = MBL - n/n* for reduced number of lines.

(cont) where n* is the increased or decreased total number of head, stern and breast lines and n the
number of lines for the considered ship type as calculated by the above formulas without
rounding.

Vice versa, the strength of head, stern and breast lines may be increased or decreased in
conjunction with an adjustment to the number of lines.

The total number of spring lines (see Note in 2.1.2) should be taken not less than:

Two lines where EN < 5000,

Four lines where EN 2 5000.

The strength of spring lines should be the same as that of the head, stern and breast lines. If
the number of head, stern and breast lines is increased in conjunction with an adjustment to
the strength of the lines, the number of spring lines should be likewise increased, but rounded
up to the nearest even number.

2.1.3 Length of mooring lines

The length of mooring lines for ships with EN of less than or equal to 2000 may be taken from
Table 5. For ships with EN > 2000 the length of mooring lines may be taken as 200 m.

The lengths of individual mooring lines may be reduced by up to 7% of the above given
lengths, but the total length of mooring lines should not be less than would have resulted had
all lines been of equal length.

22 Towline
The tow lines are given in Table 6 and are intended as own tow line of a ship to be towed by

a tug or other ship. For the selection of the tow line from Table 6, the Equipment Number EN
should be taken according to 2.1.
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N Table 6 Tow lines

EQUIPMENT NUMBER TOW LINE
10 Exceeding Not Minimum  Minimum breaking
exceeding length strength
(cont) (m) (KN)
1 2 3 4
50 70 180 98
70 90 180 98
90 110 180 98
110 130 180 98
130 150 180 98
150 175 180 98
175 205 180 112
205 240 180 129
240 280 180 150
280 320 180 174
320 360 180 207
360 400 180 224
400 450 180 250
450 500 180 277
500 550 190 306
550 600 190 338
600 660 190 370
660 720 190 406
720 780 190 441
780 840 190 479
840 910 190 518
910 980 190 559
980 1060 200 603
1060 1140 200 647
1140 1220 200 691
1220 1300 200 738
1300 1390 200 786
1390 1480 200 836
1480 1570 220 888
1570 1670 220 941
1670 1790 220 1024
1790 1930 220 1109
1930 2080 220 1168
2080 2230 240 1259
2230 2380 240 1356
2380 2530 240 1453
2530 2700 260 1471
2700 2870 260 1471
2870 3040 260 1471
3040 3210 280 1471
3210 3400 280 1471
3400 3600 280 1471
3600 - 300 1471

2.3 Mooring and tow line construction

Tow lines and mooring lines may be of wire, natural fibre or synthetic fibre construction or of a
mixture of wire and fibre. For synthetic fibre ropes it is recommended to use lines with
reduced risk of recoil (shap-back) to mitigate the risk of injuries or fatalities in the case of
breaking mooring lines.

Notwithstanding the strength recommendations given in 2.1 and 2.2, no fibre rope should be
less than 20 mm in diameter. For polyamide ropes the minimum breaking strength should be
increased by 20% and for other synthetic ropes by 10% to account for strength loss due to,
among others, aging and wear.
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2.4 Mooring winches

No.

1 0 2.4.1 Each winch should be fitted with brakes the holding capacity of which is sufficient to
prevent unreeling of the mooring line when the rope tension is equal to 80% of the minimum
(cont) breaking strength of the rope as fitted on the first layer. The winch should be fitted with

brakes that will allow for the reliable setting of the brake rendering load.

2.4.2 For powered winches the maximum hauling tension which can be applied to the
mooring line (the reeled first layer) should not be less than 1/4.5 times, nor be more than 1/3
times the rope's minimum breaking strength. For automatic winches these figures apply when
the winch is set to the maximum power with automatic control.

2.4.3 For powered winches on automatic control, the rendering tension which the winch can
exert on the mooring line (the reeled first layer) should not exceed 1.5 times, nor be less than
1.05 times the hauling tension for that particular power setting of the winch. The winch should
be marked with the range of rope strength for which it is designed.

2.5 Mooring and towing arrangement
2.5.1 Mooring arrangement

Mooring lines in the same service (e.g. breast lines, see Note in 2.1.2) should be of the same
characteristic in terms of strength and elasticity.

As far as possible, sufficient number of mooring winches should be fitted to allow for all
mooring lines to be belayed on winches. This allows for an efficient distribution of the load to
all mooring lines in the same service and for the mooring lines to shed load before they
break. If the mooring arrangement is designed such that mooring lines are partly to be
belayed on bitts or bollards, it should be considered that these lines may not be as effective
as the mooring lines belayed on winches.

Mooring lines should have as straight a lead as is practicable from the mooring drum to the
fairlead.

At points of change in direction sufficiently large radii of the contact surface of a rope on a
fitting should be provided to minimize the wear experienced by mooring lines and as
recommended by the rope manufacturer for the rope type intended to be used.

2.5.2 Towing arrangement

Towing lines should be led through a closed chock. The use of open fairleads with rollers or
closed roller fairleads should be avoided.

For towing purpose it is recommended to provide at least one chock close to centreline of the
ship forward and aft. It is also beneficial to provide additional chocks on port and starboard
side at the transom and at the bow.

Towing lines should have a straight lead from the towing bitt or bollard to the chock.

For the purpose of towing, bitts or bollards serving a chock should be located slightly offset
and in a distance of at least 2 m away from the chock, see figure below:
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No o Towing bitt
10

(cont) R J

Towing chock

| Offset

Warping drums should preferably be positioned not more than 20 m away from the chock,
measured along the path of the line.

Attention should be given to the arrangement of the equipment for towing and mooring
operations in order to prevent interference of mooring and towing lines as far as practicable. It
is beneficial to provide dedicated towing arrangements separate from the mooring equipment.

For emergency towing arrangements for tankers reference should be made to SOLAS
Chapter II-1, Regulation 3-4. For all ships other than tankers it is recommended to provide

towing arrangements fore and aft of sufficient strength for ‘other towing’ service as defined in
UR A2.0.
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No.
10

(cont)

3.  Anchoring and mooring equipment for fishing vessels
3.1  Anchoring equipment
3.1.1 Application

The following provisions apply to fishing vessels operating in unrestricted service. Reduction
of equipment may be considered for fishing vessels operating in restricted services.

3.1.2 General recommendations

(a) Each ship should be provided with anchoring equipment designed for quick and safe
operation in all foreseeable service conditions. Anchor equipment should consist of
anchors, anchor chain cables and a windlass or other arrangements for dropping and
weighing the anchors and for holding the ship at anchor.

(b) The equipment of anchors and chain cables given in Table 7 is based on the Equipment
Number EN which should be calculated as follows:

EN=A%*+2Bh + 0.1A

where

A = moulded displacement, in t, to the maximum design waterline,

B = greatest moulded breadth, in m,

h = effective height, in m, from the maximum design waterline to the top of the
uppermost house.

= a+ Zh;

a = distance, in m, from the maximum design waterline to the upper edge of the
uppermost complete deck at the side amidships,

hi = height, in m, on the centreline of each tier of houses having breadth greater than

B/4.

For the lowest tier h is measured at centreline from the upper deck or from a notional deck
line where there is local discontinuity in the upper deck.

When calculating h, sheer and trim can be ignored.
A = side-projected area, in m2, of the hull, within the length of the ship between
perpendiculars, and of superstructures and houses above the maximum design

waterline having a width greater than B/4.

Screens and bulwarks more than 1.5 m in height should be regarded as parts of houses
when determining h and A.

3.1.3 Particular recommendations

(a) For ships below 40 m in length the anchor chain may be replaced with wire ropes of
equal strength of the tabular anchor cables of Grade 1. Wire ropes of trawl winches
complying with this recommendation may be used as anchor chain cables.

(b) VWhen wire ropes are substituted for anchor chain cables then:

(i)  the length of the ropes should be equal to 1.5 times the corresponding tabular
length of chain cable (col. 5 of Table 7),
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(i) a short length of chain cable should be fitted between the wire rope and anchor
NO- having a length of 12.5 m or the distance between anchor in stowed position and
1 0 winch, whichever is less,

(i) all surfaces being in contact with the wire should be rounded with a radius of not
(cont) less than 10 times the wire rope diameter (including stem).

(¢) High holding power anchors of approved design may be used as bower anchors. The
mass of each such anchor may be 75% of the tabular mass for ordinary stockless
bower anchors.

(d) The tabular anchor equipment may be increased for ships fishing in very rough waters.
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Table7 Equipment for fishing vessels

No.
1 0 Equipment Number Stockless bower Stud link chain cables for
anchors bower anchors
(cont) y
Min. diameter
(mm)
Exceeding Not Number Mass per Total Mild steel  Special quality
exceeding anchor length  (Grade 1)** steel
{kq) (m) (Grade 2)**
1 2 3 4 5 6 7
30 40 2 80 165 1 7 -
40 50 2 100 192.5 i -
50 60 2 120 1925 125 -
60 70 2 140 1925 125 > * -
70 80 2 160 220 14 12.5
80 90 2 180 220 14 12.5
90 100 2 210 220 16 14
100 110 2 240 220 16 / 14
110 120 2 270 2475 17.5 16
120 130 2 300 2475 17.5 16
130 140 2 340 275 19 17.5
140 180 2 390 275 19 17.5
150 175 2 480 275 22 19
175 205 2 570 3025 24 205
205 240 2 660 3025 26 22
240 280 2 780 330 28 24
280 320 2 900 357.5 30 26
320 360 2 1020 357.5 32 28
360 400 2 1140 385 34 30
400 450 2 1290 385 36 32
450 500 2 1440 4125 38 34
500 550 2 1590 4125 40 34
550 600 2 1740 440 42 36
600 660 2 1920 440 44 38
660 720 2 2100 440 46 40
NOTES

* Alternative to stud link chain cables, short link chain cables may be considered.
** The steel grades of the chain cables are covered by UR A1, A1.5.2.

3.2 Mooring equipment

The mooring equipment is given by Table 8.
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Table8 Mooring lines for fishing vessels

No.
1 0 Equipment Number Mooring lines
(cont) Exceeding Not exceeding Number Minimum length of Minimum breaking
each line (m) strength (kN)
1 2 3 4 5
30 40 2 30 29
40 50 2 60 29
50 60 2 60 29
60 70 2 80 29
70 80 2 100 34
80 920 2 100 36.8
90 100 2 110 36.8
100 110 2 110 39
110 120 2 110 39
120 130 2 110 44
130 140 2 120 44
140 150 2 120 49
150 175 2 120 54
175 205 2 120 59
205 240 2 120 64
240 280 3 120 71
280 320 3 140 78
320 360 3 140 85.8
360 400 3 140 93
400 450 3 140 101
450 500 3 140 108
500 550 4 160 113
550 600 4 160 118
600 660 4 160 123
660 720 4 160 127
End of
Document
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PART A
SHIPBUILDING AND REMEDIAL QUALITY STANDARDS FOR NEW CONSTRUCTION
1. Scope
2. General requirements for new construction
3. Qualification of personnel and procedures
3.1 Qualification of welders
3.2 Qualification of welding procedures
3.3 Qualification of NDE operators
4. Materials
4.1 Materials for structural members
4.2 Surface conditions
5. Gas Cutting
6. Fabrication and fairness
6.1 Flanged longitudinals and flanged brackets
6.2 Built-up sections
6.3 Corrugated bulkheads
6.4 Pillars, brackets and stiffeners
6.5 Maximum heating temperature on surface for line heating
6.6 Block assembly
6.7 Special sub-assembly
6.8 Shape
6.9 Fairness of plating between frames
6.10 Fairness of plating with frames
6.11 Preheating for welding hull steels at low temperature
7. Alignment
8. Welding Joint Details
8.1 Typical butt weld plate edge preparation (manual welding and semi-automatic
welding)
8.2 Typical fillet weld plate edge preparation (manual welding and semi-automatic
welding)
8.3 Butt and fillet weld profile (manual welding and semi-automatic welding)
8.4 Typical butt weld edge preparation (Automatic welding)
8.5 Distance between welds
9. Remedial

9.1 Typical misalignment remedial

9.2 Typical butt weld plate edge preparation remedial (manual welding and semi-
automatic welding)

9.3 Typical fillet weld plate edge preparation remedial (manual welding and semi-
automatic welding)

9.4 Typical fillet and butt weld profile remedial (manual welding and semi-automatic
welding)

9.5 Distance between welds remedial

9.6 Erroneous hole remedial

9.7 Remedial by insert plate

9.8 Weld surface remedial

9.9 Weld remedial (short bead)
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(cont)
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(cont)

1. Scope

It is intended that these standards provide guidance where established and recognized
shipbuilding or national standards accepted by the Classification Society do not exist.

1.1 This standard provides guidance on shipbuilding quality standards for the hull structure
during new construction and the remedial standard where the quality standard is not met.

Whereas the standard generally applies to

- conventional merchant ship types,
- parts of hull covered by the rules of the Classification Society,
- hull structures constructed from normal and higher strength hull structural steel,

the applicability of the standard is in each case to be agreed upon by the Classification
Society.

The standard does generally not apply to the new construction of

- special types of ships as e.g. gas tankers
- structures fabricated from stainless steel or other, special types or grades of steel

1.2 In this standard, both a "Standard" range and a "Limit" range are listed. The "Standard"
range represents the target range expected to be met in regular work under normal
circumstances. The "Limit" range represents the maximum allowable deviation from the
"Standard" range. Work beyond the "Standard" range but within the "Limit" range is
acceptable. In cases where no ‘limit’ value is specified, the value beyond the ‘standard’ range
may be accepted subject to the consideration of the Classification Society.

1.3 The standard covers typical construction methods and gives guidance on quality
standards for the most important aspects of such construction. Unless explicitly stated
elsewhere in the standard, the level of workmanship reflected herein will in principle be
acceptable for primary and secondary structure of conventional designs. A more stringent
standard may however be required for critical and highly stressed areas of the hull, and this is
to be agreed with the Classification Society in each case. In assessing the criticality of hull
structure and structural components, reference is made to ref. A1, A2, and A3, A11, A15, A16
and A17.

1.4 Details relevant to structures or fabrication procedures not covered by this standard are
to be approved by the Classification Society on the basis of procedure qualifications and/or
recognized national standards.

1.5 For use of this standard, fabrication fit-ups, deflections and similar quality attributes are
intended to be uniformly distributed about the nominal values. The shipyard is to take
corrective action to improve work processes that produce measurements where a skew
distribution is evident. Relying upon remedial steps that truncate a skewed distribution of the
quality attribute is unacceptable.

2. General requirements for new construction

2.1 In general, the work is to be carried out in accordance with the Classification Society
rules and under the supervision of the Surveyor to the Classification Society
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(cont)

2.2 Welding operations are to be carried out in accordance with work instructions accepted
by the Classification Society.

2.3  Welding of hull structures is to be carried out by qualified welders, according to
approved and qualified welding procedures and with welding consumables approved by the
Classification Society, see Section 3. Welding operations are to be carried out under proper
supervision by the shipbuilder. The working conditions for welding are to be monitored by the
Classification Society in accordance with UR Z23 (ref. A12).

3. Qualification of personnel and procedures
3.1 Qualification of welders

3.1.1 Welders are to be qualified in accordance with the procedures of the Classification
Society or to a recognized national or international standard. Recognition of other standards
is subject to submission to the Classification Society for evaluation. Subcontractors are to
keep records of welders qualification and, when required, furnish valid approval test
certificates.

3.1.2 Welding operators using fully mechanized or fully automatic processes need generally
not pass approval testing provided that the production welds made by the operators are of the
required quality. However, operators are to receive adequate training in setting or
programming and operating the equipment. Records of training and operation experience
shall be maintained on individual operator’s files and records, and be made available to the
Classification Society for inspection when requested.

3.2 Qualification of welding procedures

Welding procedures are to be qualified in accordance with UR W28 (ref. A10) or other
recoghized standard accepted by the Classification Society.

3.3 Qualification of NDE operators

Personnel performing non-destructive examination for the purpose of assessing quality of
welds in connection with new construction covered by this standard, are to be qualified in
accordance with Classification Society rules or to a recognized international or national
qualification scheme. Records of operators and their current certificates are to be kept and
made available to the Surveyor for inspection.

4. Materials

4.1 Materials for Structural Members

All materials, including weld consumables, to be used for the structural members are to be
approved by the Classification Society as per the approved construction drawings and meet

the respective IACS Unified Requirements (see ref. A4, A5, A6, A7, A8, and A9). Additional
recommendations are contained in the following paragraphs.

All materials used should be manufactured at a works approved by the Classification Society
for the type and grade supplied.
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4.2 Surface Conditions
4.2.1 Definitions

Minor Imperfections:
Defects:

Depth of Imperfections or
defects:

Pitting, rolled-in scale, indentations, roll marks, scratches
and grooves

Cracks, shells, sand patches, sharp edged seams and minor
imperfections exceeding the limits of table 1

The depth is to be measured from the surface of the product

4.2.2 Acceptance without remedies

Minor imperfections, in accordance with the nominal thickness (t) of the product and the limits
described in Table 1, are permissible and may be left as they are.

Imperfection surface area Ratio(%) 15~20% 5~15% 0~5%
t <20 mm 0.2 mm 0.4 mm 0.5 mm
20 mm <t <50 mm 0.2 mm 0.6 mm 0.7 mm
50 mm <t 0.2 mm 0.7 mm 0.9 mm

Table 1 Limits for depth of minor imperfection, for acceptance without remedies
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NO- Imperfection surface area Ratio (%) is obtained as influenced area / area under consideration
47 (i.e. plate surface area) x 100%.
(cont) For isolated surface discontinuities, influenced area is obtained by drawing a continuous line

which follows the circumference of the discontinuity at a distance of 20 mm. (Figure 1)

For surface discontinuities appearing in a cluster, influenced area is obtained by drawing a
continuous line which follows the circumference of the cluster at a distance of 20 mm. (Figure

2)

4‘%

et
v
N /

Figure 1 - Determination of the area influenced by an isolated
discontinuity
(Ref. Nr. EN 10163-1:2004+AC:2007 E)

~

Figure 2 - Determination of the area influenced by clustered discontinuities
(Ref. Nr. EN 10163-1:2004+AC:2007 E)
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4.2.3 Remedial of Defects

Defects are to be remedied by grinding and/or welding in accordance with IACS Rec.12 (ref.
A12).

4.2.4 Further Defects
4.2.4.1 Lamination

Investigation to be carried out at the steelmill into the cause and extent of the detected
laminations. Severe lamination is to be remedied by local insert plates. The minimum breadth
or length of the plate to be replaced is to be:

- 1600 mm for shell and strength deck plating in way of cruciform or T-joints,
- 800 mm for shell, strength deck plating and other primary members,
- 300 mm for other structural members.

Local limited lamination may be remedied by chipping and/or grinding followed by welding in
accordance with sketch (a). In case where the local limited lamination is near the plate
surface, the remedial may be carried out as shown in sketch (b). For limitations see
paragraph 4.2.2.

(d)

4.2.4.2 Weld Spatters

Loose weld spatters are to be removed by grinding or other measures to clean metal surface
(see Table 9.13), as required by the paint system, on:

- shell plating

- deck plating on exposed decks

- in tanks for chemical cargoes

- in tanks for fresh water and for drinking water

- in tanks for lubricating oil, hydraulic oil, including service tanks

5. Gas Cutting
The roughness of the cut edges is to meet the following requirements:

Free Edges:

Standard Limit
Strength Members 150 ym 300 pm
Others 500 ym 1000 um

Welding Edges:

Standard Limit
Strength Members 400 pm 800 pm
Others 800 um 1500 pm
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6. Fabrication and fairness

6.1 Flanged longitudinals and flanged brackets (see Table 6.1)

6.2 Built-up sections (see Table 6.2)

6.3 Corrugated bulkheads (see Table 6.3)

6.4 Pillars, brackets and stiffeners (see Table 6.4)

6.5 Maximum heating temperature on surface for line heating (see Table 6.5)
6.6 Block assembly (see Table 6.6)

6.7 Special sub-assembly (see Table 6.7)

6.8 Shape (see Table 6.8 and 6.9)

6.9 Fairness of plating between frames (see Table 6.10)

6.10 Fairness of plating with frames (see Table 6.11)

6.11 Preheating for welding hull steels at low temperature (See Table 6.12)

7. Alignment

The quality standards for alignment of hull structural components during new construction are
shown in Tables 7.1, 7.2 and 7.3. The Classification Society may require a closer
construction tolerance in areas requiring special attention, as follows:

- Regions exposed to high stress concentrations
- Fatigue prone areas

- Detail design block erection joints

- High tensile steel regions

8. Welding Joint Details

Edge preparation is to be qualified in accordance with UR W28 (ref. A10) or other recognized
standard accepted by the Classification Society.

Some typical edge preparations are shown in Table 8.1, 8.2, 8.3, 8.4 and 8.6 for reference.

8.1 Typical butt weld plate edge preparation (manual and semi-automatic welding) for
reference - see Table 8.1 and 8.2

8.2 Typical fillet weld plate edge preparation (manual and semi-automatic welding) for
reference - see Table 8.3 and 8.4

8.3 Butt and fillet weld profile (manual and semi-automatic welding) - see Table 8.5

8.4 Typical butt weld plate edge preparation (Automatic welding) for reference - see Table
8.6

8.5 Distance between welds - see Table 8.7

9. Remedial

All the major remedial work is subject to reporting by shipbuilder to the Classification Society
for approval in accordance with their work instruction for new building.

Some typical remedial works are shown in Tables 9.1 to 9.13.

9.1 Typical misalignment remedial - see Tables 9.1 to 9.3

9.2 Typical butt weld plate edge preparation remedial (manual and semi-automatic welding)
- see Table 9.4 and 9.5

9.3 Typical fillet weld plate edge preparation remedial (manual and semi-automatic welding)
- see Tables 9.6 to 9.8

9.4 Typical fillet and butt weld profile remedial (manual and semi-automatic welding) - see
Table 9.9
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9.5
9.6
9.7
9.8
9.9

Distance between welds remedial - see Table 9.10
Erroneous hole remedial - see Table 9.11
Remedial by insert plate - see Table 9.12

Weld surface remedial - see Table 9.13

Weld remedial (short bead) - see Table 9.14

Page 10 of 47 IACS Rec. 1996/Rev.8 2017



No.47

No
47

(cont)

TABLE 6.1 — Flanged Longitudinals and Flanged Brackets

Detail Standard Limit Remarks
Breadth of flange
+3 mm +5 mm
b
compared to correct size
Angle between flange and web
« a -‘L
} +3 mm + 5 mm per 100 mm of a
compared to template
Straightness in plane of flange
and web
74 y 74
Va y {/,(/
74
V4
4 + 10 mm + 25 mm per 10 m
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TABLE 6.2 — Built Up Sections

No.
47 Detail Standard Limit Remarks

(cont) Frames and longitudinal

per 100 mm of

+ 1.5 mm + 3 mm a
g d=3+aM00mm | 9=5+aM100
x mm
Distortion in plane of web and
flange of built up longitudinal
frame, transverse frame,
girder and transverse web.
+ 10 mm + 25 mm per 10 min

length
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No
47

(cont)

TABLE 6.3 — Corrugated Bulkheads

Pitch and depth of
swedged

corrugated bulkhead
compared

with correct value

S

P ) P

Where it is not
aligned with other
bulkheads

P:+6 mm

Where it is aligned
with other bulkheads
P:+2 mm

Where it is not
aligned with
other
bulkheads
P:£9 mm

Where it is
aligned with
other
bulkheads
P:+£3 mm

Detail Standard Limit Remarks
Mechanical bending
Material to be
t R > 3t mm suitable for cold
- flanging
- Note 2
Rz 4.35;:1 rzrﬂoff:’ CSR| 2tmm (forming) and
P welding in way
of radius
+3 mm + 6 mm
Breadth of corrugation
ﬂ +3 mm +6 mm
h:5mm
h:£2.5mm

Notes:

1. For CSR Bulk Carriers built under the “Common Structural Rules for Bulk Carriers” with the

effective dates of 1 July 2010 and 1 July 2012, the standard is R22t mm.
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(cont)

2. For CSR ships, the allowable inside bending radius of cold formed plating may be reduced
provided the following requirements are complied with.

When the inside bending radius is reduced below 4.5 times the as-built plate thickness,
supporting data is to be provided. The bending radius is in no case to be less than 2 times
the as-built plate thickness. As a minimum, the following additional requirements are to be
complied with:

a) For all bent plates:
* 100% visual inspection of the bent area is to be carried out.
¢ Random checks by magnetic particle testing are to be carried out.

b) In addition to a), for corrugated bulkheads subject to lateral liquid pressure:
¢ The steel is to be of Grade D/DH or higher.

The material is impact tested in the strain-aged condition and satisfies the requirements
stated herein. The deformation is to be equal to the maximum deformation to be applied
during production, calculated by the formula t.s-suit /(2rbag + tas-puirt), Where fas.suir is the as-built
thickness of the plate material and r.q is the bending radius. One sample is to be plastically
strained at the calculated deformation or 5%, whichever is greater and then artificially aged at
250°C for one hour then subject to Charpy V-notch testing. The average impact energy after
strain ageing is to meet the impact requirements specified for the grade of steel used.
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(cont)

TABLE 6.4 — Pillars, Brackets and Stiffeners

:D
i

max. + 5 mm

max. 7.5 mm

Detail Standard Limit Remarks
Pillar (between decks)
4 mm 6 mm
Emm—
Cylindrical structure diameter
(pillars, masts, posts, etc.)
+ D/200 mm + D/150 mm

free edge

Tripping bracket and small
stiffener, distortion at the part of

a=t/2mm

Ovality of cylindrical structure

Umax — Amin < 0.02 x
dmax
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(cont)

TABLE 6.5 — Maximum Heating Temperature on Surface for Line Heating

ltem

Standard

Limit

Remarks

Conventional
Process
AH32-EH32 &
AH36-EH36

TMCP type
AH36-EH36
(Ceq.>0.38%)

Water cooling just
after heating

Under 650°C

Air cooling after
heating

Under 900°C

Air cooling and
subsequent water
cooling after
heating

500°C)

Under 900°C (starting
temperature of water
cooling to be under

TMCP type
AH32-DH32 &
AH36-DH36
(Ceq. = 0.38%)

TMCP type
EH32 & EH36
(Ceq. < 0.38%)

Water cooling just
after heating or air
cooling

Water cooling just
after heating or air
cooling

Under 900°C

Under 1000°C

NOTE:

Ceq=C+

5 15

Mn Cr+Mo+V Ni+Cu
+ + (%)
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(cont)

TABLE 6.6 — Block Assembly

ltem Standard Limit Remarks
Flat Plate Assembly
Length and Breadth + 4 mm +6mm
Distortion +10 mm +20mm
Squareness +5mm +10mm
Deviation of interior members
f 5 mm 10mm
rom
plate
Curved plate assembly
Length and Breadth +4 mm + 8 mm measured
. . along the girth
Distortion +10 mm + 20 mm
Squareness +10 mm +15 mm
Deviation of interior members
5 mm 10 mm
from
plate
Flat cubic assembly
Length and Breadth
+4 mm +6 mm
Distortion
+10 mm + 20 mm
Squareness
+5 mm +10 mm
Deviation of interior members
from 5 mm 10 mm
plate
Twist =10 mm 20 mm
Deviation between upper and +5mm 10 mm
lower plate
Curved cubic assembly
+8 mm measured
Length and Breadth +4 mm along with
+ 20 mm girth
Distortion +10 mm
+15 mm
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No.
47

(cont)

Squareness + 10 mm
+ 10 mm
Deviation of interior members +5 mm
from
plate + 25 mm
+ 15 mm
Twist 15 mm
+7 mm
Deviation between upper and
lower plate
TABLE 6.7 — Special Sub-Assembly
ltem Standard Limit Remarks
Distance between +5mm +10 mm
upper/lower gudgeon
Distance between aft edge
of boss and aft peak £5mm 10 mm
bulkhead
Twist of sub-assembly of 5 mm 10 mm
stern frame
Deviation of rudder from 4 mm 8 mm
shaft center line
Twist of rudder plate 6 mm 10 mm
Flatness of top plate of main 5 mm 10 mm
engine bed
Breadth and length of top +4 mm +6mm
plate of main engine bed

NOTE:

Dimensions and tolerances have to fulfill engine and equipment manufacturers’ requirements,

if any.
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(cont)

TABLE 6.8 — Shape

Detall Standard Limit Remarks
Deformation for the whole length
per 100 m
+50 mm against the
E@\')\ v . [ - line of keel
x 5 T sighting
Deformation for the distance
between two adjacent bulkheads
+ 15 mm
Cocking-up of fore body
7 The deviation
/ is to be
+ 30 mm measured
from the
design line.
1
i
Cocking-up of aft-body
e
\
- + 20 mm
g
¥
Rise of floor amidships
g The deviation
; ' is to be
! g +15 mm measured
‘ ] from the
,r/;_/—/i design line.
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(cont)

TABLE 6.9 — Shape

ltem

Standard

Limit

Remarks

Length between
perpendiculars

+L/1000 mm
where L is in mm

Applied to ships of

100 metre length and
above.

For the convenience

of the measurement the
point where the keel is
connected to the curve of
the stem may be
substituted for the fore
perpendicular in the
measurement of the
length.

Moulded breadth at
midship

+B/1000 mm
where B is in mm

Applied to ships of 15
metre breadth and
above,

measured on the upper
deck.

Moulded depth at
midship

+D/1000 mm
where D is in mm

Applied to ships of

10 metre depth and
above, measured up to
the upper deck.
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(cont)

TABLE 6.10 — Fairness of Plating Between Frames

ltem Standard Limit Remarks
Parallel part 4 mm
(side & bottom shell)
Shell plate
Fore and aft part 5 mm
8 mm
Tank top plate 4 mm
Longl. Bulkhead
Bulkhead Trans. Bulkhead 6 mm
Swash Bulkhead
I S
Parallel part 4 mm 8 mm - T R T o
¥
Strength deck Fore and aft part 6 mm 9 mm
Covered part 7 mm 9 mm
Bare part 6 mm 8 mm
Second deck
Covered part 7 mm 9 mm
Forecastle deck Bare part 4 mm 8 mm
poop deck
Covered part 6 mm 9 mm
Super structure Bare part 4 mm 6 mm
deck
Covered part 7 mm 9 mm
Outside wall 4 mm 6 mm
House wall Inside wall 6 mm 8 mm
Covered part 7 mm 9 mm
Interior member (web of girder, etc) 5 mm 7 mm
Floor and girder in double bottom 5 mm 8 mm
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(cont)

TABLE 6.11 — Fairness of Plating with Frames

ltem

Standard

Limit

Remarks

Shell plate

Parallel part

+2 //1000 mm

+3 //1000 mm

Fore and aft part

3 //1000 mm

+4 //1000 mm

Strength deck
(excluding
cross deck) and
top plate of
double bottom

3 //1000 mm

+4 //1000 mm

Bulkhead

+5//1000 mm

/= span of frame
(mm)

To be measured
between on trans.
space (min. | =
3000 mm)

Accommodatio
n above the
strength deck
and others

+5//1000 mm

%6 //1000 mm

ot

! tmm

/ = span of frame
(minimum /= 3000 mm)

vy

_
| H
1 1 L

To be measured
between one trans.

space.
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(cont)

TABLE 6.12 — Preheating for welding hull steels at low temperature

specifies a higher level.

Standard Limit Remarks
ltem Base metal -
Minimum
temperature .
preheating
needed
. temperature
preheating
Normal
strength A B D E Below -5 °C
steels
Higher
strength Below 0 °C
steels ,
(TMCP type) 20°Cc”
AH32 — EH32
AH36 - EH36
Higher
strength
steels Below 0 °C
(Conventional
type)
(Note)

1)This level of preheat is to be applied unless the approved welding procedure

Page 23 of 47

IACS Rec. 1996/Rev.8 2017



No.47

No
47

(cont)

TABLE 7.1 — Alignment

Detail

Standard

Limit

Remarks

Alignment of butt welds

a < 0.15t strength
member
a = 0.2t other
but maximum 4.0
mm

tis the lesser
plate thickness

tio bt

Strength member
and higher stress
member:

a=t/3

Other:
a<t/2

Alternatively, heel
line can be used
to check the
alignment.

Where t; is less
than ty, then t3
should be
substituted for t,
in the standard.

/2
t2/2 ‘\ P

Alignment of fillet welds
t2
«

t1/2 11/‘2

Strength member
and higher stress
member:

a< t1/3
Other:
a=t/2

Alternatively, heel
line can be used
to check the
alignment.

Where t; is less
than t;, then t;
should be
substitute for t; in
the standard.
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(cont)

TABLE 7.2 - Alignment

Detail Standard Limit Remarks
Alignment of flange of T-longitudinal
R Strength member a=80mm
S a = 0.04b (mm) '
¥
b (mm)
Alignment of height of T-bar, L-
angle bar or b”'Ei ¢ Strength member
X ¥ a = 0.15t
4 a=3.0mm
Other
a <0.20t
Alignment of panel stiffener
X
Ll e d < L/50
—-—hdk«m
Gap between bracket/intercostal
and stiffener
IR | a=<2.0mm a=3.0mm
- !
_ \}\
Alignment of lap welds
““““—‘“‘} ¢ a
1 $ a<2.0mm a=3.0mm
— 1 +°
1 *
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TABLE 7.3 — Alignment

No.

47 Detail Standard Limit Remarks

(cont) Gap between beam and frame

_|::.

a<2.0mm a=50mm

gt by

Gap around stiffener cut-out

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

s<2.0 mm s=3.0mm
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(cont)

TABLE 8.1 — Typical Butt Weld Plate Edge Preparation (Manual Welding and Semi-

Automatic Welding) for Reference

Detail Standard Limit Remarks
Square butt t=5mm
‘!
G <3mm G=5mm see Note 1
Single bevel butt t>5 mm
G=3mm G=5mm see Note 1
Double bevel butt t> 19 mm
i '\/ G =3 mm G=5mm see Note 1
= b
Double vee butt, uniform bevels
B G <3 mm G=5mm see Note 1
i
f—
G
Double vee butt, non-uniform
bevel
G=3mm G=5mm see Note 1
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(cont)

NOTE 1

Different plate edge preparation may be accepted or approved by the
Classification Society in accordance with UR W28 (ref. A10) or other recognized
standard accepted by the Classification Society.

For welding procedures other than manual welding, see paragraph 3.2
Qualification of weld procedures.

TABLE 8.2 — Typical Butt Weld Plate Edge Preparation (Manual Welding and Semi-

Automatic Welding) for Reference

Detail Standard Limit Remarks

Single Vee butt, one side welding
with backing strip (temporary or
permanent)

G=3t0o9mm | G=16 mm | see Note 1

Single vee butt

G=5mm see Note 1

G<3mm

NOTE 1

Different plate edge preparation may be accepted or approved by the
Classification Society in accordance with UR W28 (ref. A10) or other recognized
standard accepted by the Classification Society.

For welding procedures other than manual welding, see paragraph 3.2
Qualification of welding procedures.
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(cont)

Table 8.3 — Typical Fillet Weld Plate Edge Preparation (Manual Welding and Semi-
Automatic Welding) for Reference

Detail Standard Limit Remarks

Tee Fillet

G <2 mm G=3mm see Note 1
Inclined fillet
G=<2mm G=3mm see Note 1
Single bevel tee with permanent
backing
G<4t06 Not normally for

Strength

mm _
o= 30° to G =16 mm | member

45° also see Note 1

G <3mm see Note 1

it
ol
ot 80 R

NOTE 1

Different plate edge preparation may be accepted or approved by the Classification
Society in accordance with UR W28 (ref. A10) or other recognized standard accepted by
the Classification Society.

For welding procedures other than manual welding, see paragraph 3.2 Qualification of
welding procedures.
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(cont)

Table 8.4 — Typical Fillet Weld Plate Edge Preparation (Manual Welding and Semi-

Automatic Welding) for Reference

Detail Standard Limit Remarks
Single ‘J’ bevel tee
G=25t see Note 1
4 mm
Double bevel tee symmetrical t >
19 mm
G<3mm see Note 1
Double bevel tee asymmetrical t >
19 mm
G <3 mm see Note 1
G=25to see Note 1
4 mm
NOTE 1
Different plate edge preparation may be accepted or approved by the Classification
Society in accordance with UR W28 (ref. A10) or other recognized standard accepted
by the Classification Society.
For welding procedures other than manual welding, see paragraph 3.2 Qualification of
welding procedures.
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Table 8.5 — Butt And Fillet Weld Profile (Manual Welding and Semi-Automatic Welding)

No.

47 Detail Standard Limit Remarks
(cont)
Butt weld toe angle
t @"/a\\\ h
0 <60° 0 <90°
h <6 mm
Butt weld undercut D=<05mm
for strength
member
D<0.8 mm
for other
Fillet weld leg length
s > 0.9s4
a = 0.9aq sq= design s
aq= design a
over short
) weld lengths
s = leg length; a = throat
thickness
Fill Id | In areas of
illet weld toe ang‘e stress
concentration
and fatigue,
0 <90° the
Classification
Society may
require a
lesser angle.
Fillet weld undercut
D<0.8mm
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(cont)

Table 8.6 — Typical Butt Weld Plate Edge Preparation (Automatic welding) for

Reference

Detail Standard

Limit

Remarks

Submerged Arc Welding (SAW)

0<G=<08mm

G=2mm

See Note 1.

NOTE 1

Different plate edge preparation may be accepted or approved by the Classification
Society in accordance with UR W28 (ref. A10) or other recognized standard accepted

by the Classification Society.

For welding procedures other than manual welding, see paragraph 3.2 Qualification of

welding procedures.
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(cont)

Table 8.7 — Distance Between Welds

Detail Standard Limit Remarks
Scallops over weld seams
______________________ for strength
! y member | The “d”is to
E ; d>5mm | be measured
! ! from the toe
. T . ! for other of the fillet
j / f/> ; d>0mm |weldto the
o : o toe of the
[ butt weld.
d
Distance between two butt welds
/
/ d=0mm
L
( - B =y
Distance between butt weld and fillet
weld .
for strength | The “d” is to
member be measured
d=10 from the toe
mm of the fillet
weld to the
for other toe of the
d>=0mm butt weld.
Distance between butt welds
for cut-outs
d =30 mm
lﬁ
&
A |
\ for margin 150 mm
— plates
d =300 mm
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(cont)

Table 9.1 — Typical Misalignment Remedial

Detail

Remedial Standard

Remarks

Alignment of butt joints

"
N

Strength member
a>0.15t ora>4 mm
release and adjust

Other
a>02tiora>4 mm
release and adjust

t1 is lesser
plate thickness

t <,

Strength member and higher stress
member

t/3 < a < /2 - generally increase
weld throat by 10%

a>t/2 - release and adjust over
a minimum of 50a

Other

a>t/2 - release and adjust over
a minimum of 30a

Alternatively,
heel line can
be used to
check the
alignment.

Where t3is
less thant,
then t; should
be substituted
forts in
standard

Alignment of flange of T-
longitudinal

When 0.04b < a < 0.08b, max 8
mm:

grind corners to smooth taper over
a minimum distance L = 3a

When a > 0.08b or 8 mm:
release and adjust over a minimum
distance L = 50a

Alignment of height of T-bar,
L-angle bar or bulb

v

Yy
T

When 3 mm <a <6 mm:

build up by welding

When a > 6 mm:

release and adjust over minimum L
= 50a for strength member and L =
30a for other

L
[—>]

)

Alignment of lap welds

- ] ¢ a
E 4

3mm<a<5mm:

weld leg length to be increased by
the same amount as increase in
gap in excess of 3 mm

a>5mm:
members to be re-aligned
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NO Table 9.2 — Typical Misalignment Remedial

47 Detail Remedial Standard Remarks
(cont)
Gap between bracket/intercostal | When 3 mm <a <5 mm:
and stiffener weld leg length to be increased by
increase

in gap in excess of 3 mm

When 5mm < a < 10 mm:
chamfer 30° to 40° and build up by
welding with backing

When a > 10 mm:
increase gap to about 50 mm and fit
collar plate

t>t,

b = (2t + 25) mm, min. 50 mm

Gap between beam and frame 3mm<a<5mm:

weld leg length to be increased by
the same amount as increase in gap
in excess of 3 mm

—
a
— A a > 5 mm release and adjust
S
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(cont)

TABLE 9.3 — Misalignment Remedial

Detail

Remedial standard

Remarks

Position of scallop

When d < 75 mm

web plate to be cut between
scallop and slot,

and collar plate to be fitted

b (min $0mn)

—
[ -,

sl

Gap around stiffener cut-out

When 3 mm < s <5 mm

weld leg length to be increased
by the same amount as increase
in gap in excess of 2 mm

When 5 mm < s <10 mm
nib to be chamfered and built up
by welding

When s > 10 mm
cut off nib and fit collar plate of
same height as nib

20 mm < b <50 mm
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TABLE 9.4 — Typical Butt Weld Plate Edge Preparation Remedial (Manual Welding and
N . Semi-Automatic Welding)
(4(;(10 Detail Remedial standard Remarks
When G < 10 mm
Square butt chamfer to 45° and build up by
welding

When G > 10mm build up with
backing strip; remove,

back gouge and seal weld,;

or, insert plate, min. width 300 mm

When 5 mm < G < 1.5t (maximum 25
mm)

build up gap with welding on one or
both edges to maximum of 0.5t,
using backing strip, if necessary.

Where a backing strip is used, the
backing strip is

to be removed, the weld back
gouged, and a

sealing weld made.

Double bevel butt max. t2
T J i\ : Different welding arrangement by
¥ W»i E T using backing material approved by
He the Classification Society may be
accepted on the basis of an
appropriate welding procedure
Double vee butt, uniform specification.
bevels

When G > 25 mm or 1.5t, whichever
is smaller,

use insert plate, of minimum width
300 mm

TN e PN A
PE—

Double vee butt, non-uniform Min. 300 mm
bevel
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TABLE 9.5 - Typical Butt Weld Plate Edge Preparation Remedial (Manual Welding and
NO. Semi-Automatic Welding)

47

(cont) Detail Remedial Standard Remarks

When 5§ mm < G < 1.5t mm
Single vee butt, one side (maximum 25 mm), build up gap
welding with welding on

one or both edges, to “Limit” gap
size preferably to “Standard” gap
size as described in Table 8.2.

Where a backing strip is used, the
backing

strip is to be removed, the weld
back

gouged, and a sealing weld made.

Different welding arrangement by
using backing material approved by
the Classification Society may be
accepted on the basis of an
appropriate welding procedure
specification.

Single vee butt

Limits see
Table 8.2

When G > 25 mm or 1.5t,
whichever is smaller, use insert
plate of minimum width 300 mm.

|

Min.300 mm

Ly
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(cont)

TABLE 9.6 — Typical Fillet Weld Plate Edge Preparation Remedial (Manual Welding and

Semi-Automatic Welding)

Detail

Remedial standard

Remarks

Tee Fillet

3 mm <G <5mm - leg length
increased
to Rule leg + (G-2)

S5mm<G<16mmorG < 1.5t-
chamfer by 30° to 45°,

build up with welding, on one side,
with backing strip if necessary,
grind and weld.

30° to 45° 7

’

G > 16 mm or G > 1.5t use insert
plate of minimum width 300 mm

h

300 mm
minimum

Liner treatment

b<t<ty
G=2mm
a =5 mm + fillet leg length

Not to be used
in cargo area
or areas of
tensile stress
through the
thickness of
the liner
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NO. TABLE 9.7 — Typical Fillet Weld Plate Edge Preparation Remedial (Manual Welding and
47 Semi-Automatic Welding)

(cont)
Detail Remedial standard Remarks
Single bevel tee 3mm<G<5mm
build up weld

5 mm <G < 16 mm - build up with
welding, with backing strip if
necessary, remove backing strip if
used, back

gouge and back weld.

G > 16 mm new plate to be
inserted of
minimum width 300 mm

300 mm
minimum
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TABLE 9.8 — Typical Fillet Weld Plate Edge Preparation Remedial (Manual Welding and
No. Semi-Automatic Welding)

47

(cont)

Detail Remedial standard Remarks

Single ‘J’ bevel tee as single bevel tee
' wor, t
<—.

When 5 mm < G < 16 mm build up
with

welding using ceramic or other
approved

backing bar, remove, back gouge
and back

weld.

Double bevel tee asymmetrical

When G > 16 mm-insert plate of
minimum
height 300 mm to be fitted.
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TABLE 9.9 — Typical Fillet and Butt Weld Profile Remedial (Manual Welding and Semi-
No. Automatic Welding)

47

Detail Remedial standard Remarks

(cont)

Fillet weld leg length

Increase leg or throat by
welding over

Minimum short
bead to be
referred Table
9.14

8 > 90° grinding, and welding,
where
necessary, to make 0 < 90°

Butt weld toe angle

8 > 90° grinding, and welding,
where
necessary, to make 6 = 90°

Butt weld undercut For strength member, where 0.5 <
‘ D < 1 mm, and for other, where 0.8
< D £ 1 mm, undercut to be ground
smooth (localized

only) or to be filled by welding

Where D > 1 mm
undercut to be filled by welding

Fillet weld undercut Where 0.8 < D<1 mm
undercut to be ground smooth
(localized

only) or to be filled by welding

Where D > 1 mm
undercut to be filled by welding
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(cont)

TABLE 9.10 — Distance Between Welds Remedial

Detail

Remedial standard

Remarks

Scallops over weld seams

/"“‘\\
'
? T
1 H

Hole to be cut and ground
smooth to obtain distance
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(cont)

TABLE 9.11 — Erroneous Hole Remedial

Detail

Remedial standard

Remarks

Holes made erroneously D
<200 mm

Strength member
open hole to minimum 75 mm dia.,
fit and weld spigot piece

£

8=30 - 40°
G=4-6mm
12t <t <t
7=350 mm

Or

open hole to over 300 mm and fit

insert plate

Other
open hole to over 300 mm and fit
insert plate

Or fit lap plate

L = 50 mm, min

t1 =tg

Fillet weld to be
made
after butt weld

The fitting of
spigot

pieces in areas
of high

stress
concentration or
fatigue is to be
approved by the
Classification
Society.

Holes made erroneously D
2200 mm

Strength member
open hole and fit insert plate

Other

open hole to over 300 mm and fit
insert plate

Or fit lap plate

itf 55

o
L
b e

t1=t2

L =50 mm, min
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(cont)

TABLE 9.12 — Remedial by Insert Plate

Detail

Remedial standard

Remarks

Remedial by insert plate

@

L =300 mm minimum
B = 300 mm minimum

R =5t mm
100mm minimum

(1) seam with insert
piece is to be welded
first

(2) original seam is to be
released and welded
over for a minimum of
100 mm.

Remedial of built section by
insert plate

L min = 300 mm

Welding sequence
1) =2 =>0B) -4

Web butt weld scallop to
be filled during
final pass (4)
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TABLE 9.13 — Weld Surface Remedial

Detail

Remedial standard

Remarks

Weld spatter

. Remove spatter observed
before blasting with scraper
or chipping hammer, etc.

2. For spatter observed after

blasting:

a) Remove with a chipping
hammer, scraper, etc.

b) For spatter not easily
removed with a chipping
hammer, scraper, etc.,
grind the sharp angle of
spatter to make it
obtuse.

In principle, no
grinding is
applied to weld
surface.

Arc strike

(HT steel, Cast steel, Grade
E of mild steel, TMCP type
HT steel, Low temp steel)

Remove the hardened zone
by grinding

or other measures such as
overlapped weld

bead etc.

Minimum short
bead to be referred
Table 9.14
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TABLE 9.14 — Welding Remedial by Short Bead

Detail

Remedial standard

Remarks

Short bead for remedying
scar (scratch)

a) HT steel, Cast steel, TMCP
type HT steel (Ceq > 0.36%)
and Low temp steel (Ceq >
0.36%)

Length of short bead = 50 mm

b) Grade E of mild steel

Length of short bead > 30 mm

¢) TMCP type HT steel (Ceq <
0.36%) and Low temp steel
(Ceq < 0.36%)

Length of short bead = 10 mm

Remedying weld bead

a) HT steel, Cast steel, TMCP
type HT steel (Ceq > 0.36%)
and Low temp steel (Ceq >
0.36%)

Length of short bead > 50 mm

b) Grade E of mild steel

Length of short bead > 30 mm

¢) TMCP type HT steel (Ceq <
0.36%) and Low temp steel
(Ceq = 0.36%)

Length of short bead = 30 mm

Preheating is
necessary at
100 + 25°C

NOTE:

2. Ceq=C+—
6 5

15

1. When short bead is made erroneously, remove the bead by grinding.
Mn Cr+Mo+V Ni+Cu,
+ + (%)
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Part B - Shipbuilding and Repair Quality Standard for Existing Ships

CONTENTS:

1. Scope

2.  General requirements to repairs and repairers

3. Qualification of personnel

3.1 Qualification of welders

3.2 Qualification of welding procedures

3.3 Qualification of NDE operators

4. Materials

4.1 General requirements to materials

4.2 Equivalency of material grades

5. General requirements to welding

5.1 Correlation of welding consumables to hull structural steels
5.2 General requirements to preheating and drying out

5.3 Dry welding on hull plating below the waterline of vessels afloat
6. Repair quality standard

6.1 Welding, general

6.2 Renewal of plates

6.3 Doubler on plates

6.4 Renewal of internals/stiffeners

6.5 Renewal of internals/stiffeners - transitions inverted angles/bulb profiles
6.6 Application of Doubling Straps

6.7 Welding of pitting corrosion

6.8 Welding repairs of cracks
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REFERENCES

B1. |ACS Recommendation 76 “Bulk Carriers - Guidelines for Surveys, Assessment and
Repair of Hull Structure”

B2. TSCF "Guidelines for the inspection and maintenance of double hull tanker structures”

B3. TSCF “Guidance manual for the inspection and condition assessment of tanker
structures”

B4. IACS UR W11 “Normal and hlgher strength huII structural steels”

5.

6B5. IACS UR W17 “Approval of consumables for weldlng normal and higher strength hull
structural steels”

#B6. Annex |to IACS Z10.1 “Hull surveys of oil tankers”, and Z10.2 “Hull surveys of bulk
carriers”, Z10.3 “Hull Surveys of Chemical Tankers”, Z10.4 “Hull Surveys of Double Hull
Oil Tankers” and “Z210.5 Hull Surveys of Double-Skin Bulk Carriers” Fakle-Pf

8B7. IACS UR Z3 “Voyage repairs and maintenance”

8B8. |IACS Recommendation 12 “Guidelines for surface finish of hot rolled steel plates and

wide flats”

40B3.IACS Recommendation 20 “Non-destructive testing of ship hull steel welds”

B10.

IACS Recommendation No.96 “Double Hull Qil Tankers- Guidelines for Surveys,

B11.

Assessment and Repair of Hull Structures”
IACS Recommendation No.55 “General Dry Cargo Ships- Guidelines for Surveys,

B12.

Assessment and Repair of Hull Structures”
IACS Recommendation No.84 “Container Ships- Guidelines for Surveys, Assessment

and Repair of Hull Structures”

Page 3 of 21 IACS Rec. 1996/Rev.8 2017



No.47

No.
47

(cont)

1. Scope

1.1 This standard provides guidance on quality of repair of hull structures. The standard
covers permanent repairs of existing ships.

Whereas the standard generally applies to

- conventional ship types,

- parts of hull covered by the rules of the Classification Society,

- hull structures constructed from normal and higher strength hull structural steel, the
applicability of the standard is in each case to be agreed upon by the Classification
Society.

The standard does generally not apply to repair of

- special types of ships as e.g. gas tankers

- structures fabricated from stainless steel or other, special types or grades of steel

1.2 The standard covers typical repair methods and gives guidance on quality standard on

the most important aspects of such repairs. Unless explicitly stated elsewhere in the

standard, the level of workmanship reflected herein will in principle be acceptable for primary
and secondary structure of conventional design. A more stringent standard may however be
required for critical and highly stressed areas of the hull, and is to be agreed with the

Classification Society in each case. In assessing the criticality of hull structure and structural
components, reference is made to ref. B1, B2, and B3, B6, B10, B11 and B12.

1.3 Restoration of structure to the original standard may not constitute durable repairs of
damages originating from insufficient strength or inadequate detail design. In such cases
strengthening or improvements beyond the original design may be required. Such
improvements are not covered by this standard, however it is referred to ref. B1, B2, and B3,
B6, B10, B11 and B12.
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2.  General requirements for repairs and repairers

No.

47 2.1 In general, when hull structure covered by classification is to be subjected to repairs, the
work is to be carried out under the supervision of the Surveyor to the Classification Society.
(cont) Such repairs are to be agreed prior to commencement of the work.

2.2 Repairs are to be carried out by workshops, repair yards or personnel who have
demonstrated their capability to carry out hull repairs of adequate quality in accordance with
the Classification Society’s requirements and this standard.

2.3 Repairs are to be carried out under working conditions that facilitate sound repairs.
Provisions are to be made for proper accessibility, staging, lighting and ventilation. Welding
operations are to be carried out under shelter from rain, snow and wind.

2.4 Welding of hull structures is to be carried out by qualified welders, according to approved
and qualified welding procedures and with welding consumables approved by the
Classification Society, see Section 3. Welding operations are to be carried out under proper
supervision of the repair yard.

2.5 Where repairs to hull which affect or may affect classification are intended to be carried
out during a voyage, complete repair procedure including the extent and sequence of repair is
to be submitted to and agreed upon by the Surveyor to the Classification Society reasonably
in advance of the repairs. See Ref. 8-B7.

Page 5 of 21 JACS Rec. 1996/Rev.8 2017



No.47

No.
47

(cont)

3.  Qualification of personnel
3.1 Qualification of welders

3.1.1 Welders are to be qualified in accordance with the procedures of the Classification
Society or to a recognised national or international standard, e.g. EN 287, ISO 96086, ASME
Section 1X, ANSIVAWS D1.1. Recognition of other standards is subject to submission to the
Classification Society for evaluation. Repair yards and workshops are to keep records of
welders qualification and, when required, furnish valid approval test certificates.

3.1.2 Welding operators using fully mechanised of fully automatic processes need generally
not pass approval testing, provided that production welds made by the operators are of the
required quality. However, operators are to receive adequate training in setting or
programming and operating the equipment. Records of training and production test results
shall be maintained on individual operator’s files and records, and be made available to the
Classification Society for inspection when requested.

3.2 Qualification of welding procedures

Welding procedures are to be qualified in accordance with the procedures of the
Classification Society or a recognised national or international standard, e.g. EN288, ISO
9956, ASME Section 1X, ANSI/AWS D1.1. Recognition of other standards is subject to
submission to the Classification Society for evaluation. The welding procedure should be
supported by a welding procedure qualification record. The specification is to include the
welding process, types of electrodes, weld shape, edge preparation, welding techniques and
positions.

3.3 Qualification of NDE operators

3.3.1 Personnel performing non destructive examination for the purpose of assessing quality
of welds in connection with repairs covered by this standard, are to be qualified in accordance
with the Classification Society rules or to a recognised international or national qualification
scheme. Records of operators and their current certificates are to be kept and made available
to the Surveyor for inspection.
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4. Materials
4.1 General requirements for materials

4.1.1 The requirements for materials used in repairs are in general the same as the
requirements for materials specified in the Classification Society’s rules for new
constructions, (ref. & B4).

4.1.2 Replacement material is in general to be of the same grade as the original approved
material. Alternatively, material grades complying with recognised national or international
standards may be accepted by the Classification Societies provided such standards give
equivalence to the requirements of the original grade or are agreed by the Classification
Society. For assessment of equivalency between steel grades, the general requirements and
guidelines in Section 4.2 apply.

4.1.3 Higher tensile steel is not to be replaced by steel of a lesser strength unless specially
approved by the Classification Society.

4.1.4 Normal and higher strength hull structural steels are to be manufactured at works
approved by the Classification Society for the type and grade being supplied.

4.1.5 Materials used in repairs are to be certified by the Classification Society applying the
procedures and requirements in the rules for new constructions. In special cases, and
normally limited to small quantities, materials may be accepted on the basis of alternative
procedures for verification of the material’s properties. Such procedures are subject to
agreement by the Classification Society in each separate case.

4.2 Equivalency of material grades

4.2.1 Assessment of equivalency between material grades should at least include the
following aspects;

- heat treatment/delivery condition

- chemical composition

- mechanical properties

- tolerances

4.2.2 \When assessing the equivalence between grades of normal or higher strength hull
structural steels up to and including grade E40 in thickness limited to 50 mm, the general

requirements in Table 4.1 apply.

4.2 .3 Guidance on selection of steel grades to certain recognised standards equivalent to hull
structural steel grades specified in Classification Societies' rules is given in Table 4.2
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ltems to be Requirements Comments
considered
Chemical - C; equal or lower The sum of the elements, e.g. Cu, Ni,
composition - Pand S; equal or lower Cr and Mo should not exceed 0.8%
- Mn; approximately the same but
not exceeding 1.6%
- Fine grain elements; in same
amount
- Detoxidation practice
Mechanical - Tensile strength; equal or higher | Actual yield strength should not
properties Yield strength; equal or higher exceed Classification Society Rule
- Elongation; equal or higher minimum requirements by more than
- Impact energy; equal or higher at | 80 N/mrr?
same or lower temperature,
where applicable
Condition of Same or better Heat treatment in increasing order,;
supply - as rolled (AR)
- controlled rolled (CR)
- normalised (N)
- thermo-mechanically rolled (TM)"
- quenched and tempered (QT)V
U TM- and QT-steels are not
suitable for hot forming
Tolerances - Same or stricter Permissable under thickness

tolerances;

- plates: 0.3 mm
- sections: according to recognised
standards

Table 4.1 Minimum extent and requirements to assessment of equivalency between
normal or higher strength hull structual steel grades
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Steel grades according to Classification Societies’ rules (ref. &

Comparable steel grades(1)

B4)
Grade | Yield Tensile | Elongation Average impact 150 EN ASTM A 131 | JIS G 3106
stress strength | Asmain- energy for ts60mm | 630-80 GB 712-2011
Rexu min. | Rm Elongation | Test (J, min.) | 4850/2/3/ EN-10025-93
(N/mm?) | (Nfmm?) | Asmin. Ftemp. 1984 EN10143-93
(%) (°c) EN 10025:1990 (2) | EN 10025
L T | 1S0 4950-2:1995 series:2004
A +20 - - Fe 360B S235JRG2 A SM41BSM400B
B 235 400-892 | 22 0 27 20 | Fe360C $235J0 B SM41BSM400B
D 520 -20 27 20 | Fe 360D 5235J2G63 D SM400C
E -40 27 20 |- S275NLL S276ML | E SM4C)-
A27 0 Fe 430C 8275J063 - -
D27 |265 400-530 |22 -20 27 20 |Fe430D 8275J2,8275NLS2 | - -
75M
E 27 -40 - S275NLAS275ML | - -
A32 0 - - AH32 SMSOB(SMS0C)
315 440- 22 31 22 SM490B,SM490C
D 32 3806570 -20 - - DH32 -
E 32 -40 - - EH32
A 36 0 Fe 510C S355JON/M AH36 SME3B{SMB3C)
355 490- 21 34 24 | Fe510D_E355DD | S355J2 S355N483 SM520B,SM520C
D36 620630 -20 55M DH36 -
E 36 -40 E355E S355NLAS355ML | EH36 -
A 40 0 41+ 27 | E390CC S420NM S420M AH40 {SM38)SM570
D40 | 390 510- 20 -20 38 26 | E390DD S420NM S420M DH40 -
E 40 850660 -40 E390E S420NLLS420ML | EH40 -
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(cont)

Note: (1) In selecting comparitable steels from this table, attention should be given to the requirements of Table 4.1 and the dimension

requirements of the product with respect to Classification Sesiey-Society rules. Some steel grades as per national ot international standard are
defined with specified vield and tensile strength properties which depend on thickness. For thicknesses with tensile properties specified lower

than those of the Classification Society's Rules, case-by-case consideration shall be given with reqards to design requirements.

(2) EN 10025:1990 is superseded by EN10025 series.

Table 4.2 Guidance on steel grades comparable to the normal and high strength hull structural steel grades given in Classification
Society rules
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8. General requirements to welding
8.1 Correlation of welding consumables with hull structural steels

5.1.1 For the different hull structural steel grades welding consumables are to be selected in
accordance with IACS UR W17 (see Ref.8 BS).

5.2 General requirements to preheating and drying out

5.2.1 The need for preheating is to be determined based on the chemical composition of the
materials, welding process and procedure and degree of joint restraint.

5.2.2 A minimum preheat of 50° C is to be applied when ambient temperature is below 0° C.
Dryness of the welding zone is in all cases to be ensured.

5.2.3 Guidance on recommended minimum preheating temperature for higher strength steel
is given in Table 5.1. For automatic welding processes utilising higher heat input e.g.
submerged arc welding, the temperatures may be reduced by 50° C. For re-welding or repair
of welds, the stipulated values are to be increased by 25° C.

Carbon equivalentV | Recommended minimum preheat temperature (°C)
teomb € 50 MM 2 | 50 mm < teomb £ 70 mm 2 | teomp > 70 mm 2

Ceq<0.39 - -150

Ceq=0.41 - -1 75

Ceq=043 - 50 100

Ceq=<045 50 100 125

Ceq=047 100 125 150

Ceq=050 125 150 175

Table 5.1 Preheating temperature
5.3 Dry welding on hull plating below the waterline of vessels afloat

5.3.1 Welding on hull plating below the waterline of vessels afloat is acceptable only on
normal and higher strength steels with specified yield strength not exceeding 355 MPa and
only for local repairs. Welding involving other high strength steels or more extensive repairs
against water backing is subject to special consideration and approval by the Classification
Society of the welding procedure.

5.3.2 Low-hydrogen electrodes or welding processes are to be used when welding on hull
plating against water backing. Coated low-hydrogen electrodes used for manual metal arc
welding should be properly conditioned to ensure a minimum of moisture content.

5.3.3 In order to ensure dryness and to reduce the cooling rate, the structure is to be
preheated by a torch or similar prior to welding, to a temperature of minimum 5° C or as
specified in the welding procedure.
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Notes:
No.
r + + i+ C
47 " Ceq=C+@+Cr Mo V+Nl Cu(%)
5 15
(cont)
2 Combined thickness teomp = t1+tz 3+, see figure
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6. Repair quality standard

6.1 Welding, general

Fig 6.1 Groove roughnhess

Méterlal Grade

Same as original or See Section 4
higher
Welding IACS UR W17 Approval according
Consumables (ref. 8 BS) to equivalent
international
standard
Groove / Roughness | See note and Fig 6.1 [d <1.5mm Grind smooth

Pre-Heating

See Table 5.1

Steel temperature
not lower than 5°C

Welding with water
on the outside

See Section 5.3

Acceptable for
normal and high
strength steels

- Moisture to be
removed by a
heating torch

Alignment As for new
construction

Weld Finish IACS
Recommendation 20
(ref. 48 B9)

NDE IACS At random with
Recommendation 20 | extent to be agreed
(ref. 48 B9) with attending

surveyors
Note:

Slag, grease, loose mill scale, rust and paint, other than primer, to be removed.
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6.2 Renewal of plates

No.
47

{cont)

B =3 x plate thickness 1 00mm 4 10

nin. 100wmm

Fig 6.2 Welding sequence for inserts

Size Insert

Min. 300 x 300 mm
R = 5 x thickness
Circular inserts:

Min. 200 x 200 mm
Min R = 100 mm

Weld sequence is
1—+»2—>»>3—>4

Dmin = 200 mm
Marterial Grade Same as original or See Section 4.
higher
Edge Preparation As for new In case of non
construction compliance increase
the amount of NDE
VVelding Sequence See Fig6.2 For primary members

sequence 1 and 2
transverse to the
main stress direction

Alignment

As for new
construction

\Weld Finish

IACS
Recommendation 20
(ref. 10 BY)

NDE

IACS
Recommendation 20
(ref. 10 B9)
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(cont)

6.3 Doublers on plating

Local doublers are normally only allowed as temporary repairs, except as original
compensation for openings, within the main hull structure.

I

Slot weld throat

Pitch
iC 2 D
i
Size of

slot

' Existing Plating

Fig 6.3 Doublers on plates

General: t 25 mm

For areas where
existing plating is
less than 5 mm
plating a permanent
repair by insert is to
be carried out.

Extent / Size Rounded off corners. | min 300 x 300 mm
R 2 50 mm
Thickness of Doubler | td =tp td > tp/3
(td) (tp = original
thickness of existing
plating)

Material Grade

Same as original
plate

See Section 4

Edge Preparation

As for [newbuidling]
new construction

Doublers welded on
primary strength
members: (Le: leg
length)

whent> Le + 5mm,
the edge to be
tapered (1:4)

Welding

As for [newbuidling]
new construction

Welding sequence
similar to insert
plates.

Weld Size (throat
thicknesss)

Circumferencial and
in slots: 0.6 x td

Slot Welding

Normal size of slot:
(80-100) x 2 td

Distance from
doubler edge and
between slots:
d=<15td

Max pitch between
slots 200 mm

dmax = 500 mm

For doubler extended
over several
supporting elements,
see Figure 6.3

NDE

IACS
Recommendation 20
(ref. 40 B9)
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6.4 Renewal of internals/stiffeners

Release fillet weld over
a distance d prior to
welding sector 3

Min. size of insert

" ol
¥ 1

Fig 6.4 Welding sequence for inserts of stiffeners

Size Insert

Min. 300 mm Min. 200 mm

Marterial Grade Same as original or See Section 4.
higher

Edge Preparation As for new
construction.

Fillet weld stiffener
web / plate to be
released over min.
d =150 mm

Welding Sequence

See Fig6.4
Welding sequence is
1—>2 —»3

Alignment

As for new
construction

Weld Finish

IACS
Recommendation 20
(ref. 10 B9)

NDE

IACS
Recommendation 20
(ref. 408 B9)
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JACS GENERAL DRY CARGO SHIPS: GUIDELINES FOR SURVEYS, ASSESSMENT AND REPAIROFHUILSTRUCTURE: 1 INTRODUCTION

1 Introduction
The International Association of Classification Societies (IACS) is introducing a series of
ranuals Guidelines with the intention of giving-guidelines—te assisting the Surveyors of IACS
Member Societies, and other interested parties involved in the survey, assessment and repair of
hull structures for certain ship types.

Fhis-manual-gives—guidelines The Guidelines are intended for a general dry cargo ship,_single
skin, which is designed with one or more decks specifically for the carriage of diverse forms of
dry cargo.

Figure 1 shows a typical general arrangement of a general dry cargo ship with single tween
deck.

1%

Figure 1 General view of a typical general dry cargo ship

The guidelines Guidelines focus on the IACS Member Societies’ survey procedures but may
also be useful in connection with inspection/examination schemes of other regulatory bodies,
owners and operators.

The manuat Guidelines includes-a review of survey preparation guidelines-criteria which cover
the safety aspects related to the performance of the survey, the necessary access facilities, and
the preparation necessary before the surveys can be carried out.

The survey-guidelines Guidelines encompass the different main structural areas of the hull
where damages have been recorded, focusing on the main features of the structural items of
each area.

An important feature of the manuat Guidelines is the inclusion of the section which illustrates
examples of structural deterioration and damages related to each structural area and gives what
to look for, possible cause, and recommended repair methods, when considered appropriate.

The Procedure for Failure Incident Reporting and Early Warning of Serious Failure Incidents -
“JAGS-Early Warning Scheme - (EWS)”, with the emphasis on the proper reporting of significant
hull damages by the respective classification societies, will enable the analysis of problems as
they arise, including revisions of these Guidelines.

Fhis-manual-has These Guidelines have been developed using the best information currently
available. It is intended only as guidance in support of the sound judgment of surveyors, and is
to be used at the surveyors' discretion. It is recognized that alternative and satisfactory methods
are already applied by surveyors. Should there be any doubt with regard to interpretation or
validity in connection with particular applications, clarification should be obtained from the
Classification Society concerned.

Figures 2 (a) and (b) show cargo hold structural configurations for general dry cargo ships. As
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many different cargoes are carried by general dry cargo ships, hull structures differ in
accordance with their purpose. These guidelines intend to cover general dry cargo ships these

ships.

Transverse
bulkhead

ide shell frames
and end brackets

(b) Tween deck ship
Figure 2 Cargo hold structural configurations for general dry
cargo ships
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2 Class survey requirements

2.1 Periodical classification surveys
2.1.1 General

For Class the programme of periodical hull surveys is of prime importance as far as
structural assessment of the cargo holds, and the adjacent tanks is concerned. The
programme of periodical hull surveys consists of Annual, Intermediate, and Special
Surveys. The Purpose of the Annual and Intermediate Surveys is to confirm that the
general condition of the vessel is maintained at a satisfactory level. The Special
Surveys of the hull structure are carried out at five year intervals with the purpose of
establishing the condition of the structure to confirm that the structural integrity is
satisfactory in accordance with the Classification Requirements, and will remain fit for its
intended purpose until the next Special Survey, subject to proper maintenance and
operation. The Special Surveys are also aimed at detecting possible damage and to
establish the extent of any deterioration.

The Annual, Intermediate, and Special Surveys are briefly introduced in the following
2.1.2- 2.1.4. The surveys are carried out taking into account in-accordance-with the
requirements specified in the Unified Requirements Z7 and Z7.1, alongside the Rules
and Regulations of each IACS Member Society.

2.1.2 Special Survey
The Special Survey concentrates on examination in association with thickness
determination. The report of the thickness measurement is recommended to be retained
on board. Protective coating condition will be recorded for particular attention during
the survey cycle. From 1991 it is a requirement for new ships to apply a protective
coating to the structure in water ballast tanks which form part of the hull boundary.

2.1.3 Annual Survey
At Annual Surveys overall survey is required. For saltwater ballast tanks, examinations
may be required as a consequence of the Intermediate or Special Surveys.

2.1.4 Intermediate Survey
At Intermediate Surveys, in addition to the surveys required for Annual Surveys,
examination of cargo holds and ballast tanks is required depending on the ship’s age.

2.1.5 DPrydeck Bottom Survey
Drydock Bottom Surveys are requested twice during the Special Survey interval_and
they should be generally carried out in dry dock. In some cases it may be possible to
replace one Drrdoeeck Bottom Survey in dry dock with an In-Water Survey. This will
depend on the survey requirements of the relevant Classification Society.

2.2 Damage and repair surveys
Damage surveys are occasional surveys which are, in general, outside the programme of
Periodical hull surveys and are requested as a result of hull damage or other defects. It is
the responsibility of the owner or his representative to inform the Classification Society
concerned when such damage or defect could impair the structural capability or watertight
integrity of the hull. The damages should be inspected and assessed by the Society’s
surveyors and the relevant repairs, if needed, are to be performed. In certain cases,
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depending on the extent, type and location of the damage, permanent repairs may be
deferred to coincide with the planned periodical survey.

In cases of repairs intended to be carried out by riding crew during voyage, complete
procedure including all necessary surveys is to be submitted to and agreed upon by the
Classification Society reasonably in advance.

2.3 Voyage repairs and maintenance

Where repairs to hull, machinery or equipment, which affect or may affect classification, are
to be carried out by a riding crew during a voyage they are to be planned in advance. A
complete repair procedure including the extent of proposed repair and the need for
surveyor’s attendance during the voyage is to be submitted to and agreed upon by the
Surveyor reasonably in advance. Failure to notify the Classification Society, in advance of
the repairs, may result in suspension of the vessel's class. The above is not intended to
include maintenance and overhaul to hull, machinery and equipment in accordance with
manufacturers’ recommended procedures and established marine practice and which does
not require the Classification Society’s approval; however, any repair as a result of such
maintenance and overhauls which affects or may affect classification is to be noted in the
ship’s log and submitted to the attending Surveyor for use in determining further survey

requirements.
See IACS Unified Regquirement Z13, available on the IACS website: www.iacs.org.uk
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3 Technical background for surveys

3.1 General

3.1.1 The purpose of carrying out the periodical hull surveys is to detect possible structural
defects and damages and to establish the extent of any deterioration. To help achieve
this and to identify key locations on the hull structure that might warrant special attention,
knowledge of any historical problems of the particular ship or other ships of a similar
class is to be considered if available. In addition to the periodical surveys, occasional
surveys of damages and repairs are carried out. Records of typical occurrences and
chosen solutions should be available in the ship's history file.

3.2 Definitions

For clarity of definition and reporting of survey data, it is recommended that standard
nomenclature for structural elements be adopted. Typical sections in way of cargo holds
are illustrated in Figures 3 (a) and (b). These figures show the generally accepted
nomenclature.

The terms used in these -guidelines Guidelines are defined as follows:

3.21

(a)
(b)
(©)
(d)

(e)

V)

(@)

Ballast Tank is a tank which is being used primarily for salt water ballast.

Spaces are separate compartments including holds and tanks.

Overall Inspection is an inspection intended to report on the overall condition of the
hull structure and determine the extent of additional close-up inspections.
Close-up Inspection is an inspection where the details of structural components
are within the close visual inspection range of the surveyors, i.e. normally within
reach of hand.

Transverse Section includes all longitudinal members such as plating,
longitudinals and girders at the deck, side, bottom and inner bottom. For
transversely framed vessels. a transverse section includes adjacent frames and
their end connections in way of transverse sections.

Representative Spaces are those which are expected to reflect the condition of
other spaces of similar type and service and with similar corrosion protection
systems. When selecting representative spaces, account should be taken of the
service and repair history on board.

Transition Region is a region where discontinuity in longitudinal structure occurs,
e.g. at forward bulkhead of engine room, collision bulkhead and bulkheads of deep
earge tanks in cargo hold region.

Suspect Areas are locations showing Substantial Corrosion and/or are considered
by the Surveyor to be prone to rapid wastage.

Substantial Corrosion is an extent of corrosion such that assessment of corrosion
pattern indicates a wastage in excess of 75% of allowable margins, but within

acceptable limits.

Coating condition is defined as follows:

GOOD condition with only minor spot rusting:

FAIR condition_with local breakdown at edges of stiffeners and weld
connections and/or light rusting over 20% or more of areas
under consideration, but less than as defined for POOR
condition;

POOR condition with general breakdown of coating over 20% or
more of areas or hard scale at 10% or more of areas under

consideration.
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Figure 3 (a) Nomenclature for typical transverse section in way of
cargo hold
INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES 3 TECHNICAL BACKGROUND FOR SURVEYS



JACS GENERAL DRY CARCO SHIPS: GUIDFLINES FOR! 'AND REPAIROFHUILSTRUCTURE 3 TECHNICAL BACKGROUND FOR SURVEYS

n\_

/?ms deck plaltmg

_______ LI DI T 1 T T T T T (] 7 T T
7 — N Ik \h i /ﬁ—ﬁ
Cross deck Cargo hatch
cantilever end coaming
irder Tween deck
—— Transverse Cargo hatch plating
bulkhead end beam
plating \
Transverse

|

|

|

|

|

i

{ T T T T 7 |_ | T T T T ]

bulkhead \’JF Transverse
stringer | bulkhead |

IV vertical Double

11

|

|

|

bottom

Transverse stiffener tank
bulkhead b \ tomer botto
i er bottom
;eggmal %)Il]alllt‘gxg tom longitudinal Double bottom
stiffener g / tank ﬂ(/)or
/

00

olololeleololololololol T X1

x

‘Double bottom Bottom longitudinal
longitudinal girder
Figure 3 (b) Nomenclature for typical watertight bulkhead

3.3 Structural damages and deterioration

3.3.1

3.3.2

General

In the context of these Guidelines this-manual, structural damages and deterioration
imply deficiencies caused by:

- excessive corrosion

- design faults

- material defects or bad workmanship

- navigation in extreme weather conditions

- loading and unloading procedure

- wear and tear

- contact (with quay side, ice, touching underwater objects, etc.)

but not as a direct consequence of accidents such as collisions, groundings and
fire/explosions.

Deficiencies are normally recognized as:

- material wastage

- fractures

- deformations

The various types of deficiencies and where they may occur are discussed in more detail
as follows:

Material wastage

In addition to being familiar with typical structural defects likely to be encountered during
a survey, it is necessary to be aware of the various forms and possible location of
corrosion that may occur to the decks, holds, tanks and other structural elements.

General corrosion appears as a non-protective, friable rust which can occur uniformly
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3.3.3

on hold or tank internal surfaces that are uncoated. The rust scale continually breaks off,
exposing fresh metal to corrosive attack. Thickness loss cannot usually be judged
visually until excessive loss has occurred. Failure to remove mill scale during
construction of the ship can accelerate corrosion experienced in service. Severe general
corrosion in all types of ships, usually characterized by heavy scale accumulation, can
lead to extensive steel renewals.

Grooving corrosion is often found in or beside welds, especially in the heat affected
zone. The corrosion is caused by the galvanic current generated from the difference of
the metallographic structure between the heat affected zone and base metal. Coating of
the welds is generally less effective compared to other areas due to rough surfaces
which exacerbate the corrosion. The grooving corrosion may lead to stress
concentrations and further accelerate the corrosion. Grooving corrosion may be found in
the base material where coating has been scratched or the metal itself has been
mechanically damaged.

Pitting corrosion is often found in the bottom plating of ballast tanks and other
horizontal surfaces such as side girders, horizontal platform, etc. If there is a place which

is liable to have corrosion due to local breakdown of coating, pitting corrosion starts.

Erosion which is caused by the effect of liquid and abrasion caused by mechanical
effect may also be responsible for material wastage.

Fractures

In most cases fractures are found at locations where stress concentrations occur. Weld
defects, flaws, and where lifting fittings used during the construction of the ship are not
properly removed are often recognized as areas of stress concentration when fractures
are found. If fractures have occurred under repeated stresses which are below the
yielding stress, the fractures are called fatigue fractures. In addition to the cyclic stresses
caused by wave forces, fatigue fractures are also caused by vibration forces derived
from main engine or propeller especially in the afterward part of the hull. If the initiation
points of the fractures are not apparent, the structure on the other side of the plating
should be examined.

Fractures may not be readily visible due to lack of cleanliness, difficulty of access, poor
lighting or compression of the fracture surfaces at the time of inspection. It is therefore
important to identify, clean, and closely inspect potential problem areas.

Fracture initiating at latent defects in welding more commonly appear at the
beginning or end of a run of welding, or rounding corners at the end of a stiffener, or at an
intersection. Special attention should be paid to welding at toes of brackets, cut-outs,
and intersections of welds. Fractures may also be initiated by undercutting the weld in
way of stress concentrations. Although now less common, intermittent welding may
cause problems because of the introduction of stress concentrations at the ends of each
length of weld.

It should be noted that fractures, particularly fatigue fractures due to repeated stresses,
may lead to serious damage, e.g. a fatigue fracture in a frame may propagate into shell
plating and affect the watertight integrity of the hull. In extreme weather conditions the
shell fracture could extend further resulting in the loss of part of the shell plating and
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consequent flooding of cargo hold.

3.3.4 Deformations

Deformation of structure is caused by in-plane load, out-of -plane load or combined
loads. Such deformation is often identified as local deformation, such as deformation of
panel including stiffener, or global deformation; such as deformation of structure
including plating, beam, frame, girder, floor, etc.

the—iead—the—p#eeessas—ea#eé—buekhng— If a smaII increase of the in- plane loads cause

large deformations, this process is called buckling.

Deformations are often caused by impact loads/contact and inadvertent overloading.
Damages due to bottom slamming and wave impact forces are, in general, found in
the forward part of the hull, although stern seas (pooping) have resulted in damages in
way of the after part of the hull.

In the case of damages due to contact with other objects, special attention should be
drawn to the fact that although damages to the shell plating may look small from the
outboard side, in many cases the internal members are heavily damaged.

Permanent buckling may arise as a result of overloading, overall reduction in thickness
due to corrosion, or contact damage. Elastic buckling will not be directly obvious but
may be detected by coating damage, stress lines or shedding of scale. Buckling
damages are often found in webs of web frames or floors. In many cases this is due to
corrosion of webs/floors, too wide a spacing of stiffeners or wrongly positioned lightening
holes, man-holes or slots in webs/floors.

Finally, it should be noted that inadvertent overloading may cause significant damages.
In general, however, major causes of damages are associated with excessive corrosion
and contact damage.

3.4 Structural detail failures and repairs

3.41

3.4.2

For examples of structural defects which have occurred in service, attention is drawn to
Section 5 of these-guidelines Guidelines. It is suggested that Surveyors and
inspectors should be familiar with the contents of Section 5 before undertaking a survey.

If replacement of defective parts must be postponed, the following temporary measures
may be acceptable at the Ssurveyor’s discretion;_notwithstanding that carrying out a
permanent repair _straightaway is the preferable option.

(a) The affected area may be sandblasted and painted in order to reduce corrosion rate.

(b) Doubler may be applled over the affected area. Ln—ease—ef—buekmg—undep

id- Special consideration

should be given to buckled areas under compression.
(c) Stronger members may support weakened stiffeners by applying temporarily
connecting elements.
(d) Cement box may be applied over the affected area.
A suitable condition of class should be imposed when temporary measures are
accepted.
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4 Survey planning, preparation and execution

4.1 General
4.1.1 The owner should be aware of the scope of the forth coming survey and instruct those
responsible, such as the master or the superintendent, to prepare necessary
arrangements. If there is any doubt, the Classification Society concerned is to be
consulted.

4.1.2 Survey execution will naturally be heavily influenced by the type of survey to be carried
out. The scope of survey will have to be determined prior to the execution.

4.1.3 When deemed prudent and/or required by virtue of the periodic classification survey
conducted, the surveyor should study the ship's structural arrangements and review the
ship's operating and survey history and those of sister ships, where possible, to
determine any known potential problem areas particular to the class of the ship.
Sketches of typical structural elements should be prepared in advance so that any
defects and/or ultrasonic thickness measurements can be recorded rapidly and
accurately.

4.2 Conditions for survey
4.2.1 The owner is to provide the necessary facilities for a safe execution of the survey.

4.2.2 Tanks and spaces are to be safe for access, i.e. gas freed (marine chemist certificate),
ventilated, etc.

4.2.3 Tanks and spaces are to be sufficiently clean and free from water, scale, dirt, oil residues,
etc. and sufficient illumination is to be provided, to reveal corrosion, deformation,
fractures, damages or other structural deterioration. In particular this applies to areas
which are subject to thickness measurement.

4.3 Access arrangement and safety
4.3.1 In accordance with the intended survey, measures are to be provided to enable the hull
structure to be examined in a safe and practical way.

4.3.2 In accordance with the intended survey in cargo holds and salt water ballast tanks a
secure and acceptable means of access is to be provided. This can consist of permanent
staging, temporary staging or ladders, lifts and movable platforms, or other equivalent
means.

4.3.3 In addition, particular attention should be given to the following guidance:

(a) Priorto entering tanks and other enclosed spaces, e.g. chain lockers, void spaces, it
is necessary to ensure that the oxygen content is to be tested and confirmed as safe.
A responsible member of the crew should remain at the entrance to the space and if
possible communication links should be established with both the bridge and engine
room. Adequate lighting should be provided in addition to a hand held torch
(flashlight).

(b) In tanks where the structure has been coated and recently deballasted, a thin
slippery film may often remain on the surfaces. Care should be taken when
inspecting such spaces.
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(c) The removal of scale can be extremely difficult. The removal of scale by hammering
may cause sheet scale to fall. When using a chipping or scaling hammer care
should be taken to protect eyes, and where possible safety glasses should be worn.

If the structure is heavily scaled then it may be necessary to request de-scaling
before conducting a satisfactory visual examination.

(d) Owners or their representatives have been known to request that a survey be
carried out from the top of the cargo during discharging operations. For safety
reason, surveys must not to be carried out during discharging operations in the hold.

(e) When entering a cargo hold or tank the bulkhead vertical ladders should be
examined prior to descending to ensure that they are in good condition and rungs
are not missing or loose. If holds are being entered when the hatch covers are in the
closed position, then adequate lighting should be arranged in the holds. One person
at a time should descend or ascend the ladder.

() If a portable ladder is used for survey purposes, the ladder should be in good
condition and fitted with adjustable feet, to prevent it from slipping. Two crew
members should be in attendance in order that the base of the ladder is adequately
supported during use. The remains of cargo, in particular fine dust, on the tank top
should be brushed away as this can increase the possibility of the ladder feet
slipping.

(g) If an extending/articulated ladder (frame walk) is used to enable the examination of
upper portions of cargo structure, the ladder should incorporate a hydraulic locking
system and a built in safety harness. Regular maintenance and inspection of the
ladder should be confirmed prior to its use.

(h) If a hydraulic arm vehicle (“Cherry Picker”) is used to enable the examination of the
upper parts of the cargo hold structure, the vehicle should be operated by qualified
personnel and there should be evidence that the vehicle has been properly
maintained. The standing platform should be fitted with a safety harness. For those
vehicles equipped with a self leveling platform, care should be taken that the locking
device is engaged after completion of maneuvering to ensure that the platform is
fixed.

(i) Staging is the most common means of access provided especially where repairs or
renewals are being carried out. It should always be correctly supported and fitted
with handrails. Planks should be free from splits and lashed down. Staging erected
hastily by inexperienced personnel should be avoided.

() Indouble bottom tanks there will often be a build up of mud on the bottom of the tank
and this should be removed, in particular in way of tank boundaries, suction and
sounding pipes, to enable a clear assessment of the structural condition.

4.4 Equipment and tools!
4.41 Personal protective equipment

The following protective clothing and equipment to be worn as applicable during the

surveys:

(@) Working clothes: Working clothes should be of a low flammabilility type and be
easily visible.

(b) Head protection: Hard hat (metal hats are not allowed) shall always be worn
outside office building/unit accommodations.

(c) Hand and arm protection: Various types of gloves are available for use, and these

INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES 4 SURVEY PLANNING PREPARATION AND EXECUTION
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should be used during all types of surveys. Rubber/plastic gloves may be necessary
when working in cargo holds.

(d) Foot protection: Safety shoes or boots with steel toe caps and non slip soles shall
always be worn outside office buildings/unit accommodations. Special footwear may
be necessary on slippery surfaces or in areas with chemical residues.

(e) Ear protection: Ear muffs or ear plugs are available and should be used when
working in noisy areas. As a general rule, you need ear protection if you have to
shout to make yourself understood by someone standing close to you.

(f) Eye protection: Goggles should always be used when there is danger of solid
particles or dust getting into the eyes. Protection against welding arc flashes and
ultraviolet light should also be considered.

(g) Breathing protection: Dust masks shall be used for protection against the
inhalation of harmful dusts, paint spraying and sand blasting. Gas masks and filters
should be used by personnel working for short periods in an atmosphere polluted by
gases or vapour.

(Self-contained breathing apparatus: Surveyors shall not enter spaces where such
equipment is necessary due to unsafe atmosphere. Only those who are specially
trained and familiar with such equipment should use it and only in case of
emergency).

(h) Lifejacket. Recommended to be used when embarking/disembarking ships
offshore, from/to pilot boat.

4.4.2 Personnel survey equipment2

The following survey equipment is to be used as applicable during the surveys:

(a) Torches: Torches (Flashlights) approved by a competent authority for use in a
flammable atmosphere shall be used in gas dangerous areas. A high intensity beam
type is recommended for in-tank inspections. Torches are recommended to be fitted
with suitable straps so that both hands may be free.

(b) Hammer. In addition to its normal purposes the hammer is recommended for use
during surveys inside units, tanks etc. as it may be most useful for the purpose of
giving distress signal in case of emergency.

(c) argen—anralyserMultigas detector. For verification of acceptable atmosphere
prior to tank entry, pocket size instruments which give an audible alarm when
unacceptable limits are reached are recommended. Such equipment shall have
been approved by national authorities.

(d) Safety belts and lines: Safety belts and lines should be worn where high risk of
falling down from more than 3 meters is present.

(e) Radiation meter. For the purpose of detection of ionizing radiation (X or gamma
rays) caused by radiographic examination, a radiation meter of the type which gives
an audible alarm upon detection of radiation is recommended.

*2 Reference should also be made to IACS PR37 and IACS Recommendation 72.
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4.43

Thickness measurement and fracture detection

(@) Thickness measurement is to comply with the requirements of the Classification
Society concerned. Thickness measurement should be carried out at points that
adequately represent the nature and extent of any corrosion or wastage of the
respective structure (plate, web, etc.).

(b) Thickness measurement is normally carried out by means of ultrasonic test
equipment. The accuracy of the equipment is to be proven as required.

(c) The thickness measurement is to be carried out by a qualified company certified by
the relevant Classification Society.

(d) One or more of the following fracture detection procedures may be required if
deemed necessary and should be operated by experienced qualified technicians:
- radiographic equipment
- ultrasonic equipment
- magnetic particle equipment
- dye penetrant

4.5 Survey at sea or anchorage2

4.51

4.5.2

Voyage surveys may be accepted provided the survey party is given the necessary
assistance from the shipboard personnel. The necessary precautions and procedures
for carrying out the survey are to be in accordance with 4.1 to 4.4 inclusive. Ballasting
systems must be secured at all times during tank surveys.

A communication system is to be arranged between the survey party in the spaces under
examination and the responsible officer on deck.

4.6 Documentation on board

4.6.1

4.6.2

4.6.3

46.4

The following documentation is recommended to be placed on board and maintained
and updated by the owner for the life of the ship in order to be readily available for the
survey party.

Survey Report File: This file includes Reports of Surveys and Thickness Measurement
Report.
Supporting Documents: It is recommended that the following additional documentation
be placed on board, including any other information that will assist the inspection.
(a) Main structural plans of cargo holds and ballast tanks,
(b) Previous repair history,
(c) Cargo and ballast history,
(d) Inspection and action taken by ship's personnel with reference to:
- structural deterioration in general
- leakages in bulkheads and piping
- condition of coating or corrosion protection, if any

Prior to inspection, it is recommended that the documents on board the vessel be
reviewed as a basis for the current survey.

3 Reference may also be made to IACS UR Z7.1.
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5 Structural detail failures and repairs

5.1 General

5.1.1 The catalogue of structural detail failures and repairs contained in this section of the
Guidelines collates data supplied by the IACS Member Societies and is intended to
provide guidance when considering similar cases of damage and failure. The proposed
repairs reflect the experience of the surveyors of the Member Societies, but it is realized
that other satisfactory alternative methods of repair may be available. However, in each
case the repairs are to be completed to the satisfaction of the Classification Society
Surveyor concerned.

5.2 Catalogue of structural detail failures and repairs
5.2.1 The catalogue has been sub-divided into parts and areas to be given particular attention
during the surveys:

Part1 Cargo hold region
Area 1 Upper deck structure
Area 2 Side structure
Area 3 Transverse bulkhead structure
Area 4 Tween deck structure
Area 5 Double bottom structure

Part 2 Fore and aft end regions
Area 1 Fore end structure
Area 2 Aft end structure
Area 3 Stern frame, rudder arrangement and propeller shaft support

Part 3 Machinery and accommodation spaces
Area 1 Engine room structure
Area 2 Accommodation structure

INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES 5 STRUCTURAL DETAIL FAILURES AND REPAIRS
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PART 1

Part 1 Cargo hold region
Contents

Area 1 Upper deck structure

Area 2 Side structure

Area 3 Transverse bulkhead structure
Area 4 Tween deck structure

Area 5 Double bottom structure
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Area1 Upper deck structure

Contents

1 General

2 What to look for - On-deck inspection
21 Material wastage
2.2 Deformations
2.3 Fractures

3 What to look for - Under-deck inspection
3.1 Material wastage
3.2 Deformations
3.3 Fractures

4 General comments on repair
4.1 Material wastage
4.2 Deformations
4.3 Fractures
4.4 Miscellaneous

| Figures and/or Photographs - Area 1
No. Title
Photograph 1 Heavy corrosion of hatch coaming
Photograph 2 Heavy corrosion of hatch coaming
| Photograph 3 Fractures at the hatch corner
| Photograph 4 | Corrosion at the top of the hatch coaming
Examples of structural detail failures and repairs - Area 1
Example No. Title
1 Buckling of deck plating of transverse framing system
2 Fractures at main cargo hatch corner
3-a Fracture of welded seam between thick plate and thin plate at cross deck
3-b Plate buckling in thin plate near thick plate at cross deck
3-c Overall buckling of cross deck plating
3-d Deformed and fractured deck plating around tug bitt
4 Buckling of web beam
5-a Fractures in the web or in the deck at the toes of the longitudinal hatch
coaming termination bracket (discontinuous longitudinal hatch coaming)
5-b Fractures in continuous longitudinal hatch coaming extension bracket
5-c Fracture in access hole of longitudinal hatch coaming
6 Fractures in web of transverse hatch coaming stay
7-a Fractures in hatch coaming top plate at the termination of rail for hatch cover
7-b Fractures in hatch coaming top plate at the termination of rail for hatch cover
8 Fractures in hatch coaming top plate around resting pad
9 Fracture in deck plating at the pilot ladder access of bulwarks
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1 General

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

Deck structures outside hatches is-are subjected to longitudinal hull girder bending, caused
by cargo distribution and wave actions. Moreover deck structures may be subjected to
severe loads due to green seas on deck, excessive deck cargo or improper handling of
cargo. Certain areas of the deck may also be subjected to additional compressive stresses
caused by slamming or bow flare effect at the fore ship in heavy weather.

The cross deck structure between the cargo hatches is subjected to transverse
compression from the sea pressure on the ship sides and in-plane bending due to torsion
distortion of the hull girders under wave action. In association with this, the area around the
corner of a main cargo hatch is subjected to high cyclical stress due to the combined effect
of hull girder bending moment and transverse and torsional loading.

Discontinuous cargo hatch side coamings are subjected to considerable longitudinal
bending stresses although not taken into account in the strength of hull girders. This will
cause additional stresses at the mid length of hatches and stress concentrations at the
termination of the side coaming extensions. Continuous cargo hatch side coamings are
included in the strength of hull girders and are subjected to high longitudinal bending stress
at the top of the coaming amidships. Terminations of continuous side coamings at the fore
and aft ends are particularly vulnerable to stress concentrations.

Hatch cover operations in combination with poor maintenance can result in damage to the
cleats and gasket, etc. This can result in the loss of weathertight integrity of the hold spaces.
Damage to the covers can also be sustained by overloading when carrying deck cargoes.

The marine environment, the humid atmosphere due to vaporization from cargo in the
cargo hold, and high temperatures on deck and hatch cover plating, from the sun and heat,
may result in severe corrosion of plating and stiffeners making the structure more
vulnerable to the exposures described above.

Bulwarks are provided for the protection of crew and cargoes, and lashing of cargoes on
deck. Although bulwarks are not taken into account in the strength of hull girders, they are
subjected to considerable longitudinal bending stresses. Therefore bulwarks may suffer
fractures and corrosion, especially at the termination of bulwarks, such as at pilot ladder
access or expansion joints. The fractures may propagate to deck plating and cause serious
damage.

The deterioration of various fittings on deck, such as ventilators, air pipes and sounding
pipes, may result in serious problems regarding weather/watertightness and/or firefighting.

If the ship is assigned timber freeboards, fittings for stowage of timber deck cargo have to
be inspected in accordance with ILLC 1966. Deterioration of the fittings may cause cargoes
to shift resulting in serious damage to the ship.

2 What to look for - On-deck inspection

2.1 Material wastage
2.1.1 The general condition with regard to corrosion of the deck structure, the cargo hatch

coamings and the hatch covers may be observed by visual inspection. Special attention
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should be paid to areas where pipes, e.g. fire main, hydraulic pipes, pipes for
compressed air, are fitted close to the plating, making proper maintenance of the
protective coating difficult to carry out.

Grooving corrosion may occur at the transition between the thicker deck plating outside
the line of cargo hatches and the thinner cross deck plating, especially when the
difference in plate thickness is large. The difference in plate thickness causes water to
gather in this area resulting in corrosion ambience which may subsequently lead to
grooving.

Pitting corrosion may occur throughout the cross deck strip plating and on hatch covers.
The combination of accumulated water with scattered residue of certain cargoes may
create a corrosive reaction.

Wastage/corrosion may seriously affect the integrity of the steel hatch covers, and also
the additional moving parts, e.g. cleats, pot-lifts, roller wheels, etc. In some ships
pontoon hatch covers together with tarpaulins are used. The tarpaulins are liable to tear
due to deck cargo, such as timbers, and cause heavy corrosion to the hatch covers.

2.2 Deformations

2.21

2.2.2

223

224

Plate buckling (between stiffeners) may occur in areas subjected to in-plane
compressive stresses, particularly if corrosion is evident. Special attention should be
paid to areas where the compressive stresses are perpendicular to the direction of the
stiffening system. Such areas may be in the foreship where deck longitudinals are
terminated and replaced by transverse beams (See Example 1), but also in the cross
deck strips between hatches when longitudinal stiffening is applied (See Examples 3-b
and 3-c).

Deformed structures may be observed in areas of the deck, hatch coamings and hatch
covers where cargo has been handled/loaded or mechanical equipment, e.g. hatch
covers, has been operated. Also in other areas, in particular exposed deck forward,
deformation may be a result when of green seas |oads on the deck have-been-suffered.

Sagging plate panel may have been caused by lateral overloading as a consequence of
excessive deck cargo, improper distribution /support of deck cargoes, sea water on deck
in heavy weather, or a combination of these factors. It is essential that an under-deck
inspection is also carried out to assess the extent of such damage (See Example 4).

Deformed/twisted exposed structures above deck, such as side-coaming brackets, may
result from impact of cargo or cargo handling machinery due to improper handling. Such
damages may also be caused by sea water on deck in heavy weather.

2.3 Fractures

2.31

2.3.2

Fractures in areas of structural discontinuity and stress concentration will normally be
detected by close-up inspection. Special attention should be given to the structures at
cargo hatches in general and to corners of deck openings in particular.

Fractures initiated in the deck plating outside the line of hatches (See Example 2), may
develop across the deck, with the most serious consequences. Also fractures initiated in
the deck plating of the cross deck strip, in particular at the transition between the thicker
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2.3.3

234

deck plating outside the line of cargo hatches and the thinner cross deck plating (See
Example 3-a), may have serious consequences if not repaired immediately.

Other fractures that may occur in the deck plating at hatches and in connected coamings

can result/originate from:

(a) Fillet weld connection of the coaming to the deck, particularly at a radiused rounded
hatch coaming plate at the hatch corner plating.

(b) Welded attachment and shedder plate close to or on the free edge of the hatch
corner plating.

(c) The geometry of the corners of the hatch openings.

(d) The termination of the side coaming extension brackets (See Examples 5-a and
5-b).

(e) Grooving caused by wire ropes of cargo gear.

(f) Wasted plating.

(g) Attachments, cut-outs and notches for securing devices, and operating mechanisms
for opening/closing hatch covers at the top of the coaming and/or coaming top bar, if
any, at the mid-length of the hatch (See Examples 7-a and 7-b).

(h) Hatch coaming stays supporting the hatch cover resting pads in case of deck loads
on the hatch covers and the connection of resting pad to the top of the coaming as
well as the supporting structures (See Example 8).

Fractures in deck plating often occur at the termination of bulwarks, such as pilot ladder
recess, due to stress concentration. The fractures may propagate themselves resulting
in serious casualty when the deck is subject to high longitudinal bending stress.

3 What to look for - Under-deck inspection
3.1 Material wastage

3.11

The level of wastage of under-deck stiffeners/structures may have to be established by
means of thickness measurements. As mentioned previously the combination of the
effects from the marine environment and the local atmosphere will give rise to high
corrosion rates.

Severe corrosion of the hatch coaming from inside and of under deck girders may occur
due to difficult access for maintenance of the protective coating. This may in turn lead to
fractures (See Photograph 1).
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Photograph 1 Heavy corrosion of hatch coaming

Photograph 2 Heavy corrosion of hatch coaming

INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES
23

PART 1

AREA|



MGSGENERALDRYQ"IODSEJFSGUICEMNESRARSLTRVEN. AAATAW T ANe )I"A1ROFHLIb"W W C1XE PAKIL

Photograph 4 Corrosion at the top of the hatch coaming

3.2 Deformations
3.2.1 Buckling should be looked for in the primary supporting structure, e.g. hatch end beams
and longitudinal girders beneath the longitudinal hatch coamings, if sagging of deck
panels has been observed during on-deck inspection. Such buckling may also be the
initial observation of damage caused by lateral overloading as a consequence of
excessive deck cargo, improper distribution/support of deck cargoes, sea water on deck
in heavy weather, or a combination of these causes.

3.2.2 Improper ventilation during ballasting/deballasting of deep ballast tank may cause
deformation in deck structure. If such deformation is observed, internal inspection of

INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES AREA1
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deep ballast tank should be carried out in order to confirm the nature and the extent of
damage.

3.3 Fractures
3.3.1 Fractures in the connection between the transverse bulkheads, girders/stiffeners and the
deck plating may occur. This is often associated with a reduction in area of the
connection due to corrosion.

3.3.2 Fractures in the primary supporting structure, e.g. hatch end beams may be found in the
weld connections at the ends of the beams/girders.

4 General comments on repair

4.1 Material wastage
4.1.1 In the case of grooving corrosion at the transition between the thicker deck plating
outside the ine line of cargo hatches and the cross deck plating, consideration should be
given to the renewal of part of, or the entire width, of the adjacent cross deck plating.
4.1.2 In the case of pitting corrosion throughout the cross deck strip plating, consideration
should be given to renewal of part of or the entire cross deck plating.

4.1.3 When heavy wastage is encountered on under-deck structure, the whole or part of the
structure may be cropped and renewed depending on the permissible diminution levels
applied by the Classification Society concerned.

4.1.4 For wastage of cargo hatch covers a satisfactory thickness determination is to be carried
out and the plating and stiffeners are to be cropped and renewed as appropriate
depending on the extent of the wastage.

4.2 Deformations

4.21 When buckling of the deck plating has occurred, although not in association with
significant corrosion, appropriate reinforcement is necessary in addition to cropping and
renewal.

4.2.2 Where buckling of hatch end beams has occurred because of inadequate transverse
strength, the plating should be cropped and renewed and additional panel stiffeners
fitted.

4.2.3 Buckled cross deck structure due to loss in strength induced by wastage, is to be
cropped and renewed as necessary. If the cross deck is stiffened longitudinally and the
buckling results from inadequate transverse strength, additional transverse stiffeners
should be fitted.

4.2.4 Deformations of cargo hatch covers should be cropped and partly renewed, or renewed
in full, depending on the extent of the damage.

4.3 Fractures
4.3.1 Fractures in way of cargo hatch corners should be carefully considered with respect to
the design details (See Example 2). Re-welding of such fractures is normally not
considered a permanent solution. Where the difference in thickness between an insert
plate and the adjacent deck plating is greater than 3 mm the edge of the insert plate
should be suitably beveled. In order to reduce the residual stress arising from this repair
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4.3.2

4.3.3

4.34

4.3.5

4.3.6

4.3.7

situation, the welding sequence and procedure is to be carefully monitored and low
hydrogen electrodes should be used for welding the insert plate to the adjoining structure.
Where welded shedder plates are fitted into the corners of the hatch coamings the deck
connection should be left unwelded.

In the case of fractures at the transition between the thicker deck plating outside the line
of cargo hatches and the cross deck plating, consideration should be given to renewal of
part or the entire width of the adjacent cross deck plating, possibly with increased
thickness (See Example 3-a).

When fractures have occurred in the connection of transverse bulkheads to the cross

deck structure, consideration should be given to renewing and re-welding the connecting

structure beyond the damaged area with the aim of increasing the area of the connection,
which may be achieved by installation of additional brackets or increasing the brackets

size.

Fractures of hatch end beams should be repaired by renewing the damaged structure,
and by full penetration welding to the deck.

To reduce the possibility of future fractures in cargo hatch coamings the following details

should be observed:

(a) Cut-outs and other discontinuities at the top of coamings and/or coaming top bar
should have rounded corners (preferably elliptical or circular in shape) (See
Example 7-b).

Any local reinforcement should be given a tapered transition in the longitudinal
direction and the rate of taper should not exceed 1 in 3 (See Example 7-a).

(b) Fractures, which occur in the fillet weld connections to the deck of radiused rounded
coaming plates at the corners, should be repaired by replacing existing fillet welds
with full penetration welding using low hydrogen electrodes or equivalent. If the
fractures are extensive and recurring, the coamings should be redesigred modified
to form square corners, with the longitudinal side coamings extending in the form of
tapered brackets. Continuation brackets also to be arranged transversely in line with
the hatch end coamings and the under-deck transverse.

(c) Cut-outs and drain holes are to be avoided in the hatch side coaming extension
brackets. For fractured brackets, see Examples 5-a and 5-b.

For cargo hatch covers, fractures of a minor nature may be veed-out and welded. For
more extensive fractures, the structure should be cropped and partly renewed.

For fractures (and-heavy-corrosion)-at the end of bulwarks an attempt should be made to
modify the design in order to reduce the stress concentration in connection with general
cropping and renewal (See Example 9).

4.4 Miscellaneous

4.41

Ancillary equipment such as cleats, rollers etc. on cargo hatch covers is to be renewed
when damaged or corroded.
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REPAIROFHULL STRUCTURE PART1

GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure

[Part 1 Cargo hold region Example No.
Area 1 Upper deck structure 1
|Detail of damage |Buckling of deck plating of transverse framing system

Sketch of damage Sketch of repair

Notes on possible cause of damage Notes on repairs
1. Excessive compressive stress due to |[1. Buckled plating should be cropped and
slamming or bow flare effect. renewed. Longitudinal internal stiffeners
2. Insufficient longitudinal stiffening of deck should be provided.
plating. (Instead of longitudinal stiffeners, renewal by

thicker deck plating can be accepted.)
2. Stress concentration may occur at the end of
sniped stiffener resulting in fatigue fracture.
For locations where high cyclic stress may
occur, appropriate connection such as
lug-connection should be considered.
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure
[Part 1  [Cargo hold region Example No.
Area 1 |Upper deck structure 2
|Detail of damage |Fractures at main cargo hatch corner
Sketch of damage Sketch of repair
Insert plate of enhanced steel
Fracture at hatch corner grade and increased thickness

—

INotes on possible cause of damage

1. Stress concentration at hatch corners, i.e.
radius of corner.

2. Welded attachment of shedder plate close

to edge of hatch corner.

3. Wire rope groove.

Notes on repairs
1.

The corner plating in way of the fracture is to be
cropped and renewed. If stress concentration is
primary cause, insert plate should be of
increased thickness, enhanced steel grade
and/or improved geometry.

Insert plate should be continued beyond the
longitudinal and transverse extent of the hatch
corner radius ellipse or parabola, and the butt
welds to the adjacent deck plating should be
located well clear of the butts in the hatch
coaming.

It is recommended that the edges of the insert
plate and the butt welds connecting the insert
plates to the surrounding deck plating be made
smooth by grinding. In this respect caution
should be taken to ensure that the micro
grooves of the grinding are parallel to the plate
edge.

If the cause of fracture is welded attachment of
shedder plate, the deck connection should be
left unwelded.

If the cause of the fracture is wire rope groove,
replacement to the original design can be
accepted.
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of|

CARGO SHIPS Hull Structure

[Part 1  [Cargo hold region

Example No.

Area 1 Upper deck structure

3-a

|Detail of damage [Fracture of welded seam

between thick plate and thin plate at cross deck

Sketch of damage

Sketch of repair

- e — e — — — I_____—[_—_
Thick plate L %

7~

Fracture at welded seam

Insert plate of suitable
intermediate thickness

INotes on possible cause of damage

1. Stress concentration created by abrupt
change in deck plating thickness.

2. In-plane bending in cross deck strip due to
torsional (longitudinal) movements of ship
sides.

3. Welded seam not clear of tangent point of
hatch corner.

Notes on repairs

1. Insert plate of intermediate thickness is
recommended.

2. Smooth transition between plates
(beveling) should be considered.
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PART 1

GENERAL DRY
CARGO SHIPS Hull Structure

Guidelines for Surveys, Assessment and Repair of

[Part 1  [Cargo hold region

Example No.

Area 1 Upper deck structure

3-b

|Detail of damage |Plate buckling in thin plate near thick plate at cross deck

Sketch of damage

Sketch of repair

| Mhickplate |
S —
@ Thin plate !
]
1
e
-
?__'_\}\_'_'_T
/
Buckling of cross deck plating {\m;dg/ltlma] transverse sliffening
or
insertion of plate with suitable
intermediate thickness

[Notes on possible cause of damage

1. In-plane bending of cross deck strip due to
torsional (longitudinal) movement of ship
sides, often in combination with corrosion.

2. Insufficient transverse stiffening.

Notes on repairs

1. Transverse stiffeners extending from hatch
sides towards centerline at least 10% of
breadth of hatch, and/or increased plate
thickness in the same area.
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_PART'1

GENERAL DRY Guidelines for Surveys, Assessment and Repair of|
CARGO SHIPS Hull Structure
[Part 1 [Cargo hold region ~ |[Example No.
Area 1  |Upper deck structure I 3-c
Detail of damage |Overal| buckling of cross deck plating
Sketch of damage Sketch of repair
Repair A
i Y A— —
Aiifllltlonal transverse <t1ffenmg
N LT
RN RN
EREEEE
EREEEN
AREEEE
ERREEE
A

| Insertion of plate of |
-increased tthkneSb
IIII/I ﬂ/ Iﬂ

//////
/////{/' /

|Notes on possible cause of damage

1. Transverse compression of deck due to sea
load.

2. Insufficient transverse stiffening.

Notes on repairs

1. Repair A
Plating of original thickness in combination
with additional transverse stiffening.
Repair B

2. Insertion of plating of increased thickness.
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IGENERAL DRY
CARGO SHIPS

Hull Structure

Guidelines for Surveys, Assessment and Repair of]

[Part_1 Cargo hold region [Example No.
Area 1  |Upper deck structure | 3-d

/Deck lougmldma}
S _?_\e i
r
_,"r Dec_k plating _,"
[ Jj"
7 Fore
'f
r
F
3
‘l
i ;AR
o ¢Deformation.’
r r r
N S i
r =y f r
Fa ',w-‘ r
Topside tank transverse
web frame

lating around tug bitt

Detail of damage |Deformed and fractured deck i
Sketch of damage Sketch of repair

Adémna’x zmmmdmai
and transverse stiffeners

View A-A

INotes on possible cause of damage
1. Insufficient strength.

Notes on repairs

1. Fractured/deformed deck plating should be
cropped and part renewed.

2. Reinforcement by stiffeners should be
considered.
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PART1

GENERAL DRY Guidelines for Surveys, Assessment and Repair of|
CARGO SHIPS Hull Structure
[Part 1 |Cargo hold region Example No.

Area 1  |Upper deck structure

4

|Detail of damage |Buckling of web beam

Sketch of damage

Upper deck plating

/]

face plate

ANy Buckling

Tripping
bracket

Side shell plating

Sketch of repair

=

N —— ]

Newly provided
Tripping
bracket

(Both sides)

ey
N\
L

Newly provided
stiffener

Shifted stiffener
closer to face plate

|Notes on possible cause of damage

1. Overloading by green sea on deck or by
excessive deck cargo.

2. Excessive corrosion.

3. Insufficient/improper web stiffening.

Notes on repairs

1. Buckled part is to be cropped and renewed.

2. If corrosion is not the cause, renewal by
thicker plate (web and/or face) and/or
reinforcement by stiffener and tripping
bracket should be considered.
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PART 1

GENERAL DRY

Guidelines for Surveys, Assessment and Repair of

CARGO SHIPS Hull Structure
[Part 1  [Cargo hold region Example No.
Area 1 |Upper deck structure 5-a

|Detail of damage

Fractures in the web or in the deck at the toes of the longitudinal hatch
coaming termination bracket (discontinuous longitudinal hatch coaming)

Sketch of damage

Hatch side
coaming

g

Sketch of repair

Hatch side
girder

/\/

>_ ______ — _g_ member

A
i _
\\ Additional
deck N\

P‘racture u‘pjﬁ-pté;ef(i:f Symmetrical

clear of the face bar
/ normal

stiffening

View A-A

the bracket.

INotes on possible cause of damage [Notes on repairs
1. This damage is caused by stress |1. The design of the bracket can be altered as
concentrations attributed to the design of shown above, however, it is to be ensured that

an additional under deck stiffener is provided at

the toe of the termination bracket, where the toe

is clear of the normal stiffening member.

Full penetration weld for a distance of 0.15 Hc
2. from toe of side coaming termination bracket

and for connection of athwartship gusset

bracket to deck.

The fracture in deck plating to be veed-out and
3. rewelded or deck plating cropped and part

renewed as appropriate, using low hydrogen

electrodes for welding.
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of|
CARGO SHIPS Hull Structure

[Part 1 Cargo hold region Example No.
Area 1 Upper deck structure 5-b
|Detail of damage |Fractures in continuous longitudinal hatch coaming extension bracket
Sketch of damage Sketch of repair

Reduced thickness
\ Full penetration
welding

\

Fracture Type B

- hrs <

INRNRRCERNN

80 - 40 mm

INotes on possible cause of damage Notes on repairs

1. Flange force at the end of the flange too high [1. Extend the extension bracket as long as
due to insufficient tapering (Fracture Type A, possible to arrange a gradual transition.
propagating in the web). 2. Reduce the web height at the end of the

2. Shear force in the web plate too high due to bracket; in case of high stress areas grind
insufficient reduction of the web height at the smooth the transition to the deck plating
end (Fracture Type B, propagating in the | welding.
web at the undercut or HAZ of the fillet weld). [3. Reduce the cross sectional area of the
Insufficient support of the extension bracket flange at the end as far as possible.

3. below the deck (Fracture Type C, starting 4. Provide longitudinal structure in way of the
from undercut or HAZ of the fillet weld and | web of the extension bracket to the next
propagating in the deck plating). transverse structure or provide a new

transverse structure.
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IGENERAL DRY Guidelines for Surveys, Assessment and Repair of

[CARGO SHIPS Hull Structure

[Part 1 [Cargo hold region Example No. |
Area_1 |Upper deck structure 5-c
|Detail of damage [Eracture in access hole of longitudinal hatch coaming
Sketch of damage Sketch of repair
LIl Z !

& 4 Edgetobe 1 '

P around. I 1!

I o) L T {

| Ex 1

| |

/ S o

I S

SkefchiNo. 13

! Y ]
s s
e Ny

| upper deck o Hh o [
Fracture
Sketch No. 1 b

INotes on possible cause of damage

due to the reduction of the hatch coaming

Notes on repairs

1. Coincidence of maximum _increased stress

1. Hatch coaming to be continuous.
2. Access opening to be provided.

with the metallurgical notches due to the

the same position. Insufficient transverse

welding seams in web and flat bar located at

stiffening.

3. Drain_holes to be elliptical and located
above fillet weld to deck.

4. Hatch coaming stiffeners of same material
as coaming.
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure

[Part 1 Cargo hold region Example No.
Area 1 Upper deck structure 6
|Detail of damage |Fractures in web of transverse hatch coaming stay

Sketch of damage Sketch of repair

Fracture

i / ~a
// \ | ‘ | C
: | N 1/
——1 noraced
/ Sni ped end/ Il /
Ful | penetration /
wel di ng to deck
plating at toe =15

end of bracket

INotes on possible cause of damage Notes on repairs

1. Insufficient consideration of the horizontal |1. Modification of the design of the hatch
friction forces in way of the resting pads for coaming stay.

hatch cover. 2. Full penetration welding between gusset
plates and deck plating.

3. Strengthening and continuation of the
structure below the deck.

4. Use pads with smaller coefficient of friction.
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure
[Part 1  [Cargo hold region [Example No.

Area 1 Upper deck structure

7-a

|Detail of damage

cover

Fractures in hatch coaming top plate at the termination of rail for hatch

Sketch of damage

_— Rail for

Sketch of repair

&
|
Hatch \

%g[ﬁ]alge l(J);)rn‘_lpression Fracture

top plate

e A
‘Rail for
hatch cover

|Notes on possible cause of damage

rail for hatch cover.

Notes on repairs
1. Stress concentration at the termination of the |1.

2.

Fractured plate is to be cropped and part
renewed.

Thicker insert plate and/or reinforcement
by additional stiffener under the top plate
should be considered. Also refer to
Example 7-b.
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure

[Part 1 Cargo hold region Example No.
Area 1 Upper deck structure 7-b
|Detail of damage |Fractures in hatch coaming top plate at the termination of rail for hatch
cover
Sketch of damage Sketch of repair
————— e — L T ——
f / it
v
Cut-out / \
- - Hatch .
E;)rmpressmn coami Rail for Slit
top p]atge hatch cover
\
\ \ Round hole
.
\ l \ N
.Opening\ /
/ for 7
:I#' Jac !
= / | J \ = 2 I - $
/ — T =
/ 3
Fractures—
[Notes on possible cause of damage Notes on repairs
1. Stress concentration at the termination of the |1. Fractured plate is to be cropped and part
rail for hatch cover. renewed.

2. Thicker insert plate and/or reduction of
stress concentration adopting large radius
should be considered.

Or cut-out in the rail and detachment of the
welds as shown in the above drawing
should be considered in order to reduce the
stress of the corner of the opening.
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of|
CARGO SHIPS Hull Structure
[Part 1  [Cargo hold region Example No.

Area 1  |Upper deck structure

8

|Detail of damage |Fraclures in hatch coaming top plate around resting pad

Sketch of damage

Fracture Type A:
Starting in way of the undercut or HAZ of the
transverse fillet weld and propagating in the
top plating.

Fracture Type B:
Starting in way of the undercut or HAZ of the
longitudinal fillet weld and propagating in
the top plating.

Fracture Type C:
Starting and propagating in fillet weld

Sketch of repair

Repair for "Fracture Type A" /Note- Cut, if the

d ha
o7 | Taougn
N area
"a" : Throat thickness S
S ooll"ruesplotpdm g to
vertical force ”q,, ,‘y@
@&
)3333333)333))))1))] Q?
(LTI AL
2b
Repair for "Fracture Type B" A
02777 )— %esjine —'W//‘
sy ° Y
\\\\: Newl, >
Y provi ed
S~
. Welds
ViewA_\]gxisting bracket A ‘K

|Notes on possible cause of damage

1. Fracture Type A:
Inappropriate transition from the hatch
coaming top plating to the resting pad in
respect to longitudinal stresses.

. Fracture Type B:
Insufficient support of the resting pad below
the top plating.

. Fracture Type C:
Insufficient throat thickness of the fillet weld
in relation to the vertical forces.

Notes on repairs

1. Fracture Type A:
Modification of the transverse fillet weld
according to the sketch; in some cases
smoothing of the transition by grinding is
acceptable.

. Fracture Type B:

Strengthening of the structures below the top

plating according to the sketch.

Fracture Type C:

Increasing the throat thickness

corresponding to the acting vertical forces.
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PART1

GENERAL DRY Guidelines for Surveys, Assessment and Repair of]
CARGO SHIPS Hull Structure
[Part 1  |[Cargo hold region Example No.

Area 1 |Upper deck structure 9
IDetail of damage |Fracture in deck plating at the pilot ladder access of bulwarks
Sketch of damage Sketch of repair
/ Pilot ladder access .
< Modified <=
bracket
S
~1 [~ — L
[ [ \.L 7 ! ‘
f T2
g L] s LT L T
Fractures )Additional stiffener
T \ T :LZ / < I S
s IZZ. ﬂl:u:l
2 =1+ | : J
I I I I
" ViewA-A ' View B -B

|Notes on possible cause of damage

bulwarks.

1. Stress concentration at the termination of

Notes on repairs

and part renewed.

increased. Additional stiffeners
provided for the fracture in deck plating.

1. Fractured deck plating should be cropped

2. Reduction of stress concentration should
be considered. In the above figure gusset
plate was replaced with soft type for the
fracture in gusset plate and pad plate was
were
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Area 2

Contents

1

General

Side structure

What to look for - Internal inspection
2.1 Material wastage

2.2 Deformations

2.3 Fractures

What to look for - External inspection
3.1 Material wastage

3.2 Deformations

3.3 Fractures

General comments on repair
4.1 Material wastage

4.2 Deformations

4.3 Fractures

| Figures and/or Photographs - Area 2

No.

Title

Figure 1

Potential problem areas

Photograph 1

Leakage from side shell plating due to heavy corrosion

Photograph 2

Timber carrier earriers-listing due to ingress of water

pra RN

Examples of structural detail failures and repairs - Area 2

Example No.

Title

1

Fracture in side shell frame at lower bracket

Fractures in side shell frame/lower bracket and side shell plating near tank
top

3 Adverse effect of corrosion on the frame of forward/afterward hold

4 Fractures at the supporting brackets in way of collision bulkhead; (with no
side shell panting stringers fitted in hold)

5 Fractures in way of continuation/extension brackets in aftermost hold at
the engine room bulkhead

6 Fracture in way of continuation/extension brackets at the end of deep
earge tank
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1 General

1.1

1.2

1.3

1.4

The shear capacity is the main contribution of the side shell to the general structural
strength of the ship’s hull. Shear stresses arise as a consequence of local unbalance
longitudinally between the vertical forces of cargo loads and steel-weight, and the up-thrust
of buoyancy.

In addition to the contribution to the general structural strength of the ship’s hull, the side
shell is the defense against ingress/leakage of sea water, when subjected to static sea
pressure and dynamic effects of ship movement and wave actions in heavy weather.

The ship side may suffer damage due to contact with the quay during berthing and impacts
from cargo and/or equipment during cargo handling.

The marine environment (such as ultraviolet rays, high temperature, alternate wet and dry
conditions due to wave or change of loading conditions etc.) in association with the
characteristics of certain cargoes (e.g. wet timber loaded from sea water) may result in
deterioration of coating and severe corrosion of plating and stiffeners. This situation makes
the structure more vulnerable to the exposures described above.

1.5 The transition regions are subject to stress concentrations due to structural discontinuities.

The side shell plating in fore and aft transition regions is also subject to panting. The lack
of continuity of the longitudinal structure, and the greater slenderness and flexibility of the
side structure near the more rigid end structures, can result in damages.

1.6 A summary of potential problem areas is shown in Figures 1 (a) and (b). Serious
consequences of damaged ship sides are illustrated in Photographs 1 and 2.
INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES AREA 2
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3

Damages to look for:

Fractures in plating/bracket toes
Fractured/detached frames

General wastage
Buckled bracket

1
Damages to look fob

Fractures in plating/bracket toes
Fractured/detached frames

General wastage

Local corrosion and grooving

(a) Side shell frames

Figure 1

(b) Transition regions

Potential problem problems areas
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Photograph 1 Leakage from side shell plating due to heavy corrosion

Photograph 2 Timber carrier listing due to ingress of water
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2 What to look for - Internal inspection
2.1 Material wastage

211

Attention is drawn to the fact that the tween deck and side shell frames may be
significantly weakened by loss of thickness although diminution and deformations may
not be apparent. Inspection should be made after the removal of any scale or rust
deposit and thickness measurement gauging may be necessary, particularly if the
corrosion is smooth and uniform.

It is not unusual to find highly localised corrosion on uncoated side shell frames and their
end connections. The loss in the thickness is normally greater close to the side shell
plating rather than near the faceplate (See Example 2). This situation, if not remedied,
can result in loss of support to the shell plating and hence large inboard deflections. In
many cases such deflections of the side shell plating can generate fractures in the shell
plating and fracturing and buckling of the frame web plates and eventually result in
detachment of the end brackets from the tank top.

Heavy wastage and possible grooving of the framing in forward/ aft hold, where side
shell plating is oblique to the frames it may have a more severe effect as shown in
Example 3.

2.2 Deformations

2.21

Itis normally to be expected that the lower region of the frames will receive some level of
damage during operational procedures, e.g. unloading with grabs or loading of logs. This
can range from damage of the frame end bracket face plates to large physical
deformations of a number of frames and in some cases can initiate fractures.

These individual frames and frame brackets, if rendered ineffective, will place additional
load on the adjacent frames and failure by the “domino effect’ can in many cases extend
over the side shell of a complete hold.

2.3 Fractures

2.31

2.3.2

Fractures are more evident at the toes of the upper and lower bracket(s) or at the
connections between brackets and frames. In most cases the fractures may be
attributed to stress concentrations and stress variations created, in the main, by loads
from the seaway. The stress concentrations can be a result of poor detail design and/or
bad workmanship. Localised fatigue fracturing, possibly in association with localised
corrosion, may be difficult to detect and it is stressed that the areas in question should
receive close attention during periodical surveys.

Fractures in shell plating and supporting or continuation/extension brackets at collision
bulkheads, deep tank bulkheads, and engine room bulkheads are frequently found by
close-up inspection.

3 What to look for - External inspection
3.1 Material wastage

3.1.1

The general condition with regard to wastage of the ship’s sides may be observed by
visual inspection from the quayside of the area above the waterline. Special attention
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should be paid to areas where the painting has deteriorated.

3.2 Deformations
3.2.1 The side shell should be carefully inspected with respect to possible deformations. The
side shell below water line can usually only be inspected when the ship is dry docked.
Therefore special attention with respect to possible deformations should be made during
dry-docking taking into account the period until the next dry-docking. When deformation
of the shell plating is found, the area should also be inspected internally since even a
small deformation may indicate serious damage to the internal structure.

3.3 Fractures
3.3.1 Fractures in the shell plating in way of ballast tanks may be detected above the water line
and below the water line during dry-docking in a wet area in contrast to otherwise dry
shell plating.

4 General comments on repair
4.1 Material wastage

4.1.1 In general, where part of the hold framing and/or associated end brackets has corroded
to the permissible minimum thickness at the time of inspection (judged to have
insufficient corrosion margin until next major survey), then the normal practice is to crop
and renew the area affected. If the remaining section of the frames/brackets marginally
remain within the allowable limit, surveyors should request that affected frames and
associated end brackets be renewed. Alignment of end brackets with the structure inside
the double bottom or the opposite side of tween deck is to be ensured. It is
recommended that repaired areas be coated.

4.2 Deformations
4.2.1 The structure should be restored to its original shape and position either by fairing in

place or by cropping and renewing the affected structure, based on the depth and extent
of the deformations.

4.3 Fractures
4.3.1 All fractures in side shell frames or their end brackets are to be repaired.

4.3.2 Fractured parts of supporting brackets and continuation/extension brackets at collision
bulkhead, deep tank bulkheads, and engine room bulkhead are to be part renewed.
Modification of shape and possible extension of the brackets should be considered.
Affected shell plating in way of the damaged brackets should be cropped and renewed.
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure
Part 1 Cargo hold region Example No.

Area 2 Side structure 1
|Detail of damage [Fracture in side shell frame at lower bracket
Sketch of damage Sketch of repair
l Not less
Side: Shell than 50
/ | '
! F
L racture
A7
Inner bottom Sniped ends
/
/ /

INotes on possible cause of damage
1. This type of damage is caused due to
stress concentration.

Notes on repairs
1.

For small fractures, e. g. hairline fractures, the
fracture can be veed-out, welded up, ground,
examined by NDT for fractures, and rewelded.
For larger/significant fractures consideration is
. to be given to cropping and partly renewing/
renewing the frame brackets. If renewing the
brackets, end of frames can be sniped to
soften them.
If felt prudent, soft toes are to be incorporated
. at the boundaries of the bracket to the inner
bottom plating.
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PART'1

GENERAL DRY
CARGO SHIPS

Hull Structure

Guidelines for Surveys, Assessment and Repair of

Part 1 Cargo hold region

Example No.

Area 2 Side structure

2

|Detail of damage

top

Fractures in side shell frame/lower bracket and side shell plating near tank

Sketch of damage

Sketch of repair

|||/\r||||

(Gr ooving)A

Crack

Side shell -
platmg//

S

Corrosion
(grooving)p

\_%i Inner bottom plate
—Floor ——
4+,

frame
bracket

T 1 1 T T T T IV T T T T 1
~ e | T
| N

| L/AI/Ir Side shell frame | R
T R O N N £ O, [ [ O O N

11 1 1 Fracture o ol
O N N VP R TR TR N N 20 N R <Oy I oS SN =N Y Y NN NN N [N N N N =~
0 0 | | | | |' I 77 NN 7
Inner bottom | See Idetaﬂ L . .
plate I N\|below B o
N | =T [ | [
DA AN P N4 | | 101
Sy — =T T T—F
HERE N | B

Corrosion Part renewal including side

shell frames and inner bottom
plating, as found necessary

INotes on possible cause of damage

1. Fracture in side shell plating along side shell
frame: Heavy corrosion (grooving) along side
shell frame (See A).

2. Fracture in side shell plating along tank top:
Heavy corrosion (grooving) along tank top
(See B) resulting detachment of side shell
frame bracket from inner bottom plating.

Notes on repairs
1.

2.

3.

Sketch of repair applies when damage
extends over several frames.

Isolated fractures may be repaired by
veeing-out and rewelding.

Isolated cases of grooving may be repaired
by build up of welding.
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PART'1

GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure

Part 1 Cargo hold region Example No.
Area 2 Side structure 3

|Detail of damage

|Adverse effect of corrosion on the frame of forward/afterward hold

Sketch of damage

Detached side
o\ shell frame

Side shell
frame of
forward/

Sketch of repair

i
<
I
I
[
|
<o
I
I
I
- I
||
Consequence of — = >~—
heavy corrosion -
7

Side shell
_plating
Side shell

5

1. Part renewal including side
shell frames and inner bottom
plating, as found necessary

2. Deep penetration welding
at the connections of side shell
frames to side shell plating

INotes on possible cause of damage

1. Heavy corrosion (grooving) of side shell
frame along side shell plating and difference
of throat thickness “a” from “b”.
(Since original throat thickness of “a” is
usually smaller than that of “b”, if same
welding procedure is applied, the same
corrosion has a more severe effect on “a”,
and may cause collapse and/or detachment
of side shell frame.)

”»

Notes on repairs
1.

2.

3.

Sketch of repair applies when damage
extends over several frames.

Isolated fractures may be repaired by
veeing-out and rewelding.

Isolated cases of grooving may be repaired
by build up of welding.

INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES

ARFA 2

50



TACS GENERATDRY CARCO SHIPS: GUIDELINES FORSURVEYS, ASSESSMENT AND REPAIROFHULLSTRUCTURE PART'1

GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure
Part 1 Cargo hold region Example No.

Area 2 Side structure 4
|Detail of damage |[Fractures at the supporting brackets in way of the collision bulkhead; (with
no side shell panting stringers fitted in_hold)

Sketch of damage Sketch of repair
_— Side shell Modified
Fractures
\ bracket
S V/ \ 7"-\ 7\-.
>z S
Stiffener — = S‘
//’ \ \ oy
Side shell frame \\ \ Full collar | 1
Sniped end of stiff plate
S : Sniped end ol stifiener -
C - e C_
C : Collar plate i) Stiffener —i
///
Collision n 9
bulkhead |1
A— A—
Cargo ' Fore
hold peak
tank
or
space
Notes on possible cause of damage Notes on repairs
1. Insufficient bracket size resulting in high [1. The extended bracket arm connection to
stress due to load cantilevered from side the collision bulkhead is to have a soft toe,
frame. and any cut-outs for stiffeners in the fore
2. Stress concentration at toe of bracket and peak tank or space are to be collared when
misalignment between bracket and stringer situated in the vicinity of the bracket toe.
in fore peak tank or space. When fractures have extended into the side
2. shell or bulkhead plating, the plating is to be
cropped and part renewed.
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure

[Part 1 Cargo hold region Example No.
Area 2 Side structure 5

|Detail of damage

engine room bulkhead

Fractures in way of continuation /extension brackets in aftermost hold at the

Sketch of damage

I\’

Flat Transverse
. bulkhead
< =
Extension

Vertical bracket

stiffener _~ Hold frame
-« T e

I A [T

Side shell
frame

Fracture

Si({e shell

| Engine room| [Cargo hold] \
—+——

A

Transve1 se |

i l/ bullkhead
N ‘\“)'i -

|

|

|

<*- I
| |

| |

~ Fpacture
: Flat | Extension Flll
| I

i braLkeE,

E—

Sketch of repair

/\:

< (e
Collar .

plate ™.

1 1

Part renewalof
shell plating

| Extension
| bracket

|
|
i
T
|
|
|

Notes on possible cause of damage
1. Damage caused by stress concentration
leading to fatigue fracture on side shell. This
will be exacerbated because of the greater
flexibility of the hold structure in relation to the
engine room structure.

Notes on repairs

and part renewed as necessary.

are to be installed.

1. The fractured shell plating is to be cropped

2. Extension bracket is to be modified and
collar plates to cut-outs in engine room flat

INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES

AREA 2

52



PART 1

GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure
[Part 1 Cargo hold region Example No.
Area 2 Side structure 6
|Detail of damage [Fractures in way of continuation/extension brackets at the end of deep
cargo tank
Sketch of damage Sketch of repair
\ JAA
N f 25 RNy
// \\ ,/ \‘
Cargo hold — f/' \ = Cargo hold 3 / Y o
/ \ / \
=V s = |/ N=
/ \
© Deep carge ¢ Deep eargo
s tank L] 32— tank fa
Fracture / \\ / Collar \\
~ ;9/ \\@: . plate \F
T /‘\% ) \ E;///// / \
Side shell Side shell

|[Notes on possible
1. Damage caused

greater flexibility

structure.

cause of damage
by stress concentration

leading to fatigue fracture on side shell.
This will be exacerbated because of the

of the ordinary hold

structure in relation to the deep earge tank

Notes on repairs

1. The fractured shell plate is to be cropped and
part renewed as necessary.
2. Brackets should be modified.
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Area 3 Transverse bulkhead structure

Contents

1 General

2 What to look for
2.1 Material wastage
2.2 Deformations
2.3 Fractures

3 General comments on repair
3.1 Material wastage
3.2 Deformations
3.3 Fractures

Figures and/or Photographs - Area 3

No. Title

Figure 1 Transverse bulkhead - Potential -problems problem areas

Examples of structural detail failures and repairs - Area 3

Example No. Title

1 Corrosion along inner bottom or tween deck plating

2 Shear buckling in transverse bulkhead
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1 General
1.1 Watertight transverse bulkheads are usually plane bulkheads stiffened vertically.

1.2 The opportunity is taken to emphasize that for ordinary transverse watertight bulkheads, in
addition to withstanding water pressure in an emergency situation, i.e. flooding, the
bulkhead structures constitute main structural strength elements in the structural design of
the intact ship. Ensuring that acceptable strength is maintained for these structures is
therefore of major importance.

The structure may sometimes appear to be in good condition when it is in fact excessively
corroded. In view of this, appropriate access arrangements as indicated in Chapter 4
Survey planning, preparation and execution of the Guidelines guidelines; should be
provided to enable a proper close-up inspection and thickness measurement (See Figure
1).

1.3 Deformation of the plating may lead to the failure and collapse of the bulkhead under water
pressure in an emergency situation.

1.4 |t is important to realize that in the event of one hold flooding, the transverse watertight
bulkheads should prevent progressive flooding and possible consequent sinking.

) Upper deck plate

V4 Damage to look for:
0 T 0 Yl T T o o )< /| Fractures
=]
] |
U5 v %% 4%)
g | Damage to look for:
% Z % ) Buckling and general wastage
o ?

Tween deck plate
| | ]

277277777, X /I@ Damage to look for:
1 | | / Fractures and local corrosion
A
Z 2! 200720
\_ ~. Inner bottom plate |
/ ]
)
Transverse bulkhead
vertical stiffener
Figure 1 Transverse bulkhead - potential problem areas

2 What to look for

2.1 Material wastage
2.1.1 Excessive corrosion, in particular at the bottom of the bulkheads. This is created by the
corrosive effect of cargo and environment, in particular when the structure is not coated.

2.1.2 If coatings have broken down and there is evidence of corrosion, it is recommended that
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random thickness measurements be taken to establish the level of diminution.

2.1.3 Where the terms and requirements of the periodical survey dictate thickness
measurement, or when the Surveyor deems necessary, it is important that the extent of
the gauging be sufficient to determine the general condition of the structure.

2.2 Deformations
2.21 Deformation due to mechanical damage is often found in bulkhead structure.

2.2.2 When the bulkhead has sustained serious uniform corrosion, the bulkhead may suffer
shear buckling. Evidence of buckling may be indicated by the peeling of paint or rust.
Where, however, deformation resulting from bending or shear buckling has occurred on
a bulkhead with a small diminution in thickness, this could be due to poor design or
overloading and this aspect should be investigated before proceeding with repairs.

2.3 Fractures
2.3.1 Fractures occur at the boundaries of bulkheads, particularly in way of tank top and side
shell.

3 General comments on repair
3.1 Material wastage
3.1.1  When the scantlings of transverse watertight bulkheads have reached the diminution
levels permitted by the Classification Society involved, the wasted plating and stiffeners
are to be cropped and renewed.

3.3 Deformations
3.3.1 If the deformation is local and of a limited extent, it could generally be faired out.
Deformed plating in association with a generalized reduction in thickness should be
partly or completely renewed.

3.3.2 Buckling of the bulkhead plating can also occur in way of the side shell resulting from
contact damage and this is usually quite obvious. In such cases the damaged area is to
be cropped and partly renewed. If the deformation is extensive, replacement of the
plating, partly or completely, may be necessary. If the deformation is not in association
with generalized reduction in thickness or due to excessive loading, additional
strengthening should be considered.

3.2 Fractures
3.2.1 Fractures that occur at the boundary weld connections as a result of latent weld defects
should be veed-out, appropriately prepared and re-welded_preferably using low
hydrogen electrodes or equivalent.

3.2.2 For fractures other than described in 3.2.1 re-welding may not be a permanent solution
and an attempt should be made to improve the design and construction in order to
obviate a recurrence.
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PART 1

GENERAL DRY
CARGO SHIPS

Hull Structure

Guidelines for Surveys, Assessment and Repair of

[Part 1 Cargo hold region

[Example No.

Area 3

Transverse bulkhead structure

1

|Detail of damage [Corrosion along inner bottom or tween deck plating

Sketch of damage

Sketch of repair

Note Regarding "View A-A", refer
to Example 2 of Area 2 of
this part

Stiffener /\ T\iveen deck /
A \ -
1 AT
L
Transverse \\
bulkhead \ % %
% plating \\
3 = i
| A A
/ A N P
/ | /\f
Inner bottom  Heavy local corrosion
plating (Fracture/hole)

INotes on possible cause of damage

1. Heavy corrosion including grooving along
inner bottom plating or tween deck due to
poor drainage.

Notes on repairs

1. The extent of the renewal should be
determined carefully. If the renewal plate
(original thickness) is welded to thin plate
(corroded plate), it may cause stress
concentration and cause fracture.

. Protective coating should be applied.
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure
Part 1 Cargo hold region Example No.
Area 3 Transverse bulkhead structure 2
|Detail of damage I_S_b_(_a_a_r_ Bbuckling in transverse bulkhead
Sketch of damage Sketch of repair
| |
[ | |
. Buckling i i
I
y Transverse i Part i
N bulkhead NN renewal
$ ‘ \}) /\O) plating |$ // 7 '/i/ //i //// % |$
N /O\ . ! | N N ///
W/ @ L fbhltffenler ! // /// /// //i/ //i /// // !
77, /// 7 7 7, Z 7
Tank top | 7 /i Z ,//i 7 ///;, // v |
@ N or | 7 77 7
AN (J) / tween deck N A I
\\J} \ | i i |
/ 7 /// /,// 7 7% /,/ Z /7
INotes on possible cause of damage Notes on repairs
1. Heavy general corrosion. 1. The extent of the renewal should be
determined carefully. If the renewal plating
(original thickness) is welded to thin plating
(corroded plating), it may cause stress
concentration and fracture.
2. Protective coating should be applied.
INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES AREA 3
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Area4 Tween deck structure

Contents

1 General

2 What to look for
2.1 Material wastage
2.2 Deformations
2.3 Fractures

3 General comments on repair
3.1 Material wastage
3.2 Deformations
3.3 Fractures

Examples of structural detail failures and repairs - Area 4

Example No. Title
1 Sagging of deck panel/buckling of cantilever beam
INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES AREA 4
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1 General
1.1 A main design principle of the tween deck is to provide easy access to cargo stowed on and
underneath the deck. Therefore obstructions such as hatch coamings and deep under deck
supporting girders, are usually avoided. The tween deck’s main structure consists of
cantilever beams supported only by the ship’s side structure and cantilever girders
supported only by the transverse bulkhead structure (cantilever girders). In some cases the
structure may be additionally supported by pillars.

1.2 The design of the tween deck makes it particularly vulnerable to excess loads of cargo and
cargo inertia forces in extreme weather conditions.

2 What to look for

2.1 Material wastage
2.1.1 Heavy wastage along the boundaries at ship’s sides and at transverse bulkheads may
occur as a result of seawater accumulated from wet cargo due to poor drainage. Such
damages are related to those suffered at the lower end of side structures and transverse
bulkhead structures (See Area 2, Example 2 and Area 3, Example 1).

2.2 Deformations
2.21 Deformed structure may be observed near hatch openings where cargo and/ or hatch
cover pontoons may have bumped into the structure during lift on or lift off operations.

2.2.2 Sagging of plate panels may be caused by lateral overloading as a consequence of
excessive cargo loads, improper distribution /support of cargo loads, excessive inertia
forces imposed by the cargo in extreme weather conditions, or a combination of these
causes. It is essential that an under-deck inspection also be carried out to assess the
extent of such damage (See Example 1). If the tween deck is supported by pillars,
excessive loads could be transmitted to the double bottom structure (inner bottom
plating, floors, girders) which could be damaged. Therefore inspection of double bottom
tanks may be necessary (See Area 5, Example 2).

2.3 Fractures
2.3.1 Fatigue fractures are not a common problem on tween decks due to the generally low
level of dynamic forces. Fractures may, however, occur in combination with corrosion
and deformations described above.

3 General comments on repair

3.1 Material wastage
3.1.1 Where parts of the tween deck plating have corroded to the permissible minimum
thickness the normal practice is to crop and renew the area affected. Surveyors should
request that adjacent areas that remain marginally within the allowable limit should also
be renewed. It is recommended that repaired areas be coated.

3.2 Deformations
3.2.1 For deformations caused by abusive handling or obvious overloading, the damaged

INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES AREA 4

60



TACS GENERATDRY CARCO SHIPS: GUIDELINES FORSURVEYS, ASSESSMENT AND REPAIROFHULLSTRUCTURE PART'1

structure should be cropped and renewed to original scantlings.

3.2.2 |If the cause of the deformations is not clear and design weakness is suspected, an
appropriate reinforcement is to be considered in addition to cropping and renewal of the
damaged part.

3.3 Fractures
3.3.1 The proposed repair for corrosion and deformations described above also apply when
associated fractures occur.

INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES AREA 4
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of

CARGO SHIPS Hull Structure

[Part 1 Cargo hold region

[Example No.

Area 4 Tween deck structure

l 1

|Detail of damage |Sagging of deck panel/buckling of cantilever beam

Sketch of damage Sketch of repair
Repair A
Py \\ !
. Renewed ‘
Buckled til y [
b:a_m cantiiover Newly provided bracket/ beam |
stiffener 1
Increased thickness and / 1 View A-A
height of web plate Newly |
Increased thickness and gfﬁ;ﬁfled ! Closed
breadth of face plate ! access hole
|| all /

K I léf I ! '
| a1 . /
‘ \\ K \ i \
4 4 9 1 v a v a4

A

[Notes on possible cause of damage

1. Poor design, overloading and/or
excessive inertia force caused in heavy
weather.

Notes on repairs
1.

2. Repair A:

3. Repair B:

The affected structures are to be cropped
and renewed.

Reinforcement should be considered by
increased scantlings of beam and/or
additional stiffeners.

Pillars may be provided for reinforcement
subject to the approval of the owner. In
such a case, reinforcement of the floor
under the pillar should be considered. (In
the above example, access hole was
closed.)
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Area 5 Double bottom structure
Contents
1 General

2 What to look for - Tank top inspection
2.1 Material wastage
2.2 Deformations
2.3 Fractures

3 What to look for - Double bottom tank inspection
3.1 Material wastage
3.2 Deformations
3.3 Fractures

4 What to look for - External bottom inspection
4.1 Material wastage
4.2 Deformations
4.3 Fractures

5 General comments on repair
5.1 Material wastage
5.2 Deformations
5.3 Fractures

| Figures and/or Photographs - Area 5
No. Title
Photograph 1 i

corrosion affecting inner bottom plating
Photograph 2 Groeving—corrosion—of-welding—of-bettom—plating Damaged inner bottom
plating
Photograph 3 Section-of-the-grooving-shown-in-Photograph-2 Repairs of damaged inner
bottom plating

Photograph 4 Grooving corrosion of welding of bottom plating
Photograph 5 Section of the grooving shown in Photograph 4

Examples of structural detail failures and repairs - Area 5

Example No. Title

1 Fractures in inner bottom plating around container bottom pocket

2 Dented inner bottom plating and buckled/fractured floor under pillar

3-a Fractures at the connection of bottom/inner bottom longitudinal to floor
stiffener

3-b Fractures at the connection of bottom/inner bottom longitudinal to floor
stiffener

4 Fractures and buckling in way of a cut-out for the passage of a longitudinal
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Examples of structural detail failures and repairs - Area 5
Example No. Title
through a transverse primary member
5 Fractures in bottom shell plating/inner bottom plating at the corner of drain
hole/air hole in longitudinal
6 Fracture in bottom shell plating along side girder and/or bottom
longitudinal
7 Fracture in bottom plating below suction head
8 Fracture in shell plating at the termination of bilge keel
9 Corrosion in bottom plating below sounding pipe

AREA 5
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1 General
1.1 Double bottom structure is subjected to longitudinal hull girder bending, caused by cargo
distribution and wave action. It is also subjected to longitudinal and transverse local bending
due to the effects of cargo load from the inside in association with the counteracting forces
from the outside. The double bottom structure is also subjected to the effects of cargo
loading and unloading. The double bottom structure forward may also be subjected to
increased dynamic forces due to slamming.

2 What to look for - Tank top inspection
2.1 Material wastage
2.1.1 The general condition with regard to corrosion of the tank top structure may be observed
by visual inspection. The level of wastage of tank top plating may have to be established
by means of thickness measurement. Special attention should be given to the
intersection of the tank top with the side shell and transverse bulkheads where water
may have accumulated and consequently accelerated the rate of corrosion.

2.1.2 When the tank top plating has been covered with dunnage or ceiling the plating may
have suffered heavy corrosion, due to high humidity, and lack of proper maintenance
(See Photograph 1).

2.1.3 The bilge wells should be cleaned and inspected closely since heavy pitting corrosion
may have occurred due to accumulated water in the wells. Special attention should be
paid to the plating in way of the bilge suction and sounding pipes.

2.1.4 Special attention should also be paid to areas where pipes penetrate the tank top.

INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES AREA 5
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Photograph 1 Heavy corrosion affecting inner bottom plating

Photograph 2 Damaged inner bottom plating

INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES
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Photograph 3 Repairs of damaged inner bottom plating

2.2 Deformations
2.2.1 Buckling of the tank top plating may occur between longitudinals in areas subject to
in-plane transverse compressive stresses or between floors in areas subject to in-plane
longitudinal compressive stresses.

2.2.2 Deformed structures may be observed in areas of the tank top due to overloading of
cargo, impact of cargo during loading/unloading operations, or the use of mechanical
unloading equipment.

2.2.3 Deformations may also occur at the heel of pillars fitted to support the tween deck
structure (See Example 2).

2.2.4 Whenever deformations are observed on the tank top, further inspection in the double
bottom tanks is imperative in order to determine the extent of the damage. The
deformation may cause the breakdown of coating, if fitted, within the double bottom,
which in turn may lead to accelerated corrosion rate in these unprotected areas.

2.3 Fractures
2.3.1 Fractures will normally be found by close-up inspection paying particular attention to the
boundary connections of the tank top and to penetrations through the tank top (See
Example 1).

2.3.2 Fractures that extend through the thickness of the plating or through the boundary welds
may be observed during pressure testing of the double bottom tanks.

INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES AREA 5
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3 What to look for - Double bottom tank inspection

3.1 Material wastage
3.1.1 The level of wastage of double bottom internal structure (longitudinals, frames, floors,
girders, etc.) may have to be established by means of thickness measurements. The
combined effects of the marine environment, the carriage of seawater ballast, cyclical
loading etc. may result in high corrosion rates.

3.1.2 If the protective coating is not properly maintained, structure in the ballast tank may
suffer heavy corrosion. Upper part of the structure of double bottom tanks usually has
more severe corrosion than the lower part.

3.1.3 Corrosion in the structure of ballast tanks near heated fuel tanks may be accelerated by
the high temperature due to heated fuel oil. The rate of corrosion depends on several
factors such as:

- Temperature and heat input to the ballast tank.

- Condition of original coating and its maintenance. (It is preferable for applying the
protective coating of ballast tank at the building of the ship, and for subsequent
maintenance, that the stiffeners on the boundaries of the fuel tank be fitted within the
fuel tank instead of the ballast tank).

- Ballasting frequency and operations.

- Age of ship and associated stress levels as corrosion reduces the thickness of the
structural elements and can result in fracturing and buckling.

3.1.4 Shell plating localized wear is caused by erosion and cavitation of the fluid flowing
through the suction head. In addition, the suction head will be positioned in the lowest
part of the tank and water/mud will cover the area even when the tank is empty. The
condition of the shell plating may be established by feeling by hand beneath the suction
head. When in doubt, the lower part of the suction head should be removed and
thickness measurements taken. If the vessel is docked, the thickness can be measured
from below. If the distance between the suction head and the underlying shell plating is
too small to permit access, the suction head should be dismantled. The shell plating
below the sounding pipe should also be carefully examined. When a striking plate has
not been fitted or is worn out, heavy corrosion can be caused by the striking of the weight
of the sounding tape (See Example 2 in Part 3).

3.2 Deformations
3.2.1 Deformations may occur due to the overloading of the cargo, dynamic forces due to
slamming in the forward part of the vessel, or from the impact of cargo loading/unloading.
Special attention should be paid to those areas of deformation identified during the tank
top or external bottom inspections. Deformations in the structure not only reduce the
strength of the structure but may also cause breakdown of the coating, leading to
accelerated corrosion.

3.3.2 In _general, the termination of the longitudinal structural members at the collision
bulkhead and engine room forward bulkhead is prone to fractures. In order to avoid
stress concentration due to discontinuity appropriate stiffeners are to be provided in the
opposite space. If such stiffeners are not provided, or are deficient due to corrosion or
misalignment, fractures may occur at the terminations.

INTERNATIONAL ASSOCIATION OF CLASSTEICATION SOCIETIES AREA B
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3.3 Fractures
3.3.1 Fractures may be caused by the cyclic deflection of the double bottom induced by
repeated loading from the sea or due to poor “through-thickness” properties of the
plating. Scallops in the bottom girders can create areas of stress concentrations which
further increase the risk of fractures.

4 What to look for - External bottom inspection
4.1 Material wastage
4.1.1 Hull structure below the water line can usually be inspected only when the ship is
dry-docked. Therefore, the structure should be inspected carefully, taking into account
the period until the next scheduled dry-docking. The level of wastage of the bottom
plating may have to be established by means of thickness measurements.

4.1.2 Severe grooving along welding of bottom plating is often found (See Photographs 24
and 35). This grooving can be accelerated by poor maintenance of the protective coating
and/or sacrificial anodes fitted to the bottom plating.

4.1.3 Bottom or “docking” plugs should be carefully examined for excessive corrosion along
the edge of the weld connecting the plug to the bottom plating.

Photograph 24 Photograph 35
Grooving corrosion of welding of Section of the grooving shown in
bottom plating Photograph 24

4.2 Deformations
4.2.1 Buckling of the bottom shell plating may occur between longitudinals or floors in areas
subject to in-plane compressive stresses (either longitudinally or transversely).
Deformations may also be attributed to slamming due to wave action in the forward part
of the vessel, or contact with an underwater object. When deformation of the shell plating
is found, the area should be inspected internally. Even if the deformation is small, the
internal structure may have suffered serious damage.

4.3 Fractures
4.3.1 The bottom shell plating should be inspected when it has dried since fractures in shell
plating may be easily detected if water comes out of the fracture in clear contrast to the

INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES AREA 5
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4.3.2

dry shell plating. Therefore if the ship has been inspected while wet, it is recommended
that the ship be inspected again when dry.

Fractures in butt welds and fillet welds (particularly at the wrap around at scallops and
ends of bilge keels) are sometimes observed and may propagate into the bottom plating.
The cause of the fractures in butt welds is usually a weld defect or grooving. If the bilge
keels are divided at the block joints of hull, all ends of the bilge keels are to be inspected.

5 General comments on repair
5.1 Material wastage

5.1.1

5.1.2

In general, where the tank top, double bottom internal structure, and bottom shell plating
have wasted to the allowable level, the normal practice is to crop and renew the affected
area. Where possible, plate renewals should be for the full width of the plate but in no
case should they be less than the minimum set in_paragraph 6.2 of Part B of IACS
Recommendation 47, 488mm—ir—width- to avoid build up of residual stresses due to
welding. Repair work in double bottom will require careful planning, accessibility, and
gas freeing of fuel oil tanks. Doubler plates are not to be used for compensation of
wasted plates.

Plating below suction heads and sounding pipes is to be replaced if the average
thickness is below the acceptable limit for replacement (See Example 7). When
scattered deep pitting is found it may be repaired by welding.

5.2 Deformations

5.21

Extensive deformation should be corrected by replacement of the tank top and bottom
shell plating, and the deformed portion of affected girders or floors. If there is no
evidence that the deformation was caused by grounding or other excessive local loading,
or that it is associated with excessive wastage, additional internal stiffening may need to
be provided. In this regard, the Classification Society concerned should be contacted.

5.3 Fractures

5.3.1

5.3.2

5.3.3

534

5.3.5

Fractures of a minor nature may be veed-out and rewelded. Where cracking is more
extensive, the structure is to be cropped and renewed.

For fractures caused by the cyclic deflection of the double bottom, reinforcement of the
structure may be required in addition to cropping and renewal of the fractured part.

For fractures due to poor through thickness properties of the plating, cropping and
renewal with steel having adequate through thickness properties is an acceptable
solution.

Damaged bilge keels must be promptly repaired if there is distortion or fractures. Since
the bilge keel is subjected to the same longitudinal stress level as the bilge plating,
propagation of fractures into the shell could result in a serious failure. Fractured butt
welds should be repaired using full penetration welds and proper welding procedures.

Ends of bilge keels require internal support. This should be taken into account when
cropping a damaged part of a bilge keel (See Example 8).
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of

ICARGO SHIPS Hull Structure
[Part 1 Cargo hold region Example No.
Area 5 Double bottom structure 1
Detail of damage IFractures in inner bottom plating around container bottom pocket

Sketch of damage Sketch of repair

4/\/—

Inner bottom
plating

Most common repair

~~ 77
Fractures l/// 7 Inner
Floor v bottom
plating

\

Additional=—
bracket

Notes on repairs

INotes on possible cause of damage
Fractured plating should be cropped and part

1. Pocket is not supported correctly by floor, |1.
longitudinal and/or stiffener. renewed.
2. Adequate reinforcement should be
considered.

AREA 5
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PART 1

GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure

[Part1  [Cargo hold region Example No.
Area 5 [Double bottom structure 2

|Detail of damage |Dented inner bottom plating and buckled/fractured floor under pillar

Sketch of damage

Deformed inner bottom plating

Buckled
floor

|
Fracture\\ ‘

K

o8

_—Pillar

U

7 ] ]

e

View A-A

Sketch of repair

Inner bottom
plating
Newly
provided Stiffener
bracket
N [ N [
N
N
f\i\\\
I I S SN [
View B-B

INotes on possible cause of damage

1. Inadequate arrangement and/or
reinforcement of access holes.

2. Excessive deck-loading on tween deck.

Notes on repairs
1.

2.

3.

. Stiffener

Dented inner bottom plating is to be cropped
and part renewed.

The fractured floor is to be cropped and part
renewed.

Access holes should be closed by insert
plates.

on floor/girder and/or brackets
should be considered. (Fitting of brackets in
the hold is subject to the agreement of the
owner.)
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PART1

GENERAL DRY

Guidelines for Surveys, Assessment and Repair of]|

CARGO SHIPS Hull Structure
[Part 1 Cargo hold region Example No.
Area 5 Double bhottom structure 3-a
Detail of damage |Fractures at the connection of bottom/inner bottom longitudinal to floor
stiffener
Sketch of damage Sketch of repair
\/\ Additional
Floor Stiffener bracket

Longitudinal

w\ \

Bottom shell
Stiffener plating
Longitudinal
Fracture
L \ )
L e Floor T

> 1

™

~ Bottom shell plating

Note: same damage may oceur at
similar connection o inner
bottom plating

~._ | a || with soft toes

b2—l.5a bl=25a

_#: Where required, the longitudinal
to be cropped and part renewed

1. For a slope at toesmax. 1:3,
R1=(b1-h)x 1.6 and R2=(b2-h)x 1.6

2. Soft toe bracket to be welded first to
longitudinal

3. Scallop in bracket to be as small as
possible, recommended max. 35 mm

4. If toes of brackets are ground smooth,
full penetration welds in way to be
provided

5. Maximum length to thickness ratio
=50 : 1 for unstiffened bracket edge

6. Toe height, h, to be as small as
possible (10- 15 mm)

INotes on possible cause of damage

1. Damage can be caused by stress
concentrations leading to accelerated
fatigue in this region.

Notes on repairs

1. If fracture extends to over one third of the
depth of the longitudinal, then crop and part
renew. Otherwise the fracture can be
veed-out and welded.

CIETIE
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CARGO SHIPS Hull Structure

[Part 1 |Cargo hold region IExample No.
Area 5  [Double bottom structure I 3-b

|Detail of damage

floor stiffener

Fractures at the connection of bottom/inner bottom longitudinal to

Sketch of damage

\/\

Longitudinal

Floor

. | Bott_om shell
Stiffener plating
Longitudinal
\ Fracture
E v ’--
A
{ = Floor

Bottom shell plating

Note: same damage may oceur at
similar connection to inner
bottom plating

Sketch of repair

Stiffener

=N
’ \\

£ Where required, the longitudinal
to be cropped and part renewed

Stiffener
d
<>
2, 22
=4 &
He— >

Various cut-out shapes have been developed.

The following is one example.

1. Toe height as small as possible
(h=10-15 mm)

2. Depth "d" of key hole notch as small a
possible, max. 30 mm

3. For a slope at toe max.1:3

4. R1=15d, R2=d and R3=1.5¢

[Notes on possible cause of damage

1. Damage can be caused by stress
concentrations leading to accelerated
fatigue in this region.

Notes on repairs

1. If fracture extends to over one third of the
depth of the longitudinal, then crop and part
renew. Otherwise the fracture can be
veed-out and welded.
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PART 1

GENERAL DRY
CARGO SHIPS

Guidelines for Surveys, Assessment and Repair of
Hull Structure

[Part1  [Cargo hold region ~|Example No.

Area 5  |Double bottom structure I 4

|Detail of damage

Fractures and buckling in way of a cut-out for the passage of a longitudinal

through a transverse primary member

Sketch of damage

Sketch of repair

Bottom shell
plating New floor plating of
enhanced thickness
e Buckling and/or
fracturing .
Repair B
%
——
Fracture
Full collar
\ plate
N

i

Note? same type of damage may
oceur at, similar connections
to inner bottom

|Notes on possible

1. Damage can be caused by general levels of |1. If fractures are significant then crop and part

cause of damage Notes on repairs

corrosion and presence of stress renew the floor plating otherwise the fracture
concentration associated with the presence can be veed-out and welded provided the
of a cut-out. plating is not generally corroded.
Repair B is to be incorporated if the lug
2. proves to be ineffective.
IN TONAL ASSOCIATION OF CLAS: N SOC, AREA B
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PART 1

GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure
[Part 1 Cargo hold region Example No.

Area 5

Double bottom structure

5

|Detail of damage

Fractures in bottom shell plating/inner bottom plating at the corner drain
hole/air hole in longitudinal

Sketch of damage

4
{

N oAt
é; 7 —Drain hole
y ——__,/«‘ : hl
# ~._ or air hole
FractureS/\/ ~
7 <

e
Bottom shell plating
or
inner bottom
plating

>
/
/
/
/
/
/

/
¥

G |

—

Fractures

Sketch of repair

i

INotes on possible cause of damage
1. Stress concentration and/or corrosion due to
stress concentration at the corner of drain

Notes on repairs
1. Fractured plating should be cropped and
part renewed.

hole/air hole. 2. If fatigue life is to be improved, change of
drain hole/air hole shape is to be
considered.
INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES AREA 5
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PART 1

GENERAL DRY
ICARGO SHIPS Hull Structure

Guidelines for Surveys, Assessment and Repair of

[Part 1 Cargo hold region

Example No.

Area 5 Double bottom structure

7

Detail of damage ICorrosion in bottom plating below suction head

Sketch of damage
Suction head Longitudinal
i I

=

[ m—— |

Sketch of repair

\ ] 3

*® -7
\\ e
AN

Bottom Corrosion

shell
plating

1. Insert to have round corners

2. Non-destructive examination
to be applied after welding based
on the Society's rules

|Notes on possible cause of damage

1. High flow rate associated with insufficient |1.
corrosion prevention system.

2. Galvanic action between dissimilar metals

Notes on repairs

Affected plating should be cropped and part
renewed. Thicker plate and suitable beveling
should be considered.

If the corrosion is limited to a small area, i.e.
pitting corrosion, repair by welding is
acceptable.
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PART 1

GENERAL DRY

Guidelines for Surveys, Assessment and Repair of

CARGO SHIPS Hull Structure
Part 1 Cargo hold region Example No.
Area 5 Double bottom structure 8

|Detail of damage |Fracture in shell plating at the termination of bilge keel

Sketch of damage

Sketch of repair

i ) Bilge shell ) i Repair A
| | plating ! ! . Il
I P ly ly Taper 1:3 -
| _Floor __ | I I
!I'/ \ll \\ !l !' = !
o T A i | = —)
D R N A e I
[A 7 / AT el we 1 \\,Intema]
7 1 / / member
J Fracture in bilge Taper 3d minimum I /
Bilge keel  shell plating Ground bar with no scallops or I/
\\ X/ cutouts | |‘J <>
\ r 11
£ ) = T~
Keep tip
View A- A mm— \ height to
| aminimum
Repair B
pa Newly provided
stiffeners

|I//7 /%% /// // 4////44/%4_

INotes on possible cause of damage
1. Poor design causing stress concentration.

Notes on repairs

1. Fractured plating is to be cropped and
renewed.

Reduction of stress concentration of the
bilge keel end should be considered.
Repair A: Modification of the detail of end
Repair B: New internal stiffeners

Instead of Repair A or B continuous ground
bar and bilge keel should be considered.

2.
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Guidelines for Surveys, Assessment and Repair of
Hull Structure

Cargo hold region Example No. |

Double bottom structure 9
Detail of damage [Corrosion in bottom plating below sounding pipe
Sketch of damage Sketch of repair
RepairA
rm_m%::z: T-—--—M. ’}E’mﬁ
I }
! ] 1 ! ] |
b Sounding pi o
o ! Vi g pipe U !
T N
! L ! |
! 't Renewal of
i e I
| ] 1| Striking plate X ] | striking plate
] I
—\ ——
{ - \L{ ] ; ) 4 1
Ve 1 \k\% i
Bottom Hole \ .
plating Repair by welding
Repair B
ey
i ! i
i
! | | Renewal of
1| 1] stiking plate
TR
Vol f Renewal of
t || ] botiomplate
o i
!
l
4 # L i
1
INotes on possible cause of damage Notes on repairs
1. Accelerated corrosion of striking plate by the (1. Corroded bottom plating should be welded
striking of the weight of the sounding tape. or partly cropped and renewed if
considered necessary.
2. Corroded striking plate should be renewed.
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Part2 Fore and aft end regions

Contents

Area 1 - Fore end structure

Area 2 - Aft end structure

Area 3 - Stern frame, rudder arrangement and propeller shaft supports

Area 1 Fore End Structure

Contents
1 General

2 What to look for
2.1 Material wastage
2.2 Deformations
2.3 Fractures

3 General comments on repair
3.1 Material wastage
3.2 Deformations
3.3 Fractures

Figures and/or Photographs - Area 1
No. Title
| Figure 1 Fore end structure - Potential problem areas

Examples of structural detail failures and repairs - Area 1
Example No. Title
1 Fracture and deformation of bow transverse web in way of cut-outs for side
longitudinals
Fracture at toe of web frame bracket connection to stringer platform bracket
Fracture in side shell plating in way of chain locker
Deformation of forecastle deck
Deformation of side shell plating in way of forecastle space
Fracture in forecastle deck plating at bulwark

(O Fé] B [OM) | o)
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1 General

1.1

1.2

1.3

14

1.5

Due to the environmental conditions, wastage of the internal structure of the fore peak tank
can be a major problem for many, and in particular ageing, general dry cargo ships.
Corrosion may be accelerated in the cases of uncoated tanks or where the coating has not
been maintained, and can lead to fractures of the internal structure, and the tank
boundaries.

Deformation can be caused by contact which may result in damage to the internal structure
and lead to fractures in the shell plating.

Fractures to the internal structure in the fore peak tank and spaces can also result from
wave impact load due to slamming/panting.

Forecastle structure is exposed to severe environments and suffers damage, such as
deformation of deck structure, deformation and fracture of bulwarks and collapse of masts,
etc.

Shell plating around anchor and hawse pipe may have corrosion, deformation and possible
fracture due to movement of improperly stowed anchor.

2 What to look for

2.1 Material wastage
211 Wastage (and possible subsequent fractures) is more likely to show initially in locations

as indicated in Figure 1. A close-up inspection should be carried out. In addition, a
representative selection of thickness measurements should be taken with particular
attention being given to locations such as chain lockers.

2.1.2 Structure in chain lockers is liable to have heavy corrosion because of mechanical

2.2

damage to the protective coating by anchor chains. In some ships, e.g. relatively small
ships, side shell plating may form boundaries of the chain lockers. Consequently, heavy
corrosion may result in a hole in the side shell plating.

Deformations

2.2.1 Contact with quaysides, etc. can result in large deformations and fractures of the internal

2.3

structure. This may affect the watertight integrity of the tank boundaries and collision
bulkhead. A close-up examination of the damaged area should be carried out.

Fractures

2.3.1 Fractures in the fore peak tank are normally found by close-up inspection of the internal

structure.

2.3.2 Fractures that extend through the thickness of the plating or through the boundary welds

may be observed during pressure testing of the double bottom tanks.
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2
Deformations !
Corrosion |
|
Shaded area is area i
where plate thinning
is most likely  Chain |
In way of chain locker
% lalal
Z NN
q =z
e
Z [
Nill4
Bilge
_-— - well B
I Deformations %
Crown of F.P. tank and and
deck of forecastle space fractures
(a) plan (b) Section
Figure 1 Fore end structure - Potential problem areas

3 General comments on repair
3.1 Material wastage
3.1.1 The necessary extent of steel renewal can be established when comparing the
measured thickness to the original values, or the minimum acceptable values for
this part of the structure. The repair work in the tank will require planning, to
permit accessibility.

3.2 Deformations
3.2.1 Deformed structure caused by contact should be cropped and part renewed or faired in
place depending on the nature and extent of damage.

3.3 Fractures
3.3.1 In the case of fractures caused by sea-loads the structure should be cropped and
renewed. Increased thickness of plating and/or design modification to reduce stress
concentrations should be considered (See Examples 1, 2 and 6).
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PART2

Guidelines for
Hull Structure

GENERAL DRY
|CARGO SHIPS

Surveys, Assessment and Repair of

[Part 2

Fore and aft end regions

Example No.

Area 1 Fore end structure

1

Detail of damage |Fracture and deformatio
side longitudinals

n of bow transverse web in way of cut-outs for!

Sketch of damage

Peak tank top
|
Localized \ ‘
deformation \ ‘
\ ¥ |

Transverse
web frame

Sketch of repair

Insert plate
with increased
thickness and/or
additional
stiffening

|Notes on possible cause of damage

1. Localized material wastage in way of
coating failure at cut-outs and sharp edges
due to working of the structure.

. Dynamic seaway loading in way of bow
flare.

Notes on repairs

1. Sufficient panel strength to be provided to
absorb the dynamic loads enhanced by bow
flare shape.
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of

CARGO SHIPS Hull Structure

[Part 2 [Fore and aft end regions

Example No.

Area 1 Fore end structure

2

|Detail of damage |Fracture at toe of web frame bracket connection to stringer platform bracket

Sketch of damage

Fracture

Sketch of repair

Modified taper of
face plate ending
to a minimum

of 133

Insert plate
of Increased
thickness

INotes on possible cause of damage

1. Inadequate bracket forming the web frame
connection to the stringer.

2. Localized material wastage in way of coating
failure at bracket due to flexing of the
structure.

3. Dynamic seaway loading in way of bow flare.

Notes on repairs

provided.

1. Adequate soft nose bracket endings with a
face plate taper of at least 1 : 3 to be

ARFA1

INTERNATIONAL ASSOCTATION OF CLASSIFICATION SOCIETIES

85



IACS SHIPS GUIDELINES FORSURVEYS, ASSESSMENT AND REPATR OFEIULL STRIC

PART 2

GENERAL DRY Guidelines for Surveys, Assessment and Repair of|
CARGO SHIPS Hull Structure
[Part 2  [Fore and aft end regions Example No.
Area 1  [Fore end structure 3
|Detail of damage |Fracture in side shell plating in way of chain locker
Sketch of damage Sketch of repair
Collision Side shell
bulkhead plating
\ J\/ - |
T VT ] LN |
o a _— -
\| N /y | | ]\\ /i/ |
e | X |
I e 1 | | I/ NI :
| Chain locker | o - } "
ST S W%///////g

Hole

Heavy corrosion

4'/,://///// v 7 i,

| ~.

Renewal of shell plating including
internals as found necessary

[Notes on possible cause of damage
1. Heavy corrosion in region where mud is
accumulated.

Notes on repairs

1. Corroded plating should be cropped and
renewed.

2. Protective coating should be applied.
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure

Part 2 Fore and aft end regions Example No.
Area 1 Fore end structure 4
|Detail of damage [Deformation of forecastle deck

Sketch of damage Sketch of repair

@ :Dent in deck

Insert plate
P

—oawsepipe I
/ / Forecastle deck Newly provide collar plate
N

T T TR S B

\

72n

|
\ Part renewal of

Buckling | longitudinal
Side shell plate
1de shell pla Part renewal of
web plate
'‘Newly provided
stiffener
INotes on possible cause of damage Notes on repairs
1. Green sea on deck. 1. Deformed structure should be cropped and
2. Insufficient strength. renewed.

2. Additional stiffeners on web of beam should
be considered for reinforcement.
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|GENERAL DRY Guidelines for Surveys, Assessment and Repair off
CARGO SHIPS Hull Structure

[Part 2 |[Fore and aft end regions Example No.
Area 1 |[Fore end structure 5

|Detail of damage |Deformation of side shell plating in way of forecastle space

Sketch of damage

Side shell plating in way of
forecastle space

LAY
||§|§|
ST

stiffeners

—Forecastle deck

@Z Buekling

A i
J/ Side shell frame
Center <
line Side shell \Upper deck

Sketch of repair

line longitudinal stiffeners

Newly provided

(_}enter

Insertion of plate of
line increased thickness

INotes on possible cause of damage
1. Heavy weather.
2 Insufficient strength.

Notes on repairs
1.

2.

Deformed part should be cropped and part
renewed.

Repair A

Additional stiffeners between existing
stiffeners should be considered.

Repair B

Insertion of plate of increased thickness
with additional stiffeners
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure

Part 2 Fore and aft end regions Example No.
Area 1  Fore end structure 6
Detail of damage Fracture in forecastle deck plating at bulwark
Sketch of damage Sketch of repair
View A-A
View A-A
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PART 2

Bracket in line
with bulwark
stay

N v/

View A-A

INotes on possible cause of damage
1. Bow flare effect in heavy weather.
2 Stress concentration due to poor design.

Notes on repairs

1.
2.

3.

Fractured deck plating should be cropped

and renewed.

Bracket in line with the bulwark stay to be

fitted to reduce stress concentration.

The lower end of the bulwark bracket flange

to be reshaped in order to avoid the sniper

end.
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PART2

Area 2 Aft end structure

Contents

1 General

2 What to look for
21 Material wastage
2.2 Deformations
2.3 Fractures

3 General comments on repair
3.1 Material wastage
3.2 Deformations
3.3 Fractures

Figures and/or Photographs - Area 2

No. Title

Figure 1 Aft end structure - Potential problem areas

Examples of structural detail failures and repairs - Area 2

Example No. Title
1 Fractures in longitudinal bulkhead in way of rudder trunk
2 Fractures at the connection of floors and girder/side brackets
3-a Fractures in flat where rudder carrier is installed in steering gear room
3-b Fractures in steering gear foundation brackets and deformed deck plate
3-Cc Stern frame, rudder arrangement and propeller shaft support
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1 General
1.1 Due to environmental conditions, wastage of the internal structure of the aft peak tanks can
be a major problem for many, and in particular ageing, general dry cargo ships. Wastage
may be found to be accelerated in the case of uncoated tanks or where the coating has not
been maintained, and can lead to fractures of the internal structure, and the tanks
boundaries.

1.2 Deformation can be caused by contact or due to wave impact from astern which can result
in damage to the internal structure and lead to fractures in the shell plating.

1.3 Fractures to the internal structure in the aft peak tank and spaces can also result from main
engine and propeller excited vibration.

2 What to look for

2.1 Material wastage
2.1.1 Wastage (and possible subsequent fractures) is more likely to show initially in locations
as indicated in Figure 1. A close-up inspection should be carried out. In addition, a
representative selection of thickness measurements should be taken with particular
attention being given to locations such as bunker tank boundaries and spaces adjacent
to heated engine rooms.

2.2 Deformations
2.2.1 Contact with quaysides etc. can result in large deformations and fractures of the internal
structure. This may affect the watertight integrity of the tank boundaries and bulkheads.
A close-up examination of the damaged area should be carried out.

2.3 Fractures
2.3.1 Fractures in floor connection welds and in other locations in the aft peak tanks and
rudder trunk spaces are normally found by close-up inspection.

2.3.2 The structure supporting the rudder carrier may fracture and/or deform due to the rudder
having suffered excessive loads. Bolts connecting the rudder carrier to the steering gear
flat may also be damaged due to such loads.
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Look at forward bulkhead, particular attention being given to
locations in way of heated engine room and bunker tank boundaries

Rudder trunk
Look at box type
construction

Look at transverse
floor conmection -
to side shell in
way of propeller
aperture

Figure 1 Aft end structure - Potential problem areas

3 General comments on repair
3.1 Material wastage
3.1.1 The necessary extent of steel renewal can be established when comparing the
measured thickness to the original values, or the minimum acceptable values for this
part of the structure. The repair work in the peak tanks will require planning to permit
accessibility.

3.2 Deformations
3.2.1 Deformed structure caused by contact should be cropped and part renewed or faired in
place depending on the extent of damage.

3.3 Fractures
3.3.1 Repairs of main engines and propeller excited vibration damage should be made by
returning the structure to its original condition. In order to prevent recurrence of the
damage the cause of the vibration should be ascertained and additional reinforcements
provided as found necessary (See Examples 1 and 2).

3.3.2 Fractured structure which supports the rudder carrier is to be cropped and renewed, and
may have to be reinforced (See Example 3).
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PART2

GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure

[Part 2 Fore and aft end regions Example No.
Area 2 |Aft end structure 1

IDetail of damage [Fractures in longitudinal bulkhead in way of rudder trunk

Sketch of damage
Fr. No.

. Rudder
trunk

Fracture
-~

<3

\ Section Fr.0 [ A
N _ |
=
| .
Fracture !
Section Fr. a \:

Sketch of repair
Fr. No.

Rudder
~ trunk

Newly
i ~/ provided

% stiffener

ViewA-A

Newly provided
stiffener

N

O

7 |
.
|
Section Fr. a\\ \|

INotes on possible cause of damage
1. Vibration.

Notes on repairs

1. The fractured plating should be cropped
and renewed.

2. Natural frequency of the plate between
stiffeners  should be changed, e.g.
reinforcement by additional stiffeners.
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GENERAL DRY Guidelines for Surveys, Assessment and Repair off
CARGO SHIPS Hull Structure

[Part 2 |Fore and aft end regions Example No.
Area 2 |Aft end structure 2
IDetail of damage |Fractures at the connection of floors and girders/side brackets
Sketch of damage Sketch of repair
S R
sslolgl B
A'P;T' I eﬁ"o'kﬁglol
> =lolojolo|_ |
u | -“Iolo{olol
talplolo
A ]
A
I
\
Rudder
//trunk v: Fracture
/
i ¥ X ) ,
NNaAve; St b A
Ao oernERES ==
EBEhseo YT
Z : | I\/‘l f: < —> A I [ l
[ | | | i —>|
I I [ [ I — — > I
Cb L L liﬂlm
v + & S | J=— 'r/ \ |
. [e— — >
View A- A -:_: Newly provided strut
|Notes on possible cause of damage Notes on repairs
1. Vibration. 1. The fractured plating should be cropped and
renewed.

2. Natural frequency of the panel should be
changed, e.g. reinforcement by additional
strut.
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure

[Part 2 Fore and aft end regions Example No.
Area 2 |Aft end structure 3-a
|Detail of damage |Fracture_s_ in flat where rudder carrier is installed in steering gear room
Sketch of damage Sketch of repair

/ SteerinI gear flat

Addi tiona] | Additional

brackets | stiffening
| ring

! View B-B

\]\

Steeung ,___J.___| :
gear flat | |

7 I

_._
|

| A
Y
i U Fractl_lres
| I

| —

|

| !
F=—t=——I |
| |
l 1
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PART2

Additional | Addition

i brackets i stiffening A

al
ring

View B- B

INotes on possible cause of damage
1. Inadequate design.

Notes on repairs

renewed.

1. Fractured plating should be cropped and

2. Additional brackets
ring should be fitted for reinforcement.

stiffeners and stiffening

Rem——————————
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure

Part 2 Fore and aft end regions Example No.
Area 2 |Aft end structure 3-b
|Detail of damage |Fractures in steering gear foundation brackets and deformed deck
plate
Sketch of damage Sketch of repair
/|

\ Av

ViewC-C

New insert Increased Additional Additional
plate of l?racket stiffening bracket

increased
thickness /
I |
I \
| |
I \
I \
c| ¢
& | 7 7 | i
‘7—: = =
A
8 | i
1A |
1 f | |
Buckling B : ;
i | ] I |
— —— | |
1 | | |
INotes on possible cause of damage Notes on repairs
1. Insufficient deck strengthening (missing |1. New insert base plate of increased plate
base plate). thickness.
2. Insufficient strengthening of steering gear [2. Additional longitudinal stiffening at base plate
foundation. edges.
3. Bolts of steering gear were not sufficiently [3. Additional foundation brackets above and
pre-loaded. under deck (star configuration).
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure

Part 2 Fore and aft end regions Example No.
Area 2 |Aft end structure 3-C
lDetaiI of damage ([Stern frame, rudder arrangement and propeller shaft support
Sketch of damage Sketch of repair

|Notes on possible cause of damage Notes on repairs

1. Insufficient strength due to poor design. 1. Fractured plating to be veed-out and

re-welded.

2. Fractured plating to be cropped and renewed

if considered necessary.

3. Reinforcement should be considered if
deemed necessary.
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Area 3

Stern frame, rudder arrangement and propeller shaft

support

Contents

1 General

2 What to look for - Drydock inspection

21
2.2
2.3

Deformation
Fractures
Corrosion/Erosion/Abrasion

3 General comments on repair

3.1
3.2
3.3
3.4
3.5

Rudder

Repair of plate structures

Abrasion of bush and sleeve
Assembling of rudders

Repair of propeller boss and stern tube

Figures and/or Photographs - Area 3

No. Title
Figure 1 Nomenclature for stern frame, rudder arrangement and propeller shaft
support
Figure 2 Potential problem areas
Photograph 1 Fractured rudder due to corrosion in rudder plating
| Figure 3 Rudder stock repair by welding
Diagram 1 Preheating temperature
Examples of structural detail failures and repairs - Area 3
Example No. Title
1 Fracture in rudder plate stock
2 Fracture in connection of palm plate to rudder blade
3 Fracture in rudder plating of semi-spade rudder (short fracture with end
located forward of the vertical web)
4 Fracture in rudder plating of semi-spade rudder extending beyond the
vertical web
5 Fracture in rudder plating of semi-spade rudder in way of pintle cut-out
6 Fracture in side shell plating at the connection to propeller boss
7 Fracture in stern tube at the connection to stern frame
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1 General

1.1 The stern frame, possible strut bearing arrangement and connecting structures are
exposed to propeller induced vibrations, which may lead to fatigue cracking in areas where
stress concentrations occur.

1.2 The rudder and rudder horn are exposed to an accelerated and fluctuating stream from the
propeller, which may also lead to fatigue cracking in areas where stress concentrations
occur.

1.3 In extreme weather conditions the rudder may suffer wave slamming forces causing
deformations of the rudder stock and the rudder horn as well as of the rudder itself.

1.4 The rudder and the rudder horn as well as struts (on shafting arrangement with strut
bearings) may also come in contacts with floating object such as timber-logs or ice, causing
damages similar to those described in 1.3.

1.5 Since different materials are used in adjacent compartments and structures, accelerated
(galvanic) corrosion may occur if protective coating and/or sacrificial anodes are not
maintained properly.

1.6 Pre-existing manufacturing internal defects in cast pieces may lead to fatigue cracking.

1.7 A summary of potential problem areas is shown in Figure 2.

1.8 A complete survey of the rudder arrangement is only possible in dry dock. However, in
some cases a survey including a damage survey can be carried out afloat by divers or with
a trimmed ship. (Moved from 2.4)
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Nomenclature
(00) Rudder carrier
(01) Rudder trunk
(10) Rudder stock
(11) Carrier bearing
(12) Neck bearing
(13) Horizontal
(a) Rudders supported by sole piece coupling
(Flange
coupling)
(14) Cone coupling
(20) Rudder blade
(21) Upper pintle
(22) Upper pintle

41)

2 Hea—400, A "a—-00 bearing
A ‘——511; At Ell} (30) Rudder horn
o 41| [—oD aold-i | [—oD (31) Horn pintle
(32) Horn pintle
t2) bearing

(40) Sole piece

0 (41) Bottom pintle

(60) Propeller boss
(Stern tube
(b) Semi-spade rudder (c) Spade rudder casting)
(or Mariner rudder) (70) Propeller shaft
bracket
(Tail shaft strut)

(d) Twin propellers support arrangement
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(20

{Alternative)

)

(b) Semi-spade rudders {c) Spade rudder

Nomeneclature

{00)Rudder carrier {01)Rudder runk (10)Rudder stock {11)Carmrier bearing
(12)Neck bearing  (13)Horizontal coupling(Flange coupling)  (14)Cone coupling
(20)Rudder blade  {21)Upper pintle (22)Upper pintle bearing

(30)Rudder homn  (31)Hom pantle  (32)Horn putle bearing

(40)Sole piece {41)Bottom pintle (42)Bottom pintle bearing

(50)Bush (51)Sleeve(Liner)

(60 Propeller boss(Stern tube casting) (70)Propeller shaft bracket(Tail shaft strut)

D

I =1
T s ol

A

{d) Twin propellers support arrangement

Figure 1 Nomenclature for stern frame, rudder arrangement and propeller shaft
support
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Damage to look for:

(1) Fractures and loose coupling bolts

(2) Loose nut

(3) Wear (excessive bearing clearance)

(4) Fractures in way of pintle cutout

(5) Fractures in way of removable access plate
(6) Fractures

(7) Erosion
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Damage to look for:

{1)Fractures and loose coupling bolts
{2}Loose nut

{3 )Wear({excessive bearing clearance)}
(4)Fractures in way of pintle cutout
{5)Fractures m way of removable access plate

{B)Fractures
{7 Erosion
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/
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Figure 2 Potential problem areas
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2 What to look for - Drydock inspection

2.1 Deformations
211 The rudder blade, rudder stock, rudder horn and propeller boss/brackets have to be
checked for deformations.

2.1.2 Indications of deformation of rudder stock/rudder horn could be found by excessive
clearance.

2.1.3 Possible twisting deformation or slipping of cone connection can be observed by the
difference in angle between rudder and tiller.

2.1.4 If bending or twisting deformation is found, the rudder has to be dismounted for further
inspection.

2.2 Fractures
2.2.1 Fractures in rudder plating should be looked for at slot welds, welds of removable part to
the rudder blade, and welds of the access plate in case of vertical cone coupling between
rudder blade and rudder stock and/or pintle. Such welds may have latent defects due to
the limited applicable welding procedure. Serious fractures in rudder plating may cause
loss of rudder.

2.2.2 Fractures should be looked for at weld connection between rudder horn, propeller boss
and propeller shaft brackets, and stern frame.

2.2.3 Fractures should be looked for at the upper and lower corners in way of the pintle recess
in case of semi-spade rudders. Typical fractures are shown in Examples 3 to 5.

2.2.4 Fractures should be looked for at the transition radius between rudder stock and
horizontal coupling (palm) plate, and the connection between horizontal coupling plate
and rudder blade in case of horizontal coupling. Typical fractures are shown in
Examples 1 and 2. Fatigue fractures should be looked for at the palm plate itself in case
of loosened or lost coupling bolts.

2.2.5 Fractures should be looked for in the rudder plating in way of the internal stiffening
structures since (resonant) vibrations of the plating may have occurred.

2.2.6 If the rudder stock is deformed, fractures should be looked for in rudder stock by
nondestructive examinations before commencing repair measures, in particular in and
around the keyway, if any.

2.3 Corrosion/Erosion/Abrasion
2.3.1 Rudder plating
Corrosion/erosion (such as deep pitting corrosion) should be looked for in rudder/rudder
horn, especially in welds. In extreme cases the corrosion /erosion may cause a large
fracture as shown in Photograph 1.
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Photograph 1
Eractured—rudder due to
corrosion in rudder plating

Photograph 1  Fractured rudder due to corrosion in rudder plating

2.3.2 Rudder stock and pintle

The following should be looked for on the rudder stock and pintle:

- Excessive clearance between sleeve and bush of the rudder stock/pintle beyond the
allowable limit specified by the Classification Society.

- Condition of sleeve. If the sleeve is loose, ingress of water may have caused corrosion.

- Deep pitting corrosion in the rudder stock and pintle adjacent to the stainless steel
sleeve.

- Slipping of rudder stock cone coupling. For a vertical cone coupling with hydraulic
pressure connection, sliding of the rudder stock cone in the cast piece may cause
severe surface damages.

- Where a stainless steel liner/sleeve/cladding for the pintle/rudder stock is fitted into a
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stainless steel bush, an additional check should be made for crevice corrosion.

3 General comments on repair
3.1 Rudder

3.141

Rudder stock with deformation

(a) If the rudder stock is twisted due to excessive forces such as contact or grounding
and has no additional damages (fractures etc.) or other significant deformation, the
stock usually can be used. The need for repair or heat treatment of the stock will
depend on the amount of twist in the stock according to the requirements of the
Classification Society. The keyway, if any, has to be milled in a new position.

(b) Rudder stocks with bending deformations, not having any fractures, may be
repaired depending on the size of the deformation either by warm or by cold
straightening in an approved workshop according to a procedure approved by the
Classification Society. In the case of warm straightening, as a guideline, the
temperature should usually not exceed the heat treatment temperature of
530-580°C.

(¢) Inthe case of fractures on a rudder stock with deformations, the stock may be used
again depending on the nature and extent of the fractures. If a welding repair is
considered acceptable, the fractures are to be removed by machining/grinding and
the welding is to be based on an approved welding procedure together with post
weld heat treatment as required by the Classification Society.

Repair of rudder stocks/pintles by weld cladding

Rudder stocks and/or pintles may be repaired by welding replacing wasted material by
similar weld material. After removal of the wasted area (corrosion, scratches, etc.) by
machining and/or grinding the build-up welding has to be carried out by an automatic
spiral welding according to an approved welding procedure. The welding has to be
extended over the area of large bending moments (rudder stocks). In special cases post
weld heat treatment has to be carried out according to the requirements of the
Classification Society. After final machining, a sufficient number of layers of welding
material have to remain on the rudder stock/pintle. A summary of the most important
steps and conditions of this repair is shown in the Figure 3.

In the case of rudder stocks with bending loads, fatigue fractures in way of the transition
radius between the rudder stock and the horizontal coupling plate cannot be repaired by
local welding. A new rudder stock with a modified transition geometry has to be
manufactured, as a rule (See Example 1). In exceptional cases a welding repair can be
carried out based on an approved welding procedure. Measures have to be taken to
avoid a coincidence of the metallurgical notch of the heat affected zone with the stress
concentration in the radius’ area. Additional surveys of the repair (including
non-destructive fracture examination) have to be carried out at reduced intervals.
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Replacing wasted material by similar ordinary weld material

s Removal of the wasted area by machining and/or grinding, non-destructive
examination for fractures (magnetic particle inspection preferred)

s Build-up welding by automatic spiral welding (turning device) according to
an approved welding procedure (weld process, preheating, welding
consumables, etc.)

s Extension of build-up welding over the area of large bending moments
(shafts) according to the sketch

D/2 - D Bearing Bearing 30 - 100
> g e e—————————
----- o ik
—— | e[| Ty || _al =.==
i ]
______ - | R
Extension of build-up welding Extension of
build-up welding
Rudder stock Pintle

s Sufficient number of weld layers to compensate removed material, at least
one layer in excess (heat treatment of the remaining layer)

s Transition at the end of the build-up welding according to the following
sketch

To be machined off after welding.
T T T P B T T A

T T T,

s Post weld heat treatment if required in special cases (never for stainless
steel cladding on ordinary steel)

s Final machining, at least two layers of welding material have to remain on
the rudder stock (See the above sketch)

s Non-destructive fracture examination

Figure 3 Rudder stock repair by welding
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3.2 Repair of plate structures

3.21

3.2.2

3.2.3

Fatigue fractures in welding seams (butt welds) caused by welding failures (lack of
fusion) can be gouged out and rewelded with proper root penetration.

In case of fractures, probably caused by (resonant) vibration, vibration analysis of the
rudder plating has to be performed, and design modifications have to be carried out in
order to change the natural frequency of the plate field.

Short fatigue fractures starting in the lower and/or upper corners of the pintle recess of
semi-spade rudders that do not propagate into vertical or horizontal stiffening structures
may be repaired by gouging out and welding. This procedure according to Example 3
should be preferred.

In case of longer fatigue fractures starting in the lower and/or upper corners of the pintle
recess of semi-spade rudders that propagate over a longer distance into the plating,
thorough check of the internal structures has to be carried out. The fractured parts of the
plating and internal structures, if necessary, have to be replaced by insert plates. A
proper welding connection between the insert plate and the internal stiffening structure is
very important (See Examples 4 and 5).

The area of the pintle recess corners has to be ground smooth after the repair. In many cases a
modification of the radius, an increased thickness of plating and an enhanced steel quality may

be necessary.

3.24

3.2.5

3.2.6

For the fractures at the connection between plating and cast pieces adequate
pre-heating is necessary. The pre-heating temperature is to be determined taking into
account the following parameters:

¢ chemical composition (carbon equivalent C.q)

¢ thickness of the structure

¢ hydrogen content in the welding consumables

e heat input

As a guide, the preheating temperature can be obtained from Diagram 1 using the plate
thickness and carbon equivalent of the thicker structure.

All welding repairs are to be carried out using qualified/approved welding procedures.
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Diagram 1 Preheating temperature

3.3 Abrasion of bush and sleeve
Abrasion rate depends on the features of the ship such as frequency of maneuvering.
However, if excessive clearance is found within a short period, e.g. 5 years, alignment of the
rudder arrangement and the matching of the materials for sleeve and bush should be
examined together with the replacement of the bush.

3.4 Assembling of rudders
After mounting of all parts of the rudder, nuts of rudder stocks with vertical cone coupling
and nuts of pintles are to be effectively secured either against each other or both against the
coupling plate.

3.5 Repair of propeller boss and stern tube
Repair examples for propeller boss and stern tube are shown in Examples 6 and 7.
Regarding the welding reference is made to 3.1.2, 3.2.4 and 3.2.5.
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure

Part 2 |Fore and aft end regions Example No.
Area 3 |Stern frame, rudder arrangement and propeller 1
shaft support

|Detail of damage |Fracture in rudder stock
Sketch of damage Sketch of repair

I
"

(See below)

I
|
I
I
|
HFracture
|
|
|
|

1
I
I
I
|
I
Il
[
I
I
I

P

A
|
]‘ i//[ |

. | J
Center line
View A- A
INotes on possible cause of damage Notes on repairs
1. Inadequate design for stress concentration in|1. Modification of detail design of rudder stock
rudder stock. to reduce the stress concentration.
INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES ARFA 3

112



GFNERAL DRY CARGO SHIPS: GUIDELINES FOR! "AND REPAIROF HUL

LSTRUCTURE PART2

GENERAL DRY Guidelines for Surveys, Assessment and Repair of

CARGO SHIPS Hull Structure

[Part 2 [Fore and aft end regions Example No.
Area 3 |[Stern frame, rudder arrangement and propeller 2
shaft support
[Detail of damage [Fracture in connection of palm plate to rudder blade
Sketch of damage Sketch of repair
| ]
| b

L
" | \ \ I &
11 ] T
1 |
I |
I |
1 |
|
|
|
|

Fracture !l

|
7 | :

t I I

I\IH

Fuli Backing bar
penetration fully welded
closing

|
|
|

weld | before
|
|
|

t = plate thickness, mm
t;= actual flange thickness, mm

t= %‘- + 5, mm, where t, < 50mm

t= 3[t , mm, where t; >50mm

Notes on possible cause of damage

and rudder blade plating (insufficient plating
thickness and/or insufficient fillet weld).

1. Inadequate connection between palm plate|1. Modification of detail design of the

Notes on repairs

connection by increasing the plate thickness
and full penetration welding.
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CARGO SHIPS Hull Structure

Surveys, Assessment and Repair of

[Part 2 [Fore and aft end regions

Example No.

Area 3

shaft support

Stern frame, rudder arrangement and propeller

3

|Detail of damage

Fracture in rudder plating of semi-spade rudder (short fracture with end
located forward of the vertical web)

Sketch of damage

Fracture in

Sketch of repair

Fractured area
~opened up by
ame cutting

welds
gi hboring

each other

Face from "A"
w IIBII to be

und notch-
ec and smooth

INotes on possible cause of damage

1. Stress concentration due to inadequate local
design and/or fabrication notches in way of
the butt weld between cast piece and plating.

Notes on repairs

1. Grooving-out and welding of the fracture is
not always adequate (metallurgical notch in
way of a high stressed area).

In the proposed repair procedure the
metallurgical notches are shifted into a zone
exposed to lower stresses.

After welding a modification of the radius
according to the proposal in Example 5 is to
be carried out.

In case of very small crack it can be ground
off by increasing the radius.
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure

Part 2 |Fore and aft end regions Example No.
Area 3 |Stern frame, rudder arrangement and propeller 4

shaft support

|Detail of damage |Fracture in rudder plating of semi-spade rudder extending beyond the
vertical web
Sketch of damage Sketch of repair

===== First steps
B Cover this
4 part

| Second step;
Cover this

Note: R should be considered
according to local detail

INotes on possible cause of damage Notes on repairs
1. Stress concentration due to inadequate local|1. Fractured plating is to be cut-out.

design and/or fabrication notches in way of|2. Internal structures are to be checked.

the butt weld between cast piece and plating.|3. Cut-out is to be closed by an insert plating
according to the sketch (welding only from
one side is demonstrated).
Modification of the radius.
In case of a new cast piece, connection with
the plating is to be shifted outside the high
stress area.

N

o s
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure

[Part 2 |Fore and aft end regions Example No.

Area 3

Stern frame, rudder arrangement and propeller 5
shaft support

|Detail of damage |Fracture in rudder plating of semi-spade rudder in way of pintle cutout

Sketch of damage

Sketch of repair
Second step;

First step;
Cover this part

Cover this pa}((t

2. New contour should be
ground smooth.

Detail A

To be
ground

24— To be cut

B
Rudder N
plating Backing
strip
~To be ground
smoot,
~To be cut
View B - B

|Notes on possible cause of damage

1. Inadequate design for stress concentration
in way of pintle bearing (Fracture A).

2. Imperfection in welding seam (Fracture B).

Notes on repairs

1. Fractured part to be cropped off.

2. Repair by two insert plates of modified,
stress releasing contour. For the vertical
seam no backing strip is used 100mm off
contour, welding from both sides, to be

ground after welding.

3. Variant (See Detail A): Repair as mentioned
under 2 with the use of backing strip for the

compete complete vertical

welding backing strip partly removed by

grinding.

seam. After
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PART2

GENERAL DRY
CARGO SHIPS

Hull Structure

Guidelines for Surveys, Assessment and Repair of|

|Part 2

Fore and aft end regions

Example No.

Area 3

Stern frame, rudder arrangement and propeller 6
shaft support

|Detail of damage |Fracture in side shell plating at the connection to propeller boss

Sketch of damage

N

Z
7

R

Fracture

Propeller boss

7 Fracture

/ started

2 at HAZ of
welding

Enlarged View A- A

Sketch of repair

7

[
I
|
L L |
B 7 D | IBi | >
| |
I
[
]
\l/vu\’u L1
Additional
stiffener
- Collar plate
7 -
7

Enlarged View B- B

|Notes on possible cause of damage
1. Fatigue fracture due to vibration.

Notes on repairs
1. Fractured side shell plating is to be cropped

and part renewed.
2. Additional stiffeners are to be provided.
3. Collar plate is to be provided.
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure

Part 2 |Fore and aft end regions Example No.
Area 3 |Stern frame, rudder arrangement and propeller 7

shaft support

|Detail of damage |Fracture in stern tube at the connection to stern frame

Sketch of damage Sketch of repair
L " '
Fractures
N / . T
INotes on possible cause of damage Notes on repairs
1. Fatigue fracture due to vibration. 1. Fractured tube is to be welded from both
sides.
2. Brackets are to be replaced by modified
brackets with soft transition.
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Part3 Machinery and accommodation spaces

Area 1 Engine room structure
Area 2 Accommodation structure

Area 1 Engine room structure

Contents

1 General

2 What to look for
21 Material wastage
2.2 Fractures

3 General comments on repair
3.1 Fractures

Examples of structural detail failures and repairs - Area 1
Example No. Title
1 Fractures in brackets at main engine foundation
2 Corrosion in bottom plating under sounding pipe in way of bilge storage tank
in engine room
3 Corrosion in bottom plating under inlet/suction pipe in way of bilge storage
tank in engine room
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1 General
1.1 The engine room structure is categorized as follows.
- Boundary structure which consists of upper deck, bulkhead, inner bottom plating, funnel,
deckhead below accommodation wet areas etc.
- Deep tank structure
- Double bottom tank structure
The boundary structure can generally be inspected routinely. Therefore, if damage is found,
it can be easily rectified. Other structures, however, cannot be inspected routinely and
therefore damage is found only when the ship is dry-docked or a problem has occurred.

2 What to look for
2.1 Material wastage
2.1.1 Boundary structure
Tank top plating, shell plating and bulkhead plating adjacent to the tank top plating may
have severe corrosion due to sea water which is derived from leakage or lack of
maintenance of sea water lines.

In dry dock the bilge well should be cleaned and inspected carefully, because the bilge well may
have heavy pitting corrosion due to sea water which is derived from leakage at the gland
packing or maintenance operation of machinery.

The funnel consists of part of the boundary structure and it often has serious corrosion which
may impair firefighting of engine room in addition to weather tightness.

2.1.2 Double bottom tank
The bilge tank is under relatively severe corrosion environment compared to other
double bottom tanks, since oily bilge containing sea water is put into the tank. Severe
corrosion may result in a hole in the bottom plating, especially under the sounding pipe.
In cofferdam pitting corrosion caused by sea water entering from the air pipe is seldom
found.

2.2 Fractures
2.21 Deep tank
In general deep tanks for fresh water or fuel oil are provided in the engine room. These
tank structures often have fractures due to vibration. Since the double bottom structure
in the engine room is extremly rigid, fractures in this structure are very rare.

3 General comments on repair
3.1 Fractures
3.1.1 Deep tank
For fractures caused by vibration, consideration should be paid to change the natural
frequency of the structure in addition to repairing damage to the structure. This may be
achieved by adding proper additional structural members. However, this is often very
difficult and many tentative tests may be needed before reaching the desired solution.
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PART 3

GENERAL DRY Guidelines for Surveys, Assessment and Repair of
CARGO SHIPS Hull Structure

[Part 3 Machinery and accommodation spaces Example No.
Area 1 Engine room structure 1

|Detail of damage |Fractures in brackets at main engine foundation

Sketch of damage

T T T
T
LR ARARAA

| E———

i

———il |

&
O:»

Sketch of repair

s

1. Vibration of main engine.

engine foundation.
3. Insufficient pre-load of the bolts.

INotes on possible cause of damage

2. Insufficient strength of brackets at main

Notes on repairs
1.
2.

Fractures may be veed-out and rewelded.
New modified brackets at main engine
foundation.

Or insert pieces and additional flanges to
increase section modulus of the brackets.
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GENERAL DRY Guidelines for Surveys, Assessment and Repair of]

CARGO SHIPS Hull Structure

lPart 3 IMachinery and accommodation spaces Example No.
Area 1 |[Engine room structure 2
|Detail of damage [Corrosion in bottom plating under sounding pipe in way of bilge storage tank
in engine room
Sketch of damage Sketch of repair
Shell expansion in <
way of bilge tank
Renewal of
/ striking
/ plate
| ™~ Repair by
welding
-
Renewal of
) N striking
e \  Bilge tank plate
Hole Renewal of
Keel plate bottom
plate
YU,
EXSS \\\\
Soundin,
pipe & V — Renewal of
striking
plate
Striking —
plate Renewal of
1, bottom
N plabe by
| * Hole AL AT,
"\\\\\\_ weldlng
[Notes on possible cause of damage Notes on repairs
1. Heavy corrosion of bottom plating under 1. Corroded striking plating should be renewed.
sounding pipe. Bottom plate should be repaired depending
2. on the condition of corrosion.
(Note)
Repair by spigot welding can be applied to
the structure only when the stress level is
considerably low. Generally this procedure
cannot be applied to the repair of bottom
plating of ballast tanks in cargo hold region.
INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES AREA 1

122



PART 3

GENERAL DRY Guidelines for Surveys, Assessment and Repair of
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[Part 3 |[Machinery and accommodation spaces Example No.
Area 1  [Engine room structure 3

|Detail of damage |[Corrosion in bottom plating under inlet/suction/pipe in way of bilge storage
tank in engine room

Sketch of damage Sketch of repair

Inlet pipe  Suction pipe
— —c

m«w +—  F 7T F 777 A 3

Bottom plate Corrosion

|Notes on possible cause of damage Notes on repairs
1. Heavy corrosion of bottom plating under the [1. Corroded bottom plate is to be cropped and
inlet/suction pipe. part renewed. Thicker plate is preferable.

2 Replacement of pipe end by enlarged conical
opening (similar to suction head in ballast
tank) is preferable.
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Area 2 Accommodation structure

Contents

1 General/General comments to repair

| Figures and/or Photographs - Area 42

No. Title
Photograph 1 Corroded accommodation house structure
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1 General/General comments to repair
1.1 General
Generally accommodation structures have few damages compared to other structures
due to low stress levels.

The main damage is corrosion which may cause serious problems since the structure is
relatively thin. Serious corrosion may be found in exposed deck plating and its adjoining
accommodation house structure where water is liable to collect (See Photograph 1).
Corrosion is also found in accommodation bulkheads where fittings such as doors, side
scuttles, ventilators, etc. are fitted and proper maintenance of the area is relatively difficult.
Deterioration of the bulkheads including fittings may impair the integrity of
weathertightness.

Fractures caused by vibration may be found, in the structure itself and in various stays for
such structures, mast, antenna etc. For such fractures consideration should be paid to
change the natural frequency of the structure in addition to the repair.

Photograph 1  Corroded accommodation house structure
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1 Introduction
The International Association of Classification Societies (IACS) is introducing
a series of manuals with the intention of giving guidelines to assist the
surveyors of IACS Member Societies, and other interested parties involved in
the survey, assessment and repair of hull structures for certain ship types.

This manual gives guidelines for a bulk carrier type ship which is constructed
with a single deck, single skin, double bottom, hopper side tanks and topside
tanks in cargo spaces, and is intended primarily to carry dry cargo, including
ore, in bulk. Figure 1 shows the general view of a typical single skin bulk
carrier with 9 cargo holds.
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Figure 1 General view of a typical single skin bulk carrier

The guidelines focus on the IACS Member Societies’ survey procedures but
may also be useful in connection with inspection/examination schemes of
other regulatory bodies, owners and operators.

The manual includes a review of survey preparation guidelines, which cover
the safety aspects related to the performance of the survey, the necessary
access facilities, and the preparation necessary before the surveys can be
carried out.

The survey guidelines encompass the different main structural areas of the
hull where damages have been recorded, focusing on the main features of the
structural items of each area.

An important feature of the manual is the inclusion of the section which
illustrates examples of structural deterioration and damages related to each
structural area and gives what to look for, possible cause, and recommended
repair methods, when considered appropriate.

The “IACS Early Warning Scheme (EWS)”, with the emphasis on the proper
reporting of significant hull damages by the respective Classification Societies,
will enable the analysis of problems as they arise, including revisions of these
Guidelines.

This manual has been developed using the best information currently
available. It is intended only as guidance in support of the sound judgment of

INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIE: 1 INTRODUCTION




BULKCARRIFRS: GUIDFIINES FOR SURVEY, ASSESSMENT AND RFPAR OF HULL STRUCTURE, 1 INTRODUCTION

surveyors, and is to be used at the surveyors' discretion. It is recognized that
alternative and satisfactory methods are already applied by surveyors. Should
there be any doubt with regard to interpretation or validity in connection with
particular applications, clarification should be obtained from the
Classification Society concerned.

Figure 2 shows a typical cargo hold structural arrangement in way of cargo
hold region.
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Figure 2 Typical cargo hold configuration for a single skin bulk
carrier
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2 Class survey requirements
2.1 General

2.1.1 The programme of periodical surveys is of prime importance as a means

for assessment of the structural condition of the hull, in particular, the
structure of cargo holds and adjacent tanks. The programme consists of
Special (or Renewal) Surveys carried out at five-year interval with
Annual and Intermediate Surveys carried out in between Special
Surveys.

2.1.2 Since 1991, it has been a requirement for new bulk carriers to apply a

protective coating to the structure in water ballast tanks which form
part of the hull boundary, and, since 1993, to part of the side shell and
transverse watertight bulkheads structures in way of the cargo holds.

2.1.3 The International Maritime Organization (IMO), in 1997 SOLAS

Conference, adopted structural survivability standards for new and
existing bulk carriers carrying the high density cargoes. All new single
side skin bulk carriers, defined as ships built on or after 1% July 1999,
are required to have sufficient strength to withstand the flooding of any
one cargo hold taking dynamic effects into account. All existing single
side skin bulk carriers, defined as ships built before 1 July 1999, must
comply with the relevant IACS criteria for assessing the vertically
corrugated transverse watertight bulkhead between the first two cargo
holds and the double bottom in way of the first cargo hold with the first
cargo hold assumed flooded. The relevant IMO adopted standards, IACS
UR S19 and S22 for existing ships, and recommended standards, IACS
UR S17, S18 and S20 for new ships, and the extent of possible repairs
and/or reinforcements of vertically corrugated transverse watertight
bulkheads on existing bulk carriers are freely available at IACS web site
www.iacs.org.uk.

2.1.4From 1 July 2001, bulk carriers of 20,000 DWT and above, to which the

Enhanced Survey Programme (ESP) requirements apply, starting with
the 3™ Special Survey, all Special and Intermediate hull classification
surveys are to be carried out by at least two exclusive surveyors.
Further, one exclusive surveyor is to be on board while thickness
measurements are taken to the extent necessary to control the
measurement process.

2.1.5 The detailed survey requirements complying with ESP are specified in

the Rules and Regulations of each IACS Member Society.

2.1.6 The ESP is based on two principal criteria: the condition of the coating

and the extent of structural corrosion. Of primary importance is when a
coating has been found to be in a “poor” condition (more than 20%
breakdown of the coating or the formation of hard scale in 10 % more of
the area) or when a structure has been found to be substantially
corroded (i.e. a wastage between 75 % and 100 % of the allowable
diminution for the structural member in question.).

INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES 2 CIASSSURVEY REQUIREMENTS
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2.2 Annual Surveys
2.2.1 The purpose of an Annual Survey is to confirm that the general
condition of the hull is maintained at a satisfactory level.

2.2.2 As the ship ages, cargo holds are required to be subjected to more
extensive overall and close-up examinations at Annual Surveys.

2.2.3 In addition, overall and close-up examinations may be required for
ballast tanks as a consequence of either the coating deteriorating to a
poor condition or the structure being found to be substantially corroded
at previous Intermediate or Special Surveys.

2.3 Intermediate Surveys
2.3.1 The Intermediate Survey replaces the second or third Annual Survey in
each five year Special Survey cycle and requires that, in addition to the
Annual Survey requirements, extended overall and close-up
examinations including thickness measurements of cargo holds and
ballast tanks used primarily for salt water ballast, are carried out.

2.3.2 The survey also includes re-examination and thickness measurements
of any suspect areas which have substantially corroded or are known to
be prone to rapid wastage.

2.3.3 Areas in ballast tanks and cargo holds found suspect at the previous
Special Survey are subject to overall and close-up surveys, the extent of
which becomes progressively more extensive commensurate with the
age of the vessel.

2.3.4 As of 1 July 2001, for bulk carriers exceeding 15 years of age, the
requirements of the Intermediate Survey are to be of the same extent as
the previous Special Survey, except for pressure testing of cargo/ballast
holds and ballast tanks which is not required unless deemed necessary
by the attending surveyor.

2.4 Special Surveys

2.4.1 The Special (or Renewal) Surveys of the hull structure are carried out at
five-year intervals for the purpose of establishing the condition of the
structure to confirm that the structural integrity is satisfactory in
accordance with the Classification Requirements, and will remain fit for
its intended purpose for another five-year period, subject to proper
maintenance and operation of the ship and to periodical surveys carried
out at the due dates.

2.4.2 The Special Survey concentrates on close-up examination in association
with thickness determination and is aimed at detecting fractures,
buckling, substantial corrosion and other types of structural
deterioration.

2.4.3 Thickness measurements are to be carried out upon agreement with the
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Classification Society concerned in conjunction with the Special Survey.
The Special Survey may be commenced at the 4" Annual Survey and be
progressed with a view to completion by the 5® anniversary date.

2.4.4 Deteriorated protective coating in salt water ballast spaces and
structural areas showing substantial corrosion and/or considered by
the surveyor to be prone to rapid wastage will be recorded for particular
attention during the following survey cycle, if not repaired at the survey.

2.5 Drydocking (Bottom) Surveys

2.5.1 A Drydocking Survey is required in conjunction with the Special
Survey to examine the external underwater part of the ship and related
items. Two Bottom surveys are required to be carried out during the
five year period of validity of SOLAS Cargo Ship Safety Construction
(SC) Certificate, and the maximum interval between any two successive
Bottom Survey is not to exceed three years.

2.5.2 From 1 July 2002, for bulk carriers of 15 years of age and over,
inspection of the outside of the ship’s bottom is to be carried out with
the ship in dry dock. For bulk carriers less than 15 years of age,
alternative inspections of the ship’s bottom not conducted in
conjunction with the Special Survey may be carried out with the ship
afloat. Inspection of the ship afloat is only to be carried out when the
conditions are satisfactorily and the proper equipment and suitably
qualified staff are available.

2.6 Damage and repair surveys

2.6.1 Damage surveys are occasional surveys which are, in general, outside
the programme of periodical hull surveys and are requested as a result
of hull damage or other defects. It is the responsibility of the owner or
owner’s representative to inform the Classification Society concerned
when such damage or defect could impair the structural capability or
watertight integrity of the hull. The damages should be inspected and
assessed by the Society’s surveyors and the relevant repairs, if needed,
are to be performed. In certain cases, depending on the extent, type and
location of the damage, permanent repairs may be deferred to coincide
with the planned periodical survey.

Any damage in association with wastage over the allowable limits
(including buckling, grooving, detachment or fracture), or extensive areas
of wastage over the allowable limits, which affects or, in the opinion of
the surveyor, will affect the vessel’s structural watertight or weathertight
integrity, is to be promptly and thoroughly repaired. Areas to be
considered to are to include:

Side shell frames, their end attachments and adjacent shell plating, deck
structure and deck plating, watertight bulkheads, and hatch covers and
coamings.
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2.6.2 In cases of repairs intended to be carried out by riding crew during
voyage, the complete procedure of the repair, including all necessary
surveys, is to be submitted to and agreed upon by the Classification
Society reasonably in advance.

2.6.3 IACS Unified Requirement Z 13 “Voyage Repairs and Maintenance”
provides useful guidance for repairs to be carried out by a riding crew

during a voyage.

2.6.4 For locations of survey where adequate repair facilities are not available,
consideration may be given to allow the vessel to proceed directly to a
repair facility. This may require discharging the cargo and/or temporary
repairs for the intended voyage. A suitable condition of class will be
imposed when temporary measures are accepted.

2 CIASSSURVEY REQUIREMENTS
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3 Technical background for surveys
3.1 General
3.1.1 The purpose of carrying out the periodical hull surveys is to detect

possible structural defects and damages and to establish the extent of
any deterioration. To help achieve this and to identify key locations on
the hull structure that might warrant special attention, knowledge of
any historical problems of the particular ship or other ships of a similar
class is to be considered if available. In addition to the periodical
surveys, occasional surveys of damages and repairs are carried out.
Records of typical occurrences and chosen solutions should be available
in the ship's history file.

3.2 Definitions
3.2.1 For clarity of definition and reporting of survey data, it is recommended
that standard nomenclature for structural elements be adopted. Typical

sections in way of cargo holds are illustrated in Figures 3 (a) and (b).

These figures show the generally accepted nomenclature.

The terms used in these guidelines are defined as follows.

(@) Ballast Tank is a tank which is used primarily for salt water ballast.

(b) Spaces are separate compartments including holds and tanks.

(c) Overall examination is an examination intended to report on the
overall condition of the hull structure and determine the extent of
additional close-up examinations.

(d) Close-up examination is an examination where the details of
structural components are within the close visual examination
range of the surveyors, i.e. normally within reach of hand.

(e) Transverse Section includes all longitudinal members such as
plating, longitudinals and girders at the deck, side, bottom and
inner bottom, hopper side tanks and top wing tanks.

(f) Representative Spaces are those which are expected to reflect the
condition of other spaces of similar type and service and with
similar corrosion protection systems. When selecting representative
spaces, account should be taken of the service and repair history on
board.

(g8 Suspect Areas are locations showing Substantial Corrosion and/or
are considered by the surveyor to be prone to rapid material
wastage.

(h) Substantial Corrosion is an extent of corrosion such that
assessment of corrosion pattern indicates a material wastage in
excess of 75 per cent of allowable margins, but within acceptable
limits.

(i) Coating Condition is defined as follows:

Good - condition with only minor spot rusting.

Fair - condition with local breakdown at edges of stiffeners and
weld connections and/or light rusting over 20 per cent or
more of areas under consideration, but less than as defined
for Poor condition.

Poor - condition with general breakdown of coating over 20 per
cent or more of areas or hard scale at 10 per cent or more of
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areas under consideration.

() Transition Region is a region where discontinuity in longitudinal
structure occurs, e.g. at forward bulkhead of engine room and
collision bulkhead.
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Figure 3 (b) Nomenclature for typical watertight bulkhead

3.3 Structural damages and deterioration

3.3.1 General

In the context of this manual, structural damages and deterioration
imply deficiencies caused by:

- excessive corrosion

- design faults

- material defects or bad workmanship
- navigation in extreme weather conditions
- loading and unloading operations, water ballast exchange at sea

- wear and tear

- contact (with quay side, ice, touching underwater objects, etc.)
but not as a direct consequence of accidents such as collisions,

INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES
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groundings and fire/explosions.

Deficiencies are normally recognized as:

- material wastage

- fractures

- deformations

The various types of deficiencies and where they may occur are
discussed in more detail as follows:

3.3.2 Material wastage
In addition to being familiar with typical structural defects likely to be
encountered during a survey, it is necessary to be aware of the various
forms and possible location of corrosion that may occur to the
structural members on decks, in holds, and in tanks.

General corrosion appears as a non-protective, friable rust which can
occur uniformly on hold or tank internal surfaces that are uncoated.
The rust scale continually breaks off, exposing fresh metal to corrosive
attack. Thickness loss cannot usually be judged visually until excessive
loss has occurred. Failure to remove mill scale during construction of
the ship can accelerate corrosion experienced in service. Severe general
corrosion in all types of ships, usually characterized by heavy scale
accumulation, can lead to extensive steel renewals.

Grooving corrosion is often found in or beside welds, especially in the
heat affected zone. The corrosion is caused by the galvanic current
generated from the difference of the metallographic structure between
the heat affected zone and base metal. Coating of the welds is generally
less effective compared to other areas due to roughness of the surface
which exacerbates the corrosion. Grooving corrosion may lead to stress
concentrations and further accelerate the corrosion process. Grooving
corrosion may be found in the base material where coating has been
scratched or the metal itself has been mechanically damaged.

Pitting corrosion is often found in the bottom plating or in horizontal
surfaces, such as face plates, in ballast tanks and is normally initiated
due to local breakdown of coating. Once pitting corrosion starts, it is
exacerbated by the galvanic current between the pit and other metal.

Erosion which is caused by the wearing effect of flowing liquid and
abrasion which is caused by mechanical actions may also be
responsible for material wastage.

3.3.3 Fractures
In most cases fractures are found at locations where stress
concentration occurs. Weld defects, flaws, and where lifting fittings
used during ship construction are not properly removed are often areas
where fractures are found. If fractures occur under repeated stresses
which are below the yielding stress, the fractures are called fatigue
fractures. In addition to the cyclic stresses induced by wave forces,
fatigue fractures can also result from vibration forces introduced by
main engine(s) or propeller(s), especially in the afterward part of the

INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES 3 TECHNICAL BACKGROUND FOR SURVEYS
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